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Abstract

This paper sought to investigate how the adoption of solar panel has impacted social and
economic development in Hungary, however the literature examines correlations between economic and
social development. Utilizing a systematic literature review and a PRISMA framework the paper
examines papers between 2019 and 2025 from EBSCO, Web of Science and Scopus databases. The
analysis finds changes have occurred in regulation, spatial distribution patterns, public attitude,
knowledge, and necessary behaviour. Findings show that HMKE systems payoff time ranges between
4 and 12 years, while METAR systems the payoff time is 15-17 years. People’s attitudes have become
more positive and more people became more knowledgeable about renewables between 2017 and 2022.
The distribution of small-scale PV systems is uneven in Hungary, with three clusters of regions where
the number of PV systems are the highest. The regional differences correlate with education level,
household wealth, municipal budget and tourism. Behavioural changes due to intermittency are
necessary in order to more efficiently use the electricity produced by PV systems. The paper
recommends future investigation into the changes in PV policy of the newly elected 2026 TISZA party
and future investigation into the impacts of energy shocks on the spread of PV systems and the
investigating the inequalities related to PV systems.
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Research question:

How has the adoption of photovoltaics influenced economic and social development in Hungary?



1. Introduction

Inside the European Union sustainability is now seen as a geopolitical and economic priority. The
EU’s sustainability governance balances sovereignty, competitiveness and inclusivity (Fernandez-
Miguel et al., 2025). One EU legislature in relation to climate change was proposed in 2019: the Green
Deal. The Green Deal is a framework that aims to decrease the EU’s net greenhouse gas emissions by
55% by 2030 and complete net zero emissions by 2050. The Green Deal also addresses various other
problems such as social inclusion, mitigation and protection of people and infrastructure from climate
change, investment into green technologies, carbon pricing, energy security and sustainable economic
transition (Episkoposyan, 2023).

Ever since 2010, the FIDESZ (Alliance of Young Democrats) government has led Hungary. The
FIDESZ government often emphasizes national sovereignty and tends to criticize the EU, at times even
referring to it as an enemy. The democratic backsliding, illiberal developments and ethno-populist
rhetoric have made Hungary a backsliding member state in terms of its values and institutional practices.
Hungary increasingly positions itself as an outsider within the EU's liberal democratic community
(Blauberger & Wonka, 2025).

Currently the primary energy source globally are fossil fuels. Qil is one of the most potent fossil
fuels, followed by coal and natural gas. However, fossil fuels have negative impacts, which causes
problems for life on Earth. (Holechek et al., 2022).

There are a number of health conditions that are related to fossil fuels (Zhang et al., 2023). These
materials have adverse effects on child cognitive development, leading to lower rates of cognitive
abilities and higher rates of anxiety, depression and inattention. To add to this, it increases the risk of a
variety of birth complications (Zhang et al., 2023). Pollution from fossil fuels also affect the lungs,
causing higher prevalence of asthma and lower lung capacity. The contamination increases the chance
of respiratory diseases such as lung cancer and of respiratory conditions such as allergies to pollen.
Nitrous oxides, which are by-product of fossil fuel use, contribute to the previously mentioned
conditions, while they also increase the risk of depression and other health conditions. Pollution also
lowers the non-cognitive abilities of humans, which include motivation, communicativeness, soft-skills,
character among others (Zhang et al., 2023). Overall, the pollution of the fossil fuels causes adverse
effects on child health both physically and cognitively, leading to negative outcomes in quality of life
of the individuals affected, while also decreasing output, which has an adverse effect on economic
performance (Zhang et al., 2023). Another problem arises from burning fossil fuels, which changes the
composition of the materials which make up the atmosphere, leading to climate change. Greenhouse gas
(GHG) emissions such as carbon dioxide and methane trap the heat that was reflected by the earth’s
atmosphere, which increases the amount of heat that is absorbed by the planet, leading to higher
temperatures. Various areas are affected differently, however trends can be observed in regards to
common effects. Extreme weather events become more prevalent, such as droughts, floods, typhoons.
The overall temperature increases yearly. The higher temperatures lead to glaciers and ice caps melting,
causing rising sea levels, which put some ecosystem and humans in danger of losing their habitat. Earth’s
oceans also absorb a lot of carbon dioxide, however this process acidifies the ocean leading to habitat
loss and overall more challenges for animals living in water. These changes lead to loss of biodiversity
both to life on the surface and in water. The changing temperatures, drought and biodiversity loss
negatively affects agriculture, causing lower crop yields which increase food prices and the prevalence
of famine. The climate change that is induced by GHG emissions from the burning of fossil fuels
therefore once again negatively impacts quality of life and causes economic risk for humanity (Saxena,
2025). In the 21% century the quick increase in the global air temperature is being accompanied by higher



prevalence of natural disasters. Some weather stations have measured more than 1.5 times the amount
of GHG gasses present in the atmosphere as during the pre-industrial era. As climate change proceeds
more extreme weather events can be expected to happen that will differ by region (Mokhov, 2022).
Therefore, adoption and mitigation of the effects brought upon by climate change poses a global threat
that requires a global commitment (Abbass et al., 2022).

Two important approaches to climate change are adaptation and mitigation. Mitigation is a
process where the goal is to decrease the amount of GHG sources or boost the sinks of GHG-s.
Adaptation on the other hand is about adapting to the current and future changes that arise from the
climate change. Adaptation and Mitigation are often viewed as distinct but complementary approaches
in avoiding damages from climate change (Lobell et al., 2013). Electrification is one of the strategies
to combat climate. Electrification entails moving away from gaining thermal energy from fossil fuels to
electrified technologies, which can be powered, by renewable sources. (Jones & Ginley, 2021).

As it was previously shown, the importance of the energy transition is a very important process
globally (Abbass et al., 2022). Sustainability endeavours can lead to changes in community self-reliance,
control and independence. (Dushkova & Ivlieva, 2024). This paper examines how solar power,
especially photovoltaics and the changes that were brought alongside with it, have affected Hungary
from a socio-economic sense.



2. Literature review

Climate change has become an important social issue inside Hungary. Numerous surveys and polls
confirm that Hungarians are worried about the changes that climate change brings. (Muth & Szabo,
2023). FIDESZ’s (the ruling political party in Hungary) stance on climate change has remained vague
and ambiguous. Some communities in Hungary expected FIDESZ to pivot to being more climate-
sceptic, however this has not happened. Some factors that may explain why FIDESZ did not shift are
financial incentives from mainstream climate politics and climate change was not an important topic.
However, this does not mean that FIDESZ would not use climate change as a topic against the EU if it
served its agenda (Janko et al., 2026).

2.1 What are Photovoltaics?

Photovoltaics are solar panels that convert solar power into electricity, which then can be used
by humanity for various purposes to power our civilization (Lameirinhas et al., 2022). Photovoltaics
work by the photoelectric effect, which was explained by the photoelectric theory. Photoelectric theory
was noted down by Albert Einstein in 1905 (and he received a Nobel Prize in Physics in 1921). How it
works is that when light hits a photovoltaic which is usually covered in a semiconductor, the light
transfers energy into the electrons of the semiconductor. This leads to the electrons’ movement, which
creates electricity (Lameirinhas et al., 2022). Not all places are equally ideal for photovoltaics, two
natural factors determine how much electricity a photovoltaic system can produce: the amount of solar
influx and the amount of sunny hours. Tilt angle, which is the angle at which solar influx hits the
photovoltaic panel is also an important factor. By optimising these aspects a photovoltaic system
becomes more efficient in electricity production and a more appealing investment (Kuterbekov et al.,
2024). One downside of solar power is that it cannot produce energy on demand as they require solar
influx. During night-time Earth does not receive any solar influx because the light only reaches certain
areas on Earth at one time. This phenomenon where solar energy (and other renewables) is unable to
produce electricity on demand is called intermittency (Wu et al., 2022).

2.2 Regulation of Photovoltaics inside the European Union

EU regulation as in all EU laws is naturally binding towards all EU members, therefore EU law
is part of Hungarian law too. The base of the current EU network is RED Il (Renewable Energy
Directive) which came into effect in 2023 (Gurreck, 2025). The main purpose of this directive is to
promote all forms of renewables, which naturally includes solar power. The directive states that by 2030
42.5% of all energy used by the EU should come from renewable sources, while it also outlines 45% as
a desirable outcome (Gurreck, 2025). Member states are free to decide how they achieve this goal as
long as they do so. RED Il highlights the already existing trend of electrification both in households
and in industry. The directive calls upon more such instruments to be implemented and complemented
by already existing technologies such as heat pumps (Gurreck, 2025). The regulation also eases and
encourages cross border measures to sell and buy electricity, which incentivises countries to export the
energy they are not using to other markets, enabling countries to have a larger share of their energy used



coming from renewables. The directive also outlines “areas of interest” where investment into solar
energy is crucial and it outlines faster processes to ease construction permits (Gurreck, 2025). This is
done in order to speed up an internal energy market inside the EU.As for solar energy (and therefore
photovoltaics (PV)) RED Il encourages more energy prosumer (people who have their own mini-grid
which produces electricity back into the system while at times of need they also buy energy from the
grid) behaviour. This is a clear incentive to have more households with their own PV systems to diversify
the energy mix and increase the overall amount of electricity available (Gurreck, 2025). The aim of RED
111 is to promote a more sustainable and resilient future for the EU. These measures aim to fight climate
change by decreasing GHG emissions (Gurreck, 2025). The framework encourages the accelerating the
implementation of all forms of renewable energy sources. RED Il aims to decrease fossil fuels imports,
which has the goal of decreasing dependency on other countries. One of the events mentioned here is
the 2022 Russo-Ukrainian war, which lead to high energy prices all across Europe. By implementing
RED IlI, the EU aims to have a constant energy supply, which would lead to energy independence and
low-prices. Low energy prices would drive down costs overall in the economy making the EU globally
more competitive (Gurreck, 2025).

2.3 Regulation of Photovoltaics in Hungary

Hungary has its own regulations for photovoltaics. For households there are HMKE (Haztartasi
Méretii Kiserdmil) or Household-sized Small Power Plants. These regulations apply for smaller PV
systems. These regulations tend to change often (Judit & Kovacs, 2024). Since 2022, there is a
possibility for HMKE-s to feed energy back to the grid, therefore not only closed circuit HMKE-s can
exist (Molnér, 2023).

For large scale PV systems there are two types of schemes. Before 2017 a system called
“kotelezd atvételi tarifa” (KAT) was used. This was a classical feed-in tariff system where the
government would automatically buy the electricity that was produced by solar panels at a fixed price
(Zsiboracs et al., 2019). This was great for investment as there was little risk by investors, however it
led to inefficiencies as energy producers would not have to compete on the market. To remedy this, in
2017 a new system called “MegUjolé6 Tamogatasi Rendszer” (METAR) came out (Zsiboracs et al.,
2019). The most significant change from the previous system was also that producers now had to sell
their electricity at market rates, which meant that the systems were designed during METAR became
more competitive, as sellers could only profit from the difference between the market price and their
internal costs of production (Zsiboracs et al., 2019). Additionally large-scale solar power plants now
have to compete with each other and only the most cost effective ones are chosen which get subsidies.
These changes made the Hungarian regulations more in line with EU regulations. (Zsiboréacs et al.,
2019).

2.4 Societal effects of the energy transition

Like other forms of new infrastructure, investment into renewable energy infrastructure brings
new job opportunities to local communities. This gives locals one more way to earn money and
contributes to overall GDP. However it also important to acknowledge that the energy transition does
not inherently decrease inequality and exclusion. These aspects need to be closely monitored and
managed to avoid the same systematic problems that existed before the energy transition (Heras &
Martin, 2020). Land is also a valuable and limited resource and PV panels compete for land with nature
and other human activities. Therefore, PV panels can create friction with society, such as with farmers.
As a consequence, it is very important to prioritize the construction of the most efficient technologies to
avoid conflicts (Hernandez et al., 2015).1t is also important to add that PV technology is expensive, as
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such households with higher incomes are predominantly able to adapt PV technology into their lives.
These inequalities occur due to local disparities (McGee & Greiner, 2019).

2.5 Hungary’s geography and the current state of solar energy inside the
country

Hungary is a small country located in Central Europe inside the Carpathian basin. Hungary
borders Austria, Slovakia, Ukraine, Romania, Serbia, Croatia and Slovenia. Hungary’s geography has
two flatlands: the Great Hungarian plain and the Little Hungarian plain. These plains broken up by
different mountain ranges. In the southeast the Mecsek mountains, on the east the Alps, in Central-
western Hungary spanning northeastward the Transdanubian mountains and in the Northeast the North-

Hungarian mountains (Mezdsi, 2017).
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The landscapes of Hungary

Figure 1: The different landscapes of Hungary (Mezési, 2017)

The Great Hungarian plain spans from the Southwest of Hungary all the way to the Northeast
of Hungary. In this area the yearly amount of sunny time is at least 1950 hours, some areas receiving
more than 2150 hours. Precipitation in the Great Hungarian plain varies between 500mm and 650mm.
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The Little Hungarian plain is also has a range of 500mm to 650mm precipitation, but it possesses a
milder climate (Mezési, 2017).

The country’s annual mean temperature is warmer by 2.5°C than what is typical at Hungary’s
latitude due to the currents of Atlantic Ocean and the Mediterranean See and due to Hungary being
situated inside the Carpathian Basin (Mez6si, 2017). The Carpathian basin causes significant
temperature variation and low wind energy. The basin creates conditions ideal for agriculture, however
the low energy winds can influence the amount of precipitation inside Hungary while also the causes
pollution to be trapped inside the basin (especially in the winter months) (Mezdsi, 2017). More than half
of Hungary’s area is covered by plains, which are between 75m and 200m above sea level. Summers
are long and last for at least three month where the mean daily temperature is above 18°C and the daily
maximum temperatures above 35°C are common. The Great Hungarian plains is the driest area of
Hungary while the foothills of the Alps in the west are the wettest with around 800mm of precipitation
annually. Mountain ranges also have higher levels of precipitation than plains. With regard to
photovoltaics, Hungary has greater solar power potential than the European average while also having
low regional variability in solar radiation (Mez6si, 2017).

The future climate of Hungary is expected to be dryer (Kis et al., 2023). Multiple models predict
that Hungary will face problems throughout the 21% century in regards to water retention, agriculture
and flora and fauna. Precipitation is expected to decrease all over Hungary, Western and Northern
Hungary the effects are predicted to be milder, while the Great Hungarian Plain is expected to be the
most affected as drought have been present even in the past. Most forest will be hit by drought and some
areas, especially in the great plain will transition to a more steppe like environment. These challenges
mean that people working in the agriculture sector will require new adaptation strategies during the 21
century (Kis et al., 2023). However, there are some possible upsides to climate change in relation to
solar power. In some future scenarios where the amount of aerosols emitted decreases may lead to the
solar power potential of all solar infrastructure increasing and multiple models predict that in certain
areas (such as Eastern-China and Southern-Europe) the potential of solar infrastructure will increase,
making these areas more suitable for PV installations (Liu et al., 2025).
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Share of electricity production from solar

Measured as a percentage of total electricity produced in the country or region.
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Figure 2: The share of electricity production from solar in Luxembourg, Hungary, Cyprus and Greece,
which are the four highest values inside the European Union as of 2025 (Our World in Data, n.d.)

On figure 2 we can observe that Hungary has increased its share of electricity production from
solar power (which shows in percent out of a 100% how much of the domestic electricity output is
produced by solar) from 0% in 2011 to 27.29% percent in 2025 (Our World in Data, n.d.). Out of all the
Our World in Data database regions it is fifth overall and second within the European Union (only being
overtaken by Luxembourg at 30,52%). On Figure 2 it can be observed that as of 2015 Hungary’s (the
blue line) share of domestic electricity production was close to 0% an lagging behind Luxembourg,
Greece and Cyprus, however in 10 years Hungary managed to overtake both Greece and Cyprus (among
many EU member states) and become second overall (Our World in Data, n.d.). This shows that Hungary
is among the world’s best when it comes to share of domestic electricity production from solar power.

2.6 What does the future hold for Hungary in regards to policy and
environment?

On the governance side changes are expected. During the writing of this paper on the 12" of
April, Hungary had a parliamentary election, where the reigning FIDESZ government led by Viktor
Orbén was defeated by the new TISZA (Respect and Freedom party). Out of the 199 seats the FIDESZ
government managed to win 52 and 6 seats were won by Mi Hazank (Our Homeland Movement) which
left the rest of the 141 seats to be picked up by the Tisza party (Nemzeti Valasztasi Iroda, n.d.). This is
roughly 71% of all seats available which means that TISZA will be able to govern with more than two-
thirds of all seats in the parliament (in Hungary 66% of all seats are necessary for a two-thirds majority)
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(Tanacs-Mandék & Horvéath, 2025). This will make implementing changes easier, as some laws require
a supermajority (two third of all seats in the parliament) to be changed (Szentgali-Téth, 2025).

This segment will be largely based upon the TISZA party’s election plan (TISZA, n.d.). What
is said and what is done by politicians and political groups is often different compared to what happens
(Fernandez-1-Marin et al., 2025), however looking at this plan will show what direction can we expect
from the new government and how that compares to FIDESZ.

Tisza’s plan is called: A miik6d6 és emberseéges Magyarorszag alapjai (The foundations of a
functioning and humane Hungary). The plan promises various changes to governance in Hungary. First
of all, the TISZA party wants to decrease corruption, build a more stable country and a society that is
knowledge-based (this entails increases in funding for public education) (TISZA, n.d.). Additionally the
plan lays out a plan to increase sustainability and long term planning. TISZA has some plans, including
sustainability and education where the goals are not meant to be achieved on the short term, rather in a
longer spanning multiple governments. The new government also plans to improve its relationship with
the European Union. TISZA wants to join the European Court of Justice and receive the billions of
euros of funding that were withheld from Hungary in the last few years (TISZA, n.d.).

In regards to sustainability, there are some concrete policy proposals. The plan outlines some
areas that need improvement and states that Hungary is inept when it comes to adaptation to climate
change. The need for better water retention systems are emphasized (TISZA, n.d.).The TISZA party
also wants to increase the amount of funds that green energy projects receive. One of the stated goals is
to improve the energy efficiency and modernize the energy infrastructure of a 100,000 household per
year (TISZA, n.d.).. In this system households will have the liberty to decide how they want to do that,
for example: newer and more efficient windows, installation of solar panels or heat pumps. The TISZA
party’s plan also wants to increase funding to other renewable sources such as wind and is interested in
the possible continued expansion of the nuclear power plant located in Paks. Overall, the goals include:
Eliminating the energy reliance on Russia by 2035 and doubling the energy share of the domestic energy
supply and developing the energy storage capacities by 2040 (TISZA, n.d.).

As stated previously, what politicians and political actors say will do and the real policies often
differ, but the new government’s plans for renewables (and solar panels) can be inferred. The
foundations of a functioning and humane Hungary proposes more stability and increased funds for
renewable technologies. This is combined with closer ties and co-operation with the European Union
than the previous FIDESZ government. Overall, rhetorically an increase in funding to and relating to
solar energy can be expected in Hungary.
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3 Methodology

3.1 Database selection

The main methodology of this study was a Systematic Literature Review (SLR) with a PRISMA
framework for data selection. The PRISMA framework consists of four steps: identification, screening,
eligibility and inclusion, which are used to aid in ensuring uniformity and biases in SLR research
projects (Pati & Lorusso, 2017). To conduct the SLR three scientific databases were consulted: EBSCO,
Scopus and Web of Science. These three databases all cover social sciences (Wanyama et al., 2021).

3.2 Identification

To find papers a Boolean string was applied into the databases of EBSCO, Web of Science and
Scopus. The Boolean string was the following:

(solar energy or photovoltaic) AND Hungary AND (energy transition or renewable energy) AND
(social or economic or household or business)

“Solar energy and photovoltaic” were applied to find papers that were about solar power and
photovoltaic systems. “Hungary” was applied because the scope of this paper is Hungary. “Energy
transition” and “renewable energy” were applied because they are terms relate and include solar
energy. “Social”, “economic”, “household” and “business” were applied in order to find papers that
relate to the human side of solar panels. “Social” and “economic” are included to find the social and
economic aspects, while “household” and “business” are there to look at the scale of solar panels.
“Household” aim to find small-scale solar infrastructure, such as HMKE-s and “business” aim to
uncover papers relating to large-scale solar infrastructure, such as KAT or METAR systems.

3.3 Eligibility

As of May 13" 2026, this search thing yielded 197 results from EBSCO, 36 results from Web
of Science and 40 from Scopus, all together: 273 results.

To screen the 273 results further conditions were applied in order to be deemed relevant for this
study. Only journal papers were included in the screening process (as such books or conference papers
were excluded). A temporal factor was included. Papers before 2018 were discarded. The reason was
because the METAR regulations came into effect in 2017. To be able to see changes relating to these
developments another year was added. Overall papers from 2018 until 2026 were chosen. Duplications
were also removed in the screening process. The titles and abstracts of the papers were read. At the end
of the process the total number of papers that remained were: 165.
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3.4 Inclusion and exclusion criteria

To access the remaining 165 papers from the eligibility process, inclusion and exclusion criteria
were applied. This was done in order to include solely relevant papers in the study. Papers that examined
exclusively Hungary from social and/or economy in relation to solar panels were included. Therefore,
studies that focused on multiple countries were dismissed. A language factor was also included, only
papers written in Hungarian and English were included. Furthermore, papers that do not talk
retroactively or in the present (those that only discussed future measures or future modelling) were also
discarded. Out of the 165 papers, 21 fit the inclusion criteria.

After these 21 papers were chosen, their whole contents were read. This process further
narrowed down the number of papers from 21 to 13. Seven papers had content that did not match the
scope of this study and one paper was excluded due to the lack of access. The remaining 13 papers were
the final subjects of this paper.
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Figure 3: PRISMA flow chart
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3.5 Data analysis framework

For the data analysis a thematic analysis framework (Braun & Clarke, 2012) was chosen.
Thematic analysis is a qualitative research method used to identify, analyse, and report patterns
(themes) within data. Thematic content analysis is widely used to interpret various elements of the
research topic. This research method is flexible, which can provide a detailed and complex account of
data (Awolesi et al., 2024). To execute the thematic analysis, the literature identified by the PRISMA
method were read three times first. The first reading served for data familiarization. The second one
served for deeper understanding of the papers. The third reading was for data extraction. Key contents
of each paper that identified social and economic interactions between human and PV systems were
moved to a separate document. After reading these contents again, in the coding process keywords
were attached to different segments of the paper. These codes were then thematically arranged and the
contents were synthesized. In line with Glaser and Strauss (1967), data analysis was inductive,
meaning that there were no pre-established themes. The themes arose from the patterns from data.
With this process, five different themes were identified:

1. Attitudes and knowledge relating to solar panels and renewables
2. Spatial distribution of solar panels

3. Necessary behavioural changes

4. Small scale-PV systems

5. Large scale-PV systems

Following the synthetization of data into the five dimensions, the Results and Discussion
portions of this paper were complied.

Theme Keywords
Attitudes and Knowledge relating to solar panels | Attitudes 2017, Attitudes 2022, Optimism,
and renewables Opinions on what is holding back renewables,

Solar power knowledge, Renewables in the
immediate environment, Solar power knowledge
over time, Attitudes of advantages of
renewables, Attitudes of disadvantages of
renewables, Barriers to renewables, Attitude
change in advantages and disadvantages of
renewables, Attitudes of renewable energy
advantages, LOHAS lifestyle, Knowledge
differences by gender, NGO and government
cooperation on knowledge

Spatial distribution of solar panels PV clusters, Clusters with high number of PVs,
Clusters with low-number of PVs, Size of
households, Local-government budget, number
of electricity consumers, Quantity of electricity
supplied, Number of operating commercial
accommaodation, Number of household
electricity consumers, Number of electricity
consumers, Number of registered economic
organizations, Number of registered enterprises,
Number of operating commercial
accommodation, Tourism, Social innovation,
Population density
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Necessary behavioural challenges

Intermittency, Demand size solutions, Smart
grid, Rescheduling household appliance usage,
Participation rate, Energy communities, Patterns
in electricity prices, Energy storage, Grid,
Pumped storage, Nuclear storage, Batteries

Small-scale PV systems

Capacity to storage ratio, Future capacity,
Number of HMKE-s, HMKE payoff time,
Household with HMKE-s, Feed in system, Feed-
in-Tariff system, Gross settlement,

Large-scale PV systems

KAT scheme, METAR scheme, PV efficiency,
KAT Subsidies, KAT payoff time, METAR
payoff time, METAR establishment steps

Figure 4: Keywords for each theme
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4. Results

Author(s), year Focus Methodology Language

Baranyai et al., (2021) | Distribution of Quantitative English
household size PV
systems

Csermely, (2022) The effects of PV Quantitative Hungarian
systems on energy
prices

Hartvig & Szabo, Household behaviour | Quantitative English

(2024) and HMKE-s

Horvéth et al., (2023) | HMKE-s and the Quantitative Hungarian
electricity market

(Michaletzky-Csikds | KAT and METAR | Quantitative English

& Szennay, 2021) systems

Németh, (2022) Storage systems Quantitative Hungarian

Németh et al., (2024) Attitudes relating to | Quantitative Hungarian
renewables

Pinter et al., (2020) Distribution of Quantitative English
household size PV
systems

Pintér et al., (2022) Electricity storage Quantitative English
systems

Szakaly et al., (2020) | Attitudes and Quantitative English
knowledge of
renewables

Szép & Toth, (2025) | Distribution of Quantitative Hungarian
HMKE-s

Zsiboracs et al., KAT and METAR Quantitative English

(2019) systems

Zsiboracs et al., Challenges of Quantitative English

(2023) establishing large
scale PV systems

Figure 5: The authors, date, topics methodology and language of the papers examined in the SLR

The systematic literature review spanned over 13 journal articles with articles spanning from
2019 until 2025. The methodology of all of the articles was quantitative, 5 articles were written in
Hungarian and 8 were written in English. For Attitudes and knowledge relating to solar panels and
renewables two articles were used: Németh et al., (2024) and Szakaly et al., (2020). For Spatial
distribution of solar panels,3 articles were used: Szép & Toth, (2025), Baranyai et al., (2021) and Pintér
et al., (2020). For Necessary Behavioural change 5 articles were used: Horvath et al., (2023), Németh,
(2022), Csermely, (2022) and (Pintér et al., 2022). For Small-scale PV systems 5 articles used, namely:
Pintér et al., (2020), Hartvig & Szabo, (2024), Pintér et al., (2022), Csermely, (2022) , and Zsiborék,
(2019). For the Large-scale PV systems 3 articles were used: Zsiboracs et. al., (2019), Zsiboréacs et. al.,
(2023), Csermely, (2022) .Some articles were used in multiple parts.
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4.1 Attitudes and knowledge relating to solar panels and
renewables

Attitudes related and relating to renewable energy have shifted over time. In 2017, it was found
that the spread of technology was hindered by the lack of knowledge about renewable sources in the
dunantuli region of Hungary (Transdanubian region, this region encompasses the Western part of
Hungary (Németh et al., 2024)). People at the time felt “reservedly optimistic” about renewable
technologies. People’s knowledge was limited, there was a lack of first-hand experience among the
population, families did not have the means to invest in new technologies, fears and false views had
created conditions that hindered the spread of these technologies. These phenomena created challenges
to the spread of solar panels (Németh et al., 2024).

By 2022, the situation improved, according to Németh et al., (2024) people became more
knowledgeable about renewable energy and people had developed more positive attitudes in relation to
renewable energy. When it came to association to renewable energy sources, people associated solar
power to renewables more in 2022 than in 2017. People became closer to renewable energy, as there
was a 16% increase in people who have said that they have examined renewables closely and such
systems being used in their vicinity. The attitudes in relation to upsides and downsides remained roughly
the same, as people as in both 2017 and 2022 the main advantage of renewables was environmental and
climate protection and sustainability, while the biggest downsides were the high-price and high payoff
period. The attitudes in relating to what is hindering the spread of renewables has not changed much
either, with people stating (in order) costs, lack of information and lack of political support were the
biggest factors Németh et al., (2024).

Additionally Szakaly et al. (2020) states that people who are better educated, have higher
incomes, work in active white-collar jobs and have health and environment conscious outlook on life
have higher awareness of renewables.

An interesting find relates to LOHAS lifestyles. LOHAS stands for Lifestyles of Health and
Sustainability. LOHAS lifestyle people have five different aspects that guide their decisions: authentic
values, health awareness, ethical values, individualism and environmental awareness. These lifestyles
strive for quality of life and emphasize the importance of individual decisions towards to society and
environment. There was also a correlation between knowledge about renewables and LOHAS lifestyles.
LOHAS stands for Lifestyles of Health and Sustainability. People who live LOHAS lifestyles are on the
rise in Hungary, around 8% of people are LOHAS and a further 20-30% of them have LOHAS elements
in their lives. People with LOHAS lifestyles are important to reach out to, as they are pioneers in many
social trends (Szakaly et al., 2020).

Opposed to the Németh et al., (2024), Szakaly et al., (2020) found no difference between
knowledge of renewables and gender.

Szakaly et al., (2020) suggests the possibility governmental and non-government agents and
institutions to promote renewable energies and states that it is important to have a favourable
environment in order to change attitudes.

4.2 Spatial distribution of solar panels

The distribution of household-scale solar panels is not equal in all regions inside Hungary.
Regions where the number of solar panels is high are located next to each other and conversely regions
where the number of solar panels is low are likely to surround by other regions with lower amounts of
solar panels (Szép & To6th, 2025).
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A szaz haztartasra juté haztartisi méretii napelemes rendszerek szama, 2023
Number of household-scale solar PV systems per hundred households, 2023

0,1- 3,0
| 3,1- 5,0

51-170
Bl 7,1- 9,0
El 9,1-18,6

Forras: sajat szerkesztés.

Figure 6: Number of household-sclae solar PV systems per hundred household per region in Hungary
in 2023 (Szép & Tabth, 2025)

Looking at Figure 6 we can observe that there are three big clusters where the number of
household-scale solar panels are high, which are: region around Budapest (not encompassing Budapest),
a cluster in the Southwest of Hungary and the final one being in the central-western region (Balaton
region). On the other hand, Budapest and in Northwest Hungary have a lesser concentration of solar
panels (Szép & Tath, 2025).

Different reasons are given to as why the spatial distribution of solar panels is different in each
region. Szép & Téth, (2025) emphasizes that these differences are correlated with the level of education,
the size of the houses, the time when the local buildings were built. With higher education, larger houses
and newly built housing all being positive indicators for the number of solar panels. Baranyai et al.
(2021) states that the most important factors in relation to the number of small scale household PV
systems in the region are: quantity of electricity supplied the households per 1000 population, number
of electricity consumers per 1000 population, number of registered economic organizations per 1000
population, number of registered enterprises per 1000 population and number of operating commercial
accommodations per 1000 population.

When it comes to factors that correlate with the number of Business owned small scale PV
systems the factors that correlate with the abundance of such PV systems are: the budget expenditure
of the municipality per 1000 population, the total budget revenue of self-governments, the length of low
voltage distribution system per 1000 population, the number of economic organization per 1000
population and the number of registered enterprises per 100 population. Pintér et al., (2020) states that
tourism relates to higher levels of PV systems and says that the most likely reason for regional
discrepancies are not due to economic factors but due to social factors, relating to social innovation.
Pintér et al., (2020) claims that the regions that are best for PV systems have a high number of
town/cities, which are not densely populated, as bureaucracy hinders the spread of solar power in
compact cities such as Budapest.

4.3 Necessary behavioural changes

Due to intermittency, some changes are necessary in systems in order to take advantage of the
PV electricity generation (Hartvig & Szab0, 2024 and Pintér et al., 2022). One important steps is making
the grid smarter, allowing households to optimize consumption patterns based on price signals from
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suppliers (Hartvig & Szabd, 2024). This would mean using appliances in daylight (such as washing and
dishwashers), preferably during midday instead of using them at night (Hartvig & Szabd, 2024).
Additionally smart meters can be one way to improve the efficiency. Smart meters allow suppliers and
consumers to communicate among each other. Equipping only 25% of households with solar panels
could already massively improve efficiency and decrease peak time prices.However, establishing smart
meters requires a large investment (Hartvig & Szabo, 2024).

Pintér et al., (2022) and Horvéath et al., (2023) mention energy communities as a method to
increase local electricity production and consumption. Energy communities are communities that work
together in order to produce and share electricity among themselves. This leads to them being able to
distribute the electricity at a favourable price. It is recommended to try to stimulate the number of energy
communities (Horvéth et al., 2023).

PV technologies decrease the price of electricity around noon as PV technologies can produce
more electricity, however on the days where electricity production was high from PV systems, the price
electricity becomes higher in the evening than usual (Csermely, 2022).

The total solar capacity of Hungary is expected to become 6400MW by 2030 and by 2040 the
solar capacity is expected to be 12000MW (Németh, 2022). Pintér et al., (2022) states that for every
10kW of residential PV capacity, at least 6kW of storage power is necessary and that regulation and
accreditation process for storage systems should be simplified. To address the problem of PV systems
generating different amount of power based on weather, more storage is needed for electricity (Németh,
2022). When surplus electricity is generated, it either has to be sold or stored for later use which requires
storage. Pumped and nuclear thermal storage are economically viable options, however they can only
be operated on a large scale. Batteries can be used on a small-scale, however they are not economically
viable because of the cost of operating them and their short lifespans (Németh, 2022).

4.4 Small-scale PV systems

The number of PV HMKE-s has drastically increased in Hungary (Pintér et al., 2020, Pintér et
al., 2022, Csermely, 2022 ). By 2020, the collective output of all HMKE-s was less than 0,5GW and by
2030 the expected value is over LGW (Pintér et al., 2020). However due to the rapid expansion of solar
power, the Hungarian grid systems has faced difficulties. (Hartvig & Szab6, 2024).

Financially PV HMKE systems are viable both for people who do not have a lot of personal
wealth. This is because small-scale PV systems require less financial investment than large-scale PV
systems, such as KAT. Additionally HMKE projects have less regulation and less administrative
burdens compared to larger PV schemes. With all this said, it takes roughly 7 to 9 years for a HMKE
system to pay off (Zsiboracs, 2019). This is contradicted by (Pintér et al., 2020) stating that business
HMKE-s (~15kW size HMKE-s) take only 4 years to pay off, meanwhile residential HMKE-s (~5kW
size HMKE-s) take 12 years to pay off.

In 2022, 6% of Hungarian households had HMKE PV system (Szép & Téth, 2025). Pintér et al.,
(2022) mentions that in 2024 a regulation will be changed. Before January 1%t 2024 HMKE-s are allowed
to feed their surplus electricity into the electric grid and then when the household requires electricity
then get it back for no additional price as long as the household did not use more electricity than what it
fed in. In this system, the grid functions similar to storage system too. From January 1% 2024 any
electricity fed and borrowed from the system will be settled independently (the system will move from
balance settlement to gross settlement). This will probably lead to a greater spread of storage
infrastructure in Hungary and this regulation is expected to change the dynamics of economics of
HMKE-s Pintér et al., (2022).
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4.5 Large-scale PV systems

KAT schemes were available until 2016. KAT schemes sell electricity produced by solar power
to the government at a fixed prices (Zsiborécs et. al., 2019) . These programmes were discontinued
because KAT projects earned irregularly high amounts of profit thanks to state subsidies (Michaletzky-
Csikos & Szennay, 2021). Cost effectiveness is also weaker in KAT projects than METAR projects
(Zsiboracs et. al., 2023).

In 2017, KAT was replaced by METAR. METAR lead to more competition in large-scale PV
systems in Hungary, reducing the cost of the whole cycle of electricity. Another advantage of the new
system is that it relies less on state subsidies. (Zsiborécs et. al., 2023). However, METAR projects take
longer to pay off, KAT projects take about 8 years while METAR projects take between 15-17 years.
The combined factors of METAR schemes taking longer to pay off and that METAR projects have to
sell their own electricity at market rates means that the people undertaking such endeavours are subject
to greater risks than before. (Michaletzky-Csikds & Szennay, 2021).

Starting a large-scale PV system in Hungary is a long endeavour, as it takes 43 different steps
in order to establish such a system (currently only METAR as KAT was discontinued). All of them
together take roughly 3 years from planning to have a functional large-scale PV system (Zsiboracs et.
al., 2023).
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5. Discussion

The original research question sought to observe the social and economic development that has
occurred because of PV systems in Hungary. However, the results of this study did not provide an answer
to the research question. The literature of the SLR did not capture such findings. This could have been
down to various factors, possibly the methodology was unable to capture such papers that delve into the
socio and economic impacts of solar panels in Hungary. It is also possible that the articles that would
have been able to answer the research question do not exist or only exist in a limited number.
Nevertheless, instead of finding answers in relation to the research question, the study found five themes:
Attitudes and knowledge relating to solar panels, Necessary behavioural changes, Spatial distribution of
solar panels, Large-scale solar panels and small-scale solar panels. The results were not straight-forward
correlations of economic and social development, rather, findings showed unequal distribution of small
scale PV systems, evolving public attitudes and knowledge relating to renewables, changes in regulation
that changed the economics incentives of PV systems and possible household practices to take advantage
of PV systems. Rather than answering how PV systems have influenced development, the paper found
that in Hungary the distribution of small-scale PV systems is unequal across different, challenges that
require behavioural, infrastructure and that regulatory changes can lead to big shift in economic
incentives.

When it comes to distribution of household-scale PV systems, some patterns could be observed.
Regions where there was a high amount of solar panels were likely to be next to other regions with high
prevalence of solar panels. The opposite was true for regions with low prevalence of solar panels, in
these cases such regions were more likely to be around other regions with low prevalence of solar panels.
Therefore, Hungary was formed into clusters characterized by low or high prevalence of PV systems.
The regions with the highest concentration were the regions around Budapest, the South-West and the
Balaton region. It is important to add that when it came to spatial distribution, only household-scale
literature was identified in the SLR. Additionally in the different indicators were found that correlated
with the prevalence of household-scale PV systems. The more educated, the wealthier households were
correlated with more household scale PV systems. Regions with wealthier local municipalities, more
tourism and industry also had higher rates of household-scale PV systems. Population density was also
a factor, as there was an optimum threshold for PV numbers, where not to densely populated towns and
cities were the more likely to have a high number of PV systems in less densely populated or compactly
populated areas. This explains why Budapest does not have a large prevalence of solar systems. The
spatial and socio-economic disparities correlate with the number of PV systems. This is in line with
McGee & Greiner, (2019) from the literature review which states that higher income households are
more able to adapt PV technology.

The greater implementation of PV systems has led to new possibilities but also to new
challenges. One issue that comes up with PV systems is the problem of intermittency. This means that
the amount of power generated by PV systems is different at different hours and the electricity
production cannot be controlled entirely by humans (Wu et al., 2022). In order to maximize the
electricity output of solar power households need to shift some of their behaviours. The household
electricity use should reflect the realities of electricity production of PV systems. Household appliances
such as washing machines and wash machines should be operated around midday as the available
electricity is the highest and the cheapest, however this change requires adjustment in electricity usage
behaviour.

The number of HMKE-s has increased in Hungary and it takes between 4 and 12 years to pay
off. To add to this in 2024 regulations were changed for HMKE-s. Before 2024 the if a HMKE produced
extra electricity, it could feed the electricity into the grid and later on when the household needed
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electricity it could use the surplus it fed in without having to pay for the electricity. Since 2024, in such
exchanges, both the outgoing and later on incoming electricity has to be settled separately and at the
time of the transaction. This meant that before 2024, the grid functioned as a de facto storage system.
Csermely, (2022) states PV systems decrease electricity prices around noon and on days where the PV
electricity was high lead to higher prices in the evening. In this instance, before 2024, the PV system
could have fed electricity into the system around noon when the price of electricity is lower and then
the household could use the surplus electricity in the evening when the prices went up. This would mean
that the household did not pay for the change in the electricity cost that occurred during the day. Such
exchanges are no longer possible after 2024, as the rules were changed whereby feeding into the grid
and using energy from the grid would be accounted separately.

The solar capacity of Hungary is expected to rise. Solar panels generate different amount of
electricity at different times. One way to remedy problem would be invest into storage systems. This
would lead to the surplus energy being stored and the excess electricity can be utilized at a late date.
However large scale storage systems such as nuclear and pumped energy are only viable on large scales,
while small scale storage systems exist, cost and lifespan barriers hold them back from being viable.

A possible solution for local energy production and usage would be to establish more energy
communities. Energy communities are a group of people who can produce and distribute electricity
inside the community. This way the strain on the grid would be smaller and because energy communities
are able to distribute the resources among each other, leading to greater efficiency.

In 2017 Hungary moved from KAT to METAR regulations. This was because KAT systems
had high ratios of return rates at the expense of the state. The time it took for a KAT investment to pay
off was around 8 years. To remedy this in 2017 METAR regulations were implemented. This meant that
now large-scale PV systems had to sell the electricity produced not at a fixed price, but at market rates.
This lead to projects becoming cheaper and more innovative, however due to more uncertainty, the time
it takes for a METAR project to pay off is between around 15 to 17 years. Currently it takes roughly 3
years and 43 different steps to establish a large-scale PV system.

With the election of a new government (Nemzeti Valasztasi Iroda, n.d.), some changes may
affect PV systems. While the new TISZA party’s manifesto (TISZA, n.d.) promises closer realignment
with the EU, it also promises more investment into other renewable sources and nuclear energy. This
can lead to solar power getting more investment then before, however political promises do not always
translate into reality (Fernandez-1-Marin et al., 2025).

The attitudes and knowledge of people in regards to solar power has also shifted. People have
become more knowledgeable about solar power and renewables. Nevertheless, this process did not occur
equally in every location. People who are more educated tend to be more knowledgeable about
renewables. Whether gender is a factor with regards to knowledge on renewables is inconclusive,
Németh et al., (2024) stating that on average men are more knowledgeable than women on renewables,
while Szakaly et al., (2020) finding no difference gap in between the man and women. Doing further
studies on this topic can be an interesting topic for future research.
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6. Conclusion

This study aimed to answer how photovoltaic systems have influenced social and economic
development in Hungary. Hungary has managed to emerge as one of the leaders inside the European
Union in the share of electricity production from solar energy. Through a systematic literature review,
13 journal articles written in English and Hungarian between 2019 and 2025 sought to synthesize
knowledge relating to how PV systems affected social and economic development in Hungary.
However, the literature uncovered by the systematic literature review was unable to answer the research
question. The papers examined the distribution of solar panels, what knowledge and attitudes do people
hold in relation to renewables (and how it evolved over time), but the literature did not establish causal
links between PV systems and social and economic development. The type of literature necessary to
answer the research question may not exist yet or possibly the SLR did not manage to capture articles
that show these kinds of correlations.

The number of HMKE has drastically increased in Hungary. It takes on average 7 years for
HMKE-systems to pay off. In 2024, regulatory changes were implemented that effectively ended the
use of the grid as a quasi-free storage. This meant that HMKE households cannot feed electricity into
the grid and then consume the amount fed into the grid later on, as now feeding electricity and using
electricity is accounted separately. METAR large-scale PV systems rely less on subsidies and are more
cost effective that KAT schemes, but the payoff period is longer for METAR than for KAT systems.
Bureaucratic hurdles persist as establishing large-scale PV systems requires 43 steps. From planning to
operation it takes roughly 3 years in large-scale PV systems.

People’s attitudes and knowledge about renewables have improved between 2017 and 2022.
The spatial distribution of small-scale PV systems is not uniform in Hungary. Regions with higher
numbers of PV systems form clusters. These three clusters with the highest number of solar panels are
located in the south-west, central-west and around Budapest. On the other hand, Budapest and north-
eastern Hungary has clusters of regions with lower number of solar panels. These disparities correlate
with the level of education, household wealth, municipal wealth and tourism. Due to intermittency,
people need to shift their behaviour in order to increase the benefits from solar energy.

As for the future, the newly elected TISZA party is promising closer alignment with the
European Union, increased funding for green energy projects and modernization of energy infrastructure
for one hundred thousands of household annually. Whether these policies will materialize remains to be
seen.

In conclusion, the distribution of small-scale PV systems is not uniform, public attitudes and
knowledge has improved, behavioural changes are needed and regulations have changed incentives both
for small and large-scale PV systems.

6.1 Limitations

As the methodology for this paper was a systematic literature review, there is a possibility that
some relevant papers were left out of the study. The literature assessed was quantitative studies,
therefore some qualitative metrics may be missing from the paper. Due to the scope of the study being
Hungary, there were some recurring authors during the study such as Zsiboracs and Pintér. Therefore,
some papers came from the same authors, leading to possibly blind spots due to the lack of variety of
authors.
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6.2 Future research

A study working with the original question (How has the adoption of photovoltaics influenced
economic and social development in Hungary?) could be an interesting endeavour. The study could
examine how the economic and social impacts of PVs from a large variety of perspectives in order to
find correlations.

There are also some possible follow-up studies relating to this paper. After some years, the
effects of the new government could be examined from various aspects, for example: regulations, policy,
investment. Additionally, studies could be conducted to see if shocks to energy prices have led to an
increase in PV systems inside Hungary and how this change affected people in Hungary. More research
is possible about inequalities relating to solar power, such as what kind of inequalities are related to the
abundance or lack of PV systems. Also, monitoring of attitudes and knowledge of the people in regards
to the PV systems and renewables is also a possibility.

6.3 Ethical concerns

This thesis relies on publicly available data from EU and Hungarian sources and on academic
publications. No human participation, interviews or other form of personal data collection was
performed for this research. All data utilized in this study is publicly available. Therefore, there was no
need for ethical approval for this study.
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