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Abstract 
 
The world energy needs keep increasing in a significant number and currently it is mainly 
sourced from the finite fossil fuel. Other than that, fossil fuel is the main source of CO2 
emission that leads to the increasing rate of global warming that will ultimately change the 
earth’s climate. Thus, researcher began to look for alternative energy that is renewable and 
has the least impact to the world’s climate; one example is wind energy. 
 
Sweden has experienced a significant increase in wind energy generation, where the wind 
production constantly grows in the double-digit rates since 2010. However, developing a wind 
energy requires a significant research and feasibility study in order to provide an economically 
sustainable operation. Wind farm needs to be located in areas with a good wind potential, 
however there are several technical and economic limitation on where the wind farm should 
be located. On top of that, social rejection might also hinder the development of wind energy. 
Audio-visual obstruction and disturbance to the natural state of the environment are the main 
arguments that were used to challenge the development of wind farm. Therefore, a multi-
disciplinary study needs to be conducted in order to find the perfect balance; which is exactly 
what this study is all about. 
 
The result of this study shows that despite the threat of climate change, wind farm in Sweden 
could thrive due to the increasing wind speed across the country. It was also discovered that 
around 30% of the country is suitable, from the social, technical, and economic point of view, 
as a new location for wind farms. This study also reveals that most of the canceled/rejected 
wind farms project were probably caused by the societal rejection due to their proximity to 
population center or conservation areas. This study also discuss the concept of place 
attachment and identity that leads to the NIMBY attitude and reflects the concept to the social 
acceptance issue that happened in Sweden and on how to localize the wind farm concept to 
the local residence.  
 
Keywords: climate change, geographical information system, spatial planning, Sweden, wind 
energy.   
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1. Introduction 
In 2100, it was projected that the world energy demand will reach 44 TeraWatt (TW) and there 
are needs to implement a more environmentally friendly solution to fulfill the needs (Wang & 
Prinn, 2010). The exploitation of fossil energy keeps on growing since the beginning of 
industrial revolution and ever increasing number of human population and we are projected 
to consume about 18 billion tonne oil equivalent of energy by 2035 which will produce about 
43 gigatonnes of CO2 per year based on 2012 policy (Chu & Majumdar, 2012). 
 
The energy production has been a major contributor in the ever-increasing greenhouse gas 
(GHG) level to the atmosphere due to the use of fossil fuel. According to International Energy 
Agency fossil fuel sourced 65.3% of the world power generation industry, thus making the 
energy industry as one of the significant accelerators of the global warming (Höök & Tang, 
2012). Despite all of that the GHG emission is not decreasing at all and in 2010 alone, the 
energy sector contributes to 35% of the total man-made GHG emission that year (Bruckner 
et.al., 2014). The recent climate-conscious phenomenon stimulates the development of a 
more environmentally friendly alternative and renewable energy, one of which is the wind 
energy.
 
However, locating a suitable location for wind farm is a rather complicated process. Technical 
restriction and social acceptance issues could hinder the development of a new wind farm. 
For starter, the appropriate location for wind farm needs a good pre-existing infrastructure 
(road and power grid access), has no conflict with the land use plan, has a proper physical 
geographical feature, etc. Social acceptance has been a big problem, as the “Not In My Back 
Yard” (NIMBY) attitude has disrupts the development of many wind farm. Therefore, a 
throughout research from both aspects needs to be conducted during a wind farm feasibility 
study in order to provides clean energy that is accepted by the society. 
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2. Aim and Research Questions 

2.1. Aim 
The aim of this study is to locate and determines the appropriate location for future wind farm 
projects that satisfy all the restrictions and requirements, either from the technical or social 
sides of the spectrum. This research will also consider climate change as consideration, by 
using the RCP 8.5 climate prediction scenario.  

2.2. Research Questions 
This research will try to answer the following questions: 

1. Which location is suitable for the development of the future wind farm in Sweden? 

2. Does the current, planned, and canceled wind farm projects in Sweden was located in 

the appropriate area?  

2.3. Ethical Consideration 
All the data used in this research were publicly available and no special permission needed to 
use it for educational purpose. These data are anonymous and does not allows an individual 
to be identified. This research is based purely on scientific evidence and the writer did not 
have any affiliation with any of the groups that was involved in the debates regarding wind 
power. Therefore, this research should be treated as neutral in the case of wind power 
controversies in Sweden. 
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3. Literature Study 

3.1. Energy Generation and Its Issue 
In general, the main source of energy available today are chemical and photophysical energy 
(eg. fossil fuel and sunlight), nuclear reaction, and thermomechanics (eg. wind, water). The 
first method dominates the share of energy supply and have a drawback of producing 
emission and contaminants (Dresselhaus & Thomas, 2001). This exploitation of fossil energy 
keeps on growing since the beginning of industrial revolution; add the ever increasing number 
of human population and we are projected to consume about 18 billion tonne oil equivalent 
of energy by 2035 which will produce about 43 gigatons of CO2 per year based on 2012 policy 
(Chu & Majumdar, 2012). Furthermore, it was projected that in 2100 the world energy 
demand will reach 44 Terawatt (TW) and there are needs to implement a more 
environmentally friendly solution to fulfill the needs (Wang & Prinn, 2010).  
 
The energy production has been a major contributor in the ever-increasing greenhouse gas 
(GHG) level to the atmosphere due to the use of fossil fuel. According to a report from 
International Energy Agency, 65.3% of the world power generation were sourced from fossil 
fuel; of which 38.4% coal, 23.2% natural gas, and 3.7% oil. Therefore, it is safe to say that the 
energy production industry has a strong relation to the increasing rate of global warming 
(Höök & Tang, 2012). According to the same literature, the impact of CO2 on earth’s climate 
has been formulated by Swedish Nobel laureate Arrhenius in 1896, although it was dismissed 
until at least 1950. It was not until the 1980’s that the UN established the Intergovernmental 
Panel on Climate Change (IPCC) to further investigate Arrhenius finding more seriously.  
 
However, the GHG emission is not decreasing at all ever since the climate conscious 
awakening in the late 20th century. In 2010 alone, the energy sector contributes to 35% of the 
total man-made GHG emission that year. Despite having the Kyoto Protocol, the annual GHG 
emission growth rate still increased from 1,7% between 1990-2000 to 3,1% between 2000-
2010. The electricity generation contributes up to 75% of the increase that happened in the 
last decade (Bruckner et.al., 2014).  
 
Latest research from IPCC (2018) stated that at the moment, the earth experiences a 1C 
warming compared to the pre-industrial era. However, the rate will rise to 1.5C between 2030-
2052 if no further action were taken. The global warming will also influence the climate that 
leads to increasing mean surface temperature, more frequent extreme high temperature, 
heavy rainfall, and drought. It will also trigger sea-level rise by 0.26-0.77m in 2100, with small 
islands and lower coastal area being affected the most.   
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3.2. Wind Energy 

3.2.1. History, Development, and Basic Principle. 
In the last 3000 years, many parts of the world have utilized wind energy in one way or another 
(e.g. water pump, meal grinder, etc.). The first report of horizontal axis windmill was recorded 
in Asia during the first millennium, while the simpler vertical axis windmill has existed almost 
a thousand years before. The (at that time) revolutionary design finally reached the 
continental Europe between 1100-1300AD. Since then, Europeans keeps improving the 
windmill design significantly and heavily relied on them for their industrial needs (Ackerman, 
2005).   
 
It wasn’t until the 1970 that wind power gained popularity due to the oil crisis that disturbs 
the electrical generation industry. Due to its high level of sustainability, the worldwide wind 
capacity has doubled every three years. One of the most attractive feature of wind energy is 
the very high development pace. Between 1989 and early 2004, the commercially available 
turbine capacity has been increased by 1200% (Ackerman, 2005).   
 
In the 21st century, Europe leads the wind energy technology and application due to the 
governmental support via policies that were focused on domestic sustainability and emission 
reduction. According to Manwell et.al. (2009), the popularity of wind energy in Europe are 
somehow affected by the following considerations: 

1. The rising awareness in the limited number of fossil fuel and its effects on the 

environment. 

2. Wind is available for free and in some places the energy density is significant. 

3. The development of other technological fields has made wind energy commercially 

feasible 

4. A visionary thinking to utilize the wind 

5. The political will of the government. 

 
The principle of a wind turbine is basically a conversion of mechanical energy into electrical 
energy. The mechanical energy is provided by the aerodynamic force of the wind that rotates 
the main shaft, which then powers the main generator to generates electricity. However, wind 
turbine could only produce energy spontaneously (since wind cannot be stored for later use, 
yet) and therefore, its output is very fluctuated and basically uncontrollable; one’s can only 
reduce the power output below the energy from the wind but not vice-versa (Manwell, 2009). 
 
The most important aspect to be considered when designing a wind turbine is the cut-in/out 
and rated wind speed. Cut-in speed is the minimum wind speed required for the main rotor 
to spin and provides mechanical energy for the generator. Any speed below that value will not 
turns the rotor, thus producing no energy output at all. The rated wind speed is the optimal 
operating wind speed where the turbine is at its highest operational efficiency. Between those 
two values, the turbine takes all the available power provided by the wind. Meanwhile, the 
cut-of speed is the point where the turbine shuts down due to the very high wind speed. It is 
done in order to protect the mechanical and electrical components from over-stressing that 
could damage or even destroy the whole system. The output produced between the rated 
and cut-off speed is called the rated power output, where it is actually lower than the available 
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input power. The reason behind the limit is to achieve economic efficiency in the acquisition 
cost, since a higher rated turbine will cost more (UK DTI, 2001).   
 
Another thing to be considered when planning a wind farm is the capacity factor, which is the 
amount of generated energy during a certain period compared to the energy that could be 
produced if the wind farm runs continuously at maximum rated output (shown in percentage). 
It is, however, should not confused with efficiency. In power generation, efficiency refers to 
the amount of converted energy from an energy source (e.g. fossil or radioactive material) 
and usually related to fuel cost. Which is not relevant since as of the time of writing, wind 
energy is still free. Although if the terms want to be applied to wind farm, it could be defined 
as the rotor’s aerodynamic capability to extract the wind energy. Due to the wind’s physical 
feature, capacity factor will varies depending on the seasonal wind pattern. Therefore, wind 
turbine is usually custom built for a specific location only and requires modification in one way 
or another if wanted to be installed in other location (UK DTI, 2001) 
 
 

3.2.2. Design Consideration 
The most common type of wind turbine in operation today is the Horizontal Axis Wind Turbine 
(HAWT). HAWT is further divided based on the rotor orientation and control, hub design, 
amounts of blade, and the alignment system. Furthermore, HAWT is actually a group of sub-
system that support the other components, which consist of: 

1. Rotor (blades and supporting hub) 

2. Drive train (shafts, gearbox, coupling, brake, and generator) 

3. Nacelle and mainframe 

4. Tower and foundation 

5. Control system 

6. Electrical system (switchgear, transformers, and power converters)  
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Figure 1. The basic components of HAWT (Source: Manwell, 
2009) 

Figure 2. Different type of wind turbine (Source: Manwell, 
2009) 

 
The rotor system of wind turbine is deemed as the most crucial part of the whole system, 
since they harvest the mechanical energy provided by the wind in the first place. Therefore, 
the efficiency of the wind turbine heavily depends here. The drive train connects the rotor to 
the main generator via a gearbox that couples the rotor low-speed shaft to the generator high-
speed shaft. The gearbox, through a set of gears, will increase the rotation of rotor input from 
tens of rpm to several thousand rpm that will be used as the input for the generator. This will 
allow the turbine to increase the power output in comparison to the power input from the 
wind. However, different turbine setup can have multiple generator in one system or a low-
speed generator. A braking system is also incorporated to the drive train design to reduce the 
rotor’s rotation so it could still be operational when the wind speed is above the cut-off speed. 
It could also be used to stop the rotor completely still for maintenance or when the weather 
condition is too dangerous for operation (Manwell, 2009). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7 
 

3.2.3. Advantage and Disadvantage of Wind Energy 
One clear reason to use wind energy is the emission level, which basically is non-existent since 
it doesn’t emit pollution unlike the fossil-based one. However, wind farm do emits some non-
operational emission, which is produced during construction phase and maintenance work 
during its lifetime. The terms for that is life-cycle emission and was expressed as the amount 
of emission (in grams) compared to the energy output for a certain period (kWh) (DTI UK, 
2001).  
 

Table 1. Comparison of life-cycle emission from various energy generation methods 
(DTI UK, 2001) 

 Onshore 
Wind 

Offshore 
Wind 

Coal Gas Average 
(1993) 

CO2 9 12 987 446 654 

SO2 0.06 0.09 1.49 0.00 7.82 

NOx 0.02 0.03 2.93 0.49 2.19 

 
Obviously, wind energy main advantage is the sustainability level of it. As most of the world’s 
energy source is fossil fuel (see figure 3), there are threats that a crisis will arise if it is depleted 
since fossil fuels are a finite resource (Guangul & Chala, 2019). Guangul & Chala also stated 
that wind energy is cost effective, since it does not require fuel to run thus making it invincible 
from the oil price fluctuation. The majority of the investment will go to the construction of the 
windmill itself and once it’s operational, the only running cost left is just for maintenance. 
 

 
Figure 3. Global energy production from fossil from 1800 to 2010 (Guangul & Chala, 2019) 

On the other hand, wind energy has several known downsides. Wind energy has a very low 
energy density, meaning that it requires a significant amount of space to generates power. 
For example, Alta Wind Energy Center (the largest onshore wind farm in the US) produce 1548 
MW of electricity while requires 36km2 of land area. On the other hand, R.E. Ginna Nuclear 
Power Plant (the smallest and oldest nuclear reactor in the US) generates 580 MW of 
electricity while requires only 1.6 km2 of land area. Based on the fact above, AWEC has an 
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energy density of 43 MW/km2 while the R.E. Ginna plant has a much higher energy density of 
580 MW/km2. 
 
The presence of wind turbine may also disrupt the local climate, since it absorbs some of the 
wind energy required for surface-atmosphere heat exchange. (Wang & Prinn, 2010). The 
results of their research stated that on the scenario where 10% of energy demand come from 
wind energy; the overland site temperature could rise up to 1C while offshore site saw the 
sea-surface temperature has been lowered. Keith et.al. (2004) was investigating the effect of 
the reduced kinetic energy caused by large-scale wind power extraction, interestingly with a 
similar scenario as Wang & Prinn’s research (2010). They concluded that the climatic impact 
of wind farm is insignificant and the benefits from the reduced carbon output from the energy 
production is far greater. 
 
A study from Naturvårdsverket’s (Swedish Environmental Protection Agency/EPA) Vindval 
research programme stated that people who lives near wind turbine in the countryside tends 
to be more disturbed by the sound from compared to the people who lives in the urban area. 
This may be influenced by the fact that urban areas are more disorganised with multiple noise 
and visual pollution source, while in the countryside it is much more noticable. Study about 
the effect of the turbine on other kind of life form are also conducted. Aquatic life forms that 
were deemed as not sound sensitive are less affected by the sound from the wind turbine. 
However, flying life forms are more susceptible to the presence of wind turbine. The chance 
of birds colliding with the blades are significantly lower that bats, since bird have an adequate 
sight and tends to avoid the blades (Naturvårdsverket, 2008). 
 
However, latest research showed that the magnetic field from the wind turbine affect the life 
cycle of Northern Pike. The magnetic field reduce hatching time, smaller yolk-sac, and faster 
yolk-sac absorption time which suggest a higher metabolism rate. Despite the mentioned 
effects, the mortality risk was negligible (Fey et.al., 2019). Another interesting study showed 
that such a small critter as insects could give a negative effect on turbine’s efficiency. Stacks 
of dead insects could disrupt the airflow and reduced the rotor’s aerodynamic performance, 
which translates into a lower power output. In case of areas with a cold climate like Sweden, 
icing could severely affect the turbine’s performance. Icing disrupt the rotor’s aerodynamics 
which could resulted in a reduced power output or even a complete turbine shutdown. It even 
possesses a safety risk, since the icicle could be thrown within a significant distance from the 
turbine (Dalili et. al., 2009). 
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3.3. Potential Problem 

3.3.1. Global Climate Change 
Concern about the effects of climate change has been one of the motivating forces behind the 
rapid development of wind energy projects. However, the Intergovernmental Panel on 
Climate Change states that “there is evidence for long-term changes in the large-scale 
atmospheric circulation, such as a poleward shift and strengthening of the westerly winds” 
and that these observed changes likely will continue. On an annual basis, climate change is 
predicted to cause stronger surface wind speed values across the boreal regions of the 
Northern Hemisphere, including much of Canada, Siberia and northern Europe, and in tropical 
and subtropical regions in Africa, and Central and South America. However, Greenland, 
southern Europe, China, India, southern Australia and much of the west coast of South 
America are expected to experience decreasing wind speed values (Eichelberger, 2008). 
 
These changes in circulation may directly affect the energy production of existing and planned 
wind projects. The large infrastructure investments associated with today’s utility-scale 
projects motivate an evaluation of the possible impacts of climate change on wind speed. A 
study found significant differences between the changes predicted by four global climate 
models (GCMs) that used two IPCC emission scenarios, both in sign and magnitude, but 
nonetheless concluded that a warmed climate may reduce the spring and summer wind power 
resources of the Northwest U.S (Eichelberger, 2008).  

3.3.2. Topographic Feature 
Atmospheric variation and topography are closely related in determining the wind farm 
output. A proper field survey for wind farm planning requires at least a year of field data to 
determine the location’s suitability, in the case of no available data. If an area is deemed as 
unsuitable after the field survey, a considerable time and investment are wasted and is 
unrecoverable (Carvalho et.al., 2013). Therefore, a preliminary study should be conducted in 
the early phase to minimize the risk and avoid unnecessary loss of time and investment.   
 
Han et.al. (2018) stated that an unstable wind speed could reduce the power output by up to 
15%. They also stated that highly unstable atmosphere condition could not only disrupts the 
power output but could also put a high stress on the turbine structure itself.  
 
Dynamic topographical features of an area create a temporal and spatial variation in wind 
speed (Sen, 2001). Wind flow acts differently in a complex terrain when compared to flat 
terrain. The terrain could create a distortion effect and it is very much depending on the site 
itself, making the wind flow in that kind of terrain harder to predict (Hansen et.al., 2016). Wind 
flow around obstacles will varies depending on the density of the obstacle itself. A sparser 
obstacle will affect the wind flow significantly and make it rougher, while a more dense 
obstacles will smoothens the flow since the contact area will be much smaller. In a sparse 
area, the flow will be affected by the side profile of the obstacles, while a denser area will only 
have the top part of it that distracts the flow. Thus, almost making it as a large smooth surface 
(Beler, 2011). 
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Figure 4. Flows disruptions over multiple obstacle density (Beller, 2011) 

Wind speed is a very unstable variable, influenced by topography in terms of changes in 
altitude, surface roughness and land-use characteristics among others. The wind 
characteristics are needed in the renewable industry for site selection, performance 
prediction and planning of wind turbines (Philippopoulos & Deligiorgi, 2012). A study in China 
showed that topography affects the turbine performance by changing the wind and wake 
profile (Han, et.al., 2018). Wake in this context, is the area right behind an object that 
obstructs the flow of fluid, where the flow may experience a separation or turbulence. The 
study also showed that the complex topography resulted in a slight difference in the power 
curves, which reduce the power output of the turbine (Han, et.al., 2018).  

3.3.3. Land Use Change and Area Zoning Conflict 
Identifying suitable locations for onshore wind turbines requires the assessment of a range of 
largely geospatial parameters. As a result, there has been extensive use of Geographic 
Information Systems (GIS) which are designed to capture, store, manipulate, analyse, manage 
and present spatial or geographic data. For example, according to van Haaren and Fthenakis 
(2011), in the United States some of the limitation that was presence are: 

1. Federal and Indian lands that have specific functions (like national parks, army 

grounds, prisons) 

2. Sites where wind turbines would interfere with its current land use (airports, urban 

areas) 

3. Sites where it is physically impossible or problematic to install turbines (porous 

grounds, slopes greater than 10%) 

 
However, even if the appropriate zone has been located, other factors could also create 
resistance from the locals. Visual intrusion, noise, and, safety issues could also discourage 
people from having a wind farm nearby. A pre-construction survey in North Carolina shows 
that 44% of people who were displeased with the presence of wind farm said that the visual 
obstruction is their major concern. However, other studies also show that the negative image 
of the wind farm changed significantly after the construction process has been finished. Public 
perception has also changed when the turbines were placed in the area within the visual 
periphery of the population (van Haaren and Fthenakis, 2011). However, there are some 
rejection that were based on the effect of visual ‘pollution’ to the local economy. Another 
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study conducted in the Northeastern US (Nantcucket, Cape Cod, and Martha’s Vineyard) 
stated that the heavy rejection was based on that the visual alteration would ruin the tourism 
industry and the area could potentially lost $57 million annually (Rodmand & Meentemeyer, 
2006).   
 
Another problem that may rise from the land use change when building a wind farm is 
deforestation. The construction could create a territorial fragmentation and loss of 
biodiversity, which is caused by the construction process itself, power line installation, and 
the construction waste. The deforestation could also mean the loss of CO2 absorption 
capacity. Therefore, the deforested area from the wind farm construction and all the newly 
developed infrastructure needs to be taken into consideration when calculating the loss of 
CO2 absorption capacity. However, an argument to counter the issue above is the amount of 
avoided CO2 emission. This could be interpreted as the avoided emission when wind energy 
replaces other type of energy source (e.g. coal) (Gamboa & Munda, 2007).    
 
The land use changes also shown to be responsible in climate change, either on the global or 
regional scale. On the global scale, land use change could reduce the CO2 absorption capacity 
as mentioned before. However, it could even also change the regional climate. Land use 
change could disrupt the hydrologic cycle and change the surface energy. The land conversion 
has been known to change the net radiation absorption and crates a warmer temperature in 
the tropical region and cooler temperature in the borealis area (Foley et.al., 2005). This may 
also lead to a change in the local atmospheric condition and disrupts the wind pattern in the 
area. The temperature change could affect local pressure system and thermodynamic cycle, 
thus modifying the wind pattern and intensity as what happened in the Pacific during the El 
Nino Southern Oscillation (Wang et.al., 1999). 

3.3.4. Social Acceptance 
Social acceptance has been an ongoing issue that surrounds the implementation of wind 
energy ever since the beginning. Even country with such an established wind power system 
like Germany still have some issues with the social acceptance of wind power. It is tending to 
be neglected during the design phase since the public seems to be very pleased with it during 
the first survey. Again, wind power sounds less threatening and controversial so the society 
are usually jumped on the bandwagon without any resistance in the beginning. Renewable 
energy plants tend to be smaller scale than conventional power plants, increasing the number 
of siting decisions that need to be taken. With a lower energy density, the relative visual 
obstruction of alternative energy tends to be higher. Extraction of fossil or nuclear energy also 
happens below the earth’s surface, while wind turbines is way more visible. (Wustenhagen et 
al, 2007).   
 
Community acceptance refers to the specific acceptance of siting decisions and renewable 
energy projects by local stakeholders, particularly residents and local authorities. A particular 
feature of community acceptance is that it has a time dimension. The typical pattern of local 
acceptance before, during, and after a project follows a U-curve, going from high acceptance 
to (relatively) low acceptance during the siting phase and back up to a higher level of 
acceptance once a project is up and running (Wolsink, 2007). 
 



12 
 

In order to understand the degree of social acceptance, we must define physical aspect of a 
location as ‘place’ and not as ‘space’. Place have a much more social and emotional aspect 
incorporated into it when compared to the term ‘space’ used in geography. A person might 
get attached to a place based on positive emotional connection and the length of stay in a 
particular location. One could also identify themselves based on a location’s attributes, which 
could distinguish them from the other based on personal or social identification. Therefore, 
people are more resistant when their ‘place’ are experiencing or at risk of disruptions and 
threats. People who got attached or identify themselves with a certain place have the 
tendency to defend their area from an impending change or disruption (Devine-Wright, 2009). 
 
Even though it might bring a positive effect, people still tend to oppose to a new development 
that occurs in the proximity of their ‘place’. The protectionist and oppositional attitudes of the 
people mentioned above are commonly known as the “not in my backyard”/NIMBY attitudes. 
In short, people will accept changes and development as long as it does not happen in the 
proximity of their area. This theory could be used to explain public opposition from a spatial 
point of view, if the distance between one’s dwelling and the proposed development site is 
the main reason of rejection. However, NIMBY could be used to explain rejection that is based 
on ignorance or lack of knowledge in the matter (Devine-Wright, 2009). 
 
However, a study in Scotland showed a rather opposite result from the expected NIMBY-ism. 
The majority of local resident strongly support the development of new wind farm in the area, 
which in part was due to the local topography that makes the presence of wind farm less 
obstructive. Despite concerns about visual and habitat disruption, tourist in the area were 
generally positive towards the wind farm. One interesting finding from the study is that the 
acceptance level will increase significantly if the wind farm was owned by the community and 
the support decreased significantly if it was owned by corporation. Their argument is that 
community-owned wind farm will generates income, image improvement, and pride (Warren 
& McFayden, 2008). A person could also grow attachment to a certain place where they do 
not even live in. They may be attached to other neighborhood, village, a particular landscape, 
or even bigger. Nature could stimulate attachment in a person due to its physical condition or 
even just from the experience gained by visiting it (Schilar & Keskitalo, 2018).  
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3.4. Wind Energy in Sweden 
Sweden began to promote the use of renewable energy in 1970, following the oil crisis. In 
addition, the use of nuclear power has been gradually reduced after the 1980 nuclear 
referendum. However, no significant step was taken until at least in the 1990 where an 
additional policy was implemented on wind power investment. In addition, a national 
planning goal was formulated in 2002 where one of the goals was to reach a total wind power 
generation of 10TWh by 2015 (Söderholm, 2007).  Figure 5 below shows the map of 
operational wind farm in the whole Sweden. 
 

 
Figure 5. Map of operational and proposed wind farm in Sweden 

As can be seen in the table 2, the proportion of wind energy in Sweden has increased 
significantly especially in the beginning of 2010 where the production jumps to almost 150% 
between 2010 and 2011. Wind energy is also the only source of electricity that experience a 
constant growth in net production, with SCB reported that the wind power production has 
increased by 14% between 2016 and 2017 (SCB, 2018).  It is also safe to say that Sweden has 
achieved its national goal, since the wind power production was 16,2TWh or 162% of the initial 
goal that was set in 2002. However, the majority of household electricity still relies on the 
more well-established hydro and nuclear power.  
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Table 2. Energy production (GWh) in Sweden by source between 2010-2017  
(source: SCB, 2018) 

Production 2010 2011 2012 2013 2014 2015 2016 2017 

Hydro power 66773 66609 78412 60935 63334 74 806 61713 64632 
Wind power 3502 6101 7165 9842 11234 16268 15479 17609 
Solar - 13 19 35 47 97 143 230 
Nuclear power 55626 58026 61393 63597 62185 54347 60542 63008 
Conventional 
Thermal Power 

19056 16779 15456 14789 13155 13 419 14621 15003 

CHP in Industry 6242 5790 6111 5640 5583 5 613 5527 5986 
CHP (Public 
Steam and Hot 
Water Works) 

12276 10180 9015 8839 7151 7 568 8803 8703 

Condensing 
Steam Power 

517 801 318 300 411 227 278 307 

Gas Turbines and 
Others 

21 9 12 11 11 11 14 8 

Total Production 144912 147528 162444 149198 149956 158 937 152499 160481 

Imports 14932 12481 11680 12674 13852 9294 14287 11896 

Total supply 159844 160009 174124 161872 163808 168230 166786 172377 

 
Sweden has an interesting geographical features and sizable inhabited area that could 
supports the development of wind energy. The cold climate of Sweden is an advantage for 
wind turbine, where a research showed that air at 30.8C is 26.7% denser than at 35.8C. Higher 
air density equals to higher output and it has raised the interest of harvesting wind energy in 
higher latitude (Dalili et. al., 2007). Unfortunately, wind energy has been largely untapped in 
the past and focus were given into hydropower, nuclear, or hydrocarbon. Sweden also gave 
an autonomy to the municipality for planning, provided it doesn’t interfere with the national 
interest. The developer must obey the land-use plan and environmental code that applies in 
the municipality. This approach was changed in 2008 when the country adopted the 
Miljöprocessutredningen (Environmental process examination) and streamlined the process 
to build a large-scale wind farm. Basically, the only code that needs to be followed is the HSE 
code without the needs to follow the municipality’s land-use plan (Liljenfeldt, 2014).  
 
However, some controversies and debate has risen around the development of wind power 
energy. As mentioned before, the Miljöprocessutredningen has relaxed the rules and reduce 
the municipality’s saying concerning the wind power development. A report from 
SverigesRadio stated that there is a proposal to remove the right to veto a new wind farm 
development from the municipality. Unsurprisingly, a counterpoint was presented by local 
politician; one of the points is that there is a possibility that a wind farm could be set-up in 
areas that were designated as residential area (Medelius, 2018). Other counter argument was 
mainly presented by the Swedish Landscape Protection Association (Föreningen Svenskt 
Landskapsskydd/FSL) and mostly involves nature conservation and visual obstruction as their 
base for argument. FSL argued that the removal of the veto are only giving advantage to the 
corporation and it is not fair to put the burden of providing clean energy to the municipalities 
in the countryside (Hedman, 2018).  
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Supportive argument mainly voiced by the wind power industry and their main argument is 
climate change. Svensk Vindenergi (association for wind power industry) for example, argued 
that Sweden could cut 50% of its emission by keeping the pace of wind energy expansion. 
They also stated that although wind power was able to grow despite the obstacles and 
rejection, state and municipal government should be more supportive in order to feel the 
benefits of wind energy to the climate (Burenius et.al., 2019). Another supportive argument 
clearly in favours of disbanding the veto right, stating that half of the wind farm projects got 
vetoed even before reaching environmental assessment stage. In turns, some wind farm must 
be built in a less optimal location and that leads to more turbines to be built in order to reach 
the climate target (Larson & Goldmann, 2018). Larson & Goldmann also responded to the 
comments made by the FSL, quoted stating: “The climate challenge is, after all, more 
important than the Viking traditions and unbroken horizons that FSL so actively defends” 
(Larson & Goldmann, 2018). The quote refers to previous statement by FSL that claimed wind 
farm creates a visual obstruction and the use of “drömmarnas vikingadraka” terms (which 
might mean to not meddle with the nature), without acknowledging the fact wind farm could 
reduce climate impact in Sweden and its surrounding. 
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4. Methodology and Methods 

4.1. Methodology 
This study will be based heavily on numbers and statistics. The data came from secondary 
source; therefore, no primary data collection will be conducted during the research. However, 
slight manipulation on the pre-existing data might occurred in order to obtain the required 
parameter. Due to this nature of the data, this research will rely on Quantitative Research. 
 

Table 3. Data and sources 

Name Type Source 

Sweden Base Map Shapefile Lantmäteriet 

Land Use Map Raster Corine 

Railway Network Map Shapefile Lantmäteriet 

Road Network Map Shapefile Lantmäteriet 

Digital Elevation Model Raster Lantmäteriet 

Climate Prediction Data netCDF EuroCordex 

Active Wind Farm Map Excel Vindlov 

Power Line Map Shapefile Lantmäteriet 

Residential and Commercial Building Raster Corine 

Airfield Map Shapefile Lantmäteriet 

 

4.2. Methods 

4.2.1. Weighted Overlay Analysis 
In ArcGIS, it is possible to seek for location that fulfills a certain criterion. In general, there are 
two models used in suitability analysis; Boolean and ‘relative suitability’. In the Boolean 
methods, the results will be strictly suitable or not. On the other hand, the ‘relative suitability’ 
allows alternative to be shown while also shows the trade-off that might be needed (Mitchel, 
2012).  
 
The next step in to choose between two available methods that are available in suitability 
analysis; weighted and fuzzy overlay. In weighted overlay, one must create layers containing 
the scale range in order to determine the area’s suitability. These layers then will be overlaid 
on top of each other, while the suitability values are also summed in order to generate the 
overall suitability map. This method allows the use of alternative scenario by changing the 
relative importance of some criteria. On the other hand, the fuzzy overlay is best used when 
the criteria are hard to quantify. (Mitchell, 2012). When we refer back to the research 
question, the weighted overlay seems to fit perfectly; since this research heavily depends on 
quantitative data and some criteria has a higher priority that the other. For example, wind 
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velocity layer will have a higher priority than distance to the road network. The reason is that 
we can build a new road, but it is impossible replicates wind speed in other area.   
 
The method is developed in the 1960s by Ian McHarg based on an approach to regional 
planning. The implementation in the GIS is by mathematically overlaying the source layers 
corresponding to the criteria, by assigning a numeric value corresponding to how suitable it 
is. Combining the various suitability layers to assign each location an overall numeric value on 
the output layer will indicate how suitable they are. The advantage to this method is that one 
can assign more importance to some criteria than others by specifying a weight for each 
source layer. 
 
Polygon source layers or raster source layers are able to be processed with the weighted 
overlay method. With polygon layers, the method is similar to the Boolean overlay method, 
but involves assigning suitability values and weights to each polygon on each source layer. The 
overall suitability value for each polygon can be calculated after the layers are combined, 
based on the layer’s attribute table. The more common raster weighted overlay method is 
well suited to mathematical overlay since the raster format uses cells that are coincident 
between layers. The cell values can simply be summed to create the overall suitability layer, 
making it more efficient and the results easier to analyze than when using the polygon overlay 
method.  
 
Relative suitability values need to be assigned to each source layer before combining the 
source layers, which will result in corresponding suitability layers. The layer’s suitability values 
must be on the same scale, which will ensure that the values are comparable and able to be 
mathematically combined. The suitability values are assigned based on published research or 
other standards.  
 
The suitability layers then will be combined into a single layer to assign an overall suitability 
value to each cell, with the possibility of some criteria are more important than others. It is 
also possible to assign weights to the suitability layers in order to specify which suitability is 
dependent on each criterion. The specified weights will be shown as a percentage, which will 
sum up to 100 percent. The suitability values assigned to the in each layer are multiplied by 
the weight and will show the layer’s importance. Therefore, when the layers are summed, the 
results reflect this weighting which represent relative importance.  

4.2.2. Euclidean Distance Analysis 
In Euclidean Distance Analysis, the relationship between a set of sources will be described on 
a straight-line distance. In case of a raster, then the source can only contain values of the 
source cells. Feature type source will be converted into raster when the tool is executed. The 
distance is calculated from the center of the cell to the center of the surrounding, which is 
defined by calculating the hypotenuse with “x_max” and “y_max” as the other two legs of the 
triangle (ESRI, 2016).  
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Figure 6. Principle of Euclidean Distance Analysis (source: Esri, 2016) 

4.2.3. Slope Tool 
This tool will calculate the highest rate of value’s change between a cell and the neighboring 
cells. The output could be displayed in degree or the percent of rise, which can be more easily 
explained by figure 7 below (Esri, 2016).  
 

 
Figure 7. Determining slope values in degrees and percent (source: Esri, 2016) 

 

 
However, in practices, the formula will be more complex since it needs to calculate the value 
from the other eight cells that surrounds the initial cell. The 3x3 cells will be named from a to 
i for the sake of easier understanding. The rate of change will be divided by 2, x and y direction. 
Thus, the rate of change could be defined as in figure 8 below 
 

X direction: 
[dz/dx] = ((c + 2f + i) - (a + 2d + g) / (8 * x_cellsize) 

 
Figure 8 Formula to calculate the slope’s rate of 

change and illustration of the cell grids (Esri, 2016) 

Y direction: 
[dz/dy] = ((g + 2h + i) - (a + 2b + c)) / (8 * y_cellsize) 
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4.2.4. Terrain Ruggedness Index (TRI) 
This tool available on QGIS, an open sourced Geographic Information System software similar 
to ArcGIS. The tool is based on the formula defined by Riley et.al (1999) titled “A Terrain 
Ruggedness Index That Quantifies Topographic Heterogeneity”. The formula was derived from 
the USGS Digital Elevation Model using a terrain analysis function embedded in the GIS. It 
calculated the TRI by utilizing the “DOCELL” command in ArcInfo, which will calculate the total 
change in elevation between a grid and its eight-surrounding grid. 

4.2.5. Criteria 
The criteria and constraints used in this research were based on several previous international 
research that has been published and peer reviewed. Due to the limited Swedish guideline 
available in English, the writer could not apply the local guideline that was set by the Swedish 
government. As mentioned before, the weighted overlay analysis differs from the fuzzy 
overlay analysis by the ability of putting weight on the criteria, based on the importance of a 
criteria. Therefore, a more essential criteria would have a higher influence in the calculation. 
The weights are assigned in percent and all criteria must have their own weight value until it 
accumulates to 100%. The complete list of criteria will be shown in table 4 below. 
 

Table 4. Criteria and constraints of the study 

No. Criteria Target Value  
and Weight 

Source Remarks 

1 Wind Speed Target Value: 
3,3m/s < x < 10m/s 
 
Weight: 
20% 

- Vestas According to the official 
brochure, a typical Vestas’ 3,45-
4,2 MW wind turbine has a cut-
in and cut-out speed of 3 m/s 
and 25 m/s respectively. 
However, the most optimum 
wind speed for efficient 
production is between 6-10 
m/s. In order to make the sure 
the turbine could spin despite of 
mechanical depreciation in the 
future, an additional 10% was 
added to the cut-in speed 
(3,3m/s). Therefore, the 
appropriate location should 
have a wind speed between 3,3-
10m/s. Wind speed were given 
20% weight as it is a non-
negotiable factor in 
determining the feasibility of an 
area for a wind farm, as wind 
cannot be created or modified.    



20 
 

2 Roadside 
Distance 

Target Value: 
200m < x < 10000m  
 
Weight: 
10% 

- Baban & 
Parry, 2001 
 
- van Haaren & 
Fthenakis, 2011 

The literature stated that due to 
economic reason, wind farm 
better be located near the road 
to keep the construction cost 
down. To put it into context, van 
Haaren & Fthenakis stated that 
it cost $82,000 to build 1 km of 
road; thus, both sources stated 
that 10 km is the maximum 
distance between the road and 
wind farm. However, keep in 
mind that some spacing is 
required between the road and 
turbine in order to reduce 
obstruction and safety reason. 
Therefore, the writer set a value 
of 200 m as a buffer (10% of the 
building’s buffer zone). Despite 
being a constraint from a 
financial point of view, 
investment for creating new 
road access are justified if it 
opens a new opportunity. 
Therefore, a 10% weight was 
assigned to this criterion. 

3 Distance to 
Powerline 

Target Value: 
200m < x < 10000m  
 
Weight: 
10% 

- Baban & 
Parry, 2001 
 
- van Haaren & 
Fthenakis, 2011 

The argument is basically the 
same with the previous criteria. 
The difference is, it cost 
between $100,000- 125,000 to 
set up 1 km of new cable (Baban 
& Parry, 2001). Despite being a 
constraint from a financial point 
of view, investment for creating 
new power line are justified if it 
opens a new opportunity. 
Therefore, a 10% weight was 
assigned to this criterion as well. 

4 Distance to 
Railway 

Target Value: 
x > 200m  
 
Weight: 
5% 

- Miller & Li, 
2014 
- Dalili et. al., 
2009 

Due to the rather extreme 
winter in Sweden, the writer set 
a value of 200 m as a buffer zone 
despite Miller & Li set a 100 m 
buffer in their research. This 
was due to the threat from 
flying icicle that might 
endangers the railway 
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infrastructure or even the 
passing train. This criterion 
received 5% of the total weight, 
due to the less disturbance the 
wind farm creates to the 
railway. 

5 Distance to 
Commercial 
and 
Residential 
Buildings 

Target Value: 
x > 2000m  
 
Weight: 
20% 

- Baban & 
Parry, 2001 

To reduce negative social and 
health impact of the wind farm, 
wind farm should be be located 
2000m away from urban area or 
500m from single standing 
housing. However, due to the 
sensitivity of this issue in 
Sweden, the writer decided that 
at least 2000m of buffer zone is 
required from any type of 
residential, commercial, and 
even building that is currently 
under construction. Due to it 
being an essential and rather 
non-negotiable, this criterion 
received 20% out of the total 
weight. This criterion has been a 
sensitive issue in many wind 
farms, especially in Sweden. 
Therefore, a higher percentage 
is justified 
 

6 Distance to 
Airfields 

Target Value: 
x > 15000m  
 
Weight: 
10% 

- International 
Civil Aviation 
Organization 
(ICAO) 

The reason behind this 
restriction is to clear the 
airspace around the airfields 
from obstacles. Obstacles could 
endanger flight operation in an 
airfield and limits aircraft 
performance from that airfield. 
In order to simplify the 
restriction and allow airfields to 
be developed in the future, a 
15000m buffer that is required 
for Category III Precision 
Approach will be applied in this 
research and a 10% was applied 
to this criterion.  
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7 Ruggedness 
Index (RI) 

Target Value: 
0m < x < 497m  
 
Weight: 
5% 

- Beler, 2011 
 
- Han et.al., 
2018 
 
- Riley et.al., 
1999 
 
- Sen, 2001 
 

Wind flow around obstacles will 
varies depending on the density 
of the obstacle itself. A sparser 
obstacle will affect the wind 
flow significantly and make it 
rougher, while a denser 
obstacles will smoothens the 
flow since the contact area will 
be much smaller. An unstable 
wind speed not only could 
reduce the power output by up 
to 15% but could also put a high 
stress on the turbine structure 
itself. Therefore, an RI between 
0m and 497m is favorable based 
on Riley et.al.’s classification 
system. This criterion, as far as 
my research, has not been used 
on any suitability research 
before. However, based on 
some supporting literature, it 
might improve the wind 
turbine’s efficiency. Therefore, I 
decided to include this criterion 
with a 5% weight.  

8 Slope (%) Target Value: 
x < 10%  
 
Weight: 
10% 

- van Haaren & 
Fthenakis, 2011 

According to van Haaren & 
Fthenakis, a slope of less than 
10% is deemed as suitable for a 
wind farm location. Higher 
slope grade will hinder the 
construction process and raise 
the construction cost 
significantly. Thus, areas with a 
slope of less than 10% are 
favorable that those who have 
more. Despite being a 
constraint from a financial point 
of view, investment for building 
wind farm in a steeper location 
are justified since wind speed 
tends to be higher in the 
mountainous area that have a 
steeper slope. Therefore, a 10% 
weight was assigned to this 
criteria. 
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9 Distance to 
Conservation 
Area 

Target Value: 
x > 1000m  
 
Weight: 
10% 

- Baban & 
Parry, 2001 
 
- Rodmand & 
Meentemeyer, 
2006 

Due to the visual obstruction 
and noise disturbance, wind 
farm needs to be located at a 
certain distance from 
conservation area. This is to 
prevent economic loss from the 
visual obstruction and also to 
prevent interference with any 
vulnerable flora or fauna 
habitats. Other than natural 
conservation, Sweden also have 
a “Cultural Reserve Area” which 
in this research will be treated 
equally as the natural reserve 
area. Based on the literature 
study, a minimum distance of 
1000m will be set from the 
conservation area. 
 
 

4.2.6. Scenario 
The climate scenario that was used in this research is based on the Representative 
Concentration Pathways 8.5 scenario (RCP 8.5). The number on each scenario represents the 
possible range of radiative forcing values in the year 2100 in W/m2. As can be seen in figure 9 
below, the scenarios represent what might happens in the future based on today’s policy and 
mitigation plan on climate change. In short, the RCP 2.6 represents the best possible scenario 
while the RCP 8.5 represents the worst. Unfortunately, NCCARF stated that latest report from 
IPCC shows that we are approaching the RCP 8.5 scenario, which is the worst possible scenario 
to date. Therefore, it was the scenario used in this research. 

 
Figure 9. RCP scenario pathways (Source: Wikipedia) 
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In this scenario, it was assumed that the earth’s population is high, slow income growth, 
mediocre rate of technological development/energy intensity improvements, and no climate 
change policies. This will lead to high energy demand that leads into high level of greenhouse 
gas emission (Riahi et.al, 2011). All possible scenario of RCP will be shown in the table 5 below. 
 

Table 5. Possible Representative Concentration Pathways (RCP) Scenarios 
(Source: National Climate Change Adaptation Research Facility/NCCARF, 2017) 

Scenario Name RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5 

Effort to Reduce 
Emission 

High Medium Medium Low 

Energy Generation Renewable Renewable Mix Coal 

New Technology 
Emissions 
Capture 

- - - 

Transport 
Bike and public 

transport 
Mixed Mixed Car, trucks 

Temperature 
Increase (°C) 
(2081-2100) 

1.0 1.8 2.2 3.7 

Sea Level Rise (m) 
(2081-2100) 

0.4 0.47 0.48 0.63 

Extreme Weather 
(2081-2100) 

Small  
Increase 

Moderate 
Increase 

Moderate 
Increase 

Large  
Increase 

 
 
4.2.7. Research Limitation 
The climate prediction data used in this research has a rather low resolution at around 10x10 
km. Therefore, the grid size will be sized around that value. As for the slope and ruggedness 
index criteria, a blank spot will appear in the Northwestern Sweden. This is due the fact that 
Lantmäteriet has not done the measurement in that area.  
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5. Results 
 
1. Which location is suitable for the development of the future wind farm in Sweden? 
 
From a climate point of view, results showed that climate change do affects the wind speed 
of Sweden in a positive way. As time progress throughout the scenario, the wind speed keeps 
increasing. This can be seen in the raw wind data in figure 10 below. 

  
Figure 10. Raw wind speed data in 

different time-frame 

 

 
The lowest wind speed keeps increasing as time progress. Between 1971-2000 the lowest 
wind speed was 2.95m/s while in the 2071-2100 time frame, it was forecasted that the 
minimum wind speed will be around 3,11m/s. By merging all the criteria and analyze all the 
layers with the Weighted Overlay Analysis (WOA), we could produce the final suitability map 
for wind farm in Sweden. Based on the polygon calculation of both forecasted time frame 
scenario, there has been an increase in the share of suitable area by around 0.44%. However, 
keep in mind that this change is based solely on the change in wind speed due to climate 
change alone. Any regulation change, population growth, or more focal rejection group might 
change these number in the future. 
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Figure 11. Suitability map for the future wind farm in Sweden 

 
As can be seen in figure 11, Sweden has a big potential to develop its wind energy sector. By 
analyzing the pattern of the suitable area, the biggest constraints seem to be access to the 
existing road network, power line, and conservation area. The presence of airfields’ buffer 
zone (Figure 13 in Appendices), which covers a small part when compared to the whole 
country, is rather negligible despite the future-proof 15,000 m buffer. Meanwhile, most areas 
in the dense urban population center are obviously not suitable (Figure 14 in Appendices), 
which visible in the map as clusters in the Greater Stockholm, Göteborg, and Malmö. However, 
areas in central and western Sweden and the majority of Norrland area are relatively sparser 
(except in the Baltic Coast) when compared to the metro areas in the lower half of Sweden. 
 
Numerous conservation areas are present along the Swedish and Norwegian border and 
significant part of Norrbotten county (Figure 15 in Appendices). A rather small and fragmented 
conservation areas are also present in the lower half of Sweden. Sweden’s power line 
distribution is dense and massive (Figure 16 in Appendices), which makes most of the country 
to be feasible. However, a significant part of the Swedish-Norwegian border and Norrbotten 
county did not have access to the power line within a 10,000 m radius which might hinders 
the development of wind farm in the area. On the other hand, the presence of railway track 
is insignificant in the site selection due to the small buffer applied (Figure 17 in Appendices).  
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Based on the road accessibility criteria, almost all part of the country is located within a 10,000 
m radius from road access (Figure 18 in Appendices). However, a rather large part in the 
Northwestern Sweden is located outside of the 10,000 m buffer. It this important to 
remember though, that there are a 200 m no-build buffer set on the road to prevent thrown 
icicle to reach the road. On the ruggedness index (RI) criteria (Figure 19 in Appendices), 
practically every part of the country is a feasible site for constructing a wind farm. As for the 
ground slope (Figure 20 in Appendices), a rather dense cluster of steep areas are present in in 
the Northwestern Sweden, with a presence of less dense cluster of steep areas in the 
Västernorrland county. It is important to note that as mentioned in the study limitation, 
several blank spots are present in the Northwestern Sweden laser topography data. The wind 
speed suitability is divided in three different time-frame (1971-2000, 2021-2050, and 2017-
2100) and as can be seen in Figure 12, there are sizable reduction of the unsuitable area 
especially in the Norrbotten area. 
 

   
Figure 12. Historical and forecasted wind speed in Sweden 

 
In general, the Northwestern part of the Swedish-Norwegian border has a significant wind 
energy potential due to the high wind speed value. This was mainly due to the mountainous 
nature of the area. However, the non-existing power line makes the area to be unsuitable for 
wind farm site. For example, there are some pockets in the area in the Northwest that has a 
good wind speed, located outside of conservation area, and have a relative flat terrain, but 
did not have access to the road network and/or power line.  
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Based on the overall suitability map (Figure x), 29.08% of Sweden are suitable for wind farm 
location in the 2021-2050 timeframe and the number increases slightly to 29.52% in 2071-
2100 time-frame.  
 

Table 6. Change in suitable area from different time frame 

 
 
 
2. Does the current, planned, and canceled wind farm projects in Sweden was located in the 
appropriate area? 
 
By using the “Select by Location” feature in ArcGIS, around 89% of the operational/planned 
wind farms are located in the 10,000 m radius of the suitable area and non are located inside 
the 2,000 m buffer from the buildings. As for the appealed against/rejected project, we will 
approach this issue from the social rejection point of view. In case of appealed projects in 
figure 22A (see Appendices), some of them are located in the proximity of conservation or 
residential/commercial area. However, some of them are located in the suitable area. Despite 
of the appeal, there is a probability that those projects will follow through if the benefits 
outweighs the disadvantage. On the other hand, the canceled/rejected projects in figure 22B 
(see Appendices), did have some issues that might raise rejection from the society. Take a look 
at southern Skåne for example, where a dense concentration of wind farms are supposed to 
be located near a dense population center. One project is even located very near to 
Stockholm, which is no surprise why it got rejected. 
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6. Discussion 
 
From the technical point of view, the increase of predicted wind speed in Sweden confirms 
Eichelberger research where he states that climate change is predicted to cause stronger 
surface wind speed values across the boreal regions of the Northern Hemisphere, including 
much of Canada, Siberia and northern Europe, and in tropical and subtropical regions in Africa, 
and Central and South America (Eichelberger, 2008). By analyzing the final suitability maps, 
the power line network seems to be the biggest constraint in this feasibility study. There are 
several potential areas for the new wind farm projects in Northwestern Sweden that was 
marked as unsuitable just because the lack of power line connection. Therefore, despite of 
the economic reason stated by Baban & Parry (2001), building a longer power line from the 
existing line should be justified provided that the economic returns are bigger than the initial 
investment.    
 
Analysis of the operational and proposed wind farm shown that 88% of them are located in 
the suitable location, based on the criteria that were used in this study. None of the unsuitable 
wind farms are located inside the building buffer zone. On the other hand, the rejected or 
opposed wind farms are mainly caused by land use conflict; whether they were located 
in/near a conservation area or they are too close to the buildings. These rejections, of course, 
are justified based on the literature that was used for the criteria selection or the 
local/national guideline on environmental protection.      
 
From a geographical point of view, it is safe to assume that the concept of ‘place’ mentioned 
in Devine-Wright (2009) article applies to current situation in Sweden. By using the terms 
“drömmarnas vikingadraka”/ “dreaming of a Viking dragon” as their rather poetic argument, 
it shows that the opposition to wind farm projects are based on a strong attachment to their 
living area and also relates their identity with the area. However, it is interesting that the 
spatial-based NIMBY concept did not apply with the opposing side’s goal since their fights 
seems to be on a country-wide level. By reflecting on the arguments provided by the pros and 
cons side in the media, the definition of NIMBY that applies in this situation in Sweden is 
leaning towards the individual level opposition that was determined by the lack of adequate 
knowledge of the issue or the proposed technology (Devine-Wright, 2009).  
 
However, a different approach to the opposing side could be applied. If we reflect on the case 
from Scotland, it is interesting that the local who actually lives in the area are more accepting 
that the tourist that did not spend their daily life there (Warren & McFayden, 2008). The 
behavior of FSL could also be explained by the fact that nature could stimulate attachment in 
a person due to its physical condition or even just from the experience gained by visiting it 
(Schilar & Keskitalo, 2018). Therefore, a more localized approach such as a community-owned 
should be promoted instead. The reason is that the argument for community-owned wind 
farm that was proposed in Scotland (generating income, image improvement, and pride) 
might bring a positive outcome. The extra income generated by the wind farm could leads to 
‘place attachment’ since people now benefits directly from the presence of wind farm. Image 
improvement and pride could lead to ‘place identity’ since the local will be labeled as ‘green 
and eco-friendly’; which is something that has been promoted by the Swedish government. 
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A better approach to Miljöprocessutredningen are also required in order to prevent harsher 
rejection in the future. The removal of the veto right is just wrong and ignores the whole 
theory on ‘place’ as a whole. For instance, imagine if a wind energy company appears out of 
nowhere and decided to build a wind farm in this empty land. Meanwhile, the local population 
has been using that area as an outdoor recreational area for many years. With the removal of 
the veto right, the wind energy could take all of the land in a blink of an eye. This will lead to 
a resistance from the ‘attached’ local and probably could ruin the image of wind energy in the 
eyes of the local. This might grow fear on wind energy among the locals and they will be ended 
up as the worst definition of NIMBY; opposition that is determined by ignorance, irrationality, 
and selfishness (Devine-Wright, 2009). 
 
In further research, it will be interesting to see a smaller scale research that also includes local 
‘place’ as one the criteria. These local ‘places’ are probably not registered on as a conservation 
area; it might be just an empty field where the local spend their free time and do their 
gathering. However, energy company could come anytime and decided to build a wind farm 
in the exact location. It is stuff like this that will creates a clash in the future. Therefore, a study 
that includes ‘place’ as a criterion will be much more local and less likely to creates rejection. 
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7. Conclusion and Suggestion 

7.1. Conclusion 

• Climate change did affect the average wind speed of Sweden in a positive way, where 

the number increases from 1971 until 2100.  

• Around 30% of Sweden’s land area are suitable for future wind farm location 

• Current operational wind farms were located in a less suitable area, mostly located 

near the center of population 

• Under construction wind farms are located in a more suitable area 

• The rejected wind farms project was located in the extreme side of less suitable areas. 

 

7.2. Suggestion 

• Investment should be granted in order to utilize the untapped wind energy potential 

in the Northwest Sweden. 

• A personal approach to the local communities needs to be done in order to educates 

them about the advantage of wind energy to the climate 
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Appendices 
 

 
Figure 13. Airspace obstruction suitability map 
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Figure 14. Distance from commercial/residential building suitability map 
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Figure 15. Conservation zone suitability map 
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Figure 16. Distance to power grid suitability map 
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Figure 17. Rail track distance suitability map 
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Figure 18. Road accessibility suitability map 
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Figure 19. Ruggedness index suitability map 
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Figure 20. Slope suitability map 
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Figure 21. Maps of constructed and proposed wind farm in Sweden 
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Figure 22. Maps of challenged and rejected wind farm projects in Sweden 


