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Abstract: The countries of the Visegrad Group (V4) face serious challenges related to
increasing the share of renewable energy sources (RES) and the energy mix. One of the
elements connected with the achievement of higher use of RES is the development of
photovoltaics. The countries of the Visegrad Group still have untapped potential to increase
energy production based on photovoltaic installations. However, this will require the
implementation of solutions that will, on the one hand, encourage investors to choose this
type of RES, and on the other hand, invest in obsolete transmission networks and energy
storage. The aim of the article is to analyse the conditions related to the development of
photovoltaics in the Visegrad Group countries, with particular emphasis on the further
development of RES until 2030. The article also demonstrates the potential of solutions
associated with the adaptation of industrial networks to the changing conditions in this sector
(e.g. the growing number of prosumers). Moreover, the importance of storing energy from
photovoltaic installations was emphasized, which will allow the stabilization of the energy

system.
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1. Introduction

Recent years have brought an increase in the importance of photovoltaics as one of the
fastest growing renewable energy sources. The development of this RES had a significant
impact on the achievement by the Visegrad Group countries of the targets for the share of
energy from renewable sources set for 2020 in the final gross energy consumption (Directive
2009/28/WE, 2009). The national targets for the share of energy from renewable sources in
gross final energy consumption for 2020 set out in Directive 2009/28/EC was already achieved
in 2019 by all Visegrad Group countries except Poland (Figure 1).

It should be noted that Poland committed that in 2020 the share of renewable energy
sources would be 15% in gross final energy consumption (Dziku¢ & Tomaszewski, 2016), in
the case of Hungary and the Czech Republic it was 13%, and in Slovakia 14% (Table 1).
Ultimately, Poland reached the 2020 target, which was largely due to the dynamic increase
in the number of photovoltaic installations and the economic slowdown caused by the
coronavirus pandemic (Rokicki et al., 2022). The limitations related to the epidemiological
situation in Poland resulted in a reduction in energy consumption in 2020 (Mik et al., 2021).
This reduction occurred mainly during the production of energy based on conventional
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Figure 1. Overall share of energy from renewable sources 2019 (The European Bank for Reconstruction
and Development, 2022)

energy resources such as lignite and hard coal. It should be emphasized that the development
of RES, including photovoltaic installations, is consistent with the idea of low-carbon
development (Zarebska & Dziku¢, 2013).

2. Methodology

The aim of the article is to analyse the conditions related to the development of
photovoltaics in the Visegrad Group countries, with particular emphasis on the further
development of RES until 2030 (Janda, 2018). The article also demonstrates the potential of
solutions associated with the adaptation of industrial networks to the changing conditions in
this sector (e.g. the growing number of prosumers). Moreover, the importance of storing
energy from photovoltaic installations was emphasized (Kuceba et al., 2021), which will
allow the stabilization of the energy system (Olczak et al., 2021).

The methodology of own research is closely related to the purpose of the analyzes.
The indicated research goal was a determinant of the use of methods that are characteristic
of social sciences (Podr et al., 2015). In order to effectively achieve the research goals, the

following research methods were used:

e deductive method,

e analysis of source documents,

e analysis of the literature on the subject,

e methods of descriptive and mathematical statistics,

e tabular and descriptive charts.

The collected data was helpful in analyzing the development of photovoltaics in the
countries of the Visegrad Group. The conducted research was helpful in trying to define the
prospects for the development of photovoltaics in the coming years. Data obtained from the



central authorities of individual countries were used during the analyzes. The article analyzes
statistical data and other important information related to the development of photovoltaics.
The statistical data and other information used during the research were the basis for the
economic characteristics of the analyzed renewable energy source (photovoltaics). The
research methods and techniques used in the manuscript made it possible to achieve the

assumed goal.

3. Analysis of Factors Influencing the Functioning of Photovoltaics in the Countries of
the Visegrad Group

The countries of the Visegrad Group have a lower share of renewable energy in the total
energy balance than in the entire European Union (Gnatowska & Moryn-Kucharczyk, 2021).
Compared to other countries of the Visegrad Group, Poland generates the most energy based
on RES (Figure 2). However, Poland is by far the largest country of the entire Visegrad Group,
and if the number of inhabitants of individual countries is taken into account, these
differences become blurred (Olczak & Komorowska, 2021). The Czech Republic and Slovakia
in 2019 achieved the share of renewable energy planned for 2020, which may have
contributed to the fact that the authorities of these countries were not willing to create

conditions for the development of, among other things, photovoltaics (Duda et al., 2022).
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Figure 2. Production of electricity from renewable sources in the countries of the Visegrad Group in
2015-2020

Hence, the development of photovoltaics in recent years in the Czech Republic and
Slovakia has been moderate. On the other hand, Poland and Hungary in 2019 were in a worse
situation. In 2019, Hungary was close to the target of RES share in the energy balance for
2020, and Poland had a significantly lower share of RES and was forced to take measures that
would lead to faster RES development. On the other hand, Poland and Hungary in 2019 were
in a worse situation. In 2019, Hungary was close to the target of RES share in the energy
balance for 2020, and Poland had a significantly lower share of RES and was forced to take

measures that would lead to faster RES development. Therefore, Poland and Hungary were



exposed to sanctions by the European Union in the event of failure to meet the commitments
made. Possible penalties that could be imposed on Poland and Hungary for failure to achieve
the assumed share of RES could constitute a serious burden for these countries. It should be
noted that increasing the installed capacity in photovoltaics, due to the relatively short period
of investment implementation (Franz & Piringer, 2020), was one of the best solutions
allowing Poland to achieve and Hungary to maintain the assumed RES share in the total
energy balance (Hatacz et al., 2020).

The climatic conditions in the Visegrad Group countries related to the possibilities of
obtaining electricity through photovoltaic installations are varied. The most favourable are
in Hungary and in the southern part of Slovakia (Figures 3 and 4). However, they are less
favourable in the Czech Republic and Poland (Figures 5 and 6). Yet, this does not mean that
the climatic conditions in the Czech Republic and Poland lead to the lack of profitability of
the operation of photovoltaic installations (Solargis, 2022). Maps showing data related to
Photovoltaic Power Potential (PVOUT) for the Visegrad Group countries have been
published by Global Solar Atlas, the World Bank and by Solargis. PVOUT maps provide the
estimated power generation potential and provide information on the long-term average
daily and annual potential electricity production from a grid-connected PV plant with a peak
power of 1 kWp (kWp — the amount of electricity at the peak, i.e. at the peak of production).
When estimating the potential of photovoltaics in individual countries, it was assumed that
the configuration of the photovoltaic system is made of ground-based, free-standing
structures that consist of photovoltaic modules made of crystalline silicon and are mounted
in an optimal inclination position to maximize the annual energy production (Angowski et
al., 2021). The estimates also take into account the use of inverters with optimal efficiency.
Furthermore, the simulation assumes that the losses in energy production by photovoltaic
installations due to their contamination amount to 3.5%. At the same time, it is assumed that
the influence of the remaining losses due to cabling and shading is 7.5%. When estimating
the photovoltaic potential, it was also assumed that the availability of the photovoltaic
installation is 100%. When developing maps of the photovoltaic potential for the Visegrad
Group countries, the temperature of the air above the ground was also taken into account
(Solargis, 2022).

It is assessed that the average number of sunny hours in Hungary is around 2,000 per
year. For Budapest it is approx. 1,990 hours, while for Bratislava (the capital of Slovakia) the
number of sunny hours per year is similar and amounts to approx. 2,040. In the Czech
Republic and Poland, however, the number of sunny hours is lower, usually in the range of
1,400-1,800 hours during the year. As previously noted, all countries of the Visegrad Group
have good weather conditions for the production of energy by photovoltaic installations
(Solargis, 2022). On the other hand, the most favourable weather conditions are from April
to September, when the vast majority of energy is produced. It should be emphasized that
the differences between Poland and the Czech Republic and southern Slovakia and Hungary
are significant (Global Solar Atlas, 2022).
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Figure 3. Photovoltaic power output in Hungary (Global Solar Atlas, 2022)
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Figure 4. Photovoltaic power output in Slovakia (Global Solar Atlas, 2022)
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Figure 5. Photovoltaic power output in Czech Republic (Global Solar Atlas, 2022)
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Figure 6. Photovoltaic power output in Poland (Global Solar Atlas, 2022)

4. Prospects for the Development of Photovoltaics in the Visegrad Group Countries

The state authorities of the Visegrad Group countries independently develop a national
policy for the development of RES. In line with the assumptions for the National Energy and
Climate Plan, Poland envisages an increase in the maximum capacity of photovoltaic
installations to approx. 7.3 GW in 2030 and approx. 16 GW in 2040 (Kulpa et al., 2022).
National contribution for energy efficiency (primary energy consumption and final energy
consumption) of most Visegrad Group countries should be assessed as modest or low
ambition. Apart from Hungary, whose national contribution for energy efficiency should be
estimated as very low (Table 1).

When planning the future development of photovoltaic installations, the authorities of
individual countries should take into account climatic conditions in order to maximize the
efficiency of using the potential of solar energy. The example of Hungary shows that
photovoltaic installations could be located in the southern part of the country, which is the
area with the most favourable solar conditions (Figures 3 and 7).

It should be emphasized that the appropriate legal solutions that existed, among other
things, in the Czech Republic more than ten years ago and the favorable conditions in Poland
in the last few years allow us to achieve a dynamic increase in installed capacity in
photovoltaic installations. However, in the case of Poland, the dynamic development of
photovoltaics may weaken after April 1, 2022 due to the introduction of less favorable legal
regulations, when the owners of newly built photovoltaic installations will not be able to use
the energy system as a virtual energy storage (as has been the case so far). Prosumers in
Poland who build photovoltaic micro-installations by April 1, 2022 will be able to use up to
80% of the energy that they sent to the energy system early. Nevertheless, after this period,
they will sell unused electricity to the energy system. Currently, the prices at which
prosumers will be able to sell surplus electricity produced are not known yet, but most likely



Table 1. Objectives, targets and contributions under the Governance Regulation of countries of the

Visegrad Group (European Commission, 2021; European Union, 2018)
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Figure 7. Solar park presence in various regions of Hungary based on power capacity (Kumar et al.,
2021).

it will be a price much lower than the price they will have to pay for the electricity taken from
the grid (Wcislik & Kotrys-Dziatak, 2021).

It should be emphasized that public economy is related to the development of
photovoltaics. Central authorities decide on the co-financing of individual RES. In addition,
the government authorities set the conditions for the sale of the energy produced from the
photovoltaic installation (Klepacki et al., 2021). These solutions have a large impact on the
decisions of investors, because they affect the economic efficiency of the operation of

photovoltaic installations.

5. Conclusions

Geospatial analyses demonstrate the potential of the Visegrad Group countries in the
further development of photovoltaics. Even though the climatic conditions are not identical
in all analysed countries. In the southern part of Slovakia and in most of Hungary (especially
the southern region of Hungary), there is the greatest potential for locating solar PV
installations.

It should be noted that the factor influencing the increase in the share of renewable
energy by the Visegrad Group countries may be the increasing fees for CO:z emissions, which
in December 2021 reached a price of approx. EUR 90 per ton. This may be particularly
important in the case of Poland, which has the highest share of coal in the energy mix of all
the countries of the Visegrad Group. Moreover, for the development of photovoltaics to be
possible, actions will be needed to stabilize energy networks, which are often outdated.

In addition to the obvious solutions consisting in the modernization of power grids, it
will be necessary to build local energy storage facilities that will help to relieve the power
grid during summer days, when the largest amount of energy is produced by photovoltaic
installations. The countries of the Visegrad Group are moderately decisive in their approach
to a significant increase in the share of energy from RES in the energy mix.

The development of photovoltaics is closely related to public administration.

An example may be the decisions of the central authorities in Poland, which led to the



creation of 850,000. micro-installations within three years. Similar examples of the influence
of governmental decisions on the development of renewable energy sources (including

photovoltaics) can be found in other EU countries.

Acknowledgments: This study was conducted and financed in the framework of the research projects: “Economic
conditions of energy storage in the context of the development of photovoltaic micro-installations in Poland”
(program MINIATURA, grant No. 2021/05/X/HS4/01377) granted by the National Science Centre, Poland and
“Economic aspects of low carbon development in the countries of the Visegrad Group” (program OPUS, grant
No. 2018/31/B/HS4/00485) granted by the National Science Centre, Poland.

Conflicts of Interest: none

References

Angowski, M., Kijek, T., Lipowski, M., & Bondos, I. (2021). Factors Affecting the Adoption of Photovoltaic
Systems in Rural Areas of Poland. Energies, 14, 5272. https://doi.org/10.3390/en14175272

Directive 2009/28/EC. On the Promotion of the Use of Energy from Renewable Sources/Dyrektywa Parlamentu
Europejskiego i Rady 2009/28/WE z dnia 23 kwietnia 2009 r. w Sprawie Promowania Stosowania Energii ze Zrddet
Odnawialnych. European Union, The European Parliament and The Council of the European Union.
https://eur-lex.europa.eu/legal-content/PL/ALL/?uri=celex%3A32009L0028

Duda, J., Kusa, R., Pietruszko, S., Smol, M., Suder, M., Teneta, J., Wéjtowicz, T., & Zdanowicz, T. (2022).
Development of Roadmap for Photovoltaic Solar Technologies and Market in Poland. Energies, 15, 174.
https://doi.org/10.3390/en15010174

Dziku¢, M., & Tomaszewski, M. (2016). The effects of ecological investments in the power industry and their
financial structure: a case study for Poland. Journal of Cleaner Production, 118, 48-53.
https://doi.org/10.1016/j.jclepro.2016.01.081

European Commission. (2021). National energy and climate plans. https://ec.europa.eu/info/energy-climate-change-
environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-
energy-and-climate-plans_en

European Union. (2018). Regulation (EU) 2018/1999 of the European Parliament and of the Council of 11
December 2018 on the Governance of the Energy Union and Climate Action, amending Regulations (EC)
No 663/2009 and (EC) No 715/2009 of the European Parliament and of the Council, Directives 94/22/EC,
98/70/EC, 2009/31/EC, 2009/73/EC, 2010/31/EU, 2012/27/EU and 2013/30/EU of the European Parliament
and of the Council, Council Directives 2009/119/EC and (EU) 2015/652 and repealing Regulation (EU) No
525/2013 of the European Parliament and of the Council.

Franz, M., & Piringer, G. (2020). Market development and consequences on end-of-life management of
photovoltaic implementation in Europe. Energy, Sustainability and Society, 10, 31.
https://doi.org/10.1186/s13705-020-00263-4

Global Solar Atlas. (2022). Global solar atlas. https://globalsolaratlas.info/global-pv-potential-study

Gnatowska, R., & Moryn-Kucharczyk, E. (2021). The Place of Photovoltaics in Poland’s Energy Mix. Energies, 14,
1471. https://doi.org/10.3390/en14051471

Hatacz, J., Neugebauer, M., Sotowiej, P., Nalepa, K., & Wesotowski, M. (2020). Recycling Expired Photovoltaic
Panels in Poland. In M. Wrébel, M. Jewiarz, & A. Szlek (Eds.), Renewable Energy Sources: Engineering,
Technology, Innovation. Springer Proceedings in Energy. Springer, Cham. https://doi.org/10.1007/978-3-030-
13888-2_45

IRENA. (2022). Production of electricity from renewable sources in the countries of the Visegrad Group in 2015-2020.
https://irena.org/Statistics/

Janda, K. (2018). Slovak electricity market and the price merit order effect of photovoltaics. Energy Policy, 122,
551-562. https://doi.org/10.1016/j.enpol.2018.07.021

Klepacki, B., Kusto, B., Bérawski, P., Beldycka-Bérawska, A., Michalski, K., Perkowska, A., & Rokicki, T. (2021).
Investments in Renewable Energy Sources in Basic Units of Local Government in Rural Areas. Energies, 14,
3170. https://doi.org/10.3390/en14113170

Kuceba, R., Chmielarz, G., & Soltysiak, M. (2021). Vital Factors Stimulating Development and Competitiveness
of Design and Construction Enterprises of Photovoltaic Farms. Energies, 14, 3399.
https://doi.org/10.3390/en14123399



Kulpa, J., Olczak, P., Surma, T., &Matuszewska, D. (2022). Comparison of Support Programs for the
Development of Photovoltaics in Poland: My Electricity Program and the RES Auction System. Energies, 15,
121. https://doi.org/10.3390/en15010121

Kumar, B., Szepesi, G., Conka, Z., Kolcun, M., Péter, Z., Berényi, L., & Szamosi, Z. (2021). Trendline Assessment
of Solar Energy Potential in Hungary and Current Scenario of Renewable Energy in the Visegrad Countries
for Future Sustainability. Sustainability, 13, 5462. https://doi.org/10.3390/su13105462

Mik, K., Bugaj, M., & Chaja, P. (2021). The evaluation of the snail track affected photovoltaic modules by
different methods after 3-year operating in central Poland. Renewable Energy, 163, 504-516.
https://doi.org/10.1016/j.renene.2020.09.005

Olczak, P., & Komorowska, A. (2021). An adjustable mounting rack or an additional PV panel? Cost and
environmental analysis of a photovoltaic installation on a household: A case study in Poland. Sustainable
Energy Technologies and Assessments, 47, 101496. https://doi.org/10.1016/j.seta.2021.101496

Olczak, P., Jasko, P., Kryzia, D., Matuszewska, D., Fyk, M. I., & Dyczko, A. (2021). Analyses of duck curve
phenomena potential in polish PV prosumer households’ installations. Energy Reports, 7, 4609-4622.
https://doi.org/10.1016/j.egyr.2021.07.038

Poér, P., Simon, M., & Karkovd, M. (2015). CMMS as an effective solution for company maintenance costs
reduction. In Production Management and Engineering Sciences (pp. 241-246). CRC Press.

Rokicki, T., Bérawski, P., Betdycka-Borawska, A., Zak, A., & Koszela, G. (2022). Development of Electromobility
in European Union Countries under COVID-19 Conditions. Energies, 15, 9.
https://doi.org/10.3390/en15010009

Solargis. (2022). Photovoltaic Power Potential. https://solargis.com/maps-and-gis-data/tech-specs

The European Bank for Reconstruction and Development. (2022). Sustainability.
https://www.investbaltics.eu/sustainability

Weislik, S., & Kotrys-Dziatak, D. (2021). Thermal building upgrade with off-grid PV system: a Polish case.
Energy Efficiency, 14, 70. https://doi.org/10.1007/s12053-021-09980-x

Zarebska, J., & Dzikué, M. (2013). Determining the environmental benefits of life cycle assessment (LCA) on
example of the power industry. Scientific Journals Maritime University of Szczecin, 34(163), 97-102.



