
Tájökológiai Lapok · Journal of Landscape Ecology 21(2): 136–151. (2023) DOI: https://doi.org/10.56617/tl.4960 

First calculation of the implementable solar photovoltaic potential in 

Somogy county and its impact on CO2 emission reduction and job creation 

FRANCISCO JAVIER RODRÍGUEZ-SEGURA1, JUAN CARLOS OSORIO-ARAVENA2, 3, 

EMILIO MUÑOZ-CERÓN3, MARINA FROLOVA1 

1 Department of Regional and Physical Geography and Institute for Regional Development, University 

of Granada, 18071 Granada, Spain, e-mail: fjsegura@ugr.es 
2 Innovative Energy Technologies Center, Universidad Austral de Chile, Campus Patagonia s/n, 

5950000 Coyhaique, Chile 
3 IDEA Research Group (Research and Development in Solar Energy), Center for Advanced Studies in 

Earth Science, Energy and Environment, University of Jaén, 

Campus Las Lagunillas s/n, 23071 Jaén, Spain 

Keywords: renewable energy potential, energy transition, Hungary, solar PV 

Abstract: Due to the current climate urgency, it is necessary to accelerate an energy transition towards 

renewable energies. To this end, the European Union has set ambitious energy targets. However, in 

member countries such as Hungary, nuclear energy and fossil fuels continue playing a major role in the 

energy mix. Nevertheless, this country has a large solar photovoltaic (PV) potential that is hardly ex-

ploited, especially in the southern counties, and its technical potential has been less analysed. With the 

aim to estimate the short-term implementable solar PV potential in Somogy county in southern Hun-

gary, a multi-criteria spatial approach which integrates environmental, technical (with economic attrib-

utes), and geographical (with social-acceptability attributes) GIS-based constraints with existing local 

power plant considerations was employed. Results show that Somogy has a short-term implementable 

solar PV potential of 2.7 GWp with an electricity generation capacity of 3.2 TWh/year This power potential is about 

25 times more than the current installed capacity for generating electricity in Somogy and represents 

45% of the national target by 2030 for installed solar PV capacity in Hungary. Furthermore, this potential 

could create almost 35,000 direct jobs and avoid the emissions of 1.16–2.65 MtCO2 to the atmosphere. 

The findings and future studies suggested in this work are significant for both local and national levels 

and could contribute with insights on how to meet climate targets and accelerate energy independence 

with socio-economic benefits. 

Introduction 

To mitigate the effects of climate change the European Union (EU) has set a target of 

reducing greenhouse gas emissions by at least 55% by 2030 (European Parliament, 

2022). This requires increasing the share of renewable energy (RE) up to 45% in the 

EU's final energy consumption (European Parliament 2022). Consequently, the Euro-

pean energy target mainly depends on the replacement of fossil fuel-based electricity 

generation by RE sources. However, this can vary from one country to another. 

In the case of Hungary, further progress is needed in the decarbonisation of the 

economy and the integration of renewable energies into the national electricity gene-

ration structure due to the remaining weight of fossil fuels. Looking at the structure of 

electricity generation (Központi Statisztikai Hivatal 2021a), fossil fuels continue to play 

an important role, accounting for 35.38% of all electricity generated in the country, 

while renewable energy sources account for 20.36% of the total. Nuclear power stands 
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as the most important energy source in the country (44.26%), however, although it is a 

low carbon alternative to fossil fuels, nuclear energy is not a renewable source and, 

according to Jacobson (2019) it is not the answer to solve climate change. At the same 

time, solar photovoltaic (PV) energy stands out as the main source of renewable elect-

ricity with a contribution of 10.65% of the total electricity generation in this country 

(Központi Statisztikai Hivatal 2021a). In any case, large interest in the ground-

mounted systems segment and residential and commercial rooftop installations up to 

50 kW have ranked Hungary among the top 10 EU member states with the highest 

annual PV capacity expansion, with 3 GW of installed solar PV capacity at the end of 

2021 and an annual growth of 0.7 GW (SolarPower Europe 2021). Furthermore, the 

energy policy of the central government aims to support the energy transition through 

increased use of locally available RE sources. with solar PV being the RE technology 

that has grown the most in terms of installed capacity in Hungary (which has increased 

tenfold in the last five years), and which has a favourable projection for future devel-

opment according to the Ministry of Technology and Industry (Bolcsó 2022). 

Based on this data, it has been estimated that the installed capacity of solar PV could 

increase up to 5 GW by the end of 2023, which is very close to the target of 6 GW set 

for 2030 (Innovációs és Technológiai Minisztérium 2020, Major 2022). 

However, the fulfilment of that objective is not fully guaranteed. First of all, the 

energy transition is a complex process linked to multiple institutional contexts that 

change over time and modulate the dynamics of REs development (Frolova et al. 2019, 

Rodríguez-Segura and Frolova 2021). In addition, an European trend associated with 

local social opposition against some RE projects has recently appeared (Segreto et al. 

2020), and Hungary’s citizens could join that trend. Therefore, the evaluation of and 

discussion on the short-term (meaning within a range of 3 years vs. long-term that 

means decades) implementable solar PV potential at the local level is needed to better 

identify barriers that can stop the deployment of this technology. This can also help to 

develop ways to mitigate social opposition of RE projects and identify benefits beyond 

the techno-economic ones. In this work we focus on Somogy county, which is located 

in the south of Hungary. This county has great solar conditions, but solar PV technology 

has hardly been exploited yet and its technical potential has been little analysed. 

In fact, few studies have calculated the solar PV potential of Hungary, including 

Somogy county, and the majority of them have been executed at the national level. 

Most of those works (Pálfy et al. 2004; Dobi 2006; Mezősi 2017; Pintér et al. 2020; Atsu 

et al. 2021; Kumar et al. 2021) have calculated the average solar PV electricity that could 

be generated taking into account only technical aspects, or considering natural condi-

tions such as climate, latitude and longitude or topography. Authors such as Szabó et 

al. (2017) and Munkácsy et al. (2011, 2014) calculated a theoretical potential for landfills 

and domestic rooftop systems, respectively, which have considered aspects such as the 

high land use/demand for ground-mounted installations and the valuable agricultural 

use of Hungarian land. Authors such as Lechtenböhmer et al. (2016) consider that it is 

needed to distribute the estimated potential between facades, roofs and ground after 
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consideration of competing uses. Furthermore, very few works have attempted to cal-

culate a solar PV potential on a sub-national scale. In fact, only two studies (Somogy 

Megyei Önkormányzat 2014a, Žnidarec et al. 2019) have calculated the solar PV po-

tential for Somogy county, but together with other counties. 

In summary, on the one hand, there are no studies applied to Hungary that have 

evaluated the solar PV potential at the county level. On the other hand, the implemen-

table solar PV potential for Somogy has not been evaluated yet, and neither socio-eco-

nomic nor environmental benefits of harnessing its solar PV potential have been 

reported for this county. Recognizing these gaps, the aim of this study is to make a 

first calculation of the photovoltaic potential of the Somogy region that could be imp-

lemented in the near future (short-term) considering those high-voltage lines that 

would facilitate the injection of generated electricity into the grid. In this case, given 

the limitations of access to information, only the highest voltage line (440 kV), which 

crosses the county transversally, was considered. In addition, the largest active solar 

photovoltaic power plant in the country is connected to it. Moreover, the direct crea-

tion of employment and the avoidance of CO2 emissions into the atmosphere are esti-

mated. This will contribute to understanding the impact that utilizing the county’s RE 

potential could have, and provide useful information for accelerating the implemen-

tation of renewable electricity projects that help to meet climate targets and achieve 

greater energy independence al national level. 

This paper is structured as follows. Section 2 provides an overview of the study 

area, highlighting its electricity status and the theoretical solar PV potential. Section 3 

presents and describes the multi-criteria GIS-based approach applied to Somogy 

county. The results of this approach are presented in Section 4, whereas Section 5 dis-

cusses these results together with pointing out new research opportunities. Lastly, con-

clusions of this work are exposed in Section 6. 

Material and method 

Overview of the study area 

Somogy county is one of the 19 administrative units in Hungary. It is located in south-

western part of the country (Figure 1) and its capital is Kaposvár. Somogy is the fifth 

largest county in Hungary, 6 065 km2, which represents 6.5% of the country's territory 

(Központi Statisztikai Hivatal 2022a) but is one of the least populated counties with 

298 786 inhabitants (Központi Statisztikai Hivatal 2022b). Geographically, Somogy is 

located in the basin of Lake Balaton. The landscape is dominated by a vast plain broken 

by the Transdanubian Hills: the Outer Somogy region in the northern half of the 

county, where the highest point in the county is located (Almán-tető hill at 316 m); the 

Inner Somogy region in the southwest and the Zselic Mountains in the southeast 

(Varga 2018; Csorba et al. 2018). 
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The economic structure of Somogy is primarily agricultural. Agriculture contributes 

more to the county in GDP generation and in employment than the national average, 

and is clearly the most important sector (Somogy Megyei Önkormányzat 2014b). In-

dustry, mainly wood processing, sugar processing and canning of products, has 

hardly developed and a tourism sector is concentrated only around Lake Balaton (So-

mogy Megyei Önkormányzat 2014b). With regard to land use, about 60% of Somogy’s 

territory is under agricultural use and 30% is forest land (CNIG, 2018). 

 

Figure 1. Geographical location of Somogy county in the European and Hungarian context 

1. ábra. Somogy vármegye földrajzi elhelyezkedése Európában és Magyararországon 

Electricity status in Somogy county 

The electricity consumed in Somogy county was 887.67 GWh in 2020, which is only 

1.58% of the annual electricity consumption in Hungary (Központi Statisztikai Hivatal 

2020). About 40% of the electricity in this county is consumed by the residential sector, 

with a monthly average consumption of 152 KWh per home, while 28% is consumed 

by the industrial sector, reflecting an economic structure that is not very industrialized. 

The remaining 32% of electricity is distributed between agricultural purposes, lighting 

and tourism (Központi Statisztikai Hivatal 2021b). 

In terms of electricity generation, there are only two solar PV power plants in So-

mogy. One of them has an installed capacity of 100 MWp and another one 6.9 MWp, 

and they generated about 135 GWh and 7.5 GWh of electricity per year, respectively 

(Magyar Energetikai és Közmű-szabályozási Hivatal 2022). This means that these local 

PV plants supply around 16% of the electricity consumed in the county and therefore 

about 84% of the electrical needs have to be met through imports from other counties. 
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Solar PV potential for generating renewable electricity in Somogy county 

Despite the fact that photovoltaic electricity only meets about 16% of total electricity 

consumption in Somogy, this county has a significant solar PV potential (Somogy 

Megyei Önkormányzat 2020) and the high number of sunny hours which allow a 

rough estimate of an average of 1300 kWh/m2 per day on a horizontal plane for the 

whole region (Žnidarec et al. 2019). This represents a total theoretical potential in the 

county of 788 TWh/year. However, not all of this solar potential can be technically 

exploited since not all of the county's surface area is available for it, and in fact, no 

previous studies have discussed it. Therefore, using a multi-criteria spatial approach 

explained in the next section, this paper focuses on the calculation of the implementa-

ble solar PV potential for the county. 

Methodology 

To estimate the short-term implementable solar PV potential in Somogy county, the 

multi-criteria spatial approach recently proposed by Osorio-Aravena et al. (2022) has 

been adopted. This multi-criteria approach is an integration of environmental, tech-

nical (with economic attributes), and geographical (with social-acceptability attributes) 

GIS-based constraints with existing local power plant considerations. All of that is ne-

eded in order to identify options for accelerating the decarbonization of the current 

energy mix in a given territory. 

The process to estimate the RE technical potential is composed of three steps 

(Osorio-Aravena et al. 2022): 

1. Detection of useful sites and areas for implementing RE-power plants around 

the highest voltage power lines, and which could therefore support the instal-

lation of various power plants in the near future. In this work was only consi-

dered the main electric power grid (440 kV) as it is on of the highest voltage 

power grid that crosses the study area, as well as due to the difficulty of acces-

sing information on the lower voltage power grid. 

2. Calculation of the technical potential of the specific RE technology based on a 

spatial approach, and a job creation estimation by technology and their corres-

ponding CO2 emission reduction. 

3. Analysis of the pros and cons of the potential location based on local conside-

ration, so a more realistic approximation of the installable RE potential in the 

selected territory is obtained. 

The type of solar PV power plant considered in this work is a fixed-tilted ground-

mounting installation. Here, we used data from existing local solar PV systems oper-

ating in Somogy for the adjustment of some parameters, such as capacity factor (de-

fined as the ratio of the net electricity generated, for the time considered, to the energy 

that could have been generated at continuous full-power operation during the same 

period), power density (the amount of installed capacity of a power technology per 



First calculation of the implementable solar photovoltaic potential in Somogy county… 141 

unit of area) and full-load hours (the number of hours per year when a renewable en-

ergy asset produces electricity at its maximum capacity). Table 1 shows the GIS-based 

constraints by the criteria for this technology, following the order in which they were 

applied. A description of each criterion and constraint can be found in Osorio-Aravena 

et al. (2022). 

Table 1. GIS-based constraints by criterion for solar PV power plants 

1. táblázat. Térinformatikai alapú korlátozások kritériumok szerint napelemes PV erőművekhez 

Criterion GIS-based constraint 

Environmental Exclude natural parks and protected areas 

Technical (with 

economic attribu-

tes) 

Sites located not more than 1 km from the electric power grid 

Zones with a capacity factor equal to and greater than 12% 

Terrain with a slope less than or equal to 10% 

Geographical 

(with social-ac-

ceptability attrib-

utes) 

100 m from urban areas, towns and villages as a minimum 

100 m from buildings (industrial, military and cottages) as a minimum 

50 m from infrastructures (primary and secondary roads, railways and airfi-

elds) as a minimumi 

100 m from rivers and water bodies as a minimumii 

Sites with a minimum of 0,02 haiii 

i Distance to airports has not been considered as no airports exist in Somogy; however, it is recommen-

ded to apply this same constraint to other infrastructures. 
ii Distance to marine coast has not been considered as it does not exist in Somogy; however, it is re-

commended to apply this same constraint. 
iii For a solar PV power plant of 10 kW or more. 

After applying the multi-criteria GIS-based constraints, the solar PV potential calcu-

lation, in terms of installed capacity and electricity production, was carried out based 

on a spatial approach using equations (1) and (2). Solar PV power capacity potential 

was calculated as follows: 

 

𝑃𝑃𝑃𝑉 = (𝐷𝑆𝑃𝑉 −𝑂𝑆𝑃𝑉) ∙ 𝑃𝐷𝑃𝑉        (1) 

 

where 𝑃𝑃𝑃𝑉 is the solar PV power potential in MWp, 𝐷𝑆𝑃𝑉 is the detected surface for 

solar PV plants in hectares (ha), which it is a result of applying the multi-criteria GIS-

based constraints; 𝑂𝑆𝑃𝑉 is the occupied surface by existing solar PV plants in the range 

of 1 km from the main electric power grid in ha; and 𝑃𝐷𝑃𝑉 is the power density of solar 

PV in MWp/ha. In the case of Somogy, 𝑂𝑆𝑃𝑉 is 213 ha and 𝑃𝐷𝑃𝑉 is 0.5 MWp/ha. The 

PDPV was obtained based on the existing PV plants in Somogy via GIS. Then, using the 

obtained 𝑃𝑃𝑃𝑉, solar PV potential for producing electricity was estimated as follows: 
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𝐸𝑃𝑃𝑉 = 𝑃𝑃𝑃𝑉 ∙ 𝐹𝐿𝐻𝑃𝑉         (2) 

 

where 𝐸𝑃𝑃𝑉 is the solar PV electricity production potential in GWh and 𝐹𝐿𝐻𝑃𝑉 is the 

full-load hours for solar PV technology. In the case of Somogy, 1 193 h was assumed 

as 𝐹𝐿𝐻𝑃𝑉, which is the mean value for the existing solar PV power plants operating in 

the county. 

Subsequently, equations (3) and (4) were used to estimate the direct jobs creation 

potential for solar PV plants in the construction and installation (C&I) stage and for 

operation and maintenance (O&M) purposing, respectively: 

 

𝐽𝐶𝑃𝑉,𝐶&𝐼 = 𝑃𝑃𝑃𝑉 ∙ 𝐸𝐹𝑃𝑉,𝐶&𝐼         (3) 

 

where JCPV,C&I is the number of direct jobs created in the C&I stage for solar PV and 

EFPV,C&I is the employment factor in the C&I stage for this technology: 13 jobs-

year/MWp according to Ram et al. (2022). And, 

 

𝐽𝐶𝑃𝑉,𝑂&𝑀 = 𝑃𝑃𝑃𝑉 ∙ 𝐸𝐹𝑃𝑉,𝑂&𝑀         (4) 

 

where JCPV,O&M is the number of direct jobs created for O&M purposing for solar PV 

and EFPV,O&M is the employment factor for O&M purposing for this technology: 0.7 

jobs/MWp according to Ram et al. (2022). 

 

Regarding CO2 emissions reduction estimation, 0.364–0.826 ktCO2/GWh was consi-

dered, which is the range of CO2 emission factor relying on the specific fossil fuel-

based electricity generation technology (Eggleston et al. 2006). 

Results 

Figure 2 shows the results associated with the sites detected for the solar PV power 

plants implementation in Somogy county, taking into account the multi-criteria GIS-

based constraints. Some 36 sites were identified, accounting for 5 380 ha (0.87 % of the 

surface of Somogy) with a suitable condition for installing solar PV systems. The total 

detected surface can accommodate an installed solar PV capacity of 2.7 GWp, which is 

about 25 times more than the current installed capacity in this county (only PV systems 

on ground), and could create about 34 974 direct jobs in the C&I stage considering that 

13 direct jobs per year will be available for each MWp, and, around 1 883 direct jobs for 

O&M purposing. 

  



First calculation of the implementable solar photovoltaic potential in Somogy county… 143 

On the other hand, those 2.7 GWp could generate 3.2 TWh of electricity per year, 

which is 9 times more than the total electricity consumed by the residential sector in 

Somogy in 2020, 3.6 times more than the total electricity consumed in this county, and 

22 times more than the electricity generated by the solar PV power plants operating in 

Somogy in 2020. Furthermore, this solar PV potential for generated electricity would 

prevent the emission of 1.16–2.65 MtCO2 per year to the atmosphere. 

 

Figure 2. Identified sites for the installation of solar PV power plants in Somogy County 

2. ábra. Az azonosított napelemes PV erőművek telepítési helyszínei Somogy vármegyében 

Figure 3 shows the distribution of suitable sites based on installed capacity ranges as 

follows: 69% of the identified sites have a surface between 3.5 and 92 hectares, which 

could accommodate solar PV systems with an installed capacity in a range of 1.75–46 

MWp. These 25 sites correspond to 435 MWp that would generate 519 GWh, represen-

ting 58.5% of the total electricity consumed in Somogy in 2020. The smallest identified 

site is 0.055 ha, which would allow the installation of 0.027 MWp, while the largest 

identified site has 2,053 ha, which corresponds to a solar PV plant of 1,026 MWp. There-

fore, there is a wide range of installable power capacity in the county, but with a predo-

minance of large surfaces due to the flat orography, which would allow the imple-

mentation of medium and large size of solar PV systems. 
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Figure 3. Distribution of sites for implementing solar PV systems according to different installed capa-

city ranges 

3. ábra. Napelemes PV rendszerek kivitelezési helyszíneinek felosztása különböző beépített kapacitás-

tartományok szerint 

Finally, as Figure 4 shows, the 59.6% of the sites (3 205 ha, which represent 1.5% of the 

total agricultural surface in Somogy) are located in agricultural areas occupied by non-

irrigated arable lands (2 935 ha), pastures (121 ha) and complex cultivation patterns 

(149 ha). The remaining 40.4% of the sites (2,175 ha, which represent 1.2% of the total 

forest and seminatural surfaces in Somogy) are located in forest and seminatural areas, 

covered by broad-leaved/coniferous/mixed forests (1 911 ha) and transitional wood-

land shrubs (262 ha). 
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Figure 4. Identified sites for the installation of solar PV power plants in Somogy county classified by 

land cover 

4. ábra. Azonosított napelemes erőművek telepítési helyszínei Somogy vármegyében felszínborítás 

szerint osztályozva 

Discussion 

The results of this work reveal that the implementable solar PV potential for electricity 

generation in Somogy is significant not only for the county, but also for Hungary. The 

total area identified can accommodate an installed solar PV capacity of 2.7 GWp, which 

would occupy around 0.9% of the surface of Somogy and is about 19 times more than 

the installed capacity of ground-mounted PV systems currently operating in this 

county. This capacity could generate 3.2 TWh of electricity per year, which is 4.6 times 

more than the total electricity imported by Somogy from other counties. Furthermore, 

those 2.7 GWp represent 45% of the Hungary national target for reaching an installed 

solar PV capacity of 6 GW by 2030 (Innovációs és Technológiai Minisztérium 2020). 

This finding suggests the possibility to contribute in the short-term to the electricity 

self-supply and energy independence at local and even national levels, which would 

also imply both socio-economic and environmental benefits: creating 34,974 direct jobs 

in the C&I stage (considering that 13 direct jobs per year will be available for each 

MWp), around 1,883 direct jobs for O&M purposing, and preventing the emission of 

1.16–2.65 MtCO2 per year to the atmosphere, respectively. 

Furthermore, the solar PV technical potential calculated in this work is the first of 

its kind for Somogy county, but also for Hungary. Previous works (Somogy Megyei 

Önkormányzat 2014a, Žnidarec et al. 2019) that estimated a solar PV potential for this 

county have only reported theoretical values with an average of about 1300 kWh/m2 
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per day for the whole area. Therefore, in addition to the fact that we have used values 

based on local solar PV plants operating in Somogy, our results are the first that 

reported specific potential locations for the implementation of solar PV power systems. 

Moreover, none of those previous studies consider economic and social-acceptability 

attributes to identify suitable area for PV facilities. In addition, we report for the first 

time for Somogy county the direct jobs creation and CO2 emissions that would be 

avoided by a solar PV technical potential. 

If the results of this work are compared to those reported for the case the province 

of Jaén (Spain) where the same methodological approach was applied (Osorio-Ara-

vena et al. 2022), a specific similarity can be found. The results of both studies reveal 

that the total identify area suitable for a short-term implementation of solar PV plants 

would occupy around 1% of the territory under analysis. This means a power density 

of 0.49 MWp/km2 in Jaén and 0.45 MWp/km2 in Somogy. However, the difference of the 

absolute installed capacity potential between those studies, 6.6 GWp for Jaén and 2.7 

GWp for Somogy, can be attributed to the fact that in this work was only considered 

the main electric power grid (440 kV), while in the case of Jaén, electric power grids in 

a range of 60–400 kV were considered. This allows to infer two significant aspects. 

Firstly, the main limitation of this work is the consideration of just one type of the 

existing electric power grid in Somogy (due to the difficulty of accessing information). 

And, secondly, this suggest that the short-term implementable solar PV potential in 

this county is greater that the estimated in this study and need to be further investiga-

ted. 

In any case, also similar to the case of Jaén, the short-term implementation of the 

solar PV potential reported in this work is not fully guaranteed. This mainly depend 

on factors, situations and criteria that influence the social acceptability of RE projects; 

one of them is land use. In the case of Somogy, land use becomes an important factor 

because 40.4% of the sites detected for the solar PV power plants implementation 

match with forested areas and transitional woodlands shrub, which would make it 

difficult to prepare the land for the installation of PV plants. In addition, in a parallel 

work to this article, a survey was conducted among the local population of Somogy to 

find out their degree of acceptance of RE and their possible locations, revealing that 

there is a preference for unused or environmentally degraded areas over natural areas 

(Rodríguez-Segura et al. 2023), compromising 1.09 GW of the total calculated potential. 

In the same way, there is a preference for location in livestock farming areas as op-

posed to cultivated areas (Rodríguez-Segura et al. 2023). This is an aspect to be consi-

dered since more than half of the calculated potential is located on arable land (manly 

arable crops). However, according to the survey, respondents do not relate their ac-

ceptability of RE to the fact that it must involve a change in land use. This is also mo-

tivated by the energy transition model promoted in the county, focused on small-scale 

domestic/urban installations (Somogy Megyei Önkormányzat 2021). All of this sug-

gests that medium-sized installations (< 50 MW) would be better accepted by the po-

pulation. According to the results of this work, up to 27 PV plants of less than 50 MWp 
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could be installed in the county, with a total capacity of 435 MWp that would generate 

520 GWh. 

In any case, given that the potential areas located in forests are more complex to 

install solar PV projects in the short-term, new lines of research focused on land use 

compatibility should be explored, such as agrivoltaic systems, where the symbiosis 

between energy production and agriculture would allow farmers to obtain new sour-

ces of income without losing productivity or land ownership (Toledo & Scognamiglio 

2021). Similarly, the results obtained in this research allow opening future lines of re-

search towards studies of the annual profitability of cultivated area versus area oc-

cupied with energy installations. This will provide more objective information to key 

stakeholders (politicians, planners, landowners and companies in the solar PV sector), 

as well as complementing these results with studies of other sources of RE electricity 

generation (biogas or second-generation biomass) and secondary transmission lines. 

Conclusions 

In this work, a short-term implementable solar photovoltaic (PV) potential for electri-

city generation in Somogy has been calculated using a multi-criteria GIS-based 

approach that includes environmental, technical (with economic attributes) and 

geographical (with social-acceptability attributes) constraints, together with existing 

local solar PV power plants considerations. As far as the authors are aware, this is the 

first study that discusses such as renewable electricity potential for Somogy county, 

and, that reports direct jobs creation and estimates CO2 emissions reduction of the cal-

culated potential. 

The estimated potential of 2.7 GWp (without considering secondary power trans-

mission lines) is about 25 times more than the current installed capacity for generating 

electricity in this Somogy and represent 45% of the Hungary national target for reach-

ing an installed solar PV capacity of 6 GW by 2030. Based on these results, we conclude 

that the short-term implementable solar PV potential is not only relevant for renewable 

energy development in Somogy county, but also is significant on at the national level. 

This could contribute to the self-supply of electricity in Somogy and to Hungary 

achieves both national and European energy transition targets. However, the full im-

plementation of the estimated solar PV potential is not guaranteed. In Europe, there 

are more and more frequent demonstrations of citizens' rejection where society is be-

coming a barrier for large renewable energy projects. Moreover, in the case of Hungary 

and Somogy county, land use and land cover are key aspects from the social perspec-

tive due to the importance of the agricultural sector. All of that could affect in the suc-

cessful exploitation of the estimated solar PV potential. 
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Finally, we suggest carry out future studies to evaluate the complementarity of solar 

PV plants with crops (agrivoltaics systems). All of this, in order to minimise land use 

conflicts and social opposition, and, at the same time, to accelerate the implementation 

of renewable electricity projects that help to meet climate targets and achieve greater 

energy independence with both socio-economic and environmental benefits. 

Acknowledgments 

The first author thanks the Spanish Ministry of Education and Vocational Training for the scholarship 

“FPU18/ 01549”. It is part of a PhD thesis conducted within the Doctoral Programme in City, Territory 

and Sustainable Planning at the University of Granada, Spain. The second author thanks the Vice-Rec-

torate of Research of the University of Jaén for the “Acción 4” scholarship: “Ayudas predoctorales para 

la Formación de Personal Investigador”. 

Funding 

This paper was elaborated in the scope of the research carried out within the project “Adaptation to 

sustainable energy transition in Europe: Environmental, socio-economic and cultural aspects (ADAP-

TAS)” (Ministry of Economy, Industry and Competitiveness and State Research Agency of Spain, and 

European Regional Development Fund, CSO2017-86975-R). 

Authors contribution statement 

Francisco Javier Rodríguez-Segura: Conceptualization, Methodology, Formal analysis, Visualization, Writ-

ing – original draft preparation, Writing –Reviewing and Editing. Juan Carlos Osorio-Aravena: Method-

ology, Data curation, Writing – original draft preparation, Writing –Reviewing and Editing. Emilio 

Muñoz-Cerón: Supervision, Formal analysis, Writing – Reviewing and Editing. Marina Frolova: Formal 

analysis, Project administration, Writing – Reviewing and Editing. 

References 

Atsu, D., Seres, I., Farkas, I. 2021: The state of solar PV and performance analysis of different PV tech-

nologies grid-connected installations in Hungary. Renewable and Sustainable Energy Reviews, 141: 

110808. DOI: https://doi.org/10.1016/j.rser.2021.110808 

Bolcsó D. 2022: Termelési csúcsot értek el a magyarországi naperőművek. https://te-

lex.hu/gazdasag/2022/07/15/termelesi-csucsot-ertek-el-a-magyarorszagi-naperomuvek (retrieved 

on: 2022.11.21). 

CNIG 2018: CORINE Land Cover. Centro Nacional de Información Geográfica 

http://centrodedescargas.cnig.es/CentroDescargas/catalogo.do?Serie=SIOSE (retrieved on: 

2022.08.12). 

Csorba, P., Ádám, Sz., Bartos-Elekes, Zs., Bata, T., Bede-Fazekas, Á., Czúcz, B., Csima, P., Csüllög, G., Fodor, 

N., Frisnyák, S. et al. 2018: Landscapes. In: Kocsis, K.; Gercsák, G.; Horváth, G.; Keresztesi, Z.; Nemerkényi, 

Zs. (eds.) National atlas of Hungary: volume 2. Natural environment. Budapest, Hungary: Geographical 

Institute, Research Centre for Astronomy and Earth Sciences 183 p. pp. 112–129. 

Dobi I. 2006: Magyarországi szél és napenergia kutatás eredményei. OMSz, Budapest, 147. https://doc-

player.hu/966455-Magyarorszagi-szel-es-napenergia-kutatas-eredmenyei.html (retrieved from: 

2022.08.07). 

Eggleston, S., Buendia, L., Miwa, K., Ngara, T., & Tanabe, K. 2006: IPCC guidelines for national greenhouse 

gas inventories. https://www.osti.gov/etdeweb/biblio/20880391 (retrieved on: 2022.11.03). 

https://doi.org/10.1016/j.rser.2021.110808
https://telex.hu/gazdasag/2022/07/15/termelesi-csucsot-ertek-el-a-magyarorszagi-naperomuvek
https://telex.hu/gazdasag/2022/07/15/termelesi-csucsot-ertek-el-a-magyarorszagi-naperomuvek
https://docplayer.hu/966455-Magyarorszagi-szel-es-napenergia-kutatas-eredmenyei.html
https://docplayer.hu/966455-Magyarorszagi-szel-es-napenergia-kutatas-eredmenyei.html
https://www.osti.gov/etdeweb/biblio/20880391


First calculation of the implementable solar photovoltaic potential in Somogy county… 149 

European Parliament. 2022: El PE apuesta por impulsar las energías renovables y el ahorro energético. 

https://bit.ly/3GsJG6Q (retrieved on: 2022.11.10). 

Frolova, M., Frantál, B., Ferrario, V., Centeri, Cs., Herrero-Luque, D., Grónás, V., Martinát, S., Puttilli, 

M., Da Silva-Almeida, L., D’Angelo, F. 2019: Diverse Energy Transition Patterns in Central and So-

uthern Europe: A Comparative Study of Institutional Landscapes in the Czech Republic, Hungary, 

Italy, and Spain. Hungarian Journal of Landscape Ecology, 17: 65–89. 

DOI: https://doi.org/10.56617/tl.3571 

Innovációs és Technológiai Minisztérium. 2020: Nemzeti Energiastratégia 2030, kitekintéssel 2040-ig. 

https://zoldbusz.hu/files/NE2030.pdf (retrieved on: 2022.07.15). 

Jacobson, M. Z. 2019: 7 reasons why nuclear energy is not the answer to solve climate change. 

https://www.oneearth.org/the-7-reasons-why-nuclear-energy-is-not-the-answer-to-solve-climate-

change/ (retrieved on: 2023.09.14). 

Központi Statisztikai Hivatal. 2020: Az energiagazdálkodás főbb adatai. https://www.ksh.hu/stadat_fi-

les/ene/hu/ene0001.html (retrieved on: 2022.09.22). 

Központi Statisztikai Hivatal. 2021a: Bruttó villamosenergia-termelés [gigawattóra]. 

https://www.ksh.hu/stadat_files/ene/hu/ene0009.html (retrieved on: 2022.10.13). 

Központi Statisztikai Hivatal. 2021b: Gáz- és villamosenergiafelhasználás megye és régió szerint. 

https://www.ksh.hu/stadat_files/kor/hu/kor0068.html (retrieved on: 2022.09.22). 

Központi Statisztikai Hivatal. 2022a: Terület, településsűrűség, népsűrűség, 2022. január 1. 

https://www.ksh.hu/stadat_files/fol/hu/fol0006.html (retrieved on: 2022.09.20). 

Központi Statisztikai Hivatal. 2022b: A lakónépesség nem, megye és régió szerint, január 1. 

https://www.ksh.hu/stadat_files/nep/hu/nep0034.html (retrieved on: 2022.09.20). 

Kumar, B., Szepesi, G., Čonka, Z., Kolcun, M., Péter, Z., Berényi, L., Szamosi, Z. 2021: Trendline assess-

ment of solar energy potential in Hungary and current scenario of renewable energy in the Visegrád 

countries for future sustainability. Sustainability, 13(10): 5462. 

DOI: https://doi.org/10.3390/su13105462 

Lechtenböhmer, S., Prantner, M., Schneider, C., Fülöp, O., Sáfián, F. 2016: Alternative and sustainable 

energy scenarios for Hungary. Wuppertal Institute for Climate, Environment and Energy. 

https://nbn-resolving.org/urn:nbn:de:bsz:wup4-opus-65042 (retrieved on: 2022.07.27). 

Magyar Energetikai és Közmű-szabályozási Hivatal. 2022: Villamosenergia-ipari társaságok 2022. évi 

adatai. MEKH. http://www.mekh.hu/villamosenergia-ipari-tarsasagok-2022-evi-adatai (retrieved 

on: 2022.07.19). 

Major A. 2022: Napenergia: így teljesülhet egy évtizeddel korábban a 2040-es magyar cél. 

https://www.portfolio.hu/uzlet/20220628/napenergia-igy-teljesulhet-egy-evtizeddel-korabban-a-

2040-es-magyar-cel-552783# (retrieved on: 2022.07.13) 

Mezősi, G. 2017: Climate of Hungary. In: Mezősi, G (ed.): The Physical Geography of Hungary. 

Geography of the Physical Environment. Springer, pp. 101-109. DOI: https://doi.org/10.1007/978-3-

319-45183-1_2 

Munkácsy B. 2011: Erre van előre!: Egy fenntartható energiarendszer keretei Magyarországon: Vision 

2040 Hungary 1.2. Környezeti Nevelési Hálózat Országos Egyesület, Szigetszentmiklós, p. 168. 

Munkácsy, B. 2014: A fenntartható energiagazdálkodás felé vezető út: Erre van előre! − Vision 2040 

Hungary 2.0. Budapest: ELTE TTK, Környezet- és Tájföldrajzi Tanszék, Környezeti Nevelési Hálózat 

Országos Egyesület, Szigetszentmiklós, p. 196. 

Osorio-Aravena, J. C., Rodríguez-Segura, F. J., Frolova, M., Terrados-Cepeda, J., & Muñoz-Cerón, E. 

2022: How much solar PV, wind and biomass energy could be implemented in short-term? A multi-

criteria GIS-based approach applied to the province of Jaén, Spain. Journal of Cleaner Production, 

366: 132920. DOI: https://doi.org/10.1016/j.jclepro.2022.132920 

Pálfy M. 2004: Magyarország szoláris fotovillamos energetikai potenciálja. Energiagazdálkodás, 45: 7–10. 

Pintér, G., Zsiborács, H., Hegedűsné Baranyai, N., Vincze, A., Birkner, Z. 2020: The economic and 

geographical aspects of the status of small-scale photovoltaic systems in Hungary—A case study. 

Energies, 13(13): 3489. DOI: https://doi.org/10.3390/en13133489 

https://bit.ly/3GsJG6Q
https://doi.org/10.56617/tl.3571
https://zoldbusz.hu/files/NE2030.pdf
https://www.oneearth.org/the-7-reasons-why-nuclear-energy-is-not-the-answer-to-solve-climate-change/
https://www.oneearth.org/the-7-reasons-why-nuclear-energy-is-not-the-answer-to-solve-climate-change/
https://www.ksh.hu/stadat_files/ene/hu/ene0001.html
https://www.ksh.hu/stadat_files/ene/hu/ene0001.html
https://www.ksh.hu/stadat_files/ene/hu/ene0009.html
https://www.ksh.hu/stadat_files/kor/hu/kor0068.html
https://www.ksh.hu/stadat_files/fol/hu/fol0006.html
https://www.ksh.hu/stadat_files/nep/hu/nep0034.html
https://doi.org/10.3390/su13105462
https://nbn-resolving.org/urn:nbn:de:bsz:wup4-opus-65042
http://www.mekh.hu/villamosenergia-ipari-tarsasagok-2022-evi-adatai
https://www.portfolio.hu/uzlet/20220628/napenergia-igy-teljesulhet-egy-evtizeddel-korabban-a-2040-es-magyar-cel-552783%23
https://www.portfolio.hu/uzlet/20220628/napenergia-igy-teljesulhet-egy-evtizeddel-korabban-a-2040-es-magyar-cel-552783%23
https://doi.org/10.1007/978-3-319-45183-1_2
https://doi.org/10.1007/978-3-319-45183-1_2
https://doi.org/10.1016/j.jclepro.2022.132920
https://doi.org/10.3390/en13133489


150 RODRÍGUEZ-SEGURA ET AL. 

Ram, M., Osorio-Aravena, J. C., Aghahosseini, A., Bogdanov, D., & Breyer, C. (2022). Job creation during 

a climate compliant global energy transition across the power, heat, transport, and desalination 

sectors by 2050. Energy, 238: 121690. DOI: https://doi.org/10.1016/j.energy.2021.121690 

Rodríguez Segura, F. J., Frolova, M. 2021: Los contextos institucionales de la transición energética en 

España y Hungría: la diversidad de un objetivo comunitario. Boletín De La Asociación De Geógrafos 

Españoles, 90. DOI: https://doi.org/10.21138/bage.3130 

Rodríguez-Segura, F. J., Frolova, M., Osorio-Aravena J. C. 2023: Aceptación social de las energías 

renovables en Europa: Estudio comparativo entre la provincia de Jaén (España) y condado de 

Somogy (Hungría). Anales de Geografía de la Universidad Complutense, 43(1): 211–236. 

DOI: https://doi.org/10.5209/aguc.85946 

Segreto, M., Principe, L., Desormeaux, A., Torre, M., Tomassetti, L., Tratzi, P., Petracchini, F. 2020: 

Trends in social acceptance of renewable energy across Europe – A literature review. International 

Journal of Environmental Research and Public Health, 17(24): 9161. 

DOI: https://doi.org/10.3390/ijerph17249161 

SolarPower Europe. 2021: EU Market Outlook for Solar Power 2021–2025. https://api.solarpowereu-

rope.org/uploads/EU_Market_Outlook_for_Solar_Power_2021_2025_Solar_Power_Eu-

rope_d485a0bd2c.pdf (retrieved on: 2022.07.15). 

Somogy Megyei Önkormányzat. 2014a: Szektorális tanulmányok: Energia. In “Common cross border 

strategy”. Development of common regional strategy in Somogy, Koprivnica Krizevci and Bjelovar 

Bilogora Counties. HUHR/1101/2.1.4/0005. http://www.som-onkorm.hu/static/files/nyer-

tes_p%C3%A1ly%C3%A1zataink/_5_Energia_HU.pdf (retrieved on: 2022.08.10). 

Somogy Megyei Önkormányzat. 2014b: Szektorális tanulmányok: Regionális fejlesztés. In “Common 

cross border strategy”. Development of common regional strategy in Somogy, Koprivnica Krizevci 

and Bjelovar Bilogora Counties. HUHR/1101/2.1.4/0005. http://www.som-onkorm.hu/static/fi-

les/nyertes_p%C3%A1ly%C3%A1zataink/_1_Region%C3%A1lis%20fejleszt%C3%A9s_HU.pdf (ret-

rieved on: 2022.08.10). 

Somogy Megyei Önkormányzat 2020: Somogy Megye Területrendezési Terve 2020. http://www.som-

onkorm.hu/somogy-megye-teruletrendezesi-terve-2020.html (retrieved on: 2022.11.05). 

Somogy Megyei Önkormányzat. 2021: Somogy Megye Területfejlesztési Program 2021–2027. 

http://www.som-onkorm.hu/static/files/Megyei_Ter%C3%BCletf_21-27/Somogy%20Me-

gye%20Ter%C3%BCletfejleszt%C3%A9si%20Program.pdf (retrieved on: 2022.11.05). 

Szabó, S., Bódis, K., Kougias, I., Moner-Girona, M., Jäger-Waldau, A., Barton, G., Szabó, L. 2017: A 

methodology for maximizing the benefits of solar landfills on closed sites. Renewable and Susta-

inable Energy Reviews, 76: 1291–1300. DOI: https://doi.org/10.1016/j.rser.2017.03.117 

Toledo, C., Scognamiglio, A. 2021: Agrivoltaic systems design and assessment: A critical review, and a 

descriptive model towards a sustainable landscape vision (three-dimensional agrivoltaic patterns). 

Sustainability, 13(12): 6871. DOI: https://doi.org/10.3390/su13126871 

Varga G. 2018: Somogy megye klímastratégiája. In Somogy Megyei Éghajlat Változási Platform 

létrehozása. http://www.somonkorm.hu/static/files/nyertes_p%C3%A1ly%C3%A1zataink/Somogy-

MegyeKl%C3%ADmastrat%C3%A9gia.pdf (retrieved on: 2022.08.10). 

Žnidarec, M., Primorac, M., Mezei, C., Kovács, S.Z. 2019: Renewable energy potential and decision sup-

port in the cross-border region of Croatia and Hungary–potentials for a model application. In: Topić, 

D., Varjú, V., Horváthné Kovács, B (eds.): Renewable energy sources and energy efficiency for rural 

areas, MTA KRTK, Pécs, pp. 42–64 

https://doi.org/10.1016/j.energy.2021.121690
https://doi.org/10.21138/bage.3130
https://doi.org/10.5209/aguc.85946
https://doi.org/10.3390/ijerph17249161
https://api.solarpowereurope.org/uploads/EU_Market_Outlook_for_Solar_Power_2021_2025_Solar_Power_Europe_d485a0bd2c.pdf
https://api.solarpowereurope.org/uploads/EU_Market_Outlook_for_Solar_Power_2021_2025_Solar_Power_Europe_d485a0bd2c.pdf
https://api.solarpowereurope.org/uploads/EU_Market_Outlook_for_Solar_Power_2021_2025_Solar_Power_Europe_d485a0bd2c.pdf
http://www.som-onkorm.hu/static/files/nyertes_p%C3%A1ly%C3%A1zataink/_5_Energia_HU.pdf
http://www.som-onkorm.hu/static/files/nyertes_p%C3%A1ly%C3%A1zataink/_5_Energia_HU.pdf
http://www.som-onkorm.hu/static/files/nyertes_p%C3%A1ly%C3%A1zataink/_1_Region%C3%A1lis%20fejleszt%C3%A9s_HU.pdf
http://www.som-onkorm.hu/static/files/nyertes_p%C3%A1ly%C3%A1zataink/_1_Region%C3%A1lis%20fejleszt%C3%A9s_HU.pdf
.%20http:/www.som-onkorm.hu/somogy-megye-teruletrendezesi-terve-2020.html
.%20http:/www.som-onkorm.hu/somogy-megye-teruletrendezesi-terve-2020.html
http://www.som-onkorm.hu/static/files/Megyei_Ter%C3%BCletf_21-27/Somogy%20Megye%20Ter%C3%BCletfejleszt%C3%A9si%20Program.pdf
http://www.som-onkorm.hu/static/files/Megyei_Ter%C3%BCletf_21-27/Somogy%20Megye%20Ter%C3%BCletfejleszt%C3%A9si%20Program.pdf
https://doi.org/10.1016/j.rser.2017.03.117
https://doi.org/10.3390/su13126871
http://www.somonkorm.hu/static/files/nyertes_p%C3%A1ly%C3%A1zataink/SomogyMegyeKl%C3%ADmastrat%C3%A9gia.pdf
http://www.somonkorm.hu/static/files/nyertes_p%C3%A1ly%C3%A1zataink/SomogyMegyeKl%C3%ADmastrat%C3%A9gia.pdf


First calculation of the implementable solar photovoltaic potential in Somogy county… 151 

A Somogy megyében megvalósítható fotovoltaikus potenciál első számítása 

és hatása a CO2-kibocsátás csökkentésére és a munkahelyteremtésre 

FRANCISCO JAVIER RODRÍGUEZ-SEGURA1, JUAN CARLOS OSORIO-ARAVENA2, 3, 

EMILIO MUÑOZ-CERÓN3, MARINA FROLOVA1 

1 Department of Regional and Physical Geography and Institute for Regional Development, University 

of Granada, 18071 Granada, Spain, e-mail: fjsegura@ugr.es 
2 Innovative Energy Technologies Center, Universidad Austral de Chile, Campus Patagonia s/n, 

5950000 Coyhaique, Chile 
3 IDEA Research Group (Research and Development in Solar Energy), Center for Advanced Studies in 

Earth Science, Energy and Environment, University of Jaén, 

Campus Las Lagunillas s/n, 23071 Jaén, Spain 

Kulcsszavak: megújulóenegia-potenciál, energiaátmenet, Magyarország, napelem 

 

Összefoglaló: A jelenlegi éghajlatváltozási tendenciák miatt fel kell gyorsítani az energetikai átállást a 

megújuló energiákra. Ennek érdekében az Európai Unió ambiciózus energiacélokat tűzött ki. A tagor-

szágokban, például Magyarországon azonban az atomenergia és a fosszilis tüzelőanyagok továbbra is 

jelentős szerepet töltenek be az energiamixben. Ennek ellenére az ország nagy napelemes fotovoltaikus 

(PV) potenciállal rendelkezik, amelyet alig használnak ki, különösen a déli megyékben, ugyanakkor 

eddig a technikai potenciált kevésbé kutatták. Somogy vármegyében a napelem-potenciál rövid távon 

történő kihasználásának becslésére egy többszempontú térbeli megközelítést alkalmaztunk, amely in-

tegrálja a környezeti, a műszaki (gazdasági adottságokkal) és a földrajzi (társadalmi elfogadhatósági 

jellemzőkkel rendelkező) térinformatikai korlátokat. Az eredmények azt mutatják, hogy Somogy vár-

megye rövid távon 2,7 GWp megvalósítható napelemes potenciállal rendelkezik, 3,2 TWh/év villamos-

energia-termelő kapacitással. Ez az energiapotenciál mintegy 25-ször nagyobb, mint a jelenlegi beépített 

villamosenergia-termelési kapacitás, és a 2030-ra kitűzött nemzeti cél 45%-át teszi ki a magyarországi 

beépített napelem-kapacitás tekintetében. Ezen túlmenően ez a potenciál közel 35 000 közvetlen mun-

kahelyet teremthet, és lehetővé teszi 1,16–2,65 Mt CO2 légkörbe történő kibocsátásának megakadályo-

zását. A javasolt megállapítások és a jövőbeni tanulmányok mind helyi, mind nemzeti szinten jelentő-

sek, és hozzájárulhatnak ahhoz, hogy információt nyerjünk az éghajlati célok elérésére és az energia-

függetlenség felgyorsítására vonatkozó társadalmi-gazdasági előnyökre. 
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