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Abstract 
 

This project is conducted under the ñDanish visionary energy policy 2025ò that aims at addressing 

the overall Danish energy system for the year 2025. This was then incorporated further in different 

levels of planning ranging from national to municipal levels. Central Denmark Region (CDR) 

drafted a regional plan that aims at achieving 50% renewable energy share by the year 2025 which 

will play a significant role towards fulfilling 30% renewable energy in 2025 on a national level. 

 

The focus then shifts to a municipal level of planning and Horsens which one of the municipalities 

located in CDR, is analyzed for potential wind turbine locations. Therefore the planning objective is 

to analyze the designated wind turbine locations on whether it turns out to be a good investment 

option or not. 

 

This is performed by analyzing the locations using WindPRO software tool that has the possibility 

of calculating the annual energy production of a given location. The tool also has the ability of 

calculating the noise levels of wind turbines on areas sensitive to land use and as for shadow 

calculations, the tool is able to determine the number of shadow hours expected to affect 

neighboring buildings. 

 

Finally, the financial calculations will be determined by applying neo-classical economics. This will 

be conducted with the aid of COMPOSE tool that will be used to perform techno-economic project 

assessment mainly focusing on the cost-benefit analysis. 

 

Therefore the conclusion and recommendations will be based on the results of the analyses 

mentioned and this should be able to answer the question on whether investors would be interested 

in investing in wind power within Horsens area. 
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Chapter 1: Introduction 
 

The EU commission set a renewable energy (RE) target of 20% for the EU by 2020 

(Regionmidtjylland, 2009). In addition, the Danish government formulated a national energy policy 

that aims at achieving at least 30% of its national energy being derived from renewables in 2020 

(Regionmidtjylland, 2009) due to a long-term political debate on this issue (Regionmidtjylland, 

2009). 

 

A policy statement ñA Visionary Danish Energy Policy 2025ò was released on 19
th
 January 2007 by 

the Danish government (Ministry of transport and energy , 2007) with the aim of addressing 

Denmarkôs overall energy system in the 2025 perspective (Ministry of transport and energy , 2007). 

This long-term energy strategy was designed to cater for the fluctuating energy markets, 

international climate obligations and the need for effective competition (Ministry of transport and 

energy , 2007). Moreover, the strategy is directed towards achieving goals concerning cost-

effectiveness, security of supply and environment through the principles of liberalized energy 

markets and the use of market-based instruments (Ministry of transport and energy , 2007). 

Therefore in line with the long-term aim of achieving 100% RE, there is an interim aim set prior to 

2025. (Ministry of transport and energy , 2007). These objectives were designed to ensure that: 

 The use of fossil fuels is reduced to a minimum of 15% compared to the figures from 2007 

(Ministry of transport and energy , 2007). 

 Sustaining economic growth while preventing further increase of energy consumption by 

initiating energy-saving measures by 1.25% annually (Ministry of transport and energy , 

2007). 

 By the year 2025, at least 30% of the energy consumption should be derived from renewable 

energy sources (Ministry of transport and energy , 2007). 

 The annual budget for research and development of energy technologies are doubled to 1 

billion DKK as from 2010 (Ministry of transport and energy , 2007). 

 

The Central Denmark Regionôs (CDR) electricity system is already characterized by a high degree 

of decentralized power generation from wind power and combined heat and power (CHP) plants 

(Region Midtjylland, 2012). 

In the coming years, an increasing share of electricity production will be based on wind power since 

Energinetôs plans for the future electricity supply in Denmark will have to support the year 2050s 

installed wind capacity which will be up to ten times the current level (Region Midtjylland, 2012). 

So the Danish government drafted proposals on various initiatives such as energy saving, renewable 

energy and energy efficiency in new technologies in order to meet these objectives (Ministry of 

transport and energy , 2007). These would then undergo periodic appraisal at a four-year interval to 

assess the process of attaining the objectives. Moreover, in 2015 the overall halfway assessment 

will be conducted to appraise the extent to which these objectives have been met in favor of the set 

initiatives (Ministry of transport and energy , 2007). 

 

Correspondingly, the CDR has a vision of increasing their renewable energy consumption to 50% 

within the timeframe of 2025. This is quite an ambitious target but indeed compliments the 

governmentôs goal of attaining 100% RE in 2050 (Region Midtjylland, 2012). The region regards 

itself having put efforts in developing renewable energy business since 2007 (Region Midtjylland, 

2012) and thus has one of the worldôs largest wind turbine manufacturers located there (Region 

Midtjylland, 2012). Moreover, the region has a number of companies involved in development of 

new technologies for renewable energy, which makes them the front-runners of the renewable 

energy field due to the competencies gained over the long-term experience. 

There has been active participation in the region regarding uplifting renewable energy development 

through demonstration of newly established technologies (Region Midtjylland, 2012) that was 

performed by collaborating with production companies, research institutions, consultancies, local 
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authorities etc. in order to stimulate development and growth within a socio-economic context. In 

addition to this, there are currently 40 development initiatives and demonstration projects that have 

been implemented since 2007 (Region Midtjylland, 2012) that have accounted to approximately 

350 million DKK (Region Midtjylland, 2012). The regionôs share of this amount is approximately 

75 million DKK (Region Midtjylland, 2012) and the remaining share was acquired from 

government funds and private financial schemes from partner organizations. 

All the 19 member municipalities of the CDR were able to acquire high quality and detailed 

statistics regarding energy and climate that was prepared by the regionôs office for the purpose of 

promoting renewable energy (Region Midtjylland, 2012). With these records, the municipalities 

were then able to develop local action plans for renewable energy and climate however, there are 

some initiated activities involving the energy sector prior to the drafted perspective plans in both the 

individual municipalities and the region. 

 

The renewable energy consumption of CDR is currently 22% (Regionmidtjylland, 2009), which is a 

figure that has surpassed the EUôs 2020 target making it a commendable region in renewable 

energy development (Regionmidtjylland, 2009). Nevertheless, this figure is also close to the 2020 

national target that aims at obtaining 30% of renewable energy consumption (Regionmidtjylland, 

2009). The reason for this fulfillment is because the region has succeeded in utilizing its resources 

for energy production (Regionmidtjylland, 2009) and this has had an impact nationally since they 

regard themselves as a role model for other regions. 

However, the region has a vision of developing further on its renewable energy in order to fulfill the 

2025 target of 50% renewable energy consumption (Regionmidtjylland, 2009). Other than that, the 

region also aims at creating a sustainable livelihood for its inhabitants in respect to the fact that it is 

the leading region within the field of renewable energy. 

The region works correspondingly with the national target of achieving 50% of the electricity 

consumption being derived from wind power in 2020 (Regionmidtjylland, 2009). 

Therefore, there are several issues that need to be addressed regarding the need of planning the 

futureôs energy supply and also its effectiveness of fulfill ing the 2025 target. The challenges that are 

being addressed through this ambitious energy policy are: 

 Depleting energy sources and energy security being at risk and 

 Global climate change 

 

1.1 ï Depleting energy sources and risk of energy security 
 

1.1.1 ς Oil and Gas 
 

Denmark is known to be a self-sufficient in energy supply and this is due to the oil and gas 

resources situated in its North Sea territory. This has positioned the country in being a net exporter 

of energy and thus playing a significant economic role. However, this cannot be sustained as an 

economic activity due to the exhaustion of the resources that results from the over growing energy 

demand. 

In reference to Figure 1, the oil resources are suffering serious degradation and will eventually 

become exhausted. The production of oil started declining in 2004 and will continue to do so 

through 2019 when Denmark is expected to be a net importer of oil. However, additional 

exploration sites and technological advancement anticipated for oil production will prolong the 

activity up to a certain period after 2035. 
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Figure 1: Forecast of oil production in Denmark (Danish Energy Agency, 2011) 

In regards to the energy demand, this has been declining since 1975, which is because of 

development of fuel-efficient technologies and also Denmarkôs initial efforts in developing 

renewable energy technologies. In 2008, the global economic crisis resulted in many companies 

shutting down while others experienced declined production rates, which resulted to a fall in energy 

demand. 

 

 

 
Figure 2: Danish Oil production & reserves (BP, 2011) 

 

The chart in Figure 2 shows that the annual production rate of oil has been constant at 0.1 billion 

barrels over the past decade but on the contrary, the reserves have continued suffering degradation 

when comparing the year 2000 levels which were standing at 1.1 billion barrels. So the reserves to 

production ratio can be determined using the below formula, 

 

 P/R ratio = Reserves/Rate of production (BP, 2011) 

 

This gives a P/R ratio of nine meaning that the oil reserves will last for the next nine years provided 

that the 2010 production rate remains constant (see Appendix ï 1). 
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It can therefore be concluded that the production rate is expected to drop over the next few years 

due to the exhaustion of reserves. In Reference to Figure 1, the expected production profile shows 

that the rate will continuously fall after around 2015 until it no longer manages to cover the demand 

thus resulting to net exportation of oil from 2019 onwards. Moreover, according to the P/R ratio, 

nine years from 2010 will position Denmark as a net oil importer around the year, which is similar 

to the projected year in Figure 1. So both results show that Denmark needs to prepare some answers 

for its futureôs energy supply. 

 

 

 
 

Figure 3: Forecast of Gas production in Denmark (Danish Energy Agency, 2011) 

 

As for Natural gas production in Denmark, Figure 3 shows that it started being exploited since the 

1980s and has had an increasing production rate since then until its peak in around 2005. The 

production rate has been declining since then and will partly continue to do so. So according to the 

expected futureôs production profile, the rate is expected to increase slightly in 2016, which is 

probably for the purpose of covering the declining oil production during that time period. 

 

 

 
Figure 4: Danish Natural gas production and reserves (BP, 2011) 
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The Natural gas reserves levels have been constant over the past 2 decades at a capacity of 1 billion 

cubic meters as shown on the chart in Figure 4. However, the production rate has been varying from 

one year to another although it doesnôt reveal any significant changes. 

 

This is because the production rate has been varying between 8 to 10 billion cubic meters of Natural 

gas produced. So the production to reserve ratio using the same formula as outlined previously 

revealed that the resource can continue to be exploited for another 12 years, which corresponds to 

the year 2022. This is very close to the number shown previously in Figure 3 but still draws the 

same conclusion that the Natural gas reserves will be exhausted in the near future and thus needs to 

be substituted with an alternative. 

 

 

Therefore, this gives Denmark a reason for seeking alternative solutions that will secure its energy 

supply and maybe even secure its position as a net exporter of energy. This challenge urges CDR to 

develop technologies that utilizes its indigenous resources to cover its energy demand. 

 

1.2 ï Global climate change 
 

The United Nations Framework Convention on Climate Change (UNFCCC) made a statement in 

2007, which stated that the world faces a massive challenge in terms of global climate change and 

that action is required now if the worst consequences are to be avoided (Klima og energiministriet, 

2010). Denmark's emissions constitute a small share of the total global emissions (Klima og 

energiministriet, 2010) and a common global action is an important step towards solving the 

problem. 

Denmark chose to host the United Nationsô (UN) 15th Climate Change Conference (COP 15) in 

December 2009 (Klima og energiministriet, 2010) with the aim of trying to create a framework for 

all UN countries and thus agree on a new ambitious climate agreement (Klima og energiministriet, 

2010). So the outcome of the negotiations was an agreement known as the "Copenhagen accord" or 

"Copenhagen Agreement" (Klima og energiministriet, 2010), supported by majority of the countries 

including all major emitters (Klima og energiministriet, 2010). 

 

The Copenhagen Agreement provides some central compromises and balances that give essential 

foundation for world climate cooperation in the future (Klima og energiministriet, 2010). It involves 

a common goal of keeping global warming below 2 degrees (Klima og energiministriet, 2010), and 

a common overall understanding that encompasses measurability and verification of the developing 

countries' efforts (Klima og energiministriet, 2010). One of the significant results achieved by this 

agreement was the development of a framework for incorporating national emission reduction 

measures in early 2010 (Klima og energiministriet, 2010). This was seen as a potential success by 

the UNFCCC (Klima og energiministriet, 2010). The agreement can thus be a key reference for the 

process towards an ambitious new global climate treaty with binding reduction targets possessing 

credible response to the climate challenge. 

 

1.2.1 ς The Danish climate policy 
 

The report by the Brundtland commission ñour common futureò from 1987 has resulted in 

development of the Danish climate policy in cooperation with different sectors of the society, the 

international climate policy and research institutions (Rasmussen & Jørgensen, 2005). Therefore 

due to these reforms implemented in the late 1980s and in the course of the 1990s, significant 

results regarding reduction of CO2 emissions were observed (Rasmussen & Jørgensen, 2005). This 

was performed by imposing sanctions (Rasmussen & Jørgensen, 2005) that aimed at conserving the 
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environment for the society mainly through the public regulation measures such as environmental 

taxes and encouraging public participation in debates and decision-making (Rasmussen & 

Jørgensen, 2005). So based on these efforts, there has been significant impacts on greenhouse gas 

emissions related to economic growth which is projected on Figure 5. 

 

 
Figure 5: Denmark's GHG emissions versus economic growth (Klima og energiministriet, 2010) 

Denmark's total emissions of greenhouse gases in 2009 is recorded at around 90 million tons of CO2 

equivalent, which has decreased by approx. 10% compared to emissions in the base year 1990. In 

the same period, Denmark's GDP increased by more than 40%. 

The climate and energy policy efforts have thus resulted in lower emissions of greenhouse gases in 

a period of economic growth. The reduction is due to the focus on improving energy efficiency in 

Denmark and a significant expansion of renewable energy. 

 
The climate policy also aims at achieving the EUôs objective of reducing its greenhouse gas (GHG) 

emissions by 80% ï 95% by 2050 (Klima og energiministriet, 2010) and in turn limit ing the impact 

of global warming. 

This is closely linked to securing both energy supply and future economic growth, which gives it a 

triple bottom line. These can be summarized as, 

 Denmark should live up to the international obligations of reducing GHG emissions on both 

short and long-term perspectives (Klima og energiministriet, 2010). 

 Denmark has to be a fossil-free state and this will be performed by the governmentôs actions 

(Klima og energiministriet, 2010) i.e. planning on when and how this ambitious goal could 

be achieved. 

 The action plan must be cost effective and implemented within the framework of a 

sustainable economic policy (Klima og energiministriet, 2010) and thus the transition of the 

society must be done with as little socioeconomic costs as possible (Klima og 

energiministriet, 2010). 

 

1.3 ï Renewable energy in Central Denmark Region 
 

The CDR achieved the lowest CO2 emissions per capita compared to the rest of the country in 2005 

(Central Denmark Growth Forum, 2008) and thus will contribute significantly in fulfilling the 

national target of 2025.The current energy supplied in the region consists of both energy from 

renewables and fossils. Therefore, it is important to assess the current energy supply and where it is 

derived from. Only 24% of the energy produced in the region is based on renewables, which is 
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higher than the national average that stands at 17%, and the remaining 76% is derived from fossil 

fuels. 

 

 
Figure 6: The current share of RE in CDR's energy system (Region Midtjylland, 2012) 

An overview of the regionôs energy supply based on renewables is portrayed on Figure 6. It can be 

seen that the municipality of Herning has currently achieved the highest RE share that consists of 

44% thereby being the closest to the 2025 energy target. The municipality of Samsø Island and 

Syddjurs follows closely at 43% as well as Randers at 41% respectively. However, there are figures 

below 20% regarding this. These figures do exist in the municipalities Silkeborg, Horsens, Odder, 

Århus and Viborg. 

The remaining 76% of the regionôs energy is derived from fossil fuels and this is shown in Figure 7. 

 

 
 

Figure 7: CDRôs fossil energy mix (Energiregnskaber, 2011) 
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The primary source of energy in the region is coal, which covers 30% of the total fossil energy 

consumption. This is then followed closely by Oil/Diesel, which constitutes of 28% of the total 

fossil energy thus making it 2% less than coal. Other sources of fossils such as petrol and natural 

gas are consumed heavily at 17% and 19% of the total share. These energy sources are not 

sustainable in the sense that once the resources are exhausted, there are no means of recovering 

them and thus create a risk of securing the energy supply. Therefore, the energy strategy of CDR is 

to establish 50% of renewable energies in the current system by 2025 having the electricity being 

produced by wind power and heating from biomass straws or heat pumps. In order to fulfill this, 

extra initiatives for developing renewable energy have to be made by all municipalities. This can be 

through developing local plans for establishing wind turbines for energy production. 

 

The municipality of Horsens is currently in the process of formulating plans that will promote the 

consumption of renewable energy, which will help fulfill the regionôs energy target. It currently 

possesses 13 wind turbines with a total capacity of 4MW (Horsens Kommune, 2011), which were 

established between 1986 and 2000 (Horsens Kommune, 2011). It is important to note that wind 

turbines have an operation lifetime of 20 years (Horsens Kommune, 2011), which means that there 

wonôt be any wind turbines in operation after the year 2020. Therefore, it is important that new 

plans are formulated so that its renewable energy share is increased and continue playing its role. 

 

 
Figure 8: Installed wind power capacity in Horsens (Danish energy agency, 2009) 

The development of wind turbines in Horsens is illustrated in Figure 8 whereby the first wind 

turbine(s) was installed in 1980 with a power capacity of 55 kW. The installed capacity continued 

to be increased for another 20 years with 2000 being the year with the highest that amounts to 

2,600kW. However, this capacity was not further expanded after 2000 leaving the total installed 

wind turbine capacity to 4,122kW. The wind turbines established between 1980s and 1990s are no 

longer in operation considering the fact that they have an operational lifetime of 20 years. 

Therefore, new wind turbines can replace them in order to sustain wind power in the region. 

Moreover, the municipality could draft additional plans pointing out potential areas for wind power 

development 

 

So this resulted in the research for alternative approaches in energy production whereby the 

conclusion stated that the CDRôs biomass potential is equivalent to a third of its anticipated gross 

energy consumption in 2025 (Region Midtjylland, 2012). Other areas of interest were wind, solar, 

geothermal and heating (using heat pumps) that also showed great potential for exploiting these 

resources although it posed challenges in relation to the degree of optimization by the RES on both 

technical and economical settings. Therefore, this led to formation of 4 scenarios that were to 
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visualize the possible methodologies of attaining the desired objectives, which can be seen on Table 

1 below. 

 

 

Table 1: Renewable energy scenarios for CDR (Region Midtjylland, 2012) 

There are 4 scenarios illustrated which are based on the application of the different renewable 

Technology Scenario 1 Scenario 2 Scenario 3 Scenario 4 

 

 

Wind turbines 

Wind power 

covers around 

65% of annual 

electricity 

consumption in 

2025 

Wind power 

covers around 

100% of annual 

electricity 

consumption in 

2025 

Similar to scenario 

2 

Wind power 

covers around 

80% of annual 

electricity 

consumption in 

2025 

 

 

 

 

 

Biomass and 

green gas 

50% of the 

manure is turned 

into biogas. 

 

Biogas produced 

from biomass is 

equivalent to the 

amount as 

manure. 

 

The central power 

stations converted 

entirely to 

biomass. 

Similar to 

scenario 1. 

75% of the manure 

is turned into 

biogas. 

 

Energy crops are 

fully utilized for 

biogas production. 

 

The central power 

stations converted 

entirely to biomass. 

75% of the 

manure is turned 

into biogas. 

 

Biogas produced 

from biomass is 

equivalent to the 

amount as 

manure. 

 

The central power 

stations diverted 

entirely to 

biomass. 

 

 

 

 

 

Heat pumps 

The heat pumps 

cover 35% of 

homes with 

individual heating 

The heat pumps 

cover 90% of 

homes with 

individual 

heating 

 

Use of large 

heat pumps 

corresponding to 

about 20% of 

the annual 

district heating. 

Similar to scenario 

2 

The heat pumps 

cover 35% of 

homes with 

individual heating 

 

Use of large heat 

pumps 

corresponding to 

about 15% of the 

annual district 

heating. 

Solar thermal The annual generation from the sun is 5% for district heating and 2% for homes 

with individual heating. 

District heating District heating is increased by 30% 

 

Transport and 

mobility 

 Half of the 

regionôs 

vehicles are 

replaced with 

electric vehicles 

Similar to scenario 

2 

5% or 25,000 out 

of 480,000 

vehicles are 

replaced with 

electric vehicles 

 

Photovoltaic 

   Installation of 

photovoltaic 

panels in 10,000 

homes. 
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energy technologies. 

Scenario 1 mainly focuses on maximizing the utilization of indigenous energy sources and adopting 

the simplest possible approach. This is to be done using the existing wind energy plans in the region 

as well as the regionôs biomass resources. This is to be performed through expansion of wind power 

to cover 65% of annual electricity consumption. Biogas produced should be derived from biomass 

and 50% of manure at equal proportions. The heat pumps are set to cover 35% of the households 

with individual heating. Solar thermal will be established for district heating to yield 5% of the 

annual rate and 2% for homes with individual heating systems. As for the district heating, additional 

infrastructure will be established in order to increase the network by 30%. 

 

Scenario 2 bases its focus on expanding the regionôs wind power by 100% and simultaneously 

applying technologies i.e. electric vehicles and large heat pumps that can harness the excess 

electricity produced by the wind turbines. The production of biogas is similar to the aforementioned 

method in scenario 1. The electricity from the wind turbines is to power the individual heat pumps 

for heating 90% of the households and as for large heat pumps, 20% will be installed for district 

heating. The application of solar thermal is similar to scenario 1 as well as the expansion of district 

heating network. The transport sector will have half of its fleet replaced by electric vehicles. 

 

Scenario 3 corresponds to scenario 2 except that 75% of the biomass is to produce biogas so that the 

energy storage and distribution capacity is at its greatest. 

 

Scenario 4 primarily focuses on achieving 50% renewable energy in 2025 with a balanced 

composition of scenario 1 to 3. Wind power is going to cover 80% of the regionôs electricity 

consumption, which can be achieved by planning an additional 480MW to the existing 2,270MW 

wind turbine plans. Biomass resources will be utilized to produce biogas which is to be equivalent 

to the one produced from manure. The individual heat pumps are to cover 35% of the households 

and the large heat pumps will cover 15% of the district heating system. Electric vehicles will consist 

of 5% of the regionôs vehicle fleet, which is equivalent to 25,000 out of 480,000, and 10,000 homes 

are expected to be installed with Photovoltaic panels. 

 

Therefore CDR chose scenario 4 since it aims at achieving 50% renewable energy for the region in 

2025 by utilizing its indigenous resources using commercialized technologies as well as the ones 

expected to be commercialized in the near future. The other scenarios contains high targets 

regarding integration of renewable energy using technologies that are not yet commercialized, 

which could encounter entry barriers in the market. 

However, wind power poses a great challenge since the region plans to achieve a regional electricity 

consumption of 80% in 2025 by additionally planning an extra 480MW that will sum up to a total 

of 2,750MW of the existing plans. 

So the point of departure of the thesis takes place when investigating how the extra wind power 

capacity can be attained so as to fulfill the 2025 objectives. The planning of the expansion will 

focus on the regionôs municipalities with development initiatives. 

 

1.4 ï Wind power in CDR 
 

In Denmark, 20% of the total electricity production is from wind power of which CDR accounts for 

26% (Central Denmark Growth Forum, 2008). The plans of expanding the number of wind turbines 

in the region will increase this figure to more than 30% in the year 2010 (Regionmidtjylland, 2009). 

Furthermore, this figure is expected to increase up to approximately 40% in 2025 

(Regionmidtjylland, 2009). 
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The main area covered with wind turbines is on the western coast of the region and this is due to 

favourable wind conditions (Central Denmark Growth Forum, 2008) as well as the political 

measures i.e. incentive programs undertaken in pointing out suitable areas for locating the wind 

turbines (Central Denmark Growth Forum, 2008). So the Danish governmentôs long-term plans aim 

at increasing wind power to cover 50% of the national electricity supply by 2025 (Central Denmark 

Growth Forum, 2008), which could be achieved through expanding the development of offshore 

wind farms and swapping the small-old wind turbines with new-large ones can aid the fulfilment of 

this objective. 

 

 

The potential of harnessing wind power for electricity consumption in the region is significant and 

needs to be exploited in order to meet the demand.  A number of municipalities have taken the 

initiative of doing so and this has made wind power appear visible in their energy profile. This is 

shown in Figure 9. 

 

 
Figure 9: Share of wind power in CDR region in 2009 (Region Midtjylland, 2012) 

Out of all municipalities in the region, five of them (Struer, Lemvig, Skive, Samsø and Randers) 

generate electricity from wind that covers more than half of the local consumption. Samsø 

municipality is the only one of its kind since it generates annual excess electricity from wind power 

by 350%, which is then exported to the mainland. The other municipalities such as Horsens, 

Silkeborg, Skanderborg and Århus have a very low share of wind power and this has urged them to 

formulate future plans for expanding its current energy system in order to meet the 2025 target. 

 

In general, most of the regionôs municipalities have come up with ambitious plans for developing 

the wind power sector in the coming years which is expected to have a significant impact in the 

electricity consumption. This can actually be viewed in Figure 10 which shows that five 

municipalities (Lemvig, Struer, Norddjurs, Ringkøbing-Skjern and Ikast-Brande) have planned to 

increase their wind power generation to more than 100% of their local consumption whereas the 

other two (Randers and Skive) will have their consumption increased to more than 90%. The other 

municipalities such as Horsens, Silkeborg, Skanderborg, Syddjurs and Århus have plans with little 
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or of no significance at all in regards to increasing their wind power consumption. Nonetheless, this 

resulted in 65% of the total regional electricity being derived from wind power in 2025 only if the 

implementation goes according to the proposed plans. However, this figure is not enough to meet 

the expected 80% of wind power consumption in 2025 therefore, extra expansion should be made in 

order to cover for the extra capacity. 

 

 
Figure 10: Future plans for wind power expansion in CDR (Region Midtjylland, 2012) 

This thesis will concentrate on the municipality of Horsensô plans for its wind turbine expansion, 

which will be analyzed and thus able to show if this can be regarded possible or not. Its location is 

circled in Figure 10. 

The municipality of Horsens adopted a climate action plan with a primary objective of developing 

around 20 wind turbines or a figure that is equivalent to a reduction of 52,500 tons CO2 (Horsens 

Kommune, 2011). So the current wind power capacity is 4MW (Horsens Kommune, 2011), which 

is derived from 13 wind turbines that were set up between 1986 and 2000 (Horsens Kommune, 

2011). So with an expected operational lifetime of a wind turbine being between 20 to 30 years 

(Horsens Kommune, 2011), there is probably a need of replacing some of the old and obsolete ones 

with the modern types. 
 

Therefore, in the forthcoming planning period for wind turbines, it was announced that this would 

go hand-in-hand with the adoption of the municipal plan of 2009-2021 (Horsens Kommune, 2011). 

This contains a revision of the existing local wind turbine plans prepared as municipal appendices. 

Moreover, this will help to identify new areas that can be utilized for wind power development. 

This is because, 

 The current planned areas cannot accommodate the sizes of the current state of the art wind 

turbines (Horsens Kommune, 2011) and, 

 In order for the municipality to help fulf ill the national and regional climate goals, new areas 

need to be established (Horsens Kommune, 2011). 

 

The majority of the sites discovered are only able to accommodate wind turbines with a maximum 

of 125-meter (Horsens Kommune, 2011) height unlike other municipal boundaries. This means that 

Horsens municipality 
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the current wind turbines of this size have high chances of inflicting negative impacts in social 

respects in terms of noise levels, shadow flickering and deteriorating property value. In addition to 

the impacts anticipated, geographical features such as landscapes and nature may be interfered with 

by this initiative. Therefore, in order to minimize such impacts, the municipality has decided to 

highlight areas that have the possibility of accommodating 2 or 3 wind turbines (Horsens 

Kommune, 2011) with a height between 100 and 125 meters (Horsens Kommune, 2011) and as for 

the areas that could only accommodate wind turbines with a height of less than 100 meters, they 

were disregarded because their expected power output showed little significance. 

 

So the drafted wind turbine plans have pointed out 10 sites within the municipality whereby 7 of 

them are new and the other 3 existed in the previous plans (Horsens Kommune, 2011). The sites 

chosen were based on the wind conditions that can be fully exploited for energy production. A total 

of 18 wind turbines (Horsens Kommune, 2011) will be distributed among the 10 designated sites, 

which amounts to a total capacity of 40MW that is equivalent to a reduction of 90,000 tons CO2 

(Horsens Kommune, 2011). 

 

1.5 ï Research question 
 

ñWould the wind turbine locations in Horsens develop interest on investorsò? 

 

The main aim of this thesis is performing a feasibility study based on the development of wind 

power in the municipality of Horsens as a part of the 2025 energy perspective plan for CDR. So in 

order to help formulate the research question, these were the steps considered relevant for this 

subject: 

 

There is a need to address the future shortage of fossil fuels, develop solutions to global climate 

change and to fulfill both national and regional development goals within the field of energy. 

 

There is the need of decreasing the regionôs CO2 emissions per capita, which will in turn help 

minimize the impact of global warming. This is also an important step for the key decision makers 

such as municipalities, regional offices and the central government because it aids in fulfill ing the 

set targets towards achieving a fossil-free nation. 

 

A scrutiny of the proposed wind turbine sites have to be performed that will enable the projection of 

the expected energy output from the different sites. In addition to this, a feasibility study will be 

conducted in order to investigate whether the sites can satisfy the technical, business-economic and 

environmental respects. 

 

In order to answer this question, an analytical framework has been developed which will help in 

outlining the methodological process. This is illustrated in Figure 11 and the point of departure 

takes place from the institution and market conditions whereby various policies have to be realized 

regarding the development of wind power in the region. The local citizens have to be involved in a 

democratic process in order to minimize possible conflicts resulting from the decisions made and 

therefore regulation on ownership have to be assessed. Public regulations such as the tax policies, 

infrastructures etc. have to be analyzed as well as the financial conditions. 
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Figure 

11: Analytical framework  

The second step would be the analysis of the existing market conditions in relation to the demand 

and supply chain. This will be performed through evaluation of the set market policies regarding 

integration of renewable energy. 

Finally, the conclusion of establishing wind power as an alternative will be able to point out if the 

goals consisting of economic growth, climate protection, energy security and democratic decision-

making are met. 

 

1.5.1 ς Delimitations 
 

The aim of this thesis is to analyze the investment opportunities of wind power within Horsens 

municipality as a milestone for the regionôs (CDR) renewable energy strategy 2025. Due to the size 

and time constraints, this report will focus primarily on the analysis of electricity produced by the 

wind turbines and not involve the reference energy system.  

The distance from roads and railways have not been taken into account but have been assumed to be 

within required circle. however it is important to keep track of this. 

The noise and shadow assessments have not been conducted for the location ñDanish Crownò and 

this is due to the lack of an updated map of the area. Therefore the area has been assumed to have 

fulfilled the noise demand and cause minimum shadow impact.  

 

1.6 ï Report structure 
 

A report structure is designed with the aim of elucidating the projectôs tasks focusing on the 

different chapters that will pave way towards realizing the set objectives. So the overview of the 

report structure is displayed in Figure 12. 

 

Introduction 

The introduction consists of the background information regarding the ñvisionary Danish energy 

policy 2025ò which highlighted the need for restructuring the current framework used for 

developing energy policies. This focus is then turned to Central Denmark Region, which has been 

continuously striving to achieve the national target. Therefore, based on the regionôs energy target 
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for 2025, the municipality of Horsens is chosen as a study area for analyzing the possibility of 

developing wind power thereby formulating a research question. 

 

Methodology 

This chapter defines the research method applied in order to be able to answer the research 

question. In this case a top-down approach is used to answer it and this is combined with empirical 

methods that are employed for data gathering. This will then be followed by an assessment of the 

project tools chosen to facilitate the analysis and conclusions of different aspects. 

 

Resource Assessment 

This chapter will cover the analysis of the available resources e.g. wind and location. The feasibility 

of the resources will be conducted by data collection of the areaôs wind power density that will help 

determine the expected annual energy output and with this, the location that possesses favorable 

wind conditions can be determined. 

 

 Feasibility studies 

The aim of conducting a feasibility study is to get an insight of the projectôs strengths and 

weaknesses, which will in turn help to uncover the opportunities and threats regarding various 

aspects that will be analyzed in more detail. 

 

1. Wind resource analysis: This will involve a wind resource analysis of the locations using 

WindPRO modeling tool that calculates the expected energy output from the wind turbines. 

2. Business-economic aspect: The main purpose of conducting this is to find out how wind 

power can be financially feasible on a business context. Employing neo classical economics 

such as, the cost benefit analysis and levelized production costs to the market conditions will 

be the method used to carrying this out. In addition to this, sensitivity analysis will be 

performed to help facilitate these calculations by modeling scenarios based on various input 

parameters. All these calculations will be performed with the aid of COMPOSE analytical 

tool. 

3. Environmental aspect: This aspect deals with how its development (ranging from 

construction phase to operation phase) will have an impact in environmental terms. This will 

involve the analysis of noise and shadow impacts on the sensitive areas using WindPRO 

software tool and as for flora and fauna, empirical data regarding bird sites and behavioral 

patterns will be used to conclude its impact on them. 

 

Conclusion 

This chapter will conclude the findings relative to the research question. 
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Figure 12: Report structure 
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Chapter 2: Methodology 
 

 

This chapter will focus on the methodological approach that will be applied in this project and 

moreover, the type of project tools to be used to perform the necessary analyses during the project 

process. 

 

So the methodological approach used for this project is the experimental method. The reason for 

choosing this type of approach is because it is an experimental method of obtaining knowledge with 

the aim of falsifying, verifying and validating a given hypothesis. This is conducted through 

systematic manipulation of variables in an experiment to retrieve data. 

A study considered appropriate for using this kind of approach is the ñoptimizing natural ventilation 

in public spaces of complex buildingsò (Taylor & Menassa, 2012). This study focused on how 

natural ventilation can be incorporated in public buildings such as hospitals and laboratories by 

using a hybrid ventilation (HV) system as an alternative to the mechanical ventilation system 

(Taylor & Menassa, 2012). With this experimental approach, the tasks involved collecting data 

from high performance buildings that are already using the HV system and in turn analyze on the 

ways of optimizing the system in order to achieve  

 Energy savings 

 Indoor air quality 

 Occupantôs comfort 

A similar case study also used the same approach of conducting research and recorded savings on 

cooling load of 20Wh/m
2
 per day (Taylor & Menassa, 2012) which resulted in selecting a suitable 

hybrid ventilation system for the space studied (Taylor & Menassa, 2012). 

So based on this study, the wind turbine sites in Horsens can be experimented by simulation 

programs in order to obtain results related to the energy output on a given time frame as well as the 

potential impacts on the environment. Furthermore, results on energy output can be incorporated 

into business models in order to assess the projectôs feasibility in financial terms. As for the 

environmental assessment, noise and shadow impacts can be simulated in accordance to the Danish 

environmental framework so as to ensure that all projects comply with the regulations.  

So with a close follow up on the aforementioned steps, it is expected that this type of 

methodological approach can lead to the answer of the research question. 

2.1 ï Data gathering 
 

Internet: This is used as a searching tool for empirical data regarding the subject matter. This ranges 

from the international energy and climate agreements to the local and regional energy and climate 

agreements. In addition to this, Google search engine has also been used as a tool for translating 

some of the drafted plans into English language that is incorporated into this thesis. 

2.2 ï Tools 
 

2.2.1 ς WindPRO 
 

WindPRO is a wind energy software developed by Danish energy consultancy EMD A/S that is 

used to model wind farms. Using this software gives one the possibility of designing a wind farm 

with a key focus on wind turbine layout. Moreover, some of the key features used in this software 

are annual energy production (AEP) calculations, wake loses calculation, noise and shadow level 

calculations from wind turbines. The software is aided with wind flow modeling inputs from WAsP 

and CFD which are different programs that are incorporated in it. 
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Basic interface ς 2.2.1.1 
 

The basic interface of the model is illustrated on Figure 13 where the specific areas of concerned 

are mapped. This window has various options regarding on the type of objects one can use to define 

the characteristics of the location. Additional objects such as wind turbines and Meteorological 

masts can be plotted on the map. 

 

 
Figure 13: Maps and Objects interface 

 

2.2.1.2 ς Key functions of WindPRO 
 

The key features that have been used to perform the analysis are, 

 Contour lines ï This defines the landscape characteristics of specific areas. 

 Roughness lines ï This defines the roughness based on the areaôs topography as well as 

objects such as buildings, forests etc. 

 Site data object ï With the site data object, it is possible to download wind data for a 

particular area that will in turn be used to calculate the AEP. 

 Wind turbines ï The wind turbines are placed at the designated areas with consideration 

such as the distance between them as well as distance with neighboring buildings. 

After having all these objects plotted on the map, it is then possible to run the park calculation 

which is shown in Figure 14. From this tab, the AEP and the time varying AEP are checked and this 

is because the calculation will be based on a general AEP and hourly production profile is needed 

for the analysis. The terrain type used is an open farmland for this matter and a correction factor of - 

10% is used. This factor is used to triangulate the calculated energy production from the planned 

wind turbines when compared to the performance existing turbines that are located close to them. 

Other key functions found in WindPRO are the objects for defining noise sensitive areas and 

shadow receptors that can be used to perform calculations related to environmental impact. 
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Figure 14: Park calculation tab 

Once all the noise sensitive areas are defined on the map, a noise calculation can be performed as 

shown on Figure 15. The results of the calculation will be on noise sensitive areas that will include 

a noise map as selected on the tab, and in addition to this it will be based on the 2007 Danish noise 

code. 

 

 
Figure 15: Noise calculation tab 
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2.2.1.3 ς Purpose for application 
 

The main purpose of using this software is to assist in assessing the wind conditions for establishing 

wind turbines in the designated areas in Horsens that will be used in calculating the AEP from each 

site. The software has the ability to assess the consequences of establishing wind turbines on certain 

locations with special focus on noise impacts caused on designated noise sensitive areas as well as 

possible shadow impacts. Furthermore the software can be used to optimize a wind farm layout for 

energy production through wind turbine spacing, setback distances.  

 

2.2.2 ς COMPOSE (Comparing Options for Sustainable Energy) 
 

COMPOSE is an analytical tool that is used to perform techno-economic assessment of energy 

projects that was developed in Aalborg University in 2008 (Aalborg University). These assessments 

involve cost benefit and cost effectiveness analyses that are derived from a wide range of input 

parameters i.e. fiscal costs, financial costs, economical costs, balance of payment, employment etc.  

Moreover, the tool enables the user to define the sustainable energy project as well as the energy 

system to work with and also provides the option of selecting the appropriate methodology. 

 

2.2.2.1 ς Basic interface 
 

A basic outlook of the model is shown in Figure 16 where one is able to design the project on the 

project tab. The project menu consists of project database, system database, general database and 

analysis where the methodology and different parameters are applied.  

 

 
Figure 16: COMPOSE interface 
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2.2.2.2 ς Key functions of COMPOSE 
 

The key features used in COMPOSE are mainly used to model a framework designed for a 

particular project. This will enable the user to perform various calculations based on techno-

economic perspective i.e. annual energy costs, operational costs, levelized production costs etc. 

Uncertainties can also be calculated based on user defined scenarios that involve changing of 

parameters to assess the projectôs level of sensitivity. Therefore the main functions used in the 

model are,  

 Project ï This tab is used to define the project name and the wind turbine model. 

 Process ï The process tab is used to set up the costs and benefits of operating a power plant 

as well as the plantôs characteristics  

 Economy system ï This tab is used to define the projectôs planning period as well as the 

relevant types of discount rates to be used for project financing. 

 Hourly production profile: This tab is used to import hourly production profiles from other 

programs (WindPRO in this case) in order to facilitate the cost-benefit calculations. 

 

 

 

2.2.2.3 ς Purpose for application  
 

The purpose for using COMPOSE is to perform a detailed cost-benefit analysis in relation to the 

project and thus help influence correct decision-making. Additional analyses to be performed will 

be levelized energy costs as well as sensitivity analysis. 
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Chapter 3: Resource Assessment 
 

Introduction of wind power in the municipality of Horsens requires different resources put together 

so as to function efficiently. These conditions are in the form of, 

 Wind resource 

 Location 

 

3.1ï Location 
 

The Wind Secretariat of Horsens Municipality screened through the municipal area for potential 

wind sites regarding the distance criteria that could set up a minimum of 3 wind turbines in a row 

with a total height of 100 meters. So 66 areas in Horsens were identified of which wind turbines 

could be set up to 100 meters and an additional 25 areas of which wind turbines could be set 

between 100 and 150 meters. 

 

 
Figure 17: Wind turbine sites in Horsens (Horsens Kommune, 2011) 

During the planning process, the municipality received 14 applications for wind turbine sites of 

which 7 of them were located in new areas (Grønborg, 2012) although did not correspond to the 11 

initial areas, which were already listed for public hearing (Grønborg, 2012). These seven locations 

were assessed and resulted in one of them being withdrawn from the application (Grønborg, 2012). 

Furthermore, a deeper scrutiny was carried out and resulted in 4 of the 6 areas being withdrawn 

(Grønborg, 2012) leaving the number at 2 (Grønborg, 2012). However, an extra location called 

Krørup was identified (Grønborg, 2012) and added to the list after a technical and environmental 

assessment. Therefore, 3 areas together with the 11 areas were forwarded for an environmental 

impact assessment (Grønborg, 2012), which marked 7 areas out of 14 being potential candidates for 

wind turbine sites (Grønborg, 2012). These areas were then presented to the policymakers whom 

ended up approving them as wind turbine sites for the municipality (Grønborg, 2012). So these 7 

areas were added to 3 others that already exist as wind turbine sites and gave it a total of 10 wind 

turbine sites (Grønborg, 2012). 
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The areas selected as wind turbine sites are illustrated in Figure 17 in which 7 of the selected sites 

are new and the remaining 3 already exist. The existing sites are located in Tønning, Nim and 

Endelave while the others are totally new. 

 
Area 1: Aggerstrup ï GE.3.T.1. 

 

This is a new identified area whose location is within the rural zone of the municipality. The 

numbers of wind turbines that can be set up in this area are two with a height ranging between 100ï

125 meters and a distance that corresponds between 3 and 5 times the rotor diameter. 

There are 2 designated noise impact areas around the turbine area, which means that dwellings 

cannot be established within 4 times the turbine height.

 

Area 2: Bleld ï GE.1.T.1. 

This is a new identified area for establishing 3 wind turbines with a height ranging between 100ï

125 meters and a distance corresponding to 4 or 5 times the rotor diameter. As for noise levels, 

there are 2 designated noise impact areas around the turbine area, which means that dwellings 

cannot be established within 4 times the turbine height. 

Area 3: Borupgård ï GE.2.T.3. 

 

This is a new identified area for establishing 3 wind turbines with a height ranging between 100ï

125 meters and a distance corresponding to 3 or 4 times the rotor diameter. As for noise levels, 

there are 2 designated noise impact areas around the turbine area, which means that dwellings 

cannot be established within 4 times the turbine height. 

 

Area 4: Danish Crown ï HR.06.T.1. 

 

This is a new identified area whose location is within the urban zone of the municipality. The 

numbers of wind turbines that can be set up in this area are two with a height ranging between 100ï

126.5 meters and a distance that corresponds between 4 and 5 times the rotor diameter. 

There are 2 designated noise impact areas around the turbine area, which means that dwellings 

cannot be established within 4 times the turbine height. 

Area 5: Elling ï GE.4.T.1. 

 

This is a new identified area whose location is within the rural zone of the municipality. The 

numbers of wind turbines that can be set up in this area are three with a height ranging between 

100ï125 meters and a distance that corresponds between 4 and 5 times the rotor diameter. 

There are 2 designated noise impact areas around the turbine area, which means that dwellings 

cannot be established within 4 times the turbine height. 

 

Area 6: Endelave ï HR.10.T.1. 

 

This is an existing planned area for establishing wind turbines and it is located within the rural zone 

of the municipality. There is a possibility of establishing one wind turbine with a total height of 75 

meters. There are 2 designated noise impact areas around the turbine area, which means that 

dwellings cannot be established within 4 times the turbine height. 
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Area 7: Krørup ï GE.2.T.2. 

 

This is a new identified area whose location is within the rural zone of the municipality. The 

numbers of wind turbines that can be set up in this area are three with a height of 100 meters and a 

distance that corresponds between 3 and 4 times the rotor diameter. 

There are 2 designated noise impact areas around the turbine area, which means that dwellings 

cannot be established within 4 times the turbine height. 

 

Area 8: Nim ï BR.44.T.1. 

 

This is an existing planned area for establishing wind turbines and it is located within the rural zone 

of the municipality. There is a possibility of establishing two wind turbines with a total height of 75 

meters and a distance that corresponds between 4 and 5 times the rotor diameter. There are 2 

designated noise impact areas around the turbine area, which means that dwellings cannot be 

established within 4 times the turbine height. 

 

Area 9: Stidsmølle ï BR.31.T.1. 

 

This is a new identified area whose location is within the rural zone of the municipality. The 

numbers of wind turbines that can be set up in this area are two with a height ranging between 100ï

125 meters and a distance that corresponds between 4 and 5 times the rotor diameter. 

There are 2 designated noise impact areas around the turbine area, which means that dwellings 

cannot be established within 4 times the turbine height. 

 

Area 10: Tønning ï BR.44.T.1. 

 

This is an existing planned area for establishing wind turbines and it is located within the rural zone 

of the municipality. There is a possibility of establishing two wind turbines with a total height of 75 

meters and a distance that corresponds between 3 and 4 times the rotor diameter. There are 2 

designated noise impact areas around the turbine area, which means that dwellings cannot be 

established within 4 times the turbine height. 

 

3.2 ï Wind resource in Horsens 
 

Wind resources are considered an important factor for determining an areaôs potentiality for 

generating substantial amount of energy from wind. This is facilitated by the use of wind resource 

maps that could be in form of wind speeds or wind power densities of specific locations. In this 

project, wind data has been acquired from the consultancy company ñEnergi og miljødataò(EMD), 

which conducts wind resource assessments as one of its specialties for the energy and 

environmental agencies. So Error! Reference source not found. illustrates the current wind 

resource map in the municipality of Horsens. 
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Figure 18: Average wind power density of the designated sites (Hasløv & Kjærsgaard, 2008) 

 

 

 

Regarding the sites for establishing wind turbines, the wind power density is estimated to lie 

between 300w/
2
 and 1300 w/m

2 
according to Figure 18. 

These figures indicate that the present wind conditions in the area could be favorable for harnessing 

the energy from the wind. However, chapter 4 will cover a more detailed analysis using WindPRO 

software tool which will produce and hourly production profile for the wind turbines. In addition to 

this, the hourly profiles will be exported to COMPOSE tool which will be used to perform analyses 

related to cost-benefit calculations that will help determine the feasibility of the locations.  
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Chapter 4: Feasibility studies 
 
 

4.1 ï Wind resource analysis 
 

This will indeed cover an assessment of the technical requirements and consequences that are 

anticipated by the establishment of wind turbines in the municipality. This will involve the analysis 

of the expected energy output of the different sites. 

 

4.1.1 ς Wind turbines 
 

A wind turbine is a mechanical device that is used to convert the windôs kinetic into mechanical 

energy to produce electricity (Wikipedia, 2012). According to Betz law, this happens by having 

59.3% of the kinetic energy being utilized to mechanically drive the wind turbine (DWIA, 1999). 

The reason for this is that some of the wind is normally deflected away from the rotor plane, 

meaning that it is impossible to capture 100% of its energy (DWIA, 1999). This concept is 

portrayed in Figure 19, which also shows an imaginary bottle-shaped figure that represents the wind 

movements to and from the rotor area. The amount of wind entering the rotor area every second is 

equivalent to the amount that exits although it occupies a larger cross-section area behind the rotor. 

 

 
Figure 19: Concept of wind energy (DWIA, 1999) 

 

So when capturing the kinetic energy from the wind, the wind turbine rotor slows down the wind 

and converts its energy into mechanical energy and thus having reduced the wind speed once it 

moves away from it. This wind speed is represented in the diagram as V2 while the wind speed 

approaching the rotor area is marked as V1. 

 

The areas marked out by the municipality of Horsens have different height requirements, which will 

influence the choice of wind turbines in this matter. This will then follow the classification of the 

different wind turbine sites with the wind turbine model that suits it. 
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Table 2: Wind turbine model for specific sites 

This resulted in the identification of only 3 models of Vestas wind turbines namely V80 ï 2.0MW, 

V52 ï 850kW and V60 ï 850kW as shown in Table 2. The reason for choosing Vestas is because it 

is a local Danish company located in CDR and also because the company produces wind turbines 

that can be accommodated by the height requirements of the different locations. The smallest model 

(V52 ï 850kW) suites the locations with height requirements of 75 meters while V60 ï 850kW 

suites Krørup which has a maximum height requirement of 100 meters. The remaining locations 

have height requirements lying between 100 and 125 meters will have the Vestas V80 ï 2MW 

turbines installed on them. 

 

So the analysis of the locations will consider matters concerning distances between the turbines, the 

weibull distribution curve, wind power production analysis and the terrain set up. 

 

In this particular case, it is a thumb rule that the setting up of wind turbines should have a minimum 

spacing that lies between 3 ï 4 times its rotor diameter (Skov og Naturstyrelsen, 2007) in order to 

minimize the turbulent effect on each other. The distances used to model the wind turbines is taken 

to be 3-times the rotor diameter. A more detailed outlook of the wind turbine distances is attached 

in Appendix ï 4. 

 

4.1.2 ς Weibull distribution 
 

This is a statistical tool used to provide information on how often wind of different speeds blow at a 

given location on a certain average wind speed. In order to determine the annual energy production 

from the different wind turbine locations, it is important to acquire its Weibull parameters that will 

help model the expected annual energy production for all locations. Therefore WindPRO is able to 

acquire wind data based on the Weibull distribution curve which is illustrated in Figure 20. 

The mean magnitude of the wind speed is recorded as 8.7m/s which is represented by the A 

parameter while k represents the shape parameter which is basically the shape of the curve that 

shows the probability of high and low wind speed distribution. The Vmean represents the mean 

wind velocity which stands at 7.1 m/s. 

 

 

 

 

 

 

 

SITE NAME AND HEIGHT REQ.  VESTAS WIND TURBINE MODEL  

Aggerstrup ï 100 to 125 meters V80 ï 2.0MW 

Bleld ï 100 to 125 meters V80 ï 2.0MW 

Borupgård ï 100 to 125 meters V80 ï 2.0MW 

Danish crown ï 100 to 126.5 meters V80 ï 2.0MW 

Elling ï 100 to 125 meters V80 ï 2.0MW 

Endelave ï 75 meters V52 ï 850kW 

Krørup ï 100 meters V60 ï 850kW 

Nim ï 75 meters V52 ï 850kW 

Stidsmølle ï 100 to 125 meters V80 ï 2.0MW 

Tønning ï 75 meters V52 ï 850kW 
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Figure 20: Weibull distribution  curve 

 

4.1.3 ς Annual electricity production (AEP) 
 

The resulting AEP for Endelave, Aggerstrup and Borupgård is illustrated in Figure 21. It can be 

seen that wind turbines located in Borupgård have the highest annual energy yield compared to the 

other 2 locations because of the total installed capacity. However it is important to note that the 

wind turbine located in Endelave has a lower energy output compared to the other individual 

turbines due to its installed capacity of 850 kW. The rest have a 2MW installed capacity which is 

the reason they show little significance regarding the production pattern. 

 

 

 
Figure 21: Annual electricity production (1) 
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Figure 22: Annual electricity production (2) 

The AEP from Elling, Krørup and Bleld is portrayed in Figure 22. The wind turbines located in 

Elling and Bleld are of similar capacities and this enables the comparison of energy production of 

the 2 locations. Elling shows favorable wind conditions compared to Bleld, Aggerstrup and 

Borupg¬rd although the differences in energy production arenôt significant. The resulting energy 

production from individual turbines in Krørup is quite similar to one in Endelave due to similar 

installed capacity however, the wind turbine models are different in terms of rotor diameter and hub 

height. 
 

 
Figure 23: Annual electricity production  (3) 

 
According to Figure 23 the wind turbines located in Nim and Tønning have the same installed 

capacity of 1700kW. Nonetheless, the AEP projected for the locations shows that Nim will have the 

lowest yield which could be as a result of the areaôs wind conditions. The remaining locations also 

have similar installed wind power capacities and further reveal that Stidsmølle has a greater energy 

yield than Danish crown. A more detailed result sheet is attached in Appendix - 2. 

Therefore based on these results, it can be concluded that almost all the locations share similar wind 

characteristics with respect to wind turbine model and energy production. It is however evident that 

Nim has a relatively lower energy production with respect to wind when compared to Endelave and 
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Tønning which have a similar wind turbine model installed. AEP based on hourly profile is attached 

to Appendix ï 5.2. 

 

4.1.4 ς Energy production analysis 
 

The wind power production analysis is used to determine the points at which energy from the wind 

is utilized at its best. This is illustrated on Figure 24 where the points taken for this analysis is based 

on the 12 compass points. 

 

 

 
Figure 24: Energy production analysis for all sites 

Therefore based on these points, the energy production from the wind turbines vary according to the 

direction the wind is blowing from. Low annual energy production is lowest facing the North (N), 

North-North-West (NNW), North-North-East (NNE), East-North-East (ENE) and South-South-East 

(SSE) directions with values ranging between 2000 and 4800MWh/year. High annual production 

values are achieved on the South-South-West (SSW), West-South-West (WSW) and the Western 

(W) directions that range between 14,000 to 20,000MWh/year. All these can be seen in more 

detailed from the energy rose and wind direction frequency that is attached to the result sheet in 

Appendix ï 3. 

It is also important to note that array losses are anticipated during the operation of the wind 

turbines. These losses are present in all directions but are highest in the western direction. Other 

directions with moderate losses are Eastern, SSW and WNW. 

 

So the difference in energy production from the 12 directions is mainly caused by the annual wind 

direction frequency that actually shows the wind often blows on the SSW, WSW and W directions. 

As for the array losses, this could be characterized by the locationôs topography or roughness class 

which is responsible for causing turbulence within the wind field. Moreover, the annual wind 

direction frequency partly contributes to the array losses due to the function of downwind and 

crosswind. 

 

Therefore the AEP based on hourly shifts will be used later on this chapter to calculate the 

production costs of energy based on the existing framework in Denmark. This will therefore project 

the locationsô level of feasibility. 
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4.2 ï Business-economic aspect 
 

The business-economic aspect will mainly focus on the projectôs economic cycle on an investorôs 

point of view. Therefore this section will cover various analysis based on the neo-classical 

economics applied on the existing market conditions in order to foresee the possible outcomes of 

initiating this project. The steps used to perform the calculations in this analysis in COMPOSE are 

attached to Appendix ï 5 as well as the parameters used.   

 

4.2.1 ς Wind energy business in Denmark 
 

Wind energy business in Denmark has continuously evolved since the 1980s which was based on 

the basic payment of delivered electricity from wind turbines per kWh (Danmarks 

Vindmølleforening, 2012). In addition to this payment, an allowance was entitled to the wind 

turbines producing electricity due to its socio-economic and environmental benefits being valued 

compared to other production units running on fossils (Danmarks Vindmølleforening, 2012). This 

basic payment was initiated back in 1984 running up to April 1
st
 2001 (Danmarks 

Vindmølleforening, 2012)where the electricity reforms went through a transitional phase resulting 

to 85% of the local electricity companies selling tax-free electricity to the public (Danmarks 

Vindmølleforening, 2012). 

This followed a procedure based on 3 steps that were applied to cater for electricity produced from 

wind turbines, 

1) Reimbursement of environmental taxes: The environmental benefits of 

electricity produced from wind were settled in the 1980s with a partial refund 

of environmental taxes (Danmarks Vindmølleforening, 2012). Although there shouldnôt 

be taxes for the electricity consumed by the producer since the wind turbines do not 

contribute to air pollution, which justifies environmental taxes. 

2) Production costs 1991 ï 2001: Towards the end of the 80s the energy taxes were 

increased several times (Danmarks Vindmølleforening, 2012) i.e. consumption taxes, 

which was to encourage energy savings. Therefore, it was unrealistic to maintain 

the reimbursement system. A solution was then developed after the energy agency 

performed an economic study that helped reflect the new electricity prices derived from 

the production costs (Danmarks Vindmølleforening, 2012). Compensation for CO2 tax at 

10øre/kWh was maintained (Danmarks Vindmølleforening, 2012), and wind electricity 

was settled with an extra 17 øre (Danmarks Vindmølleforening, 2012) to cover 

production costs since wind turbines are not as power utilities which receive funding via 

electricity bills. 

There wasnôt a 'fixed pricing' system incorporated in a periodic control of the settlement 

price in accordance with changes in production, i.e. price of new wind turbines, interest 

rates, turbineôs efficiency, the operation and maintenance costs and thus created a need 

for reviewing the settlement system. However, this regulation was not implemented but 

instead, the parliament decided in connection with the Electricity reforms in 1999 to 

come up with a completely new accounting principle that was articulated with changes 

in the Electricity Supply Act that was in effect from 1 January 2003, however the 

transitional arrangements became applicable from 1 April  2001. 

3) Market price and surcharge: Part of the agreements of the electricity Reforms between 

the political parties in March 1999 required that there should be a gradual introduction 

of market mechanisms for the payment of wind electricity and establishment of better 

transitional measures compared to the previous one. 

 

The transitional arrangements were then established in June 1999 and it was decided 

to introduce a so-called ñgreen certificateò that could be traded in a new capital market. 
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This was intended to have a purchase obligation on a certain percentage of the total 

electricity consumption. After 3 years the parties decided to postpone the 

implementation of the green certificate for which the European Union (EU) can create a 

bigger market for in the future and went on to introduced a surcharge of 10øre/kWh. 

The delivered power is therefore sold in the market whereby the wind turbine owner is 

free to select the electricity company to sell to thus having the price determined by 

the rate of competition. 

 

4.2.1.1 ς Conditions for wind turbine connection to the grid between 21/02/08 ς 31/12/13 
 

According to the energy agreements made on the 21/02/08 a number of obligations were made in 

relation to the new installed wind turbines. 

 The electricity produced by wind turbines should still be sold in the electricity market. 

 There should be a surcharge of 25øre/kWh for the first 22,000 full-load hours. 

 Wind turbines that are installed between 01/01/05 and 31/12/11 have scrapping certificate 

included from abandoned wind turbines. This gives it an additional surcharge of 8øre/kWh 

for the first 22,000 full-load hours. 

 There is a compensation entitled for balancing costs in the electricity market at 2.3øre/kWh. 

The energy agreement also addressed a few issues that were put into force as part of the Renewable 

energy act 1/1/09 (VE ï Loven 1/1/09) which are, 

 20% of the wind turbine(s) should be offered to the local citizens. 

 Neighboring residents of new wind turbines are entitled to compensation in case of 

depreciating property value. 

 A green fund will subsidize 88,000Dkk/MW to the municipality where the wind turbine(s) 

is installed. 

 There will be guarantee schemes for wind turbine cooperatives. 

 

4.2.1.2 ς Conditions for wind turbine connection to the grid in 2014 onwards 
 

A new framework for climate and energy policy until 2020 was developed in March 2012 by the all 

political parties except the Liberal Alliance party. The framework contained some changes 

regarding electricity from wind which is outlined as follows, 

 The surcharge of 25øre/kWh remains intact however the full-load hours will be determined 

on the basis of the measured rotor area by 70% and power output at 30%. 

 The surcharge will be minimized in order to avoid the market price and additional fees from 

exceeding 58øre/kWh. 

 The conciliation partners will evaluate the possibilities of further minimizing the surcharges 

for areas with the best wind conditions where full surcharging was not deemed necessary. 

 There should be special conditions for wind turbines located near the coast. 

 

4.2.2 ς Cost benefit analysis 
 

This is the process that involves the calculation and comparison of costs and benefits of a 

project/policy in order to justify its overall feasibility. 

The reasons for using this as a tool for evaluating the economic feasibility are, 

 It is a tool that can be used both in project and policy appraisals. 

 The possibility of evaluating different impacts under the same measurements. 

 It helps identify the areas that require allocation of funds against other competing sectors. 

 It emphasizes on the degree of the preference regarding the project. 
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 It also gives an emphasis of the economic value and the cost of protecting the environment. 

 

This will therefore help select projects that are efficient in terms of its resource use. 

COMPOSE has in this case been used to calculate the costs and benefits of the projects based on a 

financial perspective and can thus be used to compare the different results. 

 

 
Figure 25: Annual net earnings 

 

 
Figure 26: Annual net earnings 

 

 

 
Figure 27: Annual net earnings 
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Figure 28: Annual net earnings 

As shown in figures 25, 26, 27 and 28 the annual net earnings are different from one turbine to 

another. This is because the earnings are relative to the energy output of which every kWh of 

electricity produced is sold at a given price. Another interesting factor to consider is the power 

capacity of the wind turbine. The higher the capacity the more the energy output and of course this 

is relative to the earnings from the sold electricity. It can be seen from the figures 25, 26 and 28 that 

the wind turbines located in Endelave, Nim and Tønning have lower annual earnings compared to 

the other locations, and this is because the power capacity is 850kW which produces less than the 

2MW turbines. So it can be concluded that the annual net earnings from the wind turbines are 

characterized by the wind conditions present on specific locations. 

 

4.2.2.1 ς Simple payback period (PBP) 
 

This helps to determine the period of time when accumulated payments of an investment 

corresponds to its initial cost. 

This has been illustrated on Table 3 whereby all wind turbines are expected to payback for its initial 

capital costs between 22 and 27 years depending on the earnings. It is however important to note 

that the wind turbines have an operation lifetime of 20 years meaning that it will not be able to 

generate income for paying back for the investment once it stops its operations. Therefore this can 

be regarded as a poor investment in financial terms. However it is important to consider the fact that 

the pay-back period may not be accurate using this method because the discount rate is not applied. 
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Project Period 

Operation 

CB 

Investment 

(DKK)  

PBP 

(years) 

Site 2 2012 701731,21 17522400 24,97 

Site 16 2012 316249,55 7666050 24,24 

Site 20 2012 339703,71 7666050 22,57 

Site 1 2012 343917,21 7666050 22,29 

Site 17 2012 314385,83 7666050 24,38 

Site 21 2012 334164,54 7666050 22,94 

Site 3 2012 776249,82 17522400 22,57 

Site 4 2012 760420,50 17522400 23,04 

Site 5 2012 733706,43 17522400 23,88 

Site 6 2012 763334,19 17522400 22,96 

Site 7 2012 746348,35 17522400 23,48 

Site 8 2012 641459,63 17522400 27,32 

Site 9 2012 681065,15 17522400 25,73 

Site 10 2012 771996,98 17522400 22,70 

Site 11 2012 752369,49 17522400 23,29 

Site 12 2012 774117,60 17522400 22,64 

Site 13 2012 684271,29 17522400 25,61 

Site 14 2012 645917,92 17522400 27,13 

Site 15 2012 751090,34 17522400 23,33 

Site 18 2012 796150,79 17522400 22,01 

Site 19 2012 777137,12 17522400 22,55 

Site 22 2012 707487,88 17522400 24,77 

Site 23 2012 738712,64 17522400 23,72 

Table 3: Simple payback period 

 

4.2.2.2 ς Discount rate 
 

This is the interest rate used for calculating the amount of money that has to be converted over a 

time period regarding a particular investment. This is used to perform the cost benefit analysis by 

putting all the funds that flow in and out during the projectôs cycle using a single yearôs currency so 

as to compare the costs and benefits. In this case, a financial discount rate will be used because the 

analysis is based on an investorôs point of view, which mainly focuses on the cost of borrowing and 

the return on investments of a particular project. It is therefore considered that a financial discount 

rate of 10% is to be applied as the expected return of investment. 

So with this, it is possible to calculate the annual costs of the investments which are illustrated in 

Figure 29. 
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Figure 29: Annual costs of the investments 

The annual cost of the investments is approximately 677,514.91 DKK for the Vestas V52 - 850kW 

turbines and 1,594,152.73 DKK for the Vestas V80 ï 2MW turbines. The unit cost used to perform 

the total investment calculation is 1.4 million ú/MW (Energinet & Danish Energy Agency, 2010). 

This is then followed by the calculation of the annual earnings of the investments as shown in 

Figure 30. It can be seen that the investments of the Vestas V52 ï 850kW tubines have annual 

earnings ranging between 327,006.5 DKK and 357,729.61 DKK and as for the Vestas V80 ï 2MW 

turbines, the annual earnings ranges between 667,197.88 DKK and 828,126.16 DKK. The 

comparison of the results from both costs and earnings signifies that the project is already running 

on a deficit thus making it a non-feasible option in financial terms and this has been calculated and 

illustrated in Figure 31. The net cost-benefit ranges between -320,000 DKK and -920,000 DKK on 

a one-year basis. It can therefore be stated that the net present value (NPV) of the investment is 

negative in accordance with the net annual costs and benefits. 

 

 

 
Figure 30: Annual earnings of the investments 
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Figure 31: Annual net cost-benefit of investments 

 

4.2.2.3 ς Levelized costs of energy (LCoE) 
 

This can be defined as the annualized total unit cost for generating electricity for a payment with a 

similar present value as the total construction and operational costs of a power plant during its 

lifetime. This factor will be used to portray the expected costs of electricity from the wind turbines 

in relation to the capital, return on investment, operation and maintenance. 

 

 
Figure 32: Levelized costs of electricity 

 

The levelized production costs for this matter is illustrated in Figure 32, which shows that the 

overall result of establishing the wind turbines will have negative values meaning the costs will 

overwhelm the benefits. 

 

So as a conclusion based on the cost benefit analysis, none of the wind turbines on the given sites 

will be financially viable for the investor in concern. 

 

4.2.2.4 ς Sensitivity analysis 
 

This is the study of how changes in various input parameters due to uncertainty can have an impact 

on a projectôs meaning. This will cover such as the investment costs of the wind turbines which 
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could be affected by factors such as supply and demand of the product as well as the changes in the 

world commodity prices for steel and copper. 

 

 

 
Figure 33: Financial cost-benefit with 15% increase in investment costs 

 

 

 
Figure 34: Financial cost-benefit with 15% decrease in investment costs 

 

The figures 33 and 34 show the price sensitivity caused by the increase and decrease of the 

investment costs. It can be noticed that the increase in the investment costs by 15% will result to 

much greater deficit of the annual net cost-benefit that ranges between 420,000 DKK and 1,150,000 

DKK when compared to the initial values from Figure 31 while a decrease in investment costs by 

15% will result in reduction of the deficit ranging between 230,000 DKK and 690,000 DKK. This 

actually indicates that a further reduction of the investment costs could give the project a positive 

outlook in a financial perspective. Therefore this experiment shows that the investment costs is a 

key factor for determining projectôs financial feasibility. 

 

Wind turbinesô productivity can be increased with a prolonged operational lifetime. In this part of 

the analysis, different wind turbine lifetimes will be used to analyze the price sensitivity of the 

different projects. 
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Figure 35: Financial cost-benefit with wind turbine l ifetime of 25 years 

 

 
Figure 36: Financial cost-benefit with wind turbine l ifetime of 30 years 

 

 

From the results illustrated on Figure 35 the prolonged operational lifetime of 25 years results to a 

reduction of the costs for operating the wind turbine. An additional increase of the turbineôs lifetime 

to 30 years will further reduce the costs of operating the turbine as shown in Figure 36. Therefore it 

can be noted that with the increased wind turbine lifetime, this will indeed prolong the period of 

generating income which would of course increase the benefits. 

 

Another interesting parameter for performing this analysis is the amount of incentives provided as a 

bonus for producing clean electricity. The current rate of incentives provided for wind turbine 

owners is 25øre/kWh (Danmarks Vindmølleforening, 2012) and according to the analysis, it has 

been considered that the incentives could increase or decrease in future depending on the policy 

design that will help promote investing in wind power. 
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Figure 37: Financial cost-benefit with increased incentives to 50øre/kWh 

 

 
Figure 38: Financial cost-benefit with increased incentives to 70øre/kWh 

According to the results displayed in Figure 37, the increase in incentives to 50øre/kWh will reduce 

the costs of operating the wind turbine to a range between 150,000 DKK and 600,000 DKK 

compared to the initial values from Figure 31 that ranges between 320,000 DKK and 920,000 DKK. 

A further increase of incentives to 70øre/kWh has been included in the analysis and the results show 

that the costs are greatly reduced to a range between 10,000 DKK and 340,000 DKK. 

 
Figure 39: Financial cost-benefit with decreased incentives to 15øre/kWh 
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On the other hand, a decrease in incentives would only result in accumulating costs for operating 

the wind turbine as shown in Figure 39. The costs in this matter increase to a range between 

390,000 DKK and 1,050,000 DKK which is more than the initial values containing the current 

incentives. 

 

So out of the analysis conducted, it is evident that the investment would not be feasible unless there 

is an extraordinary drop in wind turbine prices, a prolonged operational lifetime of the turbines or 

increase in wind turbine incentives. However, a combination of these 3 factors could result in a 

positive financial outcome that is i.e. if the turbine prices drop by 30%, the lifetime increased to 30 

years and the incentives increased to 50øre/kWh. Other than this issue, the investment turns out to 

be non-feasible in a business economic perspective. 
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4.3 ï Environmental aspect 
 

The Danish government and the town councilôs objective is to increase the share of renewable 

energy especially wind power (Horsens Kommune, 2011) which depends on the municipalityôs 

efforts in developing plans for establishing wind turbines that are a larger and more energy efficient 

(Horsens Kommune, 2011). Moreover Horsens municipality strives to be a climate-oriented 

municipality (Horsens Kommune, 2011) and this obliges it to develop and implement plans 

regarding wind power because without this means that in a few years there will be no longer any 

operational wind turbines in the municipality (Horsens Kommune, 2011) which would be against its 

environmental objectives. 

 

Therefore this section of the study will focus on how the wind turbine plans would have an impact 

on the environment regarding factors such as flora and fauna, shadow flickers and noise sensitive 

areas. 

 

4.3.1 ς Impact on flora and fauna 
 

Wind turbines are not expected to cause any serious bird mortality rates since the birds are able to 

navigate their way around them (Energinet & Danish Energy Agency, 2010). So this chapter will 

not focus much on the impact on flora and fauna which is expected to be very minimal. However 

important guidelines regarding installation and operation of wind turbines in relation to flora and 

fauna is attached in Appendix ï 6. 

 

4.3.2 ς Shadow impact 
 

Wind turbines give a shadow effect when the sun is shining and the wind is blowing simultaneously 

and thus affects the area(s) within the surroundings of rotating shadows from the blades. Neighbors 

within a short distance are likely to experience rapid shifts between direct light and short glimpse of 

shade which can be problematic. In order to address this issue it is important to consider the 

following factors, 

 The direction of which the turbine is viewed from the neighboring dwellings, 

 Distance between the wind turbine and the neighbor, 

 The size of the wind turbine rotor and 

 To a certain extent the wind turbine hub height. 

 

 

In Denmark, the areas located south of the turbine between southwest and southeast will not be 

affected by shadow flickers from the blades (Danmarks Vindmølleforrening, 2009) and the areas 

located on the north of the turbine at approximately 6 times the total turbine height and above will 

not be affected (Danmarks Vindmølleforrening, 2009). During the day the shadow moves from west 

to east (Danmarks Vindmølleforrening, 2009). In summer, the sun rises in the northeast direction 

and has the shadow on the southwest of the turbine (Danmarks Vindmølleforrening, 2009) which 

moves towards it in an arc close to the north of the turbine (Danmarks Vindmølleforrening, 2009). 

In the afternoon, the shadow moves from north of the turbine towards southeast direction 

(Danmarks Vindmølleforrening, 2009). In the winter, the morning shadow is in the northwest 

direction (Danmarks Vindmølleforrening, 2009), which travels a great distance along the north of 

the turbine and ends in the northeast (Danmarks Vindmølleforrening, 2009). 

Spring and autumn seasons will have the shadow(s) on the west in the morning (Danmarks 

Vindmølleforrening, 2009) and moves during the day with a slight curve to the east (Danmarks 

Vindmølleforrening, 2009). So when the sun is shining, the shadow is close to the turbine and 
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normally has no impact on neighboring dwellings (Danmarks Vindmølleforrening, 2009). It is also 

important to note that when the sun is at a low position (sunrise/sunset), the shadow is projected to a 

far distance from the turbine that can fall within neighboring dwellings (Danmarks 

Vindmølleforrening, 2009). 

 

Therefore the stated distance demand for new wind turbines to neighboring dwellings is at least 4 

times its total height (Danmarks Vindmølleforrening, 2009) that will result in having daily shadow 

effects annually during the 2 periods (sunrise/sunset) each lasting about 40 minutes between 4 to 6 

weeks (Danmarks Vindmølleforrening, 2009). These periods could be consistent when the sun is 

around the solstice (Danmarks Vindmølleforrening, 2009). Moreover, at this distance, the wind 

turbine blade does not cover half of the sun-disk diameter (Danmarks Vindmølleforrening, 2009) 

thus the core shadow is not formed and the power of the light change is less and diminishes when 

one moves further away from the turbine (Danmarks Vindmølleforrening, 2009).  

So an assessment of the shadow impact has been conducted using WindPRO in order to determine 

whether the wind turbine areas are likely to cause any drastic impacts. 
 

Shadow sensitive area Actual shadow values (hrs/yr) Worst case scenario (hrs/yr) 

A 6:46 30:37 

B 0:26 2:10 

C 0:00 0:00 

D 0:00 0:00 

E 3:31 13:11 

F 1:27 5:57 

G 2:24 19:29 

H 3:23 40:22 

I 1:26 6:22 

J 1:12 6:15 

K 1:28 12:58 

L 0:00 0:00 

M 0:00 0:00 

N 0:00 0:00 

O 0:00 0:00 

Table 4: Shadow hours (Aggerstrup) 

The results from Table 4 shows the actual shadow values in hours/year and a worst case scenario 

also in hours/year for wind turbines situated in Aggerstrup. The actual shadow values are expected 

to range between 0:00 and 6:46 hours/year for the different sensitive areas which are distributed all 

year round. As for the worst case scenario, the values range between 0:00 and 40:22 hours/year 

meaning that the shadow hours are much longer. The calculation distance used for this area is 1.583 

km which is the closest shadow sensitive area. The wind turbine has a total height of 107 m which 

gives it a minimum distance requirement of 428 m. This distance is greater than the stated 

requirement of 4 times the wind turbineôs height thus making in compliance with the regulation.  

 
Shadow sensitive area Actual shadow values (hrs/yr) Worst case scenario (hrs/yr) 

A 0:00 0:00 

B 0:00 0:00 

C 11:33 36:01 

D 9:45 31:35 

E 4:14 21:28 

F 0:52 11:18 

G 0:00 0:00 

H 1:34 14:41 

I 11:06 74:39 

J 5:56 21:08 

Table 5: Shadow hours (Krørup) 
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The calculations of the shadow hours in Krørup have been conducted and the results are illustrated 

in Table 5 whereby the actual shadow values ranges between 0:00 hrs/yr and 11:33 hrs/yr in the 

different shadow sensitive areas. As for the worst case scenario, the shadow values ranges between 

0:00 hrs/yr and 74:39 hrs/yr. So with the distance from the wind turbine to the nearest shadow 

sensitive area being 918 m and the turbineôs total height being 90 m, it can be deduced that the area 

will not cause any adverse shadow effects due to the distance. A detailed shadow calculation with 

the remaining locations is attached in Appendix ï 7. 

Therefore as a conclusion of the shadow impact, none of the locations is expected to cause any 

serious shadow flickers on the neighboring dwellings and other shadow sensitive areas. This is 

mainly because most of these locations are situated in open lands where residential areas are 

scattered and more to that, there are huge open spaces that makes it possible to have wind turbines 

that are situated at distances that are more than 4 times its total height. However as the required 

maximum of 10 shadow hours (Energinet & Danish Energy Agency, 2010), Tønning and Krørup 

have shadow exceeding this and thus making these areas vulnerable to this impact. In addition to 

this, the neighboring home-owners are entitled to partial ownership of wind turbines which could 

help reduce possible conflicts. 

 

 

4.3.3 ς Noise impact 
 

Like all machines, wind turbines produce a certain amount noise. The noise generated by the 

hissing around the blades and mechanical noise from the gear and generator (Danmarks 

vindmølleforrening, 2012). The noise is distributed in the air and, to some extent also in the wind 

turbineôs tower (Danmarks vindmølleforrening, 2012). So this can be reduced by insulating homes 

against noise (Danmarks vindmølleforrening, 2012) and building wind turbine components 

appropriately, so that noise is not spread through the wind turbine assembly (Danmarks 

vindmølleforrening, 2012). Modern wind turbines are constructed so as emit minimal noise 

(Danmarks vindmølleforrening, 2012) whereby the Generator and the gear are supported by the 

rubber elements (Danmarks vindmølleforrening, 2012) and the cabin is snug and fitted with locks, 

which absorbs the airborne noise (Danmarks vindmølleforrening, 2012). For a wind turbine to be 

approved for installation there must be a noise measurement and noise calculation in accordance to 

the Ministry of Environment noise regulation (Danmarks vindmølleforrening, 2012). Like other 

types of installations, wind turbines are also subject to regulatory environmental monitoring 

(Danmarks vindmølleforrening, 2012). 

New noise regulations addressing the maximum noise exposure from wind turbines to neighbors 

was put enforced by the environmental ministry (Danmarks vindmølleforrening, 2012). However 

the former regulation shall remain applicable to wind turbines that started operation before 1 

January 2012 (Danmarks vindmølleforrening, 2012). 

 

The environmental agency published guidelines No. 1, 2012, on noise from wind turbines such as 

homes in the rural areas with outdoor living areas are considered to be noise sensitive to land use in 

condition that it situated within 15 m from the dwelling (Danmarks vindmølleforrening, 2012). So 

the demanded noise level should not exceed 44 dB (A) at a wind speed at 8 m/s (Danmarks 

vindmølleforrening, 2012) and 42 dB (A) at a wind speed of 6 m/s (Danmarks vindmølleforrening, 

2012). Neighboring dwellings are regarded as any other residence and not as wind turbine owner's 

private space and should be treated as noise sensitive areas (Danmarks vindmølleforrening, 2012). 

As for the outdoor areas designated as ñnoise-sensitive land useò i.e. housing, recreation parks, 

institutions etc. should not have noise levels exceeding 39 dB (A) at a wind speed of 8 m/s and 37 

dB (A) at a wind speed of 6 m/s (Danmarks vindmølleforrening, 2012). 

In addition to this the indoor low frequency noise for residential buildings both in the open land and 

in noise sensitive areas must not exceed 20 dB at a wind speed on both the 8m/s and 6 m/s 

(Danmarks vindmølleforrening, 2012). 
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So in order to conduct the analysis of the impact of noise to the environment, an assessment using 

WindPRO is performed. It is important to be aware that the version of WindPRO used to make this 

assessment will only give results based on the previous noise regulation from 2006. However the 

results can still be analyzed and concluded based on the new regulation since the outdoor noise 

codes are similar to each other. 

  
Noise sensitive area Wind speed (m/s) Noise demand (dB (A)) Actual noise (dB (A)) Distance (m) 

A 6 37 32.7 663 

A 8 39 36.4  

B 6 42 32.9 652 

B 8 44 36.6  

C 6 42 33.0 644 

C 8 44 36.7  

Table 6: Noise sensitive areas in Endelave 

The results from Table 6 show the characteristics of a wind turbine located in Endelave. The area 

has been characterized with open fields and residential areas thus giving it 2 different noise 

regulations to adhere to. Area A has been categorized as a noise-sensitive land use area for 

residential buildings which has a high noise demand of 37 dB (A) at 6m/s wind speed and 39 dB 

(A) at 8m/s wind speed. The actual noise produced by the turbine is 32.7 dB (A) at 6m/s and 36.4 

dB (A) at 8 m/s which indicates that the area is in compliance with the noise regulations. The other 

areas (B and C) are categorized as open fields and thus the demand is lower at 42 dB (A) at 6 m/s 

and 44 dB (A) at 8 m/s. The actual noise produced in area B is 32.9 dB (A) at 6m/s and 36.6 dB (A) 

at 8 m/s and as for area C the produced noise is 33 dB (A) at 6 m/s and 36.7 dB (A) at 8 m/s which 

shows the noise regulations have been met. The distance column mainly shows the distance 

between the wind turbine and the noise sensitive area. According to the regulations, it is obliged to 

set a minimum distance that is 4 times the wind turbineôs total height to avoid noise and shadow 

impacts. Therefore in this case, the turbine located in Endelave has a total height of 75 m and in 

order to be in compliance with this distance requirement, a minimum distance of 300 m should be 

kept. The resulting distances calculated is more than double the requirement thus fulfills the 

demand. 

 
Noise sensitive area Wind speed (m/s) Noise demand (dB (A)) Actual noise (dB (A)) Distance (m) 

A 6 42 40.6 354 

A 8 44 44.2  

B 6 42 41.6 372 

B 8 44 45.3  

C 6 42 38.4 549 

C 8 44 42.0  

D 6 42 41.1 422 

D 8 44 44.8  

E 6 42 39.0 536 

E 8 44 42.7  

F 6 42 39.1 433 

F 8 44 42.7  

Table 7: Noise sensitive areas in Nim 

As for the results illustrated in Table 7 the whole area has been calculated based on the regulation 

for open lands. In this location, area B will not comply with the noise regulation when the wind 

turbine is on operation at 8 m/s whereby the noise levels produced will be 45.3 dB (A). The other 

area that will not be in compliance with the noise regulation is area D which will have noise levels 

standing at 44.8 dB (A) at a wind speed of 8m/s. So in order to satisfy this setback, it is necessary to 

take special consideration that will exempt these regulations from applying. 

Results of the other locations can be found on Appendix ï 8 
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So all of the assessed locations comply with the noise regulation and thus makes it a good project in 

such a perspective. On the other hand, there are some noise sensitive areas that are vulnerable to 

noise levels that exceed 44dB (A) produced by the turbines located in Nim. Such a situation needs 

remedial measures such as selling shares of wind turbines to neighbors so that it exempts their 

property from being a noise sensitive area since they are part owners of it. However it is now 

required by the regulation to have neighboring dwellings offered the opportunity of owning a 

certain share of the wind turbine which will exempt their area from being noise sensitive. 

Finally, the turbines located in Borupgård have been deduced to have noise levels exceeding the 

demand for the areas marked to be sensitive to noise, therefore it is not applicable.  

 

So the wind turbine locations in this aspect are regarded to be feasible in an environmental 

perspective except for the location in Borupgård which did not live up to the noise demands. Other 

than that, wind turbines are fueled by the wind which is freely provided by nature and does not emit 

CO2. Other interesting factors to consider is the impact on the flora and fauna which in recent 

studies conducted recorded minimal impact. However special remedial measures have to be taken 

into consideration when planning the locations for wind turbines in order to prevent mortality rates. 

 

4.4 ï Discussions on the results of the analysis 
 

The analysis performed in this chapter is for the purpose of determining the feasibility of the 

locations designated for wind turbines. The analysis began with an assessment of the site using 

WindPRO software that is modeled to perform calculations related to AEP, noise sensitivity and 

shadow impact with the help of an in-built database that gives access to a wide range of climate 

data. Therefore, the calculated hourly AEP for each turbine was then later used in COMPOSE tool 

to make an analysis based on costs and benefits. The parameters used for these calculations are 

based on the existing market conditions such as taxation, subsidies, operation and maintenance 

costs etc. that projects a real-life scenario on possible outcomes of this project. The resulting net 

present value is negative for all the locations meaning that the project will incur greater costs than 

benefits thereby indicating the levels of the AEP are low. Additional calculations such as levelized 

production costs show negative values because the production costs are linked together with the 

discount rate, the net present value as well as investment costs, operation and maintenance costs.  

The sensitivity analysis was later performed to assess the projectôs price variations that subject to 

changes in the market conditions. Different input parameters were used for this assessment such as 

wind turbine lifetime, investment costs and susbsidies. In this dynamic world that undergoes 

technological changes, land based wind turbines could in the near future have an increased 

operation lifetime 25 or 30 years from its current 20-year lifespan. Therefore these figures were 

used to analyze price sensitivity if such changes occur. The wind turbine prices are also subjected to 

change in the near future due to the growing demand for renewable energies thus having an effect 

on the demand and supply chain. Therefore this has been considered in the analysis whereby the 

price fraction of 15% has been decreased from the turbine price in case of such changes. The cost of 

wind turbines are also linked to the world steel and copper prices that could cause a significant 

impact in turbine prices depending on its price levels. Therefore 15% increase from the turbine 

price is considered in case of influence from copper and steel prices. Finally, the wind turbine 

subsidies were used to assess the price variation of the wind turbine. It is considered that the 

subsidies might be increased due to a strong policy that will help drive the state or regions towards 

achieving the set renewable energy targets. Therefore a subsidy increase of 50øre/kWh and 70kWh 

were used in the analysis. On the other hand, the policy implemented in future could result in 

liberalized energy markets that have energy companies competing against each other thus resulting 

in a fall in energy prices. Therefore in this kind of scenario, the subsidies offered will probably be 

much lower than the current level and this is the reason for lowering the rate to 15ørekWh. So with 

all these considerations, the different input parameters used resulted in the net present value of the 
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wind turbines remaining negative thus confirming that the locations are not ideal for installing wind 

turbines. 

The analysis on environmental impact has been performed considering topics on flora and fauna, 

shadow impact and noise impact. Impact on flora and fauna has not been regarded as critical and 

due to this the analysis focuses more on shadow and noise impacts. The results on impacts on 

shadows were derived from WindPRO which provides the methodology for carrying this out using 

online climate data such as Sun hours and wind direction. Therefore based on the fact that all the 

locations are situated at a distance of 4 times the turbineôs height from dwellings, significant 

shadow impacts are not expected to occur on the dwellings. However, it is recommended that the 

annual shadow flickers from a wind turbine should amount to a maximum of 10 hours. (Energinet 

& Danish Energy Agency, 2010). This will then mean that neighboring dwellings located Krørup 

and Tønning are vulnerable to shadow impacts since both locations have areas exceeding 11 

shadow hours. Therefore as a conclusion, Krørup and Tønning do not fulfill this requirement. 

However, joint ownership of wind turbines with the neighbors could minimize possible conflicts 

regarding shadow flickers. 

 

The final analysis was on the noise impacts on neighboring dwellings. This is also conducted using 

WindPRO software that is configured with the 2007 noise code that is similar to the new noise code 

regarding noise levels on outdoor areas. The results obtained showed that all areas were in 

compliance with the noise code except for the location in Nim. A solution to this could be the fact 

that the neighbors are entitled part-ownership of the wind turbine thus making the regulation 

undergo dispensation.   
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Chapter 5: Conclusion 
 

This report has deduced the results based on the studies conducted through applying the appropriate 

methodologies that led to coherent understanding of feasible investment of wind power in Horsens. 

Therefore this chapter will present the findings/results as conclusions that are derived from 

principles and methodologies for performing the analysis. 

 

5.1 ï Answer to the research question 
 

ñWould the wind turbine locations in Horsens develop interest on investorsò? 

 

As defined from the research question, this report aims at assessing the wind turbine sites in 

Horsens as an investment option. The projectôs point of departure takes place when the project is 

designed according to the institutional framework and market conditions regarding development of 

wind power. 

 

Therefore based on the assessment of the locations using WindPRO software, the hourly production 

profile was exported into the financial model designed in COMPOSE which indicated that the costs 

of operation would be more than the actual returns. These were based on cost-benefit calculations 

i.e. investment costs, production costs and operation costs that resulted in a negative net present 

value for the investments. Other costs such as levelized production costs and sensitivity analyses 

showed negative values and thus confirmed the locations have poor wind conditions. 

 

WindPRO software was also used to perform analysis regarding the environmental impact from 

wind turbines in respect to noise, shadow and wildlife. The resulting impact on noise was very 

minimal except for the location in Borupgård which did not fulfill the demand on recreational parks 

of which are regarded as noise sensitive areas to land use in the new regulation. 

The impact on shadow was analyzed using WinPRO software and the results obtained showed that 

there wonôt be any significant impacts and this is due to the fact the most of these locations are in 

the rural areas where most houses are scattered thus creating large spaces that are suitable for 

establishing wind turbines. This has therefore made it possible to meet the space requirements 

between the dwellings and wind turbines. 

The impact on the flora and fauna which in recent studies conducted, recorded minimal impact. 

However special remedial measures have to be taken into consideration when planning the locations 

for wind turbines in order to prevent mortality rates. 

 

So based on the aforementioned aspects in relation to the analytical framework, the locations in 

Horsens area are not suitable for wind power production and thus will not attract any interests from 

investors.  
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Appendices 

Appendix ï 1: Oil and Gas production 
 

Production to reserves ratio 

 

Oil 
Period (years) Reserves (billion barrels) Production (billion barrels) 

90 0,6   

00 1,1 0,1 

01   0,1 

02   0,1 

03   0,1 

04   0,1 

05   0,1 

06   0,1 

07   0,1 

08   0,1 

09 0,9 0,1 

10 0,9 0,1 

 

The calculation of the production to reserve ratio can be obtained by the below formula 

P/R = Reserves/rate of production 

0.9/0.1= 9 

This means that the oil reserves will be last for 9 years from 2010 if the rate of production remains 

the same. This is performed in a similar way for Gas as well. 

 

Gas 
Period (years) Reserves (billion m

3
) Production (billion m

3
) 

90 100   

00 100 8,2 

01   8,4 

02   8,4 

03   8 

04   9,4 

05   10,4 

06   10,4 

07   9,2 

08   10,1 

09 100 8,4 

10 100 8,2 

 

100/8.2 = 12 

As for the gas reserves, they are expected to last for 12 years after 2010 if the production rate 

remains the same. 
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Appendix ï 2: Annual energy production (AEP) for new wind turbines 
 

 
Location WTG model 

(Vestas) 

Rated Power 

(kW)  

Rotor 

Diameter 

(m) 

Hub 

height 

(m) 

AEP 

(MWh)  

AEP incl. 

3% 

(MWh)  

Park 

efficiency 

(%)  

Mean wind 

speed (m/s) 

Endelave V52 ï 850kW 850 52 49 2499.8 2575 99.3 7.14 

Aggerstrup V90 ï 3MW 3000 90 80 7133.5 7347 92.7 7.05 

Aggerstrup V90 ï 3MW 3000 90 80 7436.7 7660 97.6 7.02 

Borupgård V80 ï 2MW 2000 80 78 5200.2 5356 95.1 6.84 

Borupgård V80 ï 2MW 2000 80 78 5134.4 5288 93.5 6.85 

Borupgård V80 ï 2MW 2000 80 78 5265.8 5424 96.1 6.85 

Elling V80 ï 2MW 2000 80 78 5651.8 5821 95.6 7.12 

Elling V80 ï 2MW 2000 80 78 5302.9 5462 90.6 7.08 

Elling V80 ï 2MW 2000 80 78 5388.1 5550 91.8 7.09 

Krørup V60 ï 850kW 850 60 60 2368.9 2440 96.1 6.37 

Krørup V60 ï 850kW 850 60 60 2300 2369 94.9 6.31 

Krørup V60 ï 850kW 850 60 60 2382.1 2454 97.2 6.35 

Bleld V80 ï 2MW 2000 80 67 4914 5061 92.5 6.73 

Bleld V80 ï 2MW 2000 80 67 4808.3 4953 90.6 6.73 

Bleld V80 ï 2MW 2000 80 67 5013.2 5164 95.1 6.70 

Nim V52 ï 850kW 850 52 49 1723.3 1775 91.6 6.18 

Nim V52 ï 850kW 850 52 49 1714.7 1766 91.4 6.17 

Stidsmølle V90 ï 3MW 3000 90 80 7540.8 7767 98.9 7.02 

Stidsmølle V90 ï 3MW 3000 90 80 7541.1 7767 96.8 7.09 

Tønning V52 ï 850kW 850 52 49 2157.5 2222 98.8 6.65 

Tønning V52 ï 850kW 850 52 49 2122..4 2186 96.9 6.66 

D. Crown V90 ï 3MW 3000 90 80 7164.8 7380 94.9 6.98 

D. Crown V90 ï 3MW 3000 90 80 7387.1 7609 96.4 7.03 

 

 

 

Annual energy production (AEP) for existing wind turbines 

 

 
 

The AEP for the new wind turbines have been calibrated using 3% as the factor in order to validate 

the production figures according to the performance of the existing turbines. This factor was 

determined by taking the average goodness factor and included it in the calculation. 

 

 



 56 

Appendix ï 3: Wind data analysis  
 

 

Wind data analysis at 49m hub height 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 57 

Wind data analysis at 80m hub height 
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Appendix ï 4: Wind turbine distances 
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Appendix ï 5: Cost-benefit calculations using COMPOSE 
 

Starting from the basic interface as shown previously in chapter 2, the project can be created on the 

ñprojectò tab where the user defines the project name (Horsens site 2).  

 

 
 

The next step would be defining the project characteristics such as hourly profile, power capacity, 

fuel etc. Therefore on the ñprocessò tab, the interface would appear as the figure below. 
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The process is named as the first step shown above (Vestas V80 ï 2MW WTG 1 site 2) then 

followed by defining the projectôs characteristics such as electricity production being the type of 

process and capacity being 2000kW. An imported hourly distribution can be incorporated into the 

project under the ñhourly profileò menu. The next step would be defining the parameters related to 

investment costs, operation and maintenance etc. 

 

 
 

Therefore under the ñcost-benefitò tab, the window will have a similar appearance to the figure 

above the investment cost has been entered (1.4 million ú/MW). The wind turbine lifetime is also 

defined as 20 years. Still on the same tab, it is possible to enter the operation and maintenance costs 

as shown on the figure below. 

 

 
 

It has then been chosen to include VAT and as for the operation and maintenance value the unit 

costs used is 0.09685DKK/kWh throughout the turbineôs lifetime which has been entered as 100 for 

the lifetime.  

 

This then leads to the incentives provided for producing wind power which is recorded as shown on 

the figure below. The sold electricity is highlighted as being subjected to VAT and risk. So the 

subsidy selected is 0.25 DKK/kWh as per the conditions mentioned in chapter 4.  
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So still under the same tab the final step is to apply the electricity spot market price for wind power 

which is shown on the figure below. Electricity sold is based on Spot market price for West 

Denmark 2011 and the average spot price used is 0.35763 DKK/kWh (Energinet.dk, 2010). The 

annual production profile used is based on NordPool ENS Un-weighed and the hourly profile is 

based on Denmark West spot 2011. 

 

 
 

After filling all these parameters for determining the projectôs costs and benefits, the final part will 

involve discount rates which can be filled on the ñeconomy systemò tab as shown below. 

 

 
 

There are 2 discounts rates which are chosen to calculate the cost-benefits (Financial and economic) 

and the planning period chosen is 1 year. The model runs the cost-benefit calculation based on the 

data filled in. 

Note: 

The economic discount of 5% was derived from (Danmarks Vindmølleforrening, 2012) 

The VAT of 25% was derived from (SKAT) 
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Appendix ς 5.1: Technology data sheet 
 

 
Source: (Energinet & Danish Energy Agency, 2010) 
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Appendix ς 5.2: Hourly production profile 
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