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Abstract 

The main challenge for the mankind is to create a sustainable energy system within a very 
limited timescale. This transition is started also in Hungary, although the official documents 

provide just an unstable foundation for this procedure − therefore it is not really surprising 
that the Hungarian decision makers focus on other solutions. For example the values of 
renewable energy potentials are rapidly changing in national strategies and plans. The 
highest level of uncertainty can be found in the field of wind energy, as the official figures 
which describe the possibilities (and calculated by engineers), are varies between 34 MW 
and 920 MW. Therefore it seems that using only the technical approach it is not possible to 
work out a useful methodology in the field of calculation the wind energy potentials. To 
solve this problem, there is an urgent need to involve other branches of sciences, as the 
geography, in order to find the real limits of wind energy utilization in this continental part of 
Europe. Using GIS applications we can declare that the Hungarian wind energy potentials are 
much higher than the official values, as the technical potential is around 48000 MW, whilst 
the social-economical potential is approximately 10000 MW. Considering the capacity factor 
of the existing wind turbines the above mentioned 10 GW wind turbine capacity could make 

it possible to produce 21000 GWh/year (76 PJ/year) of electricity − compared to the recent 
national net electricity consumption that was 36000 GWh in 2012. 
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1. Introduction 
 
The mankind’s sleep-walking towards an ecological disaster is increasingly apparent. To 
reduce the negative impacts of the human activity, the issue of energy is in the first place 
amongst the crucial fields. There is an urgent need to break with the narrowly defined 
technological approach and involve other fields of knowledge, like geography, sociology, 
psychology - in order to find sustainable solutions. Therefore it is not surprising that modern 
geographers are seeking the possibilities to shape the energy future (Nadaï, A.; Van der 
Horst, D. 2010; Frantál, B.; Kunc, J. 2011; Calvert, K.; Simandan, D. 2010). Some outstanding 
results – with the help of the above mentioned fields - have been achieved in several 
countries regarding not only new research documents (the Danish Society of Engineers' 
Energy Plan 2030 [IDA 2006]; Zero Carbon Britain [Kemp, M. Ed. 2010]), but concerning the 



 

 

official energy plans (Danish Energy Strategy 2050 [The Danish Government 2011]; The UK 
Low Carbon Transition Plan [The UK Government 2009]), as well. According to all of these 
concepts, the wind energy will have a significant role in the future. The objective of this 
paper is to outline the wind energy possibilities in Hungary. It reveals the spatial aspects of 
the wind energy planning process and draws the attention to the importance of geography 
based regional planning. 
 
2. Most important types of energy potential 
 

In Hungary, earlier studies in the 1950−1960s which focused mainly on wind characteristics 
and calculated only theoretical wind energy potentials were made by meteorologists (Kakas, 
J.; Mezősi, M. 1956). Since 2000, research has accelerated and shifted into the technological 
fields, as mostly engineers conducted calculations without any GIS applications (Hunyár, M. 
2004; Hunyár, M. et al. 2004; Hunyár, M. et al. 2006). Moreover, they calculated the wind 
energy potential just in general, without considering the several types of potential. This 
paper has an important goal to underline: in order to determine the real possibilities, it is 
important to use and assess the different types of wind energy potential. Although there are 
several other as well, the following types will be used in this paper. 
 
The Technical Potential is the maximum achievable capacity by the use of all legally available 
territories, considering the present technological level.  
 
Socio-Economic Potential addresses the technological and economical aspects moreover the 
social acceptance of wind energy systems. International comparisons were made between 
proper “per capita” and “per km2” data of leading wind exploitation areas and the relevant 
data for Hungary. It is important that in this comparison the wind climate of the areas must 
be similar.  
 

3. Technical potential 

 Methodology  

During the last 10 years, 2/3rd of the Hungarian counties were analysed separately to 
determine the possibilities of wind energy applications by the Department of Environment 
and Landscape Geography of the ELTE University. Calculations were made by different 
authors in different time, however all of them were made according to the same 
Geographical Information System (GIS) based methodology. In different stages of the 
research the following softwares were used: ArcView 3.2a; ArcGIS 9.2; ERDAS 9.1.  Using 
these tools the potential area could be determined with square centimetre accuracy. 
 

Results  

 
Since there are strict limitations due to the protected natural areas or the regulations of 
public health (for instance the problem of noise pollution), this potential is influenced by 
legal regulations. Secondly, there are technical limitations, for example, the distance from 
the nearest suitable transmission line. This last aspect can likely be the starting-point of an 
expected wind energy project. Still, this is just a technical problem that can be solved with 



 

 

technological development and does not seem to be a strict limitation. Therefore such a 
wind energy development project’s most important assumption is the meeting of the legal 
and infrastructural limitations connected to the below mentioned features (KvVM 2005, 
VÁTI 2007): 
a) protected natural areas (national, local, and international level); 
b) protected landscapes (national and county level); 
c) Environmentally Sensitive Areas (ESA); 
d) forest areas; 
e) hydrographical elements; 
f) roads, railways and airports; 
g) transmission lines (generally it is a primary condition of these kind of projects but in this 
context it is a vulnerable element of the infrastructure). 
 
Proper buffer zones were also used around these areas. The buffer distances varied between 
0 m and 1000 m depending on the relevant legal regulation. 
 
All these above mentioned limitations restrain the potential land areas to 5.13% of the 
whole territory, which is 4770 km2 (Table 1). It is important to underline that these figures 
are estimations, calculated by the values of the following counties.  

 
County Potential areas in % 

Bács-Kiskun 4.14 

Baranya 3.85 

Békés 8.62 

Borsod-Abaúj-Zemplén 2.16 

Csongrád 1.99 

Győr-Moson-Sopron 8.37 

Heves 8.31 

Komárom-Esztergom 7.20 

Nógrád 2.80 

Pest 3.00 

Szabolcs-Szatmár-Bereg 1.85 

Tolna 5.20 

Vas 9.16 

Average 5.13 

Table 1: Potential areas for wind energy applications in Hungarian counties, calculated with 
GIS applications (Munkácsy, B et al. 2007; Munkácsy, B.; Borzsák, S. 2008; Kása, I. 2009; 

Szabó, F. 2010; Kovács, G. 2009; Kneip Zs. É. 2012; Tóta, A. 2009; Kerti, B. 2013) 
 
In order to obtain the technical potential, the next step is to quantify the power 
capacity/km2. Using the instructions of the Danish Wind Industry Association (DWIA 2013) 
and taking into account the average 2 MW turbine’s parameters had a result of around 
10 MW/km2. If we calculate with this value, the Hungarian technical wind energy potential is 
47700 MW.  



 

 

Figure 1 shows an example of the result of the GIS analysis for Békés County. The suitable 
areas for wind energy are indicated with orange colour. The overall technical capacity is 
6108 MW, however, there are significant spatial differences. Some subregions can host more 
than 1000 MW capacity, while 2 subregions in the northern and eastern part of the county 
are totally excluded from wind energy utilization. The most important limiting factor is the 
landscape protection. 
 
 

 
Figure 1. Technical wind energy potentials and area limitations for wind energy in districts of 

Békés County (Tóta, A. 2009) 

 

4. Socio-economic potential 

 Methodology  

The calculation of the socio-economic wind energy potential is based on statistical 
comparisons. The first step is to find a proper territory that is leading in wind energy and is 
similar to Hungary in basic aspects such as territory, population density, power consumption 



 

 

and wind climate. This territory serves as an example that it is a real option to create such a 
big wind turbine capacity. In the second step correction can be made with territory, 
population and GDP (Munkácsy, B. Ed. 2011). 
 

Result 
 
To make comparison with Hungary, the eastern part of Germany (the territory of the former 
German Democratic Republic) seems the best. Most importantly, their progress in the wind 
energy sector is exceptional, even looking on a global scale. Their territory is only slightly 
bigger than Hungary and their wind climate – with the exception of Mecklenburg-
Vorpommern situated on the Baltic Sea – is also similar. This coastal location, however does 
not distort our results, as due to the special economic regulations, its turbine capacity is not 
higher than that of other, continental states. A key fact about this Eastern German area is 
that 14048 MW wind turbine capacity was installed there between 1990 and 2014 (Ender, C. 
2014). To determine the Hungarian potential, our hypothetical scenario was that progress 
would resemble the above mentioned German example, and the starting date was the 
erection of the first Hungarian wind turbine (2000). The steps are: 
1. calculation of the “per capita” indicator; 
2. calculation of the “per km2” indicator; 
3. correction with GDP/capita. 
 
1st step: In the Eastern part of Germany the wind turbine capacity is 0,861 kW/capita. Using 
this figure in a calculation with the population of Hungary (9 908 798 inhabitants), the result 
is around 8531 MW. 
 
2nd step: In the Eastern part of Germany the wind turbine capacity is 0,129 MW/km2 in 
2012. Using this figure in a calculation with the territory of Hungary (93030 km2), the result is 
around 12041 MW. 
 
3rd step: It is possible to use a correction factor, as the economical performance of the two 
areas is different. The Eastern German area has a GDP of 24345 Euro/capita; as the same 
indicator is 12735 Euro/capita in Hungary.  
 
One may suppose, that this half economical performance means a significant difference 
between the implementation times. As such a development in the case of East-Germany was 
23 years, one can assume that in Hungary the potential can be reached in a longer period. It 
seems a realistic scenario that Hungary can reach the above mentioned potential by 2050. 
 
Due to this calculation the Hungarian socio-economic wind energy potential is around 
10286 MW ±15% (the average of the 1st and 2nd step value) by 2050. This method is slightly 
distorted by the fact that the Hungarian scenario starts with a 10-year delay compared to 
the German example, resulting in different technological possibilities. However, this only 
means that our predictions are conservative and the actual potential could be even greater. 
Finally, we can state that wind farms and their service areas should only have to cover 1.1% 
of the total Hungarian territory in order to establish this vast wind turbine capacity. In the 
case of the legally available land areas, this ratio is 19.6%. 
 



 

 

In the next phase the power production of the predicted wind turbine capacity needs to be 
calculated. In this evaluation the average capacity factor of the whole Hungarian wind 
turbine fleet was used. According to the Hungarian system operator, the latest capacity 
factors were 21,3% (2011), 26,0% (2012), and 24,1% (2013), respectively (MEKH 2014). It 
means that using these figures the power production of the predicted wind energy capacity 
would be 19-23.5 TWh by 2050. 
 

5. Conclusions 

Spatial limitation is one of the crucial aspects in wind energy development. As the most 
important conclusion we can underline that wind energy investors generally have a 
sufficiently big area, about 4770 km2 to develop. Considering the most outstanding 
international developments in this field and assuming a similar growth, wind energy could 
reach 10286 MW ±15% and could cover around 40-50% of the power production by 2040-

2050 in Hungary − if the wind climate and the level of the electricity production and 
consumption will not change significantly. In order to reach such a high level of wind energy, 
it would be important to create energy storage facilities, as pumped storage systems, power 
to gas applications or compressed air energy storage. As for the latest possibility, a new 
analysis shows that the geological conditions are favourable in Hungary to create 7*300 MW 
(altogether 31,5 GWh) storage capacity in the north-western part of the country, under the 

most advantageous wind climate (Havas, M. − Hrenkó, I. 2015). Nevertheless, we can use 
other methods also in wind energy integration, as intensifying the cross-border trade of 
electricity and using the tools of demand side management. 
 
This result would be similar to the recent figures of the continental German states of Saxony-
Anhalt or Brandenburg, where the ratio of the wind energy hit 53.3% in the field of power 
consumption (Ender, C. 2014). In this situation wind turbines may cover only 1.1% of the 
whole land area of Hungary. It is very important to underline that wind turbines are not 
excluding factors in the land use for all the other economical activities, compared with the 
recently used power production technologies. The wind energy also means a local energy 
source compared with other sources, as nuclear energy, which means a 100% dependency 
on foreign, basically Russian sources.  
 
This research confirms that the focus change of the national energy policy would be 
admissible from the land use point of view. The encryption of almost every details of the 
planned nuclear investment can draw the attention to other important aspects of this 
problem: the shift to such sustainable energy solutions, as the wind energy, means a 
profound step ahead in the field of (energy) democracy, as well.  
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