
IN DEGREE PROJECT ENERGY AND ENVIRONMENT,
SECOND CYCLE, 30 CREDITS

,  STOCKHOLM SWEDEN 2019

Evaluation tool for large 
scale onshore wind power 
projects

FRIDA JALKENÄS

KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF INDUSTRIAL ENGINEERING AND MANAGEMENT



 

 

 

 

 

Evaluation tool for large scale  
onshore wind power projects 

 

 

 

 

 

 

 

Frida Jalkenäs 

Department of Sustainable Energy Technology, Royal Institute of Technology, Stockholm, 

Sweden  

Master of Science Thesis 

MJ241X Degree project in Energy Technology, 30 credits 

 
 

 

Supervisor, Pöyry: Bengt Göransson, bengt.goransson@poyry.com  

Supervisor and examiner, KTH: Björn Palm, bjorn.palm@energy.kth.se 

 
 
 

VT2019 

 
 

mailto:bengt.goransson@poyry.com
mailto:bjorn.palm@energy.kth.se
mailto:bjorn.palm@energy.kth.se
mailto:bjorn.palm@energy.kth.se
mailto:bjorn.palm@energy.kth.se


Abstract  

Sweden has a goal of having 100% renewable electricity production by 2040. To reach this goal, wind                 
power is one of the most important energy sources that needs to be heavily expanded. However,                
finding a good project site and realizing a project is a process that takes several years and can be                   
difficult to achieve. Between 2015 and 2018, no less than 76% of Swedish wind power projects                
applying for permits were rejected.  

As an industry player with the aim of becoming fossil free, Pöyry has the interest to pursue Sweden                  
reaching its goal. Pöyry has long experience of wind energy development and has now requested a                
method that can evaluate and compare Swedish wind power projects in all stages with the aim of                 
identifying the best available project to proceed with. The objective of this thesis is thus to                
investigate factors that are critical for developing profitable projects, identify the largest expenses             
and create a tool that evaluates projects based on several parameters.  

A literature review is performed to obtain knowledge about wind power project development and              
data is collected from various projects in Sweden from 2016 and onwards to get an updated view                 
with information and valuable numbers from realized projects. An analysis is then carried out with               
the aim of finding the most important factors that can affect the development of wind power                
projects, positively or negatively. This is followed by an identification of the most significant              
expenses in a project, whereupon a simplified but realistic way of calculating these are created.               
Lastly an evaluation tool is developed using Excel, with the purpose of evaluating projects, finding               
risks and estimating costs as well as electric energy production. Finally, candidate projects can be               
compared, helping developers finding the most beneficial and environmentally friendly projects. 

Keywords: wind power, project development, costs, evaluation, energy production, tool 

  



Sammanfattning 

Sverige har som mål att ha 100% förnyelsebar elproduktion till 2040. För att nå detta mål är                 
vindkraft en av de viktigaste källorna till energiproduktion och måste därmed expandera de             
kommande åren. Att hitta ett bra projektområde och fullfölja ett projekt är en process som tar flera                 
år och kan i många fall vara svårt att uppnå. Av alla svenska projekt som ansökte om tillstånd mellan                   
2015 och 2018, fick 76% avslag.  

Med inriktningen att bidra till ett fossilfritt Sverige är Pöyry en aktör inom industrin som vill hjälpa                 
Sverige att nå detta mål. Företaget har lång erfarenhet av vindkraftsutveckling och har nu efterfrågat               
en metod som kan utvärdera och jämföra svenska vindkraftsprojekt i alla dess olika stadier med syfte                
att identifiera de bästa projekten att jobba vidare med. Syftet med detta examensarbete är därmed               
att undersöka faktorer som är kritiska för projektutvecklingen, identifiera de största kostnaderna            
samt skapa ett verktyg som utvärderar projekt utifrån flertalet faktorer.  

För ett erhålla kunskap om utveckling av vindkraftsprojekt utförs en litteraturstudie, varpå            
projektdata från 2016 och framåt samlas in för att få en uppdaterad bild med värdefull information                
och siffror från realiserade projekt. Därefter utförs en analys med syfte att hitta de faktorer som har                 
störst påverkan, negativ som positiv, på utveckling och uppbyggnad av vindkraftsprojekt. Därpå            
identifieras de största utgifterna i ett projekt och en förenklad men realistisk beräkningsmodell             
skapas för att uppskatta dessa. Slutligen utvecklas ett verktyg i Excel som utvärderar projekt, hittar               
risker samt uppskattar kostnader och energiproduktion, vars syfte är att hjälpa projektörer att             
jämföra projekt och därmed hitta det mest kostnadseffektiva och hållbara alternativet.  

Nyckelord: vindkraft, projektutveckling, kostnader, utvärdering, energiproduktion, verktyg 
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1 Introduction 
1.1 Wind power in Sweden 
About 60% of Sweden's electricity production comes from renewable sources and by 2040, the goal               
is to have 100% renewable electricity. While increasing the share of renewables, the goal is also to                 
maintain a robust electricity network with high security of supply, low environmental impact and              
competitive prices. (1) To reach this goal, the Swedish government has created a framework of               
implementing new wind power plants to reach a yearly production of 30 TWh by 2020. Of these 30                  
TWh, 20 TWh will be from on-shore and 10 TWh from offshore. (2) In 2017, the total national                  
electricity consumption was about 140 TWh with a wind power production of 17 TWh (3). To reach                 
the goal of having 100% renewable electricity by 2040, wind power needs to be further increased.                
The Swedish Energy Agency predict that at least 60 TWh of wind power will be needed to reach the                   
goal and the projection is that it will be met as the expansion of wind power is increasing rapidly                   
each year. (3) 

In the last decade, the technical development of wind turbines has accelerated, and the prices have                
declined with about 50%. The cost for the most profitable projects is now around 0.04 Euro/kWh,                
making wind power the cheapest option in Sweden for new large scale power production (4). The                
technical development has made turbines larger with an increased capacity. In 2000 most turbines              
had a capacity of 1.5 MW with a rotor diameter of 70 m. Today, the most recent turbines have a                    
capacity of 5 MW and a rotor diameter of 125-150 m. The trend is continuing and in the future they                    
may produce 20 MW and be 250 m. With a higher hub height, higher wind speeds can be harnessed                   
and the turbulence caused by vegetation and obstacles is reduced making wind energy more              
powerful. In addition to this, a larger swept area means that more energy can be extracted from the                  
wind. This development makes it thus possible to extract more energy per area of land. (5)                
Nevertheless, the land area used for wind power does compete with other activities like forestry,               
mining, reindeer husbandry, nature conservation, military defence and aviation. It is thus important             
to examine the land, see if activities can coexist and put the right activity at the most suitable                  
location. (6) 

The current trend on the Swedish wind power market is that the number of projects decreases, but                 
the size of the parks increases, resulting in an increased need to find the projects and locations that                  
are most suitable to meet the markets demands for new production facilities (7). However, the               
expansion of wind power is restricted by a protracted authorization process. It is not unusual that it                 
takes up to 10 years for a project to gain all permits and according to a study carried out in Sweden,                     
76% of the projects during 2015-2018 were rejected. Nevertheless, there are about 150 granted              
permits for onshore wind power available, waiting for a project to start. But these permits were                
granted some years ago, when the hub height was lower and are thus often limited to a maximum                  
height of 150 m, making it impossible to install the most cost-efficient turbine on the prevailing                
market without applying for a new permit. In the short term, it is hence not the number of granted                   
permits that limits the expansion, rather the profitability of individual projects. (4)  

It is thus of interest to investigate what makes a project profitable and identify the most critical steps                  
in a project development. In order to find and devote money and time on the projects with the                  
highest probability to gain legal force and produce cost efficient environmentally friendly electricity.  



1.2 Motivation to the project 
For an effective process and development of wind power in Sweden it is important that the decision                 
makers and industry players have an updated overview of the potential and profitability of existing               
and planned projects. One of the actors helping Sweden to reach the goal to 2040 by increasing the                  
number of wind power plants is the international consultancy company Pöyry. The company was              
established in Finland 1958 and operates in the field of energy, infrastructure and industry. This               
project is carried out in collaboration with Pöyry in Stockholm within the field of energy, more                
specific wind energy.  

The prerequisites for a successful and profitable wind power project are determined by a number of                
factors, e.g. available wind resource, distance to grid connection, environmental impact, roads for             
transport of equipment and access for maintenance. Today, the information and data behind these              
factors are to some extent public and aggregated, but some factors are non-public data and               
therefore harder to find.  

As an industrial player, Pöyry has a demand to be able to asses and compare different projects in                  
order to find the best projects to proceed with. This project aims thus to provide Pöyry with a                  
user-friendly and well-structured tool that can estimate the feasibility and cost of different wind              
power projects in Sweden. The most important parameter for this comparison is the levelized cost of                
energy, LCOE, for each project.  

1.3 Research questions and objectives 
The objective is to find the factors affecting the feasibility and cost of wind power projects in                 
Sweden, analyse and compile them to see how great their impact is. The aim is to supply Pöyry with                   
an evaluation tool that makes it easier to identify profitable projects and highlight possible risks or                
obstacles. The tool will evaluate projects based on several parameters and aim to find projects that                
have highest probability to gain legal force and produce cost efficient environmentally friendly             
electricity with minimal impact. 

In order to reach the aim of this project, the following research questions are expected to be                 
answered.  

● What are the most important factors affecting the feasibility of wind power in Sweden? 
● Where can these factors be found? 
● What is the impact of these factors? 

After these questions have been answered, the data for the important factors will be gathered and                
analysed. The expected results are divided in two parts, a report and an evaluation tool. The report                 
will contain the procedure and results of the project. The tool will enable an evaluation of projects                 
based on the most important factors and estimate their profitability.  

As implied in the title, the project is limited to onshore wind power in Sweden. Data is gathered from                   
project that were put in operation from 2016 and onwards.  

  



1.4 Methodology  
The objective is approached by starting off with a literature study to investigate and get a profound                 
knowledge about the process of a wind power projects. While studying previous projects about              
projects, factors that affect the feasibility of wind power plants in Sweden are discovered. This is                
followed by a phase of data collection. The final step is to compile and analyse all these factors and                   
their data, whereupon the evaluation tool is created. The project can thus be divided in the following                 
three phases:  

1: Define factors affecting the feasibility of wind power plants in Sweden and identify their impact. 

2: Examine the availability of the factors, determine a way to access them and collect data. 

3: Analyse the data and compile crucial factors into the evaluation tool.  

The aim of the first phase is to gain profound knowledge about factors affecting the feasibility of                 
wind power plants in Sweden and how great their impact is. The phase is terminated when the most                  
important parameters have been defined and identified. The aim of the second phase is to examine                
the availability of these chosen parameters, find a way to access them and collect as much data as                  
possible. The aim of the third phase is to analyse the data, find the impact of all factors and create                    
the evaluation tool. The tool will only be available and used internally amongst Pöyry’s employees               
and aim to assess the feasibility and costs of wind power projects in Sweden. Once all phases are                  
finished, the project is presented at KTH and the tool along with a compiled database that provides                 
an updated overview of the Swedish market for wind power is handed over to Pöyry. 

2 The phases of a wind power project 
The development of a wind power project can be divided into three main partial phases;               
pre-planning, planning and establishment. These phases are described briefly below, while some            
steps within the phases will be explained more in detail further down in the report. 

2.1 Pre-planning 
During the first phase, the pre-planning, all prerequisites for implementing a wind power plant is               
investigated in a feasibility study to find a suitable location. Wind resource, infrastructure and grid               
connection are parameters that are crucial to assess for a good project. At this stage it is also                  
important to establish a first contact with the landowners as well as affected authorities and the                
municipality. Time and money can be saved if possible opposing interests can be identified at this                
early stage. Once an interesting area is found a land lease agreement is signed between the project                 
developer and land owners whereupon the project proceeds to the next phase. (7) 

2.2 Planning 
During the phase of planning there are many investigations and measures that need to be done in                 
order to be able to propose a layout, adjusted for the location and apply for required permits. Wind                  
measurements are performed during a long period of time (at least a year) thereafter the data is                 
analysed, and energy production can be estimated. The terrain is investigated to propose possible              
network connection, roads and other necessary infrastructure. Based on wind resource and terrain,             
an optimization of the wind farm layout is proposed followed by an analysis of noise and shadows                 
created by the turbines. (7)  

To investigate and identify direct and indirect environmental impact from the wind park, an              
environmental impact analysis, EIA, is conducted. Relevant and affected authorities and stakeholders            
are informed and given referrals. (8) Finally, applications for building permit and environmental             
permit or environmental notification are performed. (7) The permit process is different depending             



on the height and numbers of turbines, but normally the county administrative board needs to               
process environmental application and give the environmental permit. The Swedish municipalities           
have the right to reject any project without motivation and thus always needs to be notified and give                  
approval. For this reason a close dialogue with the municipality can save time and money. (6) If all                  
permits are obtained and approval is given, the project proceeds into the next phase.  

2.3 Establishment 
The final phase, the establishment, includes many steps that can be done simultaneously at the site.                
Lumbering is done to make place for roads, foundations, electrical components and cables. The              
procurement of the turbines and a geotechnical investigation, including test drilling is carried out              
whereupon the foundation type is decided. In Sweden, the most common foundation type is gravity               
foundation, followed by rock foundation. (8) Thereafter, roads, internal grid, foundations and crane             
sites can be constructed whereupon substation and connection to external grid can be installed.              
Once everything is in place, the turbines are transported to the site and assembled. The plant can                 
then go through a test operation, be connected to the grid and commissioned. Hereupon the wind                
farm proceeds into to the operating phase where it stays until dismantling. The lifetime of wind                
turbines available on today’s market is generally expected to be 25 to 30 years. (5) 

3 Environmental impact  
Wind power is a renewable source of electricity with a low climate impact and if established at the                  
right location, also a low direct environmental impact. However, it does always involve a change in                
the landscape which affects environment and people. (4) Looking at an energy perspective, a              
modern wind turbine produces the energy used for manufacturing, construction, production and            
dismantling during only three to six months of operation, which corresponds to about 1% of its total                 
energy production. (5) 

The effects of wind power are generally positive on regional and global level, as it contributes to less                  
air pollutants, less acidification and eutrophication as well as reduced greenhouse effects. However,             
the effects on a local level generally have a more negative impact and is thus what the following text                   
focuses on. (9)  

The local environmental effects are most substantial during construction but are overall small and              
can mostly be mitigated if the project and its location is planned correctly. Research shows that the                 
wildlife is affected to a limited extent but that the location is crucial for how the natural environment                  
both locally and regionally is affected by a wind power exploitation. (9) The effects vary with                
geographical area and present animal species, but a general description of environmental effects             
during the establishment and operation phase respectively is presented below. (6) 

3.1 Effects during the establishment  
During the establishment there is an increased activity in the area with involved noise, traffic and air                 
pollution. The landscape and the local ecosystem changes as trees are cut down, new roads, power                
lines and foundations are being constructed. The increased human activity, the rapid modification             
and the noise pollution usually disturbs sensitive biotopes and imposes clear effects as land living               
mammals and birds mostly avoid the area during this phase. In some cases, the escaping can be                 
permanent, but in most cases the animals return to the area once the construction phase is over. In                  
some cases, the new habitat can attract species. (6)  

The major impact on reindeers and other land-living mammals are due to the increased human               
activity in the area during the establishment and can thus be reduced with good planning. To                



minimize the impacts on birds, the human activity can be reduced by avoiding construction phase               
during periods that are sensitive to bird life, mainly breeding and migration times. (9)  

3.2 Effects during the operation phase 
The effects during the operation phase are smaller as the direct human activity in the area is                 
decreased. On the other hand, the turbines are up and rotating, which could cause collision risk for                 
bats and birds. In some cases, there is a risk for displacement and barrier effects on migration                 
routes. Different bird species are affected differently, generally speaking large predators, such as             
eagles, have a higher risk for collision and habitat losses whereas small birds and sea birds have a                  
very small risk for collision, habitat loss and displacement. Studies have shown that most birds               
usually can localise the turbines and avoid them. Wind turbines may attract insects, which makes               
them a popular feeding place for bats, whom may collide with the blades or pass away due to rapid                   
changes in air pressure. (6) 

Impacts on land living mammals such as bear, wolf, lynx and wolverine are mainly due to increased                 
human activity in remote areas due to new access roads. Reindeers also seems to be affected by the                  
park infrastructure as well as the roads and new power lines (6). Studies have shown that wind                 
power plants give rise to an escaping effect on reindeers within about 5 km from the turbines (10). 

The turbines have a visual impact on the landscape, create noise and when the sun is shining, they                  
may cause shadows or flickering, which can be seen as disturbing. In the future, as turbines are                 
getting larger, there could be an increased concern regarding visual impact. (6) 

4 Factors that are beneficial for a project 
Through reviewing more than 50 different wind projects in Sweden from 2016 and onwards, some               
general knowledge about the project process has been obtained. Even though each project is unique               
some general patterns can be observed, revealing certain factors impact on projects. In some cases,               
beneficial factors have been explained explicitly by a company with many years of experience within               
wind power development. The main findings of positive and beneficial factors contributing to a more               
straightforward development are presented below.  

4.1 Good wind resources 
Many criteria must be met for an area to be considered suitable for wind power. It may be obvious,                   
but by far the most crucial criteria is the wind conditions. The available power in the wind is a                   
function of the cube of the wind speed, which impose that twice the wind speed results in a power                   
eight times larger. (11) It is thus of great importance that the long term wind measurements show                 
favourable wind conditions with a high annual mean wind speed. (12) A modern wind turbine               
normally starts to operate at a wind speed around 4 m/s and the cut-out wind speed is 25-35 m/s                   
depending on turbine design (5).  

4.2 Easily accessible grid connection 
The turbines will produce electricity and needs connection to the regional or national grid. For large                
wind power plants with high power output, the connection can be done directly to the main national                 
grid of 220-400 kV. For smaller capacities, the connection can be done to the regional grid, 30-130                 
kV. The construction or usage of a power line with a high voltage requires a permission from the                  
Swedish Energy Markets Inspectorate. (13) The procedure for permits can take a long time and the                
construction of new cables are costly. For an onshore wind power plant, the cost for grid connection                 
is usually around 9 to 14% of the investment cost (12). The total cost for equipment and components                  
generally increases rapidly with the voltage levels as well as the distance to the grid connection point                 



(14). Costs for grid connection can thus be reduced if an adequate grid connection point is available                 
close to the project area.  

With the current trend, of larger wind power plants, it is becoming more common to connect                
directly or indirectly to the main national grid. The grid connection is considered to be one of the                  
most difficult parts to solve in the process of establishing a wind power plant, as it can take over a                    
year to get advance notification about the connection possibility. According to the Swedish authority              
responsible for the electricity transmission system, SVK, the permit process for the expansion and              
strengthening of the grid is probably the most significant bottle neck for the expansion of wind                
power in Sweden. If the project is dependent on the construction of a new power line, there is a risk                    
that the project time line can be extended by several years. According to SVK, it can take 10 to 15                    
years to implement a new power line. (3) 

4.3 Active forestry in the area 
Active forestry means that there are continuously changes in the environment and that the              
landscape is under constant change due to weeding and lumbering. The natural habitat has changed               
and the area is already exposed to human activities and noise pollution. (15) The area’s existing                
values in the form of natural and cultural environment as well as landscape image has already been                 
affected. The impact that the wind power plant could have on the nature, habitat and landscape is                 
thus lower in areas with active forestry. Money and time can also be saved due to the fact that                   
active forestry implies that there are existing roads in the area, which can be reinforced and                
broadened to transport the turbines. (8) Active forestry can gain on coexisting with wind power as                
the area gets more easily accessed with the developed road network. (9)  

4.4 Agricultural area  
With similar effects and reasons as the above, an area with active agriculture is also positive as it can 
coexist with wind power. A large fraction of the existing wind parks in Sweden has been established 
in agricultural areas for several beneficial reasons. The land is already exploited, easy to access and 
the turbines produce energy and therefore adds extra value without occupying a large new land 
area. No sign of negative impact on livestock has been noticed or reported as it seems that the 
animals rapidly adapts and get used to the turbines. (9) 

4.5 Designated area for wind power  
In order to give guidance and facilitate for wind power developers to know in which areas the                 
municipality supports an establishment of wind power, the municipalities can identify areas that are              
suitable for wind power in their layout plan (16). The layout plan is not legally binding, but act as an                    
important guidance and gives additional ground when deciding location and applying for permits. (9) 

On a national level, areas with a national interest for wind power have been specified by the Swedish                  
Energy Agency since 2004. At the moment 284 land areas and 29 water areas have been identified as                  
“national interest for wind power”. For an area on land to be specified as a national interest it shall                   
be suitable for large scale wind power, have an area of more than 5 km2, have a distance of more                    
than 800 m to settlements and have an average annual wind speed above 7.2 m/s at 100 m height.                   
(17)  

4.6 Land owners with a positive attitude towards wind power 
The most common procedure for a wind power plant establishment is that the developer of the                
plant signs a land lease agreement with the landowners. Since the wind power plants operate for 25                 
to 30 years it has been proven to be more appropriate to lease the land rather than to own it. This                     
can be beneficial for the land owners since they usually receive an annual percentage compensation               



based on the electricity production revenues. (18) In some cases, the landowner is the developer of                
the project and then the procedure is different.  

Despite the fact that the turbines take up some space, the land can still be used for other activities                   
such as hunting, forestry, agriculture and outdoor activities. (18) To get the permission from the land                
owners and sign the agreement it has been seen that it is beneficial if the land owners have a                   
positive attitude towards wind power and that the process can proceed quicker the fewer they are.                
In Sweden it is common that the land owner is a large forest owner company and it is thus not                    
unusual that they have experience from previous wind power projects, which is considered             
beneficial. (15) 

4.7 Existing road infrastructure 
Once the third phase of a project starts, the first months are usually spent on preparing the land for                   
transportation and construction. The equipment that needs to be transported to the site is heavy               
and large. According to Dala Vind, a Swedish wind power operating company, one wind turbine with                
gravity foundation requires about 70 to 100 transports (19). Therefore, the transportation requires             
proper planning, time and good roads. The requirements for roads and hardstands on the site must                
fulfil the turbine supplier’s specification (18). The construction of the civil engineering part of a wind                
power plant can take several months and it requires a lot of material, machines as well as working                  
hours (20). New roads do also have an impact on the local ecosystem and there are thus several                  
benefits from using existing roads rather than constructing new ones (21).  

4.8 Far away from residential buildings 
When wind turbines are in operation mode, they produce noise, both mechanically from the hub but                
most importantly aerodynamically from the rotation of the blades. The dispersion of the sound              
changes with the metrological condition and is mainly affected by wind speed, air temperature,              
density and the terrain. (19) There are no laws with a restriction about noise levels from wind power                  
turbines, but the common practice is to follow a recommended benchmark of 40 dB(A) outdoor by a                 
residential building. This value is an equivalent sound level, calculated as an average of a sound level                 
over a specific period of time, defined by the Swedish Environmental Protection Agency. In areas               
where the sound environment is particularly important and natural sounds dominate, e.g. mountains             
and archipelagos, the value should be less than 40 dB(A) (8). 

In addition to noise, shadowing from the rotating turbine needs consideration. When the sun is at a                 
certain position, the rotation of the blades can create a moving shadow, flicker, which under               
continuous exposure can be disturbing. The recommendation according to the Swedish National            
Board of Housing, Building and Planning, is to limit the exposure from shadow flicker to residential                
areas to 8 hours/year and 30 minutes a day. This is seen to be equivalent to a theoretical value of                    
maximum 30 hours when effects from clouds, wind speed and time for operation is excluded, which                
is often used when calculating shadows for a project under development. Nevertheless, the real              
exposure time is usually lower than the calculated due to blockage by vegetation and other obstacles                
(8). This limit is normally no problem for the developer (15). 

These levels are used as guidance and the impact including the specific levels are always presented                
in the EIA that all projects have to submit in order to go through the process and obtain the required                    
permits. However, one can conclude that the negative impact on humans can be decreased if the                
turbines are located further away from residential areas. With the current technical development of              
turbines with larger capacity, higher towers and more efficient turbines with less noise, the noise               
pollution is being reduced, but as the towers are getting higher, the visual impact and shadows                
becomes an increased concern. (9) 



5 Factors that can lead to rejection of a project 
When reviewing wind power projects in Sweden some of them had at one point in the process been                  
rejected. Data about all these different cases was gathered and the rejection-determinant factors             
are presented in the section below.  

5.1 Military activity 
Wind turbines can be physical obstacles for military activity but can also affect technical              
communication, radar and control systems (9). Whenever someone wants to construct an object             
above 20 m in rural areas and 45 m in urban areas, a referral needs to be submitted to the Swedish                     
Armed Forces for an assessment. Since wind turbines apply for this, an approval by the Swedish                
Armed Forces is required. This needs to be submitted once the exact position of the turbines is                 
determined, and at the latest 4 weeks before the start date of construction. According to the                
Swedish Environmental Code, national interest areas for total defence has priority against all other              
national interests. (22) 

5.2 Areas with low flying height 
This is closely associated to the above-mentioned factor but can also be considered due to civil                
aviation and adjacent airports. In Sweden it is the Swedish Armed Forces in cooperation with the                
Swedish Civil Aviation Authority, LFV who are responsible for managing the regulation of security in               
the Swedish air space. A wind turbine above 45 m needs marking with special obstruction lights (23).                 
If the wind power plant is close to an airport, it is the airports responsibility to investigate the impact                   
of the wind turbines and suggest changes necessary to retain safety. Affected airports shall thus be                
considered in the consultation process in the beginning of a project. (24) The height restriction is                
depending on the size of the runway and thus unique for each airport. The wind turbines’ impact on                  
aviation also depends on the terrain and which navigation technique the airplanes are using. (9) 

5.3 Municipal veto 
In order to obtain permission for construction, all large wind power projects needs to be approved                
by the municipality where the wind project will be located. This is a law that was put in force on the                     
first of august in 2009 with the aim to make the permit process more efficient and promote the                  
expansion of wind power. The purpose was to further retain the municipality’s influence in the               
question of what purpose the municipality’s land and water areas would be most suitable for. (25)  

This implies that the municipality needs to actively say yes to a project otherwise it will by default be                   
denied permit. This will further be referred to as municipal veto. (25) This law has been lively                 
discussed and to some extent criticized as its purpose has not always been met. The municipal veto                 
contributes to a large uncertainty during the permit process, as money and time is spent on a                 
promising project that later on could get rejected without motivation from the municipality. 

5.4 Presence of protected species 
Sometimes it is found that the implementation of a wind power plant can have severe local                
environmental impact. The impact always needs to be reported in the EIA and if judged to be crucial,                  
the Swedish County Administrative Board follows up the impact and make sure that the Swedish               
Environmental Code is complied. (26) Occasionally the location of specific turbines can be moved or               
removed so the conflict with the protected area or species is reduced to an acceptable level. In some                  
cases this is not possible and the project is rejected since no environmental permit can be obtained.                 
(26) The most critical cases are when the project area is close to or within a nature reserve,                  
protected areas, areas for reindeer breeding or areas that cover red-listed species or other species               
within the species protection ordinance. When applying for a permit, the existence of all protection               



areas must be included in the planning. If a protected area or protected species is affected, it must                  
be reported in the application form. (26) 

In some cases, the environmental permit is obtained but the project is rejected due to local                
opposition with a concern for impacts on species, mostly birds. The County Administrative Board in               
Östergötland and Södermanland has in the past years rejected 24 out of 25 applications for wind                
power projects in their counties. The motivation for the rejection has mainly been the risk of                
influencing birds. (28) However, research shows that the direct impact on birds is small, when the                
turbines are placed at the right location. (29) According to the Swedish Environmental Protection              
Agency there are no indications that wind power would affect any bird species at national level. One                 
may argue that it is therefore no longer the effects on populations and species being evaluated and                 
protected, but the safety of individuals of a species. (4) 

5.5 Areas protected by the Swedish Environmental Code 
With regards to the interests of nature conservation, it is not easy nor suitable to exploit a wind                  
power plant in areas with a high natural value. These areas are protected by the Swedish                
Environmental Code and are among others national parks, Natura 2000 areas, nature reserves,             
unexploited mountains and coastal areas as well as old forests. (9) 

National parks, nature reserves and Natura 2000 areas shall be preserved and protected, which is               
why establishment of wind power should be avoided in these areas and the main focus should be to                  
find alternatives elsewhere (9). Granted projects have had a distance of 1 km or more from nature                 
conservation areas like Natura 2000 and natural reserves (21; 15).  

5.6 Local opposition 
People’s attitude towards wind power is often individual, subjective and dependent on several             
factors, which makes it hard to predict as it varies with time, place and personal experience. It has                  
been shown that an open process with a continuous dialogue with relevant stakeholders and the               
public, gives a larger acceptance for wind power and its expansion. (9) 

The permitting process is mainly directed by the legislation in the Swedish Environmental Code, in               
which it is stated that the developers of a wind power plant needs to invite all those affected by the                    
project to a consultation process (30). Generally, Swedes have a widely spread positive attitude              
towards wind power, but the local resistance for specific projects can be huge (9). A large local                 
opposition can appeal against the project and the process for permits can be prolonged or rejected.                
Many cases have shown that media plays a crucial role when it comes to the local opposition and                  
that it is beneficial to have an open dialogue with the public and media at an early stage. (31)  

Research has distinctly shown that projects can have several benefits by involving citizens early and               
involve them in the planning process, with the purpose to inform and involve the public to gain                 
reliance and trust by listening to them and make them a part of the project. (3) Cases have also                   
shown that it’s positive to use local manpower for construction and maintenance of the park to                
foster support from the district. (31) Local opposition is mainly based on a concern about the visual                 
impact, how it will affect the landscape or how it will affect birds in the area. In northern Sweden,                   
reindeer husbandry is the major reason for local opposition.  

  



6 Costs of a project  
Wind power is a capital-intensive electricity production technology. As there are no fuel costs, the               
operational expenses, OPEX, can be kept quite low and therefore the capital expenses, CAPEX,              
stands for the majority of the total electricity production costs. (12) 

The energy production is dependent on the local wind condition in combination with the technical               
characteristics of the turbine. The profit is dependent on the expenses as well as the energy                
production and the electricity price in the bidding area. According to a study conducted by the                
Swedish Energy Agency in 2016, the future wind power plants (up to 90 TWh) will be able to produce                   
electricity at a cost of around 0.04 to 0.06 Euro/kWh. (12) 

The parameters that mainly affects the production costs are the investment costs, the available wind               
resource, the technical characteristics of the turbine as well as the requirements for return on the                
investment. In this project, a more detailed study is conducted regarding the total investment. Cost               
data has been gathered from about twenty wind projects in Sweden, dating back to 2016. From this,                 
some general data on costs was obtained as well as a good view on the distribution of the                  
investment costs.  

Relevant and updated data regarding costs for actual projects has been hard to find because of the                 
lack of publicly available information. The majority of the data for costs was thus obtained internally                
by Pöyry. As far as possible, data was gathered from several wind power projects in Sweden,                
whereupon an average value was obtained. The chosen unit for the average cost was tailored and                
could be either Euro/MW or if more suitable Euro/unit or Euro/MWh, depending on the cost.  

It should be noted that some costs may vary substantially among projects as all projects are unique                 
and the costs are based on an average value obtained from a larger number of projects.  

6.1 Investment cost distribution 
Before the start of this study, it was known that the general distribution of investment costs for                 
onshore wind power existed and had been proven by various trustworthy sources. Despite this, and               
with the aim of investigating the reliability of the gathered project data, calculations were done to                
see the distribution of costs in all projects. Figure 1 below shows an example of the results from one                   
project.  



 
Figure 1: Distribution of costs for a project in establishment, as percentage of total investment cost (15) 

The obtained results show that the distribution of total investment cost within a project stays more                
or less the same for all projects, no matter the size or location. However, all projects contained data                  
with different levels of details, as can be seen when comparing Figure 1 with Figure 2, which                 
enforced a compilation of the major and most significant expenses, to obtain a general distribution.               
For more graphs from several projects, see Appendix A – Costs distribution. 

 
Figure 2: Distribution of costs for a project in establishment, as percentage of total investment cost (15) 



The result of the cost study with the major and most significant expenses is presented in the column                  
second to the right in Table 1 below. The other two columns show results from two trustworthy                 
sources. Based on values from these three sources, an average mean distribution was obtained and               
presented in the column to the right. As these are believed to be a reliable representation of the real                   
cost distribution within a project, they will be used further on in this project when needed.  

Table 1: Distribution of total investment cost in percentage, based on three different sources.  

 Distribution of total investment cost [%] Mean [%] 
Turbine 64 74.5 69 69 
Grid connection 6 11.5 9 9 
Civil work 13 7 13 11 
Others 17 7 9 11 
Source (32) (33) (15)  
 

6.2 CAPEX 
As wind power is a capital-intensive electricity production technology it is interesting to see how               
large these expenses are and what they depend on. Below follows a presentation of the total                
investment cost as well as cost for turbine, foundation and grid connection as these were shown to                 
make out the largest fraction of the capital expenses.  

6.2.1.1 Investment cost 
The investment cost varies between projects depending on several parameters. By comparing 
projects and their costs and elaborating with different units a reasonable value of investment cost 
per MW was obtained. 

 
Figure 3: Total investment cost per capacity for wind power projects, with increasing capacity (15) 

Based on the costs for the projects presented in Figure 3, an average investment cost of 1 099 096                 
Euro/MW was obtained. Based on a study on wind power in Sweden in 2016 this cost was estimated                  
to be about 1 280 000 Euro/MW (33). This is a slightly higher cost, but still within a reasonable range                  
and the higher value could be explained by the technology development and decline in turbine               
prices during the past years.  



From Figure 3 there is no visible trend that would imply that the investment costs per capacity would                  
decrease as the capacity increases, therefore a constant value of Euro per MW is considered               
reasonable for a general estimation of investment cost. 

6.2.1.2 Turbine cost 
The price for wind turbines fluctuates over time, with demand and supply as well as economic cycles.                 
However, a global trend with declining prices has been noticed since 2010. An international study               
carried out in 2017 by the International Renewable Energy Agency, IRENA, shows that the average               
price for a wind turbine is below 890 000 Euro/MW. (34)  

By comparing different turbines and their prices, the same approach as for total investment was               
made to get an understanding on how the turbine prices depend on the capacity. The result from                 
this is shown in Table 2 below.  

Due to confidentiality issues the number of turbines in each project is not presented in exact                
numbers. Instead an interval is used where large scale projects represent projects with more than               
150 turbines, medium scale more than 30 turbines and small scale less than 30 turbines.  

Table 2: Price for various turbines, as cost per capacity (15) 

Turbine capacity Project size Cost [Euro/MW] 
3.6 Large scale 826 446 
3.6 Large scale 690 947 
3.8 Small scale 856 330 
4.2 Medium scale 645 194 
4.2 Medium scale 772 377 

Average Average 758 260 
 
The obtained average cost for a turbine is 758 260 Euro/MW. This is in line with the global average                  
price presented in the report by IRENA in 2017, which strengthen its reliability.  

6.2.1.3 Foundation cost 
The cost for foundation varies a lot depending on the geotechnical conditions on the site, the type as                  
well as the turbine. The most common foundation type for wind turbines in Sweden is gravity                
foundation. In some locations, when the terrain allows, a rock foundation can be used.  

The main factors that drives the price for gravity foundations are the size of the turbines, as the                  
foundation needs to withstand larger forces with a higher turbine and longer blades. The gravity               
foundation is made out of concrete and the cost will thus increase as the amount of concrete                 
increases. The geological condition therefore affects the price as more concrete is needed if the               
water table level and pressure is high. A gravity foundation generally requires three times as much                
concrete as a rock foundation.  

The rock foundation is less expensive than gravity-based foundation, but is less common due to the                
geotechnical conditions in Sweden. A prerequisite for rock foundation is a rock of promising quality               
that can withstand the force and the price increases slightly with the depth of the rock. Even though                  
it is less expensive, the rock foundation requires special equipment, giving it a higher base cost as                 
experts and machines needs to be provided to the site. The cost can thus be reduced with the                  
number of turbines and the breakeven is believed to be around five foundations.  

Even though there are several factors that drives the price for a foundation a general price for the                  
two most commonly used foundation types was obtained after analysing prices from more than 25               



projects and interviewing four large foundation companies. The general prices for the foundations             
are presented in Table 3.  

Table 3: Price for different foundation types 

Foundation type Cost [Euro/unit] 
Gravity 265 000 
Rock 210 000 
 

6.2.1.4 Grid connection cost 
The cost for grid connection, both internally in the park and externally, is depending on several                
parameters. To learn more about it, an interview was held with an expert from Pöyry. Below follows                 
a general explanation of grid connection of wind power to the Swedish grid. A description of how the                  
costs are estimated in the evaluation tool is described in a following section, 7.3 Estimation of costs . 

The Swedish electricity grid is divided in three different levels - local grid, regional grid and national                 
grid. The regional grid has a voltage between 30 and 130 kV and the national grid between 220 and                   
400 kV (9). The local grid is only relevant for connection of smaller wind plants, with a capacity below                   
20 MW, and will thus not be covered further in this report. The national grid is owned and operated                   
in monopoly by Svenska Kraftnät, SVK, while there are four network companies operating the              
regional grid: Vattenfall, Ellevio, E.ON and Skellefteå Kraft. It is the total power capacity of the wind                 
power plant that determines which grid is needed for connection. To connect to the national grid of                 
220 kV and 400 kV the capacity needs to be at least 100 MW and 300 MW respectively. If the                    
capacity is below 100 MW it will be connected to the regional grid. (35) 

In order to keep the costs down, it is of interest to find a site with favourable wind resource near                    
existing grid infrastructure. However, proximity to a power line does not automatically imply that the               
connection point is suitable. At some points the capacity of existing lines can be fully utilized, and no                  
more production can be connected. In addition, many transmission lines have been in operation for               
over 60 years and will need replacement. Generally, it is more expensive to connect to the regional                 
grid in the northern parts of Sweden as the capacity in the grid there is almost full. If constructing a                    
wind power plant in the northern Sweden it can be a good idea to cooperate with neighbouring                 
projects, and together invest in a new transmission substation, since it is a large investment. 

The cost for grid connection includes the cost for transformers, substations, cables, lines and grid               
connection. The costs for transformers and substations are dependent on the capacity and the cost               
for lines and cables are dependent on the capacity as well as the distance. The cost for grid                  
connection is depending on where and to what grid the connection is made. Sweden is divided in                 
four different bidding areas, were different prices apply, from north to south, SE1, SE2, SE3 and SE4.                 
For further information on grid cost, see below.  

 

 

 

 

 



6.3 OPEX 
The operational expenses, OPEX, consist of expenses for maintenance and operation and have a              
variability among projects since they depend on the location, its bidding area and agreements. The               
largest expenses origin from the service agreement, SAA, the grid fee, property tax, land lease cost                
and balance costs. Other costs included in the OPEX are the technical and commercial management               
agreement, TCMA, the trading fee, insurance and site maintenance. (15) 

An average OPEX per MWh was obtained by comparing several projects Pöyry had been working on                
since 2016. The obtained cost was 14.4 Euro/MWh. A study from the Swedish Energy Agency, carried                
out in 2016, shows that the OPEX should be between 12 and 17 Euro/MWh (12). Based on                 
experience from OX2, one of the leading players in Europe regarding large-scale land-based wind              
power, the OPEX usually is between 15 and 20 Euro/MWh (36). These numbers confirm that the                
calculated average is within reasonable range.  

The grid OPEX consists of a tariff fee to the grid operator, cost for the operation of internal grid and a                     
cost for the own power consumption. Based on data from seven projects from 2016, an average grid                 
OPEX cost of 2.94 Euro/MWh was obtained. This number is considered reasonable since the internal               
variation amongst the projects was small. However, it is only based on seven projects, and more                
detailed data is available from the grid operating companies. These prices are thus presented below.  

When connecting to the national grid, the tariff is divided into two parts based on energy and power.                  
The power-based tariff is intended to cover costs for operation and maintenance as well as capital                
cost for the investment, while the energy-based tariff is used to finance the cost for grid losses. (35) 

Based on a price list from SVK with over 154 different connections points to the national grid and                  
their prices, an average price picture for each bidding area was obtained and presented in the table                 
below. 

Table 4: Average grid tariff for the four bidding zones, when connection to the national grid (36)* 

 Power-based tariff [Euro/kW] 
 

Energy-based tariff 
 

Bidding area Infeed Outtake Loss coefficient [%] Energy tariff [Euro/MWh] 
SE1 5.97 6.74 0.60 1.38 
SE2 5.07 7.93 0.47 1.09 
SE3 3.88 9.55 -0.15 -0.36 
SE4 3.02 10.74 -0.40 -0.96 

*Please note that these prices may change in the future. They are based on the most updated information available today,                    

and valid from 2019.  

As seen in Table 4, there are some differences between the bidding areas. This is explained by the                  
fact that generally, most electricity in Sweden is produced in the north and consumed in the south.                 
In order to have a tariff system that is cost-effective and gives a correct longt-term control signal, it                  
therefore has to be geographically dependent. (35)  

The power-based tariff has a high cost for infeed and low cost for outtake in the northern parts of                   
Sweden (SE1) and the opposite applies for the southern part (SE4). The energy-based tariff is               
negative in bidding area SE3 and SE4 which means that the producers of electricity receives money                
when they feed electricty into the grid. A positive energy tariff implies debiting when feeding               
electricty into the grid and crediting when using electricity. 

When connecting to the regional grid, the tariff is dependent on location, voltage, time of the day as                  
well as operating company. In the table below, an average price for connecting to a 130 kV line and                   



30 kV is presented for the four companies operating the regional grid. Difference in price depending                
on location is included, but variations depending on time of the day and year have been neglected in                  
order to obtain the presented average values.  

Table 5: Average grid tariff for four different companies, when connecting to the regional grid at 30 or 130 kV 
 (38; 39; 40; 41)* 

Company Vattenfall Ellevio E.ON Skellefteå 
Kraft 

                                                    Connection to 130 kV 
Fixed annual price [Euro/yr.] 38 500 3 600 5 000 86 000 
Power tariff [Euro/kW, yr.] 16.5 1.2 7.3 18 
Transmission price [Euro/kWh] -0.0002 0.00007 0.0004 -0.0003 

                                                 Connection to 30 kV 
Fixed annual price [Euro/yr.] 7 500 2 400 5 000 10 000 
Power tariff [Euro/kW, yr.] 34.3 2.4 13 31 
Transmission price [Euro/kWh] 0.0006 0.000075 0.00105 0.0008 
*Please note that these prices may change in the future. They are based on the most updated information available today,                    

and valid for 2019.  

7 Description of the evaluation tool 
Below follows a description of how the tool is structured, what it evaluates and how, as well as                  
results that can be obtained from it. 

With the purpose of making the tool user friendly, all user inputs are located in one sheet and all                   
results are presented in another. The calculations behind the results are done in a sheet that is                 
hidden and protected, to prevent any unwanted changes in the formulas and macros. There is also a                 
user guide and a separate sheet that explains all factors that are being evaluated and what impact                 
they could have on a project. In order to minimize the risk of error, when possible, inputs were given                   
a drag-down-list of choices that the user can choose from instead of entering the value manually.                
More complicated cells also include an explanation that pops up when hovering over the cell.  

7.1 General inputs 
The first input that the user will enter about a project is some general factors important to know, but                   
not all of them necessarily affect the feasibility or profitability of the project. These factors are the                 
name of the project, date of data entry, status of project, municipality, location in coordinates,               
bidding area, altitude, project area, IEC class, average annual wind speed at hub height, number of                
turbines, total height, turbine diameter, total capacity, distance to closest grid connection and the              
electricity price in the area.  

7.2 Crucial factors  
This section evaluates all factors that have been shown to have an essential impact on the project                 
development. These factors are based on the information presented in chapter 4. Factors that are               
beneficial for a project and 5. Factors that can lead to rejection of a project.  

When evaluating each factor, the user can choose from a list, the choice that best explains the                 
situation of the evaluated project. All choices for each factor have been evaluated and are coded in                 
colours from green to red depending on if they are beneficial or should be seen as a risk for the                    
project development. Some factors are crucial for the authorisation of the project and are made as                
stop-signals, clearly showing the user that the project is not good to proceed with. Below follows a                 



list of all crucial factors and a short description of the importance and impact on a project. All crucial                   
factors and their list of choices, used in the tool, can be found in Appendix B – crucial factors.  

7.2.1 Factors regarding the site 
Wind resource measures 
The most important economic risk element in the development of wind power projects is often the                
quality of wind resource assessment (42). To ensure if the location is suitable for wind power, wind                 
measurements should be done over at least a year (36).  

Suggested area for wind power as a national interest or by the municipality 
If the area is suggested for wind power, the probability for the project to be realised increases. 

Cultural value 
Cultural values can be an environment that has been physically influenced by humans, which              
indicates historical and geographical contexts. These can be old churches, burial sites, ancient             
monuments, petroglyph etc. These values should be preserved, therefore a wind power plant can be               
unauthorized if it implies a negative impact on the cultural value. (9) 

Protected area by the Swedish Environmental Code chapter 4, within or directly adjacent to the area 
Areas that are protected by the Swedish Environmental Code chapter 4, are national parks, Natura               
2000 areas, nature reserves, unexploited mountains and coastal areas as well as old forests (9). With                
regards to the interests of nature conservation, it is not easy nor suitable to exploit a plant in areas                   
with a high natural value, which is why the tool gives a stop signal if the project area is within or                     
directly adjacent to a protected area.  

Affected species within the area 
If there are protected species in the area, who’s habitats can be damaged or life threatened, an                 
assessment needs to be conducted to conclude the impacts. Protected birds are mainly those who               
reside, seek food or nest in the area. If the establishment will have severe impact, the project will                  
most probably be unauthorized. If it shows that the species is not present or not affected, the                 
establishment can be allowed. (42) Due to this, the tool will give a stop signal if the project affects                   
protected species.  

Reindeer husbandry 
Wind power establishment should be avoided in areas that are important for reindeer husbandry as               
the turbines can give rise to an escaping effect on reindeers within about 5 km from the turbines. To                   
lower the time for permit process and increase the feasibility of a projects, conflict with reindeer                
husbandry should be avoided. Studies indicate that reindeers and their pasturage is affected to less               
than 50% if the park is at least 3 km away from their pasture (10).  

Area of interest for the Swedish Armed Forces 
According to the Swedish Environmental Code, national interest areas for total defence has priority              
against all other national interests (22). Due to this, the tool will give a stop signal if the project area                    
is of interest for the Swedish Armed Forces.  

Restriction due to aviation activity 
Aviation activity can affect the location as well as the allowed maximum height of turbines (24). 

Area of interest for recreational activities  
In recreational areas where a low sound level is an important quality, wind power plants should be                 
avoided. These activities can for example be fishing and hiking and a suitable guideline in these areas                 
can be 35 dB(A). (9) 



 

 

Households exposed to more than 40 dB(A) 
As mentioned in 4.8 Far away from residential buildings, the common practice regarding noise level               
is to follow a recommended benchmark of 40 dB(A) outdoor by a residential building. A project will                 
thus increase its risk of not being realised with the number of households exposed to the noise level.  

Distance to residential buildings 
Studies show that shadows are perceptible at a distance of about 1.5 km from the tower, and that                  
no shadow is perceived at 3 km. It is however hard to set a definite limit since it depends on the                     
location, terrain and height of the turbine. Theses distances act as a guideline and are based on                 
experience from real projects as well as a report by the National Board of Housing, Building and                 
Planning. (9) 

Capacity in the grid 
In order to be able to export the produced electricity, there needs to be sufficient capacity in the                  
grid.  

Constructability 
The terrain on site will affect the costs and time for construction. The more suitable the terrain is in                   
terms of composition and elevation, the easier and less expensive will the construction be. (15) 

Active forestry or agriculture in the area 
There are several benefits from having an active forestry or agriculture in the area. The area’s                
existing values in the form of natural and cultural environment as well as landscape image have                
already been affected and a road network to access the area exist which reduces the cost.  

7.2.2 Factors regarding people's attitude 
Municipality’s attitude to wind power  
All large wind power projects need to be approved by the municipality where the wind project will                 
be located. The municipality’s attitude to wind power is thus of great interest. If the municipality                
have used their veto before, the probability is increased that they may do it again as there is or has                    
been a resistance against wind power.  

Local attitude towards wind power 
If there is a large local opposition the process for permits can be appealed, prolonging or rejecting                 
the project. 

Landowners attitude to wind power 
The landowners' attitude to wind power is crucial as a contract needs to be signed with them in                  
order to get permits and to lease the land. 

7.2.3 Factors regarding permits 
Environmental permit and building permit 
The chance for the project to be realized increases as permits are signed. The risk for a project to be                    
declined increases if a permit has been appealed. 

Time restriction in permits 
Wind power project are long term projects and it is thus beneficial to have a buffer in the time plan,                    
as unpredicted things can happen extending the process. Some projects have been studied where              



there have been time limits in the permits, adding extra requirements to never fall behind the time                 
plan. 

Turbine position 
It has been shown to be beneficial for the project if the turbine positions are flexible as they can be                    
moved, rather than eliminated, if their initial position would encroach. 

Height restriction 
A high, or a non-existing height restriction is beneficial as the best suited turbine can be selected, no                  
matter the height. The chosen interval for evaluation is based on maximum height on current               
projects and turbines available on the market.  

Grid connection 
A well-defined and properly conducted grid connection is of great importance as it is crucial for the                 
export of produced electricity (15). 

7.2.4 Factors regarding the project 
Buffer in the project time plan 
It is of great favourable to have a buffer in the time plan. Projects can be extended due to several                    
reasons, to mention a few it can be harsh weather, permit processes or transportation of               
equipment. 

Project members experience in wind power projects 
It has been shown to be beneficial if those involved in the project have previous experience from                 
wind power projects (15). 

7.3 Estimation of costs  
A part of the evaluation tool estimates the cost of a project. The calculations behind the estimation                 
are based on the data presented in this report and focus on the largest and thus most important                  
expenses. An illustration of the costs included is presented in the figure below.  

 

Figure 4: Illustration of cost breakdown in the tool 



Depending on the level of details available regarding costs, the way of calculating them in the tool                 
varies. When data was available and a realistic average number could be obtained, it was used.                
Whenever there was a lack of data or a big inconsistency of costs amongst projects, a “top down”                  
approach was used, with the percentage distribution of costs (see Table 1 from section 6.1               
Investment cost distribution). How each cost is calculated in the tool is presented in the table below.  

Table 6: How costs are calculated in the tool 

Cost How it is obtained 
Total investment  Euro/MW.1×101 6  

Turbines 69% of the total investment, i.e. 759 000 Euro/MW 
Foundations 265 000 Euro for a gravity foundation 

210 000 Euro for a rock foundation 
Grid connection Depending on several parameters. See below for more information 
Roads 5% of total investment 
Others 11% of total investment 
 
Once all these costs are obtained, a new, more detailed total investment is derived by summarizing                
the costs for turbines, foundations, grid connection, roads and others.  

7.3.1.1  Grid connection cost 
In order to determine the grid connection cost for each project some simplifications were made. For                
starters, four different categories were made, based on total capacity, to see which voltage level and                
therefore which grid the plant could be connected to. The four different levels used in the tool,                 
based on total capacity, are presented in the table below. 

Table 7: Four categories used in the tool, based on total capacity 

Capacity [MW] Voltage level [kV] Grid 
< 40 30 Regional grid 
40 – 120 130 Regional grid 
120 – 300 220 National grid 
> 300 400 National grid 
 
Cost data was gathered from the Swedish Energy Market Inspectorate who has a list of cost for all                  
components needed for grid connection, based on distance or unit as well as capacity, size and area.                 
The largest expense for grid connection is the cost for substations, transformers, busbar bay of a                
substations, buildings and lines and are thus the ones that the evaluation tool focuses on calculating.                
The prices and what they include are presented in the table below for the four chosen categories.  

  



Table 8: Main expenses for grid connection, presented for four different capacity levels (44) 

Cost item Includes Cost for  
<40 MW 

Cost for  
40-120 MW 

Cost for  
120-300 MW 

Cost for  
> 300 MW 

Base cost, 
station 
[Euro] 

Land work, balancing, 
fencing, lightning, cable 

channels, assembly, 
construction, testing, 

procurement 

211 980 257 227 1 019 595 1 029 595 

Transformer 
[Euro] 

Setup, foundation, 
cable connection, 

assembly, construction, 
project management 

1 070 184 1 699 762 1 699 762 ×  
(total capacity 

divided by 120) 

1 699 762 ×  
(total capacity 

divided by 120) 

Busbar bay 
of 

substation 
[Euro] 

Separating switches, 
disconnectors, 

appliances, assembly, 
construction, project 

management 

357 610 422 249 422 249 ×  
(total capacity 

divided by 120) 

422 249 ×  
(total capacity 

divided by 120) 

Building 
[Euro] 

 

Built on site, include 
battery system, fault 

signal, remote control, 
billing measurement 

153 107 153 107 153 107 153 107 

Overhead 
line 

[Euro/km] 

Posts, ropes, insulator 
chains, steel details, 

foundations, assembly, 
construction, project 

management, 
application for area 

concession  

92 375  133 648 259 010 259 010 

 
The cost estimation for cables within the park is slightly complicated as it is highly dependent on the                  
number of turbines in the park and their distance to the transformer station. Thanks to experts and                 
knowledge from several projects internally at Pöyry, a simplified connection layout was obtained,             
whereupon a formula for total cable length could be formulated based on the number of turbines.  

Each turbine is assumed to be connected with a 36 kV cable with a length of about 500 m, where it                     
will be joined together with four other turbines into a cluster of five. From there a larger cable will                   
connect them to the transformer station. As the number of turbines increase, the number of clusters                
will increase as well as the distance to the transformer station. A simplification was made estimating                
that the cable to the first cluster is 250 m, the second 500 m, the third 750 m etc. as shown in the                       
figure below.  



 

Figure 5: schematic picture of cables in a wind power plant 

The prices for cables used in the tool are presented below, and based on prices for two typical cables 
for rural areas with typical Swedish terrain.  

Table 9: Cost per meter for two cable types 

Cable connection Cable type Cost [Euro/m] Distance [m] 
Turbine to cluster 36 kV, 3x150 mm2 46 500  nr of turbines×  

Cluster to transformer station 36 kV, 3x1x630 mm2 137 ((No of clusters + 1)/2) 
250 No of cluster× ×  

 

Based on these assumptions and the presented costs, an estimation of the total cost for grid                
connection can be made based on the number of turbines, their total capacity as well as their                 
distance to the closest point of connection to the grid.  

7.4 Estimation of energy production 
The tool includes an estimation of annual energy production given a certain turbine and annual               
mean wind speed at hub height on the site. Formulas used and simplifications made to obtain a                 
realistic estimation is presented below.  
 
The available power in the wind can be expressed by the following equation (45).  

ρU AP = 2
1 3 1 

Where is the air density [kg/m3], U is the wind speed [m/s] and A is the rotor swept area [m2]. ρ                     

However not all energy available in the wind can be extracted by a wind turbine. The performance of                  
a turbine is usually characterized by its power coefficient, CP. This value changes with the wind speed                 
and is given by the following equation (45). 

pC = Rotor power
Power in the wind =  P rotor

ρAU2
1 3 2 

The power coefficient has a theoretical limit, defined by the Betz Limit, which is 0.5926. This means                 
that a real turbine never can have a CP greater than 0.59. Even though the power coefficient has                  
increased over the last years, modern turbines today generally have a CP with a maximum value of                 



around 0.45, with some variations amongst turbines (32). However, the value of CP changes with the                
wind speed and is generally higher at lower wind speeds.  

Equation 2 is a theoretical expression for one turbine. However, in a wind power plant, turbines                
affect each other, losses occurs and maintenance lead to a reduction in availability. Based on data                
from several projects the average losses in a park including electrical losses, wake losses and ice                
losses are around 8 to 14%. The availability is usually able to be kept considerably high, at a value of                    
around 98%, meaning that the turbines can operate 98% of the time. (15) The energy obtained by a                  
wind power plant during a year with various wind speeds can thus be expressed by the following                 
equation.  

ρAηNα p UE = 2
1 ∫

∞

0
CP (λ)U 3 (U ) d 3 

Were E is the energy in [MWh], is the efficiency (including all losses), N is the number of turbines       η              

in the plant and is the availability. The power coefficient is dependent on the tips speed ratio, ,    α               λ  

which is obtained by dividing the blade tip speed by the wind speed, and is the wind              (U )p     

probability density distribution function.  

The required spacing between turbines is defined by the turbine supplier in their technical              
specification. It is important to keep these guidelines as the losses can increase significantly if the                
turbines are placed too close to each other, as they disturb the wind flow. The exact spacing will be                   
depending on the specific location, but an average distance of 3 times the diameter of the turbine in                  
both down wind and cross wind was obtained from technical specification from two large turbine               
suppliers, Vestas and Siemens. This value is used for estimating the number of turbines per area in                 
the tool, in case the exact number is not already known and entered by the user.  

For the tool to give an estimation on average annual energy production based on the average annual                 
wind speed, some simplifications were inevitable. Different methods were investigated and verified            
using real project data in the attempt to find a method resulting in a value as close as possible to the                     
real production. Given the limitation in time and data availability, the best suitable approach for this                
tool was to obtain a mean value of CP for different wind speeds, regardless of variations amongst                 
turbines. To increase the reliability, data of annual energy production for different annual mean              
wind speeds at hub height were obtained for 20 different turbines from three large wind turbines                
manufacturers, Nordex, Vestas and Siemens Gamesa. From this, a constant, k, representing a CP as a                
function of annual mean wind speed were extracted, see Table 10. The gross annual energy               
production was then obtained assuming no losses and an availability of 100%.  

Table 10: Obtained constant, k, based on annual mean wind speed at hub height 

Annual average wind speed [m/s] Constant, k 
5 0.75 
6 0.65 
7 0.54 
8 0.45 
9 0.38 
10 0.31 

Due to the fact that the data behind this constant is based on annual mean wind speed instead of                   
instant wind speed, the values for k exceeds the theoretical limit of CP. When tested against existing                 
projects, the calculated gross energy production using this method comes very close to the real               



value, with variations of only up to 3%. The equation used to calculate the gross annual energy                 
production is presented below.  

ρU AkN×8760E = 2
1 3 4 

Where the density used for energy calculations is 1.225 kg/m3, which is based on standard               
conditions at sea level with 15 degrees Celsius (45).  

7.5 Levelized Cost Of Energy 
To allow for a simple comparison between projects, the tool evaluates the levelized cost of energy, 
LCOE. It measures lifetime costs over energy production and is expressed in Euro/kWh, resulting in a 
fair comparison no matter the energy production nor investment cost. It is a commonly used tool 
since it combines both fixed and variable costs into one, which allows for a simplified analysis.  

Firs of all the total investment cost needs to be converted to an annual cost. This is done with the 
following equation (33). 

Invyr = Inv ×dtot

1−(1+d)−t 5 

Were Invyr is the yearly investment, i.e. the total investment recalculated with the annuity factor               
[Euro],  Invtot  is the total investment [Euro], d is the discount rate [%] and t is the life time [years]. 

Once Invyr is obtained, the LCOE can be calculated based on the equation below (33). 

COE PEXL =  Eyr
Invyr + O 6 

Were Eyr is the yearly energy production [kWh] (see 7.4 Estimation of energy production for detailed                
information) and OPEX is the operational cost [Euro/kWh] 

The lifetime of a turbine, the discount rate as well as the OPEX is set as an input that can be chosen                      
by the user. If nothing is entered, the default value of 30 years, 6.8% and 15.5 Euro/kWh is used. The                    
values for lifetime and discount rate are based on a report on production cost for wind power in                  
Sweden, written by the Swedish Energy Agency in 2016 (33). The default value for OPEX is the                 
average obtained from several updated values from industry players already presented in this report              
(see 6.3 OPEX for more information).  

There are different levels of detailed LCOE calculations. The one used in the tool does not account                 
for future replacement or degradation costs, which would be needed for a more detailed analysis. To                
determine the liability of the chosen calculation of the LCOE, it was tested on four different projects                 
which was then compared to reliable values from the market. According to IRENA, the global               
average LCOE for wind power in 2017 was 0.06 Euro/kWh and is estimated to be 0.03 Euro/kWh in                  
2020 (34). In Sweden, the average LCOE for wind power was 0.04 in 2016 (12). Calculation on the                  
four projects gave an LCOE of around 0.04 Euro/kWh which indicates that the chosen method of                
obtaining LCOE is valid. It can thus be concluded that despite these simplifications, the tools function                
of calculating LCOE is a useful way of comparing projects and gives support for investors to                
determine if a project is profitable or not. 

7.6 Outputs 
To give a visual and easily understandable comparison of investigated projects, a bar graph shows               
the total investment cost as well as how large fraction of that cost that was spent on turbines,                  
foundations, grid connection, roads and other expenses.  



To give a more detailed comparison, the results are shown as numbers in a table like the one below.  

 
Table 11: Result table from the evaluation tool 

 

 
Where FLH stands for Full Load Hours, which is the number of hours it would take a turbine to                   
produce its annual production, if operating at rated power all times (45). 

LHF =  Rated power
Energy production

 7 

CF is the capacity factor, which is the ratio of the energy that is being produced by the turbine, ET                     
and the energy that would be produced if the turbine always produced rated power, ER. Where the                 
rated power of a turbine is given by the installed capacity (45). 

FC =  ER
ET  8 

IP-number is the total investment over the gross annual average energy production.  

All crucial factors are summarised based on their colour, i.e. level of risk, where green is good, yellow                  
is okay, orange is not good and red is bad. If a project has a high number of red or orange factors,                      
the project has a high risk of being rejected. The user can thus go back to the input sheet and see                     
what factors were bad, resulting in high risk and see if anything can be made to mitigate the risk                   
level in project.  

If a project has answered yes on a stop factor, it is clearly indicated in the results that the project will                     
probably not be realised.  

  



7.7 Sensitivity analysis 
With the aim of identifying the sensitivity of the tool and its calculations to uncertainties in the                 
different input values, a sensitivity analysis is conducted. The analysis is done on the two most                
important quantitative outputs in the result; the energy production and the LCOE. The sensitivity              
analysis is done from a base case, altering the investigated input with +/-50% while keeping all other                 
inputs constant. Thanks to the performance of a sensitivity analysis, it is found how dependent the                
two outputs are on the investigated input values.  

The sensitivity analysis of the energy production is done looking at changes caused by the annual                
average wind speed, the rotor diameter and the air density. The density is a fixed value that cannot                  
be changed by the user. However, its influence on the energy production is of interest since it is                  
known that it will vary depending on the chosen site, its temperature, altitude, humidity and chosen                
hub height. The annual average wind speed is dependent on the site as well as the hub height, and                   
the rotor diameter is dependent on the turbine, these are thus two inputs that are defined by the                  
user and interesting to investigate. The result from the analysis is presented in the figure below.  

 
Figure 6: Sensitivity analysis of the energy production 

The obtained results show that the annual average wind speed is the input that has largest impact                 
on the energy production, followed by the rotor diameter and lastly the density. 

The sensitivity analysis of the LCOE is done looking at changes caused by total investment, OPEX,                
discount rate, life time and energy production. The OPEX, discount rate and life time are input values                 
that can be defined by the user, however if they are unknown, default values will be used instead.                  
The total investment and the energy production are calculated by the tool, but affected by the                
inputs of the user. The result from the analysis is presented in the figure below. 



 
Figure 7: Sensitivity analysis of LCOE 

Out of all inputs influencing the LCOE, the energy production has the largest impact, followed by the                 
total investment. It can be noticed that their impacts are reversed, as the LCOE increases by raised                 
costs and decreases by increased production. The impact from the OPEX and the discount rate are                
similar and slightly lower than the impact from the investment. The life time affect the LCOE the                 
least.  

To see the reliability of the tool, it was tested on four real projects and the difference between the                   
actual cost and the ones obtained from the tool was measured. The test was conducted by another                 
person and made on projects that were not used in the data collection. The obtained results were                 
promising and the cost estimations were within a range from +10% to -30% from the real cost. The                  
largest uncertainty was for the cost of foundations, which in some cases could be 30% less than the                  
real cost. The grid cost could be up to 20% less and the turbines 14% less than the actual cost.                    
Despite these variations, the estimation is considered trustful since the total cost for a project only                
varied from +1% to -11%.  

  



8 Discussion 
In order to accelerate the expansion of wind power in Sweden the process of project development                
has to be made easier. Throughout this project it has been clearly demonstrated that it is mainly the                  
permission process that has to be smoother and faster, preferably by removing administrative and              
technical barriers. It has been shown that the market is experiencing an increasing unpredictability              
of the permit process.  

A large uncertainty of great impact making the permit process inflexible and unpredictable is the               
veto, affected by the municipality and the local community’s attitude. It is impossible to know how                
people will act prior to the final decision, but it has been shown to be beneficial having a dialogue                   
with the local community from an early stage of the project involving them along the entire process.  

In addition, the permit process takes several years, resulting in a large development investment and               
risk. The consequence is that the developers will not be able to utilize best available technology and                 
maximise the environmental benefit that comes with the expansion of wind power. If the permit               
process is changed, the probability of reaching the environmental policy goal for expansion of              
renewable energy in time increases.  

To avoid granted permits becoming economically unjustified based on a rapid technology            
development, it would be beneficial if future permits could apply for a high case scenario, with                
margins for a higher turbine as well as a larger capacity for the grid connection.  

A prerequisite for the predicted expansion of wind power in Sweden is that the grid is extended and                  
adjusted in order to cope with the fluctuating wind power production. An extension and              
improvement of the grid would result in better and additional connection points, which could bring               
down the costs of grid connection and make projects, that otherwise would not be, economically               
justifiable. 

Throughout the project it has been challenging to find enough data so that a trustworthy average                
number could be obtained. All projects are different so even if data was available the costs could                 
vary a lot and it was not always clearly stated what was included in each cost for the examined                   
projects. Some projects had a detailed presentation of costs, whereas others only had a few costs                
presented. Even when presented they could sometimes be were vague and it was unsure what was                
included in the cost and not.  

When looking at figure 3, were the investment cost per MW is presented, it is clearly visible that                  
there are some variations amongst projects. As an average value is used in the tool, it is inevitable                  
that there will be variations in the results, as it is already noticeable in the presented data. However,                  
a simplification had to be made, and the best value to be used was an average based on the                   
examined projects. Due to this, the costs provided by the tool will have some variations from the real                  
project cost. 

When finished, the tool was tested and evaluated, giving a percentage variation between the real               
cost and the cost presented by the tool. On the tested projects, the tool mostly underestimated the                 
costs, showing a lower cost than the actual one. The largest deviation was for the foundation cost,                 
which can be explained by several factors, but most probably by the site and its geotechnical                
conditions or location, as that would affect the required materials and transportations. As said              
before, all projects are unique and costs will vary. The tool is built on general numbers from several                  
projects, so if the tested tool is better than the average, the cost estimation could be higher than the                   
real cost and vice versa if the project is worse than the average. However the estimation of the total                   
cost is considered very good, especially for a first estimation, which is was the tool provides, since it                  



only varied from 1% above to 11% below the actual cost. Nevertheless, it should be noticed that the                  
tool is developed for large scale wind power projects, therefore the results could be less exact if the                  
number of turbines are less than 10.  

Wind power implies a global environmental benefit and a local environmental influence, it is thus of                
great importance to use the available resource in an effective and correct way. Hopefully the               
developed evaluation tool can help Pöyry with this and show the possibilities instead of obstacles. As                
an example, there are many activities and areas that can coexist with wind power and it is possible                  
to make them benefit from each other. The tool indicates all factors that can hinder the                
development of the project, but also presents some information to why and what can be changed to                 
improve the chances of realising the project. This will hopefully make it easier to, at an early stage,                  
identify the most environmentally friendly project with high chance of being realised and thus take               
better use of available resources.  

Every project is unique and it’s hard to predict how it will perform in reality. At least this tool gives a                     
good first evaluation and fair comparison since they are all judged based on the same ground. All                 
data behind the calculations are thoroughly selected and analysed. When there was not enough data               
available, other means for estimating it was obtained, always seeking the most trustworthy way of               
calculating it. In addition, all calculations behind the generated results in the tool were tested using                
different methods and the one giving the result closest to the real value was always chosen.  

It has been challenging to find the best possible way to summarise the critical factors. The impact                 
they have on a project depends a lot from case to case, which made it hard to give them a fixed                     
factor of impact. Therefore, all factors were given a list to choose from, whereupon each choice for                 
that factor was given a colour, representing its impact. However, the impact of one factor compared                
to another was too hard to determine and thus not included in the tool. Nonetheless, the factors                 
with greatest impact, leading to rejection, were made to a stop-factor, given the entire project a                
definite stop. The choices for the other factors were coloured in green if good, yellow if okay, orange                  
if not good and red if bad. All respective colours of all investigated factors were then summarised                 
and the higher number of green factors a project has, the higher the chance for it to be realised. For                    
all orange and red factors, the user is told to look them up and see if something can be changed in                     
the project, to increase the chances of the project to be realised.  

Based on the results from the sensitivity analysis, an amelioration of the tool would be to refine the                  
estimation of the energy production, as it was shown to have greatest impact on the LCOE. The                 
current energy estimation is the gross production, which is higher than what the real production will                
be. This gives a misleading indication on both the real energy production as well as the LCOE.  

The net energy production could be estimated if losses and availability was included, the reason to                
why this is not included is because of the uncertainty of the wake losses in a park. A good indication                    
of an average availability and losses was obtained, however the uncertainty of the wake losses               
resulted in not including these factors. Wake losses varies a lot depending on several site dependent                
factors, like the number of turbines, their position and model as well as the roughness of the terrain.                  
As an example, 10 turbines in one park could be positioned on a row facing the prevailing wind                  
direction, whereas in another they could be placed around each other, as in a grid pattern. Their                 
positions with respect to each other would highly affect the wake loss and if a standard value for                  
wake loss based on the number of turbines would be used, the project with the first position of                  
turbines would be underestimated. With the purpose of avoiding a misjudgement of good projects              
by applying a general wake loss, it was chosen to only look at gross energy production, and clearly                  
state it in the result section of the tool.  



The results from figure 6 show that the annual average wind speed has a large impact on the                  
estimated energy production. This demonstrates the importance of having accurate input of the             
annual average wind speed, which in turn should be based on a long-term wind measurement at the                 
site. 

The factors that has largest impact on the outputs are inputs defined by the user of the tool, which is                    
good, as it then reflects the examined project, instead of being based on a general number that                 
applies for all projects. The only factor investigated in the sensitivity analysis that is not defined by                 
the user is the density. As this was shown to have the least impact on the output, it was considered                    
reasonable to keep it as a fixed value. 

Finally, it can be said that the results obtained from the tool gives a good indication but should be                   
interpreted with care as it relies on average values and assumptions. Based on available time and                
data it is however considered reliable and gives a good estimation of risks and costs as well as energy                   
production. As all projects are being evaluated on the same basis, it also gives a fair comparison and                  
indication on which project is best, even though the presented numbers of costs and production are                
not always an accurate representation of the reality.  

9 Conclusion 
The objective of this project was to find the factors that affect the feasibility and cost of wind power                   
in Sweden, analyse and compile them to see how great their impact was. Many projects have been                 
examined and factors affecting the feasibility, both positively and negatively, have been collected             
and compiled. Their impact has been evaluated and assigned with a scaled list of choices resulting in                 
various impacts and the most important factors were turned into stop factors, as they make it                
almost impossible for a project to be realised.  

The aim was to supply Pöyry with an evaluation tool that would make it easier to identify profitable                  
projects and highlight possible risks or obstacles. The tool has been created, tested and evaluated               
whereupon some amelioration was made. The tool fulfils its purpose and at the end of the project                 
the tool was handed over to Pöyry whom will use it for project evaluations.  

10 Suggestions for future work 
Throughout the project limitations had to be made in order to finish in time. However, interesting                
questions have arisen the answers of which would be valuable and bring more accurate or               
variegated results. These are presented below as suggestions for future work. 

● Investigate future development of the municipal veto 
 

● Have more detailed input data in the tool (ex. Yearly wind speed data, CP for the chosen                 
turbine at each wind speed, losses in the park), which would bring more accurate outputs  

 
● Include losses and availability in the calculation of energy production, to get a net energy               

production instead of gross energy production 
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12 Appendices  
12.1 Appendix A – Costs distribution 

 
Figure 8: Distribution of costs for a project in establishment, as percentage of total investment cost (14) 

 

 
Figure 9: Distribution of costs for a project in establishment, as percentage of total investment cost (14) 

 



 
Figure 10: Distribution of costs for a project in establishment, as percentage of total investment cost (14) 

In Figure 8 and Figure 10, the second biggest fraction of the total cost is the balance of plant, BoP. 
This is a compilation of costs that are broken down to smaller segments in the other projects. The 
BoP includes the costs for civil and electrical work such as internal roads, hardstands, foundations as 
well as transformers and preparations for the internal grid.  

  



12.2 Appendix B – Crucial factors  
Green is good, yellow is okay, orange in not good, red is bad. A red box with bold text in red 
indicates that it is a stop-signal.  

Table 12: Crucial factors and the choices available in the drag down list in the tool 
 

Wind resource measures 
Long term (more 
than 2 years) 

Medium term 
(more than 1 year) 

Short term (less 
than 1 year) No measures No info 

      

 Suggested area, as a 
national interest  Yes  Partially  No    No info 

      

Suggested area by the 
municipality Yes Partially  No No info 

      

Protected area by the 
Swedish Environmental 
Code chapter 4, within or 
directly adjacent to the area No   Yes No info 

            

Affected species within the 
area  No   Yes No info 

            

Reindeer husbandry No conflict Minor conflict  Large conflict No info 

            

Area of interest for the 
Swedish Armed Forces No   Yes No info 

            

Restriction due to aviation 
activity No  Partially Yes No info 

            

Area of interest for 
recreational activities No  Partially Yes No info 

            

Households exposed to 
more than 40dBA No 

A few 
non-permanent 
residential 
buildings 

A few permanent 
residential 
buildings 

Several 
permanent 
residential 
buildings No info 

            

Distance to residential 
buildings  More than 3 km Less than 3 km 

More than 1,5 
km Less than 1,5 km No info 

            

Capacity in the grid High Sufficient Low Not enough No info 

            

Constructability  Easy Okay Challenging Very challenging No info 

            

Active forestry or 
agriculture in the area Yes Small area 

About half the 
area No No info 

            



Municipality’s attitude 
towards wind power Positive Neutral Some resistance Negative 

No 
updated 
info 

            

Have the municipality used 
their veto before Never Once Twice Several times No info 

            

Local attitude towards wind 
power Positive Neutral Some resistance Negative 

No 
updated 
info 

            

Land owners attitude 
towards wind power Positive Neutral Some resistance Negative 

No 
updated 
info 

            

Land lease agreement Signed In process 

Not 
started/Appeale
d Declined No info 

            

Environmental permit Granted In process 

Not 
started/Appeale
d Declined No info 

            

Building permit Granted In process 

Not 
started/Appeale
d Declined No info 

            

Time restriction in permits No 
Yes, but won’t 
affect Yes, might affect Yes, it will affect No info 

            

Turbine position 
Flexible within the 
site area 

Flexible within a 
certain radius Fixed  

No info 
 

            

Height restriction No 
Yes, but above 200 
m 

Yes, but above 
150 m 

Yes, below 150 
m No info 

            

Grid connection Well defined Defined Not defined  No info 

            

Buffer in project time plan Yes Some  Non No info 

            

Project members 
experience in wind power 
projects 

Highly 
experienced Experienced 

Some are 
experienced No experience No info 
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