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Abstract. The remarkable growth of wind energy in the last twenty years has been accompanied by a rapid 

spread of wind turbines (WTs) in many European countries, sometimes creating new landscapes that we are 

supposed to call “windscapes”. This paper aims to map the EU regions characterized by a very high density 

of WTs in those ten EU countries, which for various reasons have become key players in the wind energy 

sector in Europe. We use the crowdsourced data from a participative mapping project, the OpenStreetMap 

(OSM), created in 2004 in order to build and share online a free editable map of the world. First, we 

automatically extract the geographical position of each WT, thus creating a GIS of WTs for each of the EU 

countries under examination. Having certified the reliability of OSM data, we have to estimate the 

concentration of WTs. For this reason, we assume that the search radius around each windmill corresponds 

to its visual impact threshold (roughly equal to 10 km). Applying the ‘point density’ function in a GIS 

environment, we create the map density of WTs in the study area. In order to have a clear visualization of 

the impact of the wind energy policies adopted by each EU member state, this map is then compared with 

the map of wind resources created in 1989. What emerges are two very different situations in the study area: 

while in the north, Germany and Denmark have seen a massive spread of WTs all over their countries, WTs 

in the south are mainly concentrated in only a few windy areas of Spain, Portugal and Italy. Moreover, almost 

1,350 Km2 of land distributed in four member states (Germany, Italy, Spain and United Kingdom) can be said 

to be characterized by a very high density of WTs (over than 200 WTs in a circle area with a radius of 10 Km).  
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1. Introduction 

In a world still heavily dependent on fossil-based fuel sources, the recent rapid growth in renewables has 

brought with it significant changes both in the landscape and in society in general. Twenty years after Kyoto, 

the transition to a new, more sustainable age of energy use is beginning to become a reality. The European 

Union (EU) has always been a world leader in the field of renewable energy sources (RES) and many of its 

member states nations are today among the largest producers of sustainable energy. However, the 

widespread utilization of biomass, wind and solar can have profound effects on the landscape involved. Nadaï 

and van der Horst (2010) talk about a new kind of landscape, called the “landscapes of energies”, and point 

out that «looking at the energy transition through the lens of landscape might contribute in pushing this 

agenda farther and deepen the analysis of renewable energy policies». Could those regions with a high 

concentration of onshore wind farms be considered as having a sort of new energy landscape? Given the 

remarkable number of wind turbines (WTs) spinning around the world by the end of 2016 (about 341,320; 

Sawyer et al., 2018) which are mainly concentrated in a small number of countries1 or rather, in limited areas 

within these countries, is it reasonable to call these landscapes modern “windscapes”? 

In recent decades, wind energy has become one of the most important RES: between 1990 and 2015, the 

average annual growth rate of wind power (in terms of generating capacity) for world energy supply was 

about 24%, second only to solar photovoltaic (45.5%) (IEA, 2017, a). Wind energy now makes up 4% of global 

                                                             
1 Around 85% of wind power capacity worldwide is installed in just ten countries: China, the USA, Germany, India, Spain, 
the UK, France, Brazil, Canada and Italy (Sawyer et al., 2018).  



RES (IEA, 2017a), guaranteeing an electricity production in 2015 of about 838 TWh (IEA, 2017, b). In 

comparison to the other RES, wind power provides simultaneously a high efficiency of electricity production 

(24-54%), cheap electrical energy2 and the lowest greenhouse gas emissions (around 25g/kW h CO2-e) (Evans 

et al., 2009). Moreover, if we consider the wind power cycle over time, it requires less land than the fossil, 

nuclear, biomass and hydro fuel cycles (Fthenakis & Kim, 2009). Perhaps for all of these reasons, the image 

of WTs often used in advertising can be said to represent – especially for ‘outsiders’ (meaning the people 

who do not live close to the wind farm) – almost a sort of icon of RES.   

However, as many authors have pointed out (see, for example, Saidur et al., 2011; Wang & Wang, 2015), 

wind power also has some negative effects on the environment, such as its impact on wildlife (mainly on 

birds and bats) and land occupation. For the people living in the proximity of WTs, however, the most 

significant negative impacts are the noise (from the constant movement of the rotor blades) and the damage 

to the views and the aesthetics of the landscape (i.e., Pedersen et al., 2007). Nevertheless, since noise levels 

drop at a fairly short distance, (i.e., Barlas et al., 2017), few people are involved. The visual and aesthetic 

impact, on the other hand, affects a much wider area, and is sometimes the main reason for opposition to a 

newly proposed wind farm (Petrova, 2013).  

Assessing the objective visual threshold of a wind farm is thus very important in order to support the planning 

and decision process for new power plants; it can be difficult, though, because it involves numerous factors 

such as the visual size and contrast, the landscape setting and the features of the object (Shang & Bishop, 

2000). The height of towers, their total number, their color and the rotor diameter, the moving blades and 

the general layout of the wind farm are all key elements in how the visual impact of the WTs is defined, not 

to mention features of the terrain such as topography, land cover and management, and the network of 

human settlements (such as Torres Sibille et al., 2009; Warren et al., 2005). Several studies have tried to 

assess the visibility of WTs using mainly a GIS-based approach (such as Hurtado et al., 2004; Möller, 2006; 

Molina-Ruiz et al., 2011) or one supported by analysis of photographs (such as Lothian, 2008; Jallouli & 

Moureau, 2009; Vissering et al., 2011; Betakova et al., 2015) or a combination of the two (i.e., Tsoutsos et 

al., 2008). However, since the perceived visual impact of WTs usually ‘‘remains in the eye of the beholder’’ 

(Bishop, 2002), when assessing local acceptance of a wind farm, it is important to take into account the 

subjective component in any aesthetic quality evaluation of a landscape. Perception, cognition and emotion 

are crucial psychological elements in the human observer (Daniel, 2001), so it is important to ‘objectivize’ the 

visual impact assessment by focusing on “respondent characteristic” (Molnarova et al., 2012; Sklenicka & 

Zouhar, 2018).  

For these reasons, the distance factor, too, is an open question. In 2002, Bishop stressed how, even in clear 

air, the visual impact of WTs (50 m height; 3-blade rotor; blade 26 m long) “becomes minimal beyond 5-7 

km”. For Tsoutsos et al. (2009) the blades’ motion extends the visual zone affected by WTs, so their presence 

can be observed as far as 8 km. The guidelines of Scottish Natural Heritage (University of Newcastle, 2002), 

on the other hand, propose three specific distances for the recommended ‘zone of visual influence’: it 

suggests a landscape dominated by WTs in the first Km of distance (the ‘immediate area’); the view is mainly 

occupied by WTs and by the attractive motion of their blades also in the ‘intermediate area’ (between 1 and 

10 km); on the other hand, the WTs visual impact become minimal only after 10 Km (the ‘distant area’). 

Instead, Knies and Gräfe (2011) suggest threshold values quite lower: similarly to the Scottish Natural 

                                                             
2 After collecting a large number of literature sources, Evans et al. (2009) estimated that the mean price of wind 
electricity is 0.07 USD/kWh. Actually, this is average cost of electricity generation has a wide range of variability, after 
accounting for all the steps usually included in a life cycle analysis procedure (construction, installation/commissioning, 
operation, maintenance, decommissioning, recycling and/or disposal). Even if the wind costs can be “minimized by 
careful selection of suitably sized generators, according to the quality of the site-specific wind resource”, this price can 
only be considered competitive as long as there are favorable general economic conditions. A good example of this is 
Spain: recent political policies designed to make the energy market more balanced and sustainable have made the 
construction of new wind farms unprofitable, substantially stopping growth in the wind sector since 2012 (see Section 
6).   



Heritage, they detect several zones of visual impact (proximity, foreground, middle distance, distant view 

and far distance) for WTs with different heights (80m, 100m and 150m), but the proposed visual thresholds 

are very close to the WT for the ‘distant view’ zone (1.5km, 2km and 2.8 km, respectively), while the upper 

limit of the ‘far view ‘zone is between 30 km and 40 km. Vissering et al. (2011) too, in view of the rapid 

developments in WT technology, suggests that in clear weather conditions, modern WTs with a power 

capacity of 2MW (or more) can easily be seen from a distance of more than 30Km. While agreeing about the 

changes in the visibility of WTs due to their rapidly increasing height, Sullivan et al. (2014) still proposes lower 

limits for their visual impact (between 19 and 37 km). Betakova et al. (2015), on the other hand, propose a 

different definition of ‘the most and the least attractive landscape’: in the former, the negative visual impact 

of WTs disappears after 10 km while, in the latter, it disappears after 5 km. Without being exhaustive (Table 

1), it should have become fairly clear by now that it is very difficult when one is dealing with objective data 

(i.e. the height of the tower, the size of the WT, etc.) regarding a fast-developing technology which then must 

somehow be interfaced with differing subjective evaluations of the insiders (who live within the region) 

and/or the outsiders (the casual viewers). 

 
Authors (year) Visual Impact (VI) Notes 

Knies and Gräfe (2011) 2.8/40 km Initial border of ‘distant view’ / upper limit (for a WT 150 m height) 

Bishop (2002) 5-7 km Range of VI limits (for a WT of maximum 75 m height) 
Tsoutsos et al. (2009) 8 Km VI influenced by blade motions 

Scottish Natural Heritage (2002) 10 Km Initial border of ‘distant area’ 

Betakova et al. (2015) 5/10 Km Upper limit in the most/least attractive landscape 

Vissering et al. (2011) 30 km Upper limit for a ‘modern’ WT (more than 2MW) 

Sullivan et al. (2014) 19-37 Km Range of VI limits depending to visibility conditions and WT characteristics  

Table 1.  Some examples of different proposals for the visual impact (VI) of WT.  

 

The main purpose of this paper, however, is to draw attention to the astonishing growth in the number of 

WTs in those EU countries which are presently playing a key role in wind power. More specifically, we intend 

to map the EU regions characterized by a very high concentration of WTs, so as to obtain a clear idea of the 

actual size of these new “windscapes”. Our data source is OpenStreetMap (OSM), one of the most popular 

platforms which uses volunteered geographic information (VGI) supplied by people collecting geospatial data 

using a GPS or finding positions through an Internet web mapping service such as Google satellite (Goodchild, 

2007). The OSM is an international project which started in the UK in the early 2000s and developed in order 

to create and provide free global topographic maps (see Bennet, 2010; Ramm et al., 2011). While at the 

beginning, the VGI was mainly focused on road network data, attention has now shifted to real-world 

features, such as buildings or land use (i.e., Neis & Zielstra, 2014). At present, there are many different tags 

(cfr. Section 3) used to provide VGI to OSM in order to map almost everything. With regard to RES, VGI maps 

photovoltaic farms (Mauro & Lughi, 2017), biomass and biofuel plants, hydroelectric dams, and so on. It is 

therefore possible to automatically extract the exact location of WTs using geographical information system 

(GIS) software (see Borrough, 1990) such as, QuantumGIS. Various data can be obtained from this software, 

such as the geographical distribution of WTs within a given country, or the areas with a high concentration 

of WTs. 

This paper is organized as follows: Section 2 contains a brief description of wind supply in EU; Section 3 

provides more details about the OSM project and the potentially available data; Section 4 describes the 

methodology used; Section 5 presents the main results; Section 6 discusses the results; and Section 7 

contains the concluding remarks. 

 

 

2. Wind energy development in Europe 

 



The wind energy sector has seen exponential growth since the turn of the century. In recent years, there 

have also been significant changes in its geographical distribution (Table 2), and by the end of 2010, China 

had become the new world leader (188,392 MW in 2017). 

 
 2000 2010 

 MW Share of World total 
(%) 

MW Share of World 
total (%) 

EU 18,040 73.3 177,506 32.9 
USA 2,564 14.2 89,077 16.5 
East Asia 492 2.7 228,684 42,4 

Table 2.  Wind energy sector development (2000-2010). Sources: Dent, 2013; Sawyer et al., 2018. 

 

At the beginning of 2000, the EU was the world leader, with 73.3% of global installed capacity (18,040 MW), 

while in the same year, the USA accounted for 14.2% and East Asia for 2.7% (Dent, 2013). By the end of 2010, 

China had become the new world leader (44,733 MW in 2010 rising to 188,392 MW in 2017). East Asia now 

accounts for 42.4% of global installed capacity (539,123 MW), followed by the EU (177,506 MW; 32.9%) and 

the USA (89,077MW; 16.5%) (Sawyer et al., 2018).  

As is well known, the EU countries set their different targets in the renewable energies Directive 

(2009/28/Ce) aiming to achieve 20% of total energy consumption from RES by 20203. The EU is now very 

close to reaching the 2020 target, mainly thanks to faster growth in the photovoltaic and wind sectors 

(Arantegui & Jäger-Waldau, 2018). In 2017, the production of wind energy (336 TWh) alone covered 11.6% 

of EU electricity demand (2,906 TWh), becoming the second biggest form of power generation capacity after 

gas (Fraile & Mbistrova, 2018).  2018). Germany is the third in the world for its wind-power capacity (WPC) 

and the biggest producer in the EU, followed by Spain, the UK, France and Italy (Table 3). Overall, the WPC 

of several EU countries is comparable to (or sometimes higher than) other traditional or rising global 

economic powerhouses such as Canada (12,239 MW), India (22,848 MW) or Brazil (12,773 MW) (Sawyer et 

al., 2018). Denmark is the EU country with the largest share of its electricity demand covered by wind energy 

(44%, of which 16% of offshore), followed by Portugal and Ireland (24.2% and 24% respectively, almost 

exclusively onshore), Germany (20.8%, about 3% offshore) and Spain (18.6%, almost exclusively onshore) 

(Fraile & Mbistrova, 2018). Germany and Denmark are the EU countries with the highest WPC density 

(estimated as MW/Km2), followed by Netherlands, Belgium and the UK (Table 3).  

 

WPC Wind energy penetration rate WPC spatial penetration 

Country MW Country % Country KW/Km2 
Germany 56,132 Denmark 44.4 Germany 142 
Spain 23,170 Portugal 24.2 Denmark 130 
United Kingdom 18,872 Ireland 24.0 Netherlands 101 
France 13,759 Germany 20.8 Belgium 94 
Italy   9,479 Spain 18.6 United Kingdom 82 

 

Table 3. The top five EU28 Countries for their wind power capacity (WPC) (source: Fraile & Mbistrova, 2018); for wind 

energy penetration rate (percentage of the average electricity demand covered by wind; source: Fraile & Mbistrova, 

2018) and for WPC spatial penetration (source: IEA, 2018).   

For a more detailed comparison, the complete table can be found in the appendix 1. 

 

Given the above, since the paper intends to map EU regions with a high concentration of WTs, we consider 

the geographical distribution of windmills in the ten countries – Germany, Spain, United Kingdom, France, 

                                                             
3 The recent agreement “2030 Climate and Energy framework” adopted by EU leaders in October 2014, raises targets 
to at least a 27% share for renewable energy by 2030. 



Italy, Denmark, Portugal, Ireland, Netherlands and Belgium – which according to various parameters (either 

WPC or wind energy penetration rate or WPC density) are the key players in wind energy among the EU28.  

 

3. Data source: the crowdsourcing data of OpenStreetMap (OSM) 

 

In the composite world of map-making, greatly influenced by modern information technology but also by the 

creative efforts of cartographers, OSM represents a significant breakthrough. Created in 2004 by Steve Coast, 

a British programmer, who had the idea of building and distributing a free editable map of the world, OSM is 

now a very valuable resource for geographical data. In just  a few years, this project has grown exponentially: 

at the time of writing, it has more than 4.2 million registered members, although only around 1% of these 

are ‘active users’ (OSM statistics, http://www.openstreetmap.org/stats/data_stats.html, accessed 20 

November 2018). In real terms, this means that more than 40,000 people around the world – the VGI –are 

directly involved during their spare time in mapping (or updating), in collecting GPS tracks, or in using other 

cartographic sources (such as Yahoo’s vertical aerial photography database or Microsoft’s Bing Map or again, 

official data released from various governments around the world; Curran et al., 2012).  

The digital map is freely available from the project’s main website (www.openstreetmap.org) and can be 

used in different ways to obtain information about numerous points of interest through geocoded locations 

(Maier, 2014). Obviously, quality assessment is still one of the most important critical issues of OSM, 

representing a key issue for the OSM Community. Several studies have pointed out the high quality of the 

crowdsourced map (i.e., Zieltra  & Hocmair, 2011; Almendros-Jemenéz & Becerra-Terón, 2018). However, 

the huge dataset generated by VGI from people with different levels of mapping experience and technical 

skills can create anomalies such as overlapping features, length completeness, missing attributes and 

duplicate points (Kaur et al., 2017).  

VGI modify the OSM PostgreSQL database, by mapping point information (represented by node objects) or 

lines and polygons (represented by way objects). The key component of OSM is its main database, which 

contains tables for each element type (nodes, ways and relations). In OSM, the attribute information of each 

object is referred to as a ‘tag’. It consists of a ‘key’ and a ‘value’ used to store metadata: the first describes a 

broad class of features (e.g., an amenity, a building, tourism, etc.), the second details the specific feature that 

was generally classified by the key (e.g., for amenity = a cinema). Finally, relations are sometimes used to 

explain a relationship between node and way (Ramm et al., 2011).  

For the mapping of electrical power lines or associated infrastructure, the key tag is ‘power’, while the 

‘generator’ is the value describing a device converting one kind of power to another (i.e., WT, gas turbine, 

single solar panel, hydroelectric turbine, etc.). The compulsory attribute linked to the value generator may 

vary. The ‘source’ refers to the power source of the energy such as wind, solar, hydro, coal, and so on. The 

‘method’ refers to the technique used for power generation, therefore: WT, solar photovoltaic, hydro water-

storage, etc. Finally, the ‘type’ refers to the category of generator, such as horizontal turbine, solar 

photovoltaic panels, etc.  

However, it can sometimes be difficult for the VGI to identify the WTs clearly on the map (fig.1). Actually, this 

kind of land use is a very detailed geographical information - a point spatial object - frequently displayed (and 

visible) only on a large-scale map (i.e. 1:2.000). For this reason, it may not be easy to map. 

 

http://www.openstreetmap.org/stats/data_stats.html
http://www.openstreetmap.org/


 
 

Figure 1. The WTs mapping process in an OSM map: an example near Hillgroven, a small town close to Wesselburen in 

Schleswig-Holstein (Germany). 1A: identification of WTs on the Microsoft Bing Satellite base map; 1B: the resulting 

detailed map of OSM.  

 

4. Methodology 

 

A schematic overview of the data processing is shown in figure 2.  

 
Figure 2. Schematic overview of the data processing work flow for deriving the map of WT density in the study area. 

 



OSM, then, is the main data source used to map the location of WTs in the ten countries examined. Wind 

attribute is taken as the ‘generator source’ and WTs as the ‘generator method’. Using an open-source GIS 

software - Quantum GIS (QGIS) - the user can easily set up queries on the OSM database and save the results 

in a new cartographic layer in proprietary format (.osm file)4. It is then possible to convert these geographical 

data into a more generic cartographic format (i.e. a shapefile). Given the scale of the study area, our detailed 

queries can usually only cover a small portion of the whole surface of one examined country. Since we usually 

work at a chorographic scale (about 1:1,000,000), this often means producing several maps to cover an entire 

country5.  Of course, these files have then to be merged into a single cartography in order to locate all the 

WTs in each country, being careful to delete the duplicate geometries created in overlapping areas. Finally, 

the only points considered are the ones that fall inside the borders of the country under examination (this 

study does not include any offshore wind parks). In this way, a base map is created, called ‘GIS WTs’ (the ‘GIS 

of onshore wind turbines’) – where every WT in each of the countries included in the study area is located. 

In order to validate our cartographic results, we need to compare the data of ‘GIS WTs’ with official data 

regarding the WTs of each EU country (see Section 5.1). Actually, it is not easy to obtain these data, because 

all the available statistics about wind energy usually regard either its capacity [expressed as watts (W) or 

multiple] or its productivity [expressed as watts per hour (Wh) or multiple]. However, the various countries 

have national wind energy agencies6 which usually provide the number of wind parks and more specifically, 

the number of WTs present within their borders. 

Once the ‘GIS WT’ for each EU country involved in the study has been validated, a point density map was 

created; this makes it easier to evaluate the spatial distribution of windmills within the entire study area. We 

calculated the density of point features around each output raster cell, so the final heat map shows where 

the highest concentration of features is. Taking each point as a WT, the search radius is assumed to 

correspond to its visual impact threshold: in this way, we try to make a rough estimation of the overall visual 

impact of the WTs in the study area. As is well-known, it is difficult to define the distance as regards visual 

impact for several reasons (see Section1), and it becomes even harder when we bear in mind the landscape 

diversity within the ten countries examined. Based on the above information about the visual impact of WTs 

(expressed in Km; see Section 1), we suggest a neighborhood with a search radius roughly equal to 10 Km7. 

We apply a ‘point density’ function in order to obtain WT density, dividing the number of WTs within this 

circle by its area (about 314 Km2). As pointed out by Carlos et al. (2010), this relatively simple approach is 

‘appropriate for studies which are interested in the number of events per unit area at a specified location’ 

when we do not expect attenuation with distance (as we would in the case of environmental pollutants, for 

instance). We thus created a raster map of WT density for each examined country; in this map, the value of 

‘point density’ is associated with the single cell. In fact, as pointed out by Mitchell (1999), in order to create 

a point density map “the GIS move in the next cell and do the same”. It is very important to decide on the 

                                                             
4 Actually we used a Quantum GIS plugin, Quick OSM: it works in the current version of this software (QGIS 3.2) and it 
easy support for OpenStreetMap raw vector data.  
5 In the case of Spain, for instance, more than twenty-five shapefiles were created. 
6 They are the following: Association de Promotion des Energies Renouvelables (APERe) for Belgium; Danish Energy 
Agency (DEA) for Denmark; France Énergie Éolienne (FEE) for France; Deutsche WindGuard for Germany; International 
Energy Agency IEA) for Ireland and Netherlans; Agenzia Nazionale Energia del Vento (ANEV) for Italy; Associação 
Portuguesa de Energias Renováveis (APREN) for Portugal; Asociación Empresarial Eólica (AEE) for Spain; UK Wind Energy 
Database (UKWED) for United Kingdom.  
7 As already pointed out (see Section 1) there is no clear indication in the literature about VI (Table1). Furthermore, 
recent technological developments in the wind sector mean that today’s wind turbines tend to be higher than those of 
just a few years ago (as pointed out by Sullivan et al., 2014; Section 1). This is particularly true in those countries which 
have opted for repowering strategies, such as Denmark and Germany (see Section 6). For these reasons we chose a 
greater distance than the one suggested by Bishop in 2002 (5-7km), but it is still shorter than that suggested by other 
more recent authors. In any case, also if it remain a subjective matter, we regard it as a prudent choice (also confirmed 
by some survey in the field), made in order to avoid the risk of overestimating the visual impact of wind turbines.  
 



size of this cell, then, because it determines how coarse or fine the pattern will appear: we chose a cell size 

of 200 m, so the resulting continental map is very fine8.  

Finally, all ten WT density maps generated for each country were merged to obtain a single map of WT 

density within the study area. This raster map was then classified (Fig.3) according to five classes of WT 

density: very low, low, medium, high and very high (algorithm of classification: natural breaks, five classes; 

excluded value: 0) (see Table 4). To make things clearer, an area with a density greater than 0.628 WTs/Km2 

(very high) means that more than 200 WTs are present in a circle with a radius of 10 Km. 

For example, Figure 3 shows the results for the Netherlands. Figure 3A is a map of all the WTs extracted 

from OSM, while Figure 3B is the map showing WT density (WTs/Km2), automatically classified (algorithm 

of classification: “natural breaks”9) into our five classes. 

 
Density WTs /Km2 

Very low < 0.058 
Low 0.058 – 0.156 

Medium 0.157 – 0.318  
High 0.319 – 0.628 

Very high > 0.639 
 

Table 4. The threshold pixel values in order to classify the heatmap of WTs in the analyzed Countries. 

 

 
Figure 3. The Netherlands case study. 3A: the map of WTs derived from OSM, and 3B: the WT density map. Base Map: 

OpenStreetMap. 

                                                             
8 Given the relationship between the ground of ‘graphicism error’ (conventionally equal to 0.25 mm) and cell size (200 
m), the scale factor of the resulting map of WT density is about 1:8,000 (Favretto, 2014). 
9 Using this algorithm, raw data are classified into groups with similar values. The output map better highlights 
differences between highest and lower block groups (Mitchell, 1999). In this specific case, we excluded the zero values.  



5. Results  

 

5.1 A comparison between the national data and OSM estimations 

 

Obviously, In order to validate our cartographic results, we need to compare the number of WTs officially 

reported by each country with the OSM data. As explained above, the data are provided on a national basis 

because the information regarding WTs is not usually available on a more detailed scale (i.e. at the regional 

or provincial level).  

As Table 5 shows, OSM data tend to be lower than the official figures, especially for the UK (-29.7%), Portugal 

(-15.8%), France (-15.7%) and Belgium (-15.4%)10. This difference highlights a widespread difficulty in the 

mapping process experienced by OSM users: as mentioned in section 3, it is not easy to clearly pinpoint on 

the map such precise data as WTs (see fig. 1). Of course, there might be other reasons for this discrepancy: 

the size of the wind farm might be more difficult to detect if its power capacity is below 500 KW; the level of 

upgrade of the OSM base maps can also make a difference, because if they are out of date, the VGI cannot 

map the presence of the WT; network availability differs in the internal areas; etc.  

 

 
Country OSM 

Estimation 
National Data Difference (%) Source 

Belgium 751 888 -15.4 APERe, 2018 

Denmark 5,442 5,701 -4.5 DEA, 2018  

France 5,561 6,600 -15.7 FEE, 2017  

Germany 25,916 28,675 -9.6 Deutsche WindGuard, 2018 

Ireland 1,548 1,503 3.0 IEA Wind, 2016 

Italy 6,170 6,729 -8.3 ANEV, 2018 

Netherlands 2,027 2,174 -6.8 IEA Wind,2016 

Portugal 2,324 2,759 -15.8 APREN,  2018 

Spain 19,025 20,292 -6.2 AEE, 2017 

UK 4,974 7,074 -29.7 UKWED, 2018 

Total 75,672 85,451 -11.8  

     

Table 5. Comparison between OSM data and national data regarding WT numbers in the countries examined. 

 

5.2 The spatial distribution of WTs in the countries of the study area 

Despite this shortfall, the OSM has mapped more than 75,000 WTs in the ten EU countries examined. Their 

spatial distribution within the study area (Fig. 4) is heterogeneous: in some cases, their presence is almost 

ubiquitous (as in Germany and Denmark) or quite widespread (as in Belgium and the Netherlands). In a few 

countries, on the other hand, there is a high density of WTs concentrated in just a few areas (as in Spain, 

Portugal and Italy). In the remaining countries, there is a low density of WTs widely distributed all over the 

country (as in UK and Ireland) or concentrated in only one single area (as in France). A comparison with the 

European map of wind power drawn up by Troen and Petersen in 1989 (Fig.5) points to the importance of 

the individual wind energy policies adopted by each EU28 member state. As shown in Table 6, windscapes 

“visually” occupy almost 600,000 Km2, which makes up more than a quarter of the study area (about 27%) 

however, the presence of WTs can be described as invasive (of a high and very high density) in an area 

covering more than 10,500 km2 (less than 0.5% of the territory considered). Furthermore, we estimate that 

                                                             
10 For Ireland, on the other hand, the OSM number is an overestimate (+3%), probably because the official figures 
provided regarding WTs are out of date (IEA Wind, 2016). 



more than 1,350 Km2 of the land with a very high density of WTs is distributed either along the coasts or in 

the internal areas of just four countries (Germany, Italy, Spain and the United Kingdom). 

 
Figure 4. The spatial distribution of WTs in the EU countries examined (algorithm of classification: natural breaks, five 

classes; excluded value: 0). 



 
Figure 5. Wind resources at 50 meters above ground level for five different topographic conditions  

(Source: Troen & Petersen, 1989, mod.).  

 

After almost thirty years of policies in support of wind energy11, German is the EU country with the widest 

geographical distribution of WTs. Generally owned by small operators with limited assets (Ziegler et al., 

2018), wind farms are widely distributed almost all over the country, “visually occupying” nearly 60% of the 

landscape (Table 6). Since the windfarms are often small, however, in 57% of these cases the density of WTs 

is either low or very low. The remaining 3% – comprising the areas of medium, high and very high 

concentrations of WTs – is only partially distributed where the windiest weather is to be found, i.e. along the 

                                                             
11 Already at the end of the 1980s, the Germany government adopted the “100/250 MW Program” for wind power 
development. It subsequently approved the “Electricity Feed-in Law” in 1991 and in 1997, the Federal Building Code 
declared WTs to be “privileged building projects” (Saidur et al., 2010).  



Baltic coast (Fig. 6). Although these are the areas (mainly on the west coast) with the highest density of WTs12, 

they are also very numerous in the centre of Germany (North Rhine-Westphalia and Hesse) and in the east 

(Brandenburg and Saxony-Anhalt) (Fig. 6A).  

As is well-known, Denmark has a long tradition of developing wind power. However, while its offshore wind 

farms continue to grow, construction of onshore WTs (which is mainly under the control of local cooperative 

ownership requiring social involvement) has almost ceased (Möller, 2006). Since 2012, new energy policies 

are in place which promote the replacement of older WT with more efficient ones, with the aim of reducing 

their numbers by around a quarter by 2020, at the same time as increasing the share of wind power in Danish 

electricity consumption. The map of WT distribution (fig.6A) indicates the great visual presence of windmills 

throughout this country (almost 90%), though usually at low concentrations (78%). In this regard, the highest 

density of WTs is to be found along the western coastline and in particular near the Limfjord region close to 

Nordjylland (the northern district of Denmark) (Fig.7A). All these zones, where the best Danish wind 

conditions exist (Fig. 5), are areas with a low-density population (Laursen & Anderson, 2011), characterized 

mainly by small town and villages. 

  

 
Figure 6. Spatial distribution of WTs in central Europe (A) and the United Kingdom (B). Base Map: OSM. 

Although the UK and Ireland have the best wind conditions for wind energy production in the EU (Fig.5), WT 

density is usually lower than in Germany or in Denmark. After an initially slow start (Mitchell & Connors, 

2004), WPC in the UK saw some impressive growth from 2.9 GW in 2008 to 18.9 GW in 2017, becoming in 

the process the world leader for offshore wind supply (7,155 MW in 2018). Underestimated by data source 

(see Section 5.1), the visual presence of WTs – frequently small wind farms – extends over only about 20-

                                                             
12 The WTs density is very high in three little zones, amounting to about 50 Km2 namely the 0.01% of this country. The 
first is near the village of Heide in the northern State, the Schleswig-Holstein; the second near Essen in the northwestern 
Lower Saxony; the third is near Paderborn in the North Rhine-Westphalia. 



25% of UK landscape. Wind turbines are usually widespread along the coastlines, mainly in Wales and in 

southern-central Scotland, where we also register a peak density (in an area of approximately 10 Km2) close 

to Glasgow (fig. 6B)13. However, their visual presence is also quite pervasive along the Humber estuary and 

in several inland areas such as the central English regions of the East and West Midlands. In Ireland, the low 

density of population combined with windy and hilly landscapes offers optimal conditions, so wind farms are 

quite developed in its rural areas (often hilly or mountain moorland and along the coast). Moreover, wind 

power plays a central role in Irish energy policy with an eye to achieving its renewable energy target (Foley 

et al., 2013), ensuring 24% of Irish power in 2017 (Fraile & Mbistrova, 2018). As shown in Table 6, however, 

the visual presence of WT is fairly limited: their concentration is usually low and more widespread, occurring 

more frequently in the mid-west and south-west regions.  

 

Country Null 
Very 

low 
Low Medium High 

Very 

High 

Total 
Windscapes 

area 

Country area 

 % % % % % % Km2 Km2 

Belgium 58.75 39.89 1.29 0.07 0.003 - 12,594 30,528 

Denmark 11.45 78.21 8.35 1.83 0.16 - 38,160 43,094 

France 84.52 14.35 1.05 0.07 - - 84,151 543,965 

Germany 40.62 49.42 7.39 2.22 0.34 0.01 212,127 357,237 

Ireland 79.95 17.32 1.92 0.77 0.04 - 14,092 70,285 

Italy 84.30 10.84 2.73 1.57 0.49 0.08 47,341 301,341 

Netherlands 52.25 40.39 4.81 2.00 0.55 - 19,829 41,526 

Portugal 74.87 17.88 5.03 2.11 0.11 - 23,077 91,831 

Spain 83.62 7.90 4.00 3.09 1.17 0.21 82,825 505,957 

United Kingdom 73.82 24.21 1.45 0.45 0.07 0.004 63,918 244,110 

Total area (Km2) 1,631,696 477,587 76,074 33,894 9,209 1,349 598,114 2,229,874 
 

 
Table 6. Percentage and surface of area visually occupied by WTs, according to varying density in each of the countries 

examined (source of country area: De Agostini, 2000). 

 

As regards the central west EU (including the Netherlands, Belgium and Central-Northern France), the 

presence of WT is quite widespread although there is a lower concentration than in Germany. In the 

Netherlands, despite the existence of national targets regarding RES and wind power, strong local opposition 

and an unfavorable support system have limited the installation of new windfarms (EEA, 2014). In spite of 

this, however, there is a low concentration of WTs which visually intrudes on almost 45% of Dutch landscape 

(Table 6). This is mostly due to the windfarms situated along its windy coasts: in fact, in recent years the 

Dutch government has mostly lent its support to the construction of offshore and nearshore wind parks. In 

the latter case, the turbines are often aligned along the dikes (which frequently meets with greater social 

acceptance; Wolsink, 2010), but also in the rural or industrial areas along the north coast, where wind speeds 

are highest. Several of these recently constructed windparks are in Flevoland Province (east of the 

metropolitan area of Amsterdam), which is where we recorded the peak level of WT concentration (Figs. 3B 

                                                             
13 This is the Whitelee Wind Farm: with over 200 WT (for a total capacity of 539 MW), it is the biggest wind farm in all 
ten examined countries (https://www.scottishpower.co.uk/whitelee/).  

https://www.scottishpower.co.uk/whitelee/


and 6A). Belgium, too, is expanding its WPC (mostly with offshore projects); windmills are widely distributed 

throughout the country, but the density is usually very low. They are mainly installed in northern and eastern 

Flanders, an industrialized, densely urbanized region (Pepermans & Loots, 2013). They are frequently located 

in industrial areas (close to the highway network) or inside the port of Antwerp. In France, although the windy 

conditions and lie of the land are very favorable to the development of wind energy, for several reasons it 

started to grow later and more slowly than in other countries (such as Germany, for instance; Jobert et al., 

2007). The obstacles were mostly of an administrative and legal nature, added to strong local opposition 

defending the landscape patrimoine. The number of new solar and wind facilities has grown impressively in 

recent years, however, bringing a rapid increase in the electricity mix of wind, solar and biomasses 

(Andriosopoulos & Silvestre, 2017). The resulting distribution of WTs in France is therefore much like a 

fragmented patchwork. Wind farms are mainly located in the northern regions (Hauts-de-France and Grand 

Est) and along the west coast (Bretagne and Pays de la Loire), probably due to the higher wind speeds and 

flat terrain (Enevoldsen & Sovacool, 2016). In the regions bordering the metropolitan area of Paris (an 

average distance of between 60 and 120 km from Paris), there are several areas characterized by a medium 

concentration of WTs. In the south, their density is limited to several small wind farms in the near coastal 

area of Occitan, while in the other regions (i.e., Nouvelle-Aquitanie, Auvergne-Rhône-Alpes, Provence-Alpes-

Côte d’Azur and Corse) the presence of windmills is quite marginal, also because of the poor wind conditions 

(Fig.6).  

Unlike in the previous cases, the presence of WTs in the countries of southern Europe considered here 

(Portugal, Spain and Italy) is usually more concentrated geographically, so that their visual occurrence is 

limited to a small percentage of the territory (25% in Portugal, and about 16% in Italy and Spain; Table 6). As 

in other EU countries (i.e. the UK, Netherlands, France, etc.), WPC grew rapidly in Portugal, so that wind 

supply now accounts for about the 24.2% of its electricity demand (Fraile & Mbistrova, 2018). Feed-in tariff 

policy mechanism and public tenders for connection licenses are policy drivers to ensure the spread of wind 

farms (Peña et al., 2017), which are more concentrated (medium and high classes of density) in hilly northern 

and north-eastern distritos like Vizeu, Coimbra and Vila Real (Fig.7A). On the other hand, despite the current 

uncertain economic situation (Colmenar-Santos et al., 2015) which has seen a marked fall in investments in 

WPC since 2013 (Rosales-Asensio et al., 2019), Spain remains the second most important player in the wind 

energy sector in Europe. There, the largest market players (such as Iberdrola, Acciona Energía, EDP 

Renováveis, and Enel Green Power) who own most of the WTs (Ziegler et al., 2018), have mainly invested in 

large wind farms (AEE, 2017). For this reason, they often achieve quite high or very high density14, but the 

total area of land used for this purpose (including the high-density classes of WTS) is very limited (and does 

not even extend to 1.5% of the entire Spanish territory; see Table 6). Present in 16 out of 17 regions (with 

the exception of the Estremadura district), WTs are located both along the coast and inland, but mainly, of 

course, in the windiest geographical areas (Fig.5). As in Spain, after impressive growth in the early 2000s, 

growth in the wind market in Italy has slowed significantly since 2012, mainly due to uncertainties regarding 

the energy policies of the Italian government (Eurobserv’er, 2015). Applying our methodology, we estimate 

that there is an area of around 2,700 Km2 where WT presence is widespread (values comprising the two 

highest density classes), mainly in southern Italy (Fig. 7B). In fact, the first wind farms (1999) were constructed 

in the most suitable areas (for windy conditions) along the Apennine ridges of southern Italy (mainly between 

Campania and Apulia regions). Only later (between 2008 and 2011) did their distribution become almost 

ubiquitous in the central-southern regions (i.e., Molise, Basilicata, Calabria, Sicily and Sardinia) (Mauro, 2011; 

                                                             
14 In Spain, there are several areas (at least seven) with a very high WT density, for a total area of about 1,080km2. The 
first is about 80 Km at east of La Coruna in the north (the area with the maximum density in the study area). The second 
is on the Atlantic Ocean about 50 Km at west of Santiago de Compostela. The third is close to the northern border with 
Portugal near Puebla de Sanabria. The fourth is near Burgos in the north of Spain. The fifth comprises two areas in the 
vicinity of Zaragoza in the northeast. The sixth is near Albacete in the region of Murcia in the southeast. The last one is 
close to Cadiz in the south (Fig. 7A). 



Mauro, 2013), sometimes – sadly - becoming a very lucrative business proposition for organized crime 

(Caneppele et al., 2013).  

 

 
Figure 7. The spatial distribution of WTs in the Iberian Peninsula (A) and in central-southern Italy (B). Base Map: OSM. 

 

6. Discussion  

 

The European Directives regarding the development of RES set ambitious targets for each EU member state. 

As Wolsink (2007) has pointed out, «a complex set of variables rooted in institutional arrangements and 

social and political culture» [..] determine the success of specific policies, such as those concerning the wind 

sector. They are «the planning regime, the financial support system, the values attached to landscape quality 

and preservation, and the degree of local ownership of schemes to build wind farms». As this study shows, 

then, in the last two decades differing energy policies combined with differing sensitivities both to the 

environment and to the landscape have produced a different spatial distribution as regards a technology that 

we can now consider as being “mature”, namely wind power.  



 

Country Wind  Main policy strategy 
Current WT 
distribution 

(National scale) 

Geography of 
regions with higher 
WT concentration  

Main local 
positive effects 

Main local 
negative effects 

Belgium Medium high 

Top-down approach; 

Large scale energy 

producers; 

Support offshore  

Medium high 
spread 

Highly industrialized 
and urbanized 

regions 

WT in strictly limited 
(and scenically 

unattractive) areas  

Low benefits to local 
communities; 

Local opposition 

Denmark Very high 

Pioneer country; 

Bottom-up approach; 

Small power plants; 

Repowering / re-siting; 

Support offshore  

Very high spread; 
In some case, also 
high concentration 

Peripheral rural 
areas in the 

nearshore regions of 
the northwest; 

Sparsely populated 
areas 

Job opportunities in 
domestic wind 

companies; 
Local ownership 

(power cooperatives) 
A new form of 

tourism? 

Possible alteration of 
aesthetic of the 

landscape; 
Increasing local 

opposition to new 
wind energy projects 

France 
Medium  
(patchy 

availability) 

Late development;  

“Mixed approach”, meaning 

hierarchical ‘siting’; 

Support offshore 

Low spread; 
Patchy distribution 

Hilly regions in the 
northeast of the 

Country and 
“around” the 

metropolitan area of 
Paris; 

Mountain areas of 
Occitan 

Aesthetic preservation 
of the landscape;  

Job opportunities in 
absence of leading 

French turbine 
manufacturers; 

High tax revenues for 
involved municipalities 

Conflict of interest of 
mayors 

Germany Medium high 

Great attention to this 

issue; 

Careful planning; 

Bottom-up approach; 

Small power plants; 

Repowering;  

Support offshore 

High spread; 
In some cases, 
very high WT 
concentration 

Rural regions along 
coastline;  

Some internal areas 
in the central and 
eastern regions 

Job opportunities in 
domestic wind 

companies; 
Local ownership 

(power cooperatives); 
A new form of 

tourism? 

Possible alteration of 
aesthetic of the 

landscape 

Ireland Very high 

Late development  

Currently great attention to 

wind energy; 

Top-down approach 

Medium-low 
spread 

Sparsely populated 
hilly or mountain 

moorland 

Recent growth of RES 
cooperatives 

Limited job-creation 
and low local benefits; 

Increasing local 
opposition to new 

wind energy projects 

Italy Medium-low 

Late development; 

Unclear energetic planning;  

Top-down approach; 

Great involvement of 

foreigners big companies 

Low spread, but 
very high 

concentration in 
southern regions  

Internal low-density 
rural areas (mainly 

mountain) 

Job opportunities; 
Limited landscape with 
great aesthetic impact 

(only in some small 
areas of the country 

with high WT 
concentration)  

Low revenues for the 
municipalities involved;  
Negative externalities 

consequences; 
Sense of alienation 

from future prospects; 
Criminal infiltration 

Netherlands 
Medium-

high 

Top-down approach; 

Frequent changes in 

subsidy scheme  

Small power plants; 

Support offshore 

Medium high 
spread  

Rural and industrial 
areas along coast 

(often along dykes) 

Maximum use of wind 
resource; 

Very limited use of 
agricultural land; 

 Recent growth of RES 
cooperatives 

Possible alteration of 
aesthetic of the 

landscape; 
Permanent local 

opposition 

Portugal Medium 

Late development; 

Very favorable policy; 

Centralized planning 

Top-down approach 

Medium low 
spread (mainly in 

northern and 
central regions) 

Internal rural areas 
(mainly hilly) 

Aesthetic impact 
limited to small areas 

with big WT 
concentration; 

High direct benefit to 
municipal authorities 

Sense of alienation 
from future prospects; 
Latent local opposition 

Spain 

Medium- 
high 

(patchy 
availability) 

 

Very favorable policy; 

Centralized planning 

Top-down approach; 

Big wind farms 

 Repowering 

Low spread but 
very high 

concentration in 
several areas of 

the country 

Heterogeneous 
inland (mountains, 

hilly or lowland 
areas);  

mainly in rural and 
sparsely inhabited 

areas 

Aesthetic impact 
limited only to small 

areas with big WT 
concentration 

Job opportunities in a 
new industrial sector 
(domestic industry) 

Local benefits for rural 
communities 

Low local community 
participation in the 

planning and 
implementation of 

wind farms  

United 

Kingdom 
Very high  

 

Late development; 

Frequent changes to 

policies and policy; 

Top-down approach (mainly 

for bigger plants) 

Re-powering; 

Great support to offshore 

Medium spread 

Mainly in sparsely 

populated inland 

areas, often 

mountainous or hilly 

moorland 

Aesthetic impact 
limited only to small 

areas with big WT 
concentration 

Low benefits for local 
communities 

 

Table 7. Overview of  our results in comparison with the wind resource and main policy strategies.  



Table 7 uses the most recent literature on the subject and attempts to summarize the main political strategies 

and their negative/positive effects as regards WT spatial distribution in the ten countries examined (Table 7). 

Although we cannot claim to be exhaustive (given the variety of landscapes involved), we have also tried to 

identify the geographical features common to ‘windscapes’. For each country, we compared: wind speed 

classified roughly on the map in Figure 5 and in Table 6); main wind power policies/strategies in recent 

decades; the resulting spatial distribution of WT (classified roughly on the map in Figure 4); main geographical 

features of the region with larger number of WT; main positive and negative effects at the local level (deriving 

from our analysis, but also from the policies adopted by each EU member state). Given the scale (national), 

these are obviously just general indications useful for a comparison between the countries examined. 

 

The great attention that Germany and Denmark have always paid to wind power development has led to 

clear policies in this energy sector by the respective central governments. The adoption of the “foot in the 

door” policy (Jobert et al., 2007; Maegaard, 2014) is probably what produced the present very widely spread 

distribution of WT in these two countries. This policy is based on the idea that small wind parks with a few 

large turbines are more acceptable than large wind parks with many small turbines (Thayer & Freeman, 1987; 

Wolsink & van de Wardt, 1989). Besides, despite having central planning, Germany and Denmark are the two 

countries which have offered most support to bottom-up policies by encouraging the development of a 

strong network of local cooperatives (Bawens et al., 2016). This has created job opportunities15 in the leading 

domestic wind companies (Lewis & Wiser, 2007), sometimes also in the more depressed regions, such as the 

“rotten banana”16area of Denmark (Laursen & Anderson, 2011). Combined with the local economic benefits 

(mainly fees for landowners and tax revenues for municipalities), these positive effects probably make up for 

the high aesthetic visual impact of WT in the German and Danish windscapes. However, current repowering 

policies (Miles & Jensen, 2004; Ziegler et al., 2018) are very expensive, mainly due to the cost of new wind 

technologies. These charges and the recent remuneration methods, heavily influenced by auctions 

(Maegaard, 2014), tend to undermine the RES cooperative system, giving rise to mounting local opposition 

to the new wind energy projects.  

Although the political approach in France is more hierarchical, there too, local communities are given an 

important role, on the basis of a perspective of “siting policy” 17 (Wolsink, 1996). In fact, in order to build a 

new wind farm, the approval of the local mayor and the city council is needed, «who act in the interest of 

the local inhabitants» (Nadaï & Labussière, 2009), as well as rather long waiting times (Enevoldsen & 

Sovacool, 2016). In this way, local communities are ensured the preservation of their landscapes of greater 

aesthetic value. This has been achieved without negative effects on the important job opportunities offered 

by the sector, which is a great result considering the absence of any leading French turbine manufacturers 

for onshore wind power (ADEME, 2017). The policies of neighbouring Belgium and the Netherlands, on the 

other hand, are characterized by a more top-down approach. In Belgium, electricity generation is controlled 

by one national company (Bawens et al., 2016) and the wind power sector is dominated by a very limited 

number of big players. An unequal distribution of costs and benefits (more favorable for the large scale 

energy producers) might partially explain the protests of local communities against wind farms (Pepermans 

& Loots, 2013), despite the fact that the turbines are often concentrated in scenically unattractive spaces 

such as, for example, industrial areas or ports. Dutch policies, on the other hand, have often been seen as 

being too variable, given the frequent changes in the support system for RES. For this reason, the political 

system is considered to be unreliable in this matter (Breukers, 2007), and this has had a serious impact on 

                                                             
15 In 2017, about 160,000 jobs are estimated to be connected to the wind energy sector in Germany, while the number 
for Denmark is over 30,000. Other countries with a high number of jobs connected (directly and indirectly) to the wind 
sector are Italy (26,000), Spain (almost 22,500) and France (19,000) (IEA Wind, 2018). 
16 The “rotten banana” is the term coined to describe the western part of Denmark, because in recent years it has 
become increasingly rural and has seen a decline in population (Laursen & Anderson, 2011).   
17 The expression ‘‘siting policy’’ describes «a policy that deals with local issues related to the siting of wind power 
infrastructures» (Nadaï, 2007). 



investment in Dutch wind power (Niesten et al., 2018). These circumstances have reinforced the persistent 

and strong internal opposition (van Os et al., 2014). In recent years, however, there have been some changes: 

further investments have been made available to support RES cooperatives (van  der  Schoor &  Scholtens, 

2015) and new job opportunities have come from the mid-sized turbine manufacturing sector, where Holland 

and Belgium are emerging leaders (IEA Wind, 2018). 

In recent years, the UK wind market, too, has been characterized by relatively frequent changes to policy and 

policy instruments, and this has sometimes created situations of uncertainty for investors (Keay, 2016). This 

approach to wind support policies has resulted in the involvement of large private companies, while local 

ownership and the local communities have been marginalized (Warren & McFayden, 2010). However, it is 

important to stress the great differences in procedure for obtaining planning permission, depending on the 

size of the wind farm, divided into three main groups: small turbines, wind farms up to 50 MW and large 

wind farms over 50 MW18. Only permits for those over 50 MW are issued by central government and, in any 

case, local authorities still have “the final say”. This provides local communities with a veto with which to 

block the development of more unpopular or controversial wind farms. As a result, in the period 1991-2017 

more than 50% of proposed wind projects have been rejected or abandoned, the highest rate for a renewable 

energy technology in Great Britain (Harper et al., 2019). Although significantly limited by the lack of OSM 

data (almost -30% when compared to the official data; see Section 5.1), our geographical analysis of WT 

distribution showed a medium spread of small wind farms. Whereas central and southern Scotland contains 

the biggest wind farms in the EU, mainly in sparsely populated inland areas (mostly hilly or mountain 

moorlands). In the face of a fairly limited visual impact, then, the absence of UK manufacturers of onshore 

turbines and the simultaneous presence of a very small number of multi-national companies controlling the 

sector means relatively few economic benefits to host communities (Munday et al., 2011). Ireland’s heavy 

dependence on imported energy supplies has led to a great focus on wind power (Rourke et al., 2009), which 

is bound to play a key role in the Irish energy sector given the country’s excellent wind conditions. As in the 

UK, this late attention to wind is probably due to the decline in the supply of traditional sources such as oil 

and gas coming from neighbouring Great Britain (Devlin et al., 2017). However, Ireland’s policies too mainly 

offer support to private developers (Warren et al., 2005). In recent years, many small and medium-sized 

companies have installed small-scale auto-production WT units in response to the government energy 

policies encouraging businesses to generate their own electricity for onsite consumption. This strategy is not 

of great useful to the national energy system (Kealy, 2017), however, given the considerably long waiting 

times and the heavy costs involved in getting connected to the national electricity grid (ENVE, 2018). 

Although wind power is generally well accepted in Ireland, low local benefits and limited job-creation have 

been giving rise to growing local opposition (Brennan & van Reesburg, 2017). Perhaps also for these reasons, 

the central government has offered generous support to the current rapidly growing industry of community-

owned RES (ENVE, 2018).  

In Portugal, Spain and Italy, generous government subsidies and the limited (and at times non-existent) 

involvement of the local population in the planning processes for new WT plants have encouraged the 

presence of large electricity companies (Delicado et al., 2016; ANEV, 2018), meaning that control is 

concentrated within a few energy corporations (Delicado et al., 2014). This may well be why the spatial 

pattern of WT distribution is different in these countries compared to those of northern Europe: as we said 

above, the WT are mainly concentrated in a few specific areas, reducing their visual impact to small portions 

of territory and maximizing the use of wind where it is supposedly strongest. However, this strategy might 

give rise to a sense of alienation on the part of the local community (mainly regarding future territorial 

prospects), which could result in opposition to new WT farms. In Portugal, for instance, just five companies 

hold about 76% of the market share and there are no community-owned wind farms (Silva & Delicado, 2017). 

For this reason, high direct benefits (2.5% of the annual revenue of wind farms) are recognized to municipal 

                                                             
18 Small wind turbines are treated as “permitted development” (the highest part of the turbine must not exceed 11m). 
while for the wind farms up to 50 MW, permission must be obtained from the local planning authority. 



authorities with WT farms within their territory, also to soften any latent local opposition (Delicado et al., 

2016). In Spain, to, most WTs are owned by large market players, but they are often national companies 

(such as Iberdrola, Acciona Energía or EDP Renováveis; Ziegler et al., 2018). The creation of a new industrial 

sector with a high employment rate and a high fee for landowners as tax revenues for the municipalities have 

actually contributed to the development of several of the country’s rural areas rural areas  (Galdos Urrutia & 

Madrid Ruiz, 2009), and these favorable conditions have obviously enhanced levels of social acceptance of 

wind power in Spain, but since 2012, government decisions to make the market more economically 

sustainable have put a brake on private investment in this sector. In any case, the significant growth in wind 

farms which occurred mainly in the period 2000-2010 explains the highest WT concentration in the whole 

study area. Large wind plants are currently distributed in Spain in heterogeneous landscapes (mountains, 

hilly or lowland areas), and mainly in rural and sparsely inhabited areas. Finally, in the case of Italy, unclear 

government policies on energy issues and the strong presence of large foreign operators (ANEV, 2018) have 

resulted in a low level of involvement on the part of local communities in decisions regarding land-use. Other 

negative external factors (such as uneven road surfaces after new wind farms have been built and the 

significant visual impact of WT, often in unspoiled, natural environments), as well as the current conflicting 

policies (Caporale & De Lucia, 2015) sometimes resulting in reduced tax revenues for the municipalities 

involved have given rise to new debates about wind power. As a consequence, levels of social acceptance 

are usually low, despite the significant job opportunities offered by the wind sector in the less affluent regions 

of southern Italy.  

 

7. Final remarks 

 

In the last two decades, the remarkable growth of RES (mainly photovoltaic and wind energy) has sometimes 

led to changes in the landscapes, giving rise to a discussion on their ‘real’ sustainability. The main aim of this 

paper is to “photograph” the current situation regarding WTs in the ten EU countries with the biggest wind 

energy sector. To this end, we used the free maps of OSM as our main dataset. Once again, the OSM 

participative cartography has shown its good reliability: although the number is underestimated, the VGI of 

OSM actually map more than 75,000 WTs, almost 90% of those present. Being able to know the exact 

geographical position of each WT made it possible to map (and count) those territories with a high 

concentration of these modern windmills.  

Overall, in the entire study area, over 10,000 Km2 of land (an area the same size as Lebanon) is visually 

occupied by a high presence of WTs (meaning more than 100 WTs in a circle area with a radius of 10 Km). 

However, different situations emerged when the various countries were compared, mostly as a result of the 

main strategic policies adopted in the wind power sector in recent decades. To the north, Germany, Denmark, 

the Netherlands and Belgium have seen a massive spreading of WTs throughout their territory. The 

governments of these countries have tended to support the development of the wind sector, sometimes also 

with participatory forms of enterprise (such as cooperatives). Using a GIS approach, we mapped a high 

density of WTs in several parts of northern and central Germany (i.e., Schleswig-Holstein, Lower Saxony, 

North Rhine-Westphalia and Brandenburg), and in Denmark (Nordjylland), the Netherlands (Flevoland) and 

finally, in the UK (the north-west). On the other hand, despite the economic and/or political uncertainties 

the main market players continue to play a key role in the wind markets of Spain and Italy, where most of 

the investment has been in large wind farms in the windiest landscapes. In the Mediterranean countries 

considered, then (Spain, Portugal and Italy), WTs are mainly concentrated only in the few windiest areas. A 

high concentration of WTs was recorded in several regions of Spain (Galicia, Castile Y Leon, Aragon, Castile 

La Mancha and Andalusia) and in southern Italy (Campania, Apulia, Calabria and Sicily).  

In the light of these findings, then, can these regions be defined as 'windscapes'? As our analysis 

demonstrates, they are usually to be found in sparsely populated rural areas (with the exception of Belgium), 

sometimes in less-advantaged regions (for example in Italy and Denmark). For this reason, wind power could 



represent a social rescue opportunity, despite the fact that the communities living in these internal areas 

(Verburg et al., 2010) often feel excluded, as in Portugal or in Italy.  

Actually, the truth is that the concept of landscape is probably much more complex, especially in geographical 

terms. In itself, it is unlikely that an unusually high density of WTs is a sufficient reason to describe these 

areas as windscapes. Undoubtedly, despite their visual impact being one of the most criticized aspects of 

wind energy, if we imagine the landscape as a theatre (Turri, 1998), the modern windmills have become 

“distinctive elements of the territorial organization” such a familiar feature of these regions. Therefore, WT 

represent a sort of icon of post-industrial society of these emerging landscapes of carbon neutrality that we 

must learn to see with a different perspective (Selman, 2010). It cannot be denied that in a world where 

energy demand is constantly increasing, wind farms are far less impactful as industrial areas than traditional 

fossil-based power stations, which usually cause significant environmental pollution (atmospheric, water and 

soil) of the surrounding area.  

In conclusion, this paper is the first estimation on a continental scale of the current situation as regards wind 

power. It also offers a methodological basis with which to evaluate the visual impact of the WTs already 

present in a given area. A careful planning of how our wind resources are exploited (especially when WTs are 

already present) is the key to managing to respect the needs of local populations and guaranteeing the 

sustainability of this RES. For this reason, it might be very useful to apply this methodology on a national or 

regional scale in order to make a preliminary assessment of the wind-carrying capacity of a given area.  
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Appendix 1(A1) 

 

WPC Wind energy penetration rate WPC spatial penetration 

Country MW Country % Country KW/Km2 
Germany 56,132 Denmark 44.4 Germany 142 
Spain 23,170 Portugal 24.2 Denmark 130 
United Kingdom 18,872 Ireland 24.0 Netherlands 101 
France 13,759 Germany 20.8 Belgium 94 
Italy 9,479 Spain 18.6 United Kingdom 82 
Denmark 5,476 United Kingdom 13.5 Portugal 58 
Portugal 5,316 Netherlands 9.6 Ireland 48 
Netherlands 4,341 Belgium 6.0 Spain  46 
Ireland 3,127 Italy 5.2 Italy 32 
Belgium 2,843 France 4.8 France 25 

 

Table A1. The comparison about wind power capacity (WPC) (source: Fraile & Mbistrova, 2018); for wind energy 

penetration rate (percentage of the average electricity demand covered by wind; source: Fraile & Mbistrova, 2018) and 

for WPC spatial penetration (source: IEA, 2018) for all the ten countries examined. 

The first five lines report the top five EU28 Countries for these variables. The following lines report the values of the 

considered variable (WPC, Wind energy penetration rate and WPC spatial penetration) in descending order for the 

remaining countries.  

The WPC spatial penetration for France has been estimated using as reference for its spatial extension De Agostini, 

2000.  
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