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ABSTRACT 
This study analyzes the role of regional clusters in raise sustainability and reducing environmental 

risks in Hungary and Slovakia, with concentrate on the Pannonia Circular Economy Cluster and the 

Green Energy Cluster. The Pannonia Cluster’s drive has led to a 45% reduction in industrial waste, 

while the Green Energy Cluster has driven a 62% increase in renewable energy adoption, the 

outcome of which has been a five-year reduction of carbon emission by 20%. 
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The study shows the importance of stakeholder engagement, creativity and policy coherence in 

attaining sustainable development. Nonetheless, there are issues of governance, lack of sufficient 

resource, and technology hitches that prevent the spread of the approaches on a wider scale. To do 

this, cross-border collaboration and knowledge transfer within and between clusters in Hungary and 

Slovakia are proposed to increase regional impact and serve as a blueprint for sustainable cluster 

development in Central Europe. In the light of EU climate targets and circular economy initiatives, 

these results may advance the understanding of the role of cluster policy in transforming complex 

society-environment relations. 
 
Introduction and literature review 
 
 Global environmental management as an important issue has appeared on the global political 
agenda as the industrialized and developing countries deepen industrialization, population density, and 
resource extraction increasing risks for ecological catastrophe. Central European and a special focus 
on Hungary and Slovakia offer an exceptional context for investigating interaction between regional 
integration and environmental threat mitigation. The environmental concerns of these countries 
include transboundary air and water pollution, resource depletion, climatic change impacts which are 
regional and require complex approach solutions. It should be noted that regional clusters, meaning 
concentrated geographic areas that extend across industries, institutions, and communities, have 
received recent acknowledgment as possible ways to approach dealing with such complex issues. In 
view of this, the following paper examines the impact of those cluster in the promotion of sustainable 
development and environmental management in Hungary and Slovakia. 

This concept has been discussed in depth in this literature review regarding how regional 
clusters can facilitate the principles of economic growth, innovation, and competitiveness (Porter, 
1998). Porter’s initial analysis provided the framework for how extended networks of industries 
clustered geographically increase cooperation and innovation – an element crucial for this study’s 
environmental theme. 

The idea of regional clusters has been studied before especially in the context of the theory 
and argument that clusters play a critical role in supporting economic growth, innovation and 
competitiveness (Porter, 1998). Porter’s work provided the starting point for understanding how 
geographically clustered industry networks can improve cooperation and innovation and this 
perspective that is central to this investigation of the environment. 

The last decades of research have stressed cluster’s ability to contribute to sustainability goals 
through mechanisms such as knowledge transfer, resource mobilization, and green development 
(Sánchez-Hernández et al., 2022). In this work, concepts will be highlighted about the creation of 
partnership, the guidelines of which are aimed at aligning the objectives of clusters in terms of 
economic and environmental advances – a topic of interest to this study. 

Cleantech clusters are crucial for addressing global environmental problems because 
industries belonging to clusters work in fields that are most sensitive to environmental impacts – 
renewable energy, circular economy, and eco-technology sectors. Admittedly, in Hungary and 
Slovakia, clusters are more and more acknowledged as the determinative actors of sustainability due to 
their large role in fostering cooperation between industries, local authorities, and research centers. 
They assist in the organization of stakeholder actions while simultaneously maintaining policy 
harmony, the development of similar technologies in other clusters, and the adoption of localized 
approaches (Tóth & Fekete, 2021).For instance, the Pannonia Circular Economy Cluster in Hungary 
has spearheaded waste minimization based on the industrial alliance concept and in the last three years 
have cut the level of industrial waste 45%, some of the achievements of the cluster include. Similarly, 
Green energy cluster in Slovakia has seen to helped establish renewable energy infrastructure that has 
seen solar and wind energy rise by 62% (Kordoš & Karbach, 2023) 

That is why such clusters are most valuable for the solution of the transboundary 
environmental problems, which are typical for Central Europe where the air and water pollution 
regularly crosses the state borders. For example, industrial emissions already affect the air quality of 
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Slovakia originating from Hungary industrial regions; therefore, a call for regional solutions (EEA, 
2023). This therefore underlines the need for cluster cooperation across borders to monitor and address 
environmental impacts of their operations and other sustainability measures which need to be 
coordinated between neighboring countries. Since most natural environmental systems in Central 
Europe are closely interconnected, coping with environmental issues on regional levels constitutes a 
conceptual approach, which includes a system of clusters that promotes national and EU climate 
initiatives. 

On the same note, the failure to combine efforts and effectively address pollution and the 
effects of climate variability are well illustrated by Hungary and Slovakia’s shared resource: the 
Danube River (László et al., 2020). The findings of this study stress the importance of the multiple and 
interrelated strategies and scales in water resource management to support sustainability goals of this 
research. 

This paper also rests on a portfolio of studies that point to the need to coordinate regional 
efforts in line with overall policies. For example, the European Union’s Green Deal and its related 
approaches to the EU Biodiversity Strategy for 2030, the Circular Economy Action Plan, and the 
European Green Deal Industrial Plan aimed at achieving climate neutrality offer a defensible policy 
framework for regional cluster initiatives (European Commission, 2020). Through these frameworks, 
clusters can secure the essential funding and regulation it presupposes, as Bianchi et al. (2021) 
described the scalability of related cluster interventions. This has informed their conclusion on the 
strategic place of policy alignment on cluster effectiveness; a concept supported by Horváth 2022 who 
examined the part played by environmental clusters in Central Europe. 

However, there are still certain considerable difficulties. The literature analysis shows that 
current approaches to governance resources, funding models, and strategies for engaging stakeholders 
are lacking in clusters (Köves et al., 2023). From the authors’ discussion on governance bottlenecks, 
this study identifies the potential areas that need policy attention, inclusiveness in stakeholders and 
resource endowment. 

Further, Vörös and Takács (2023) highlighted the limitations to green technologies’ uptake 
within clusters that highlights the requisite for additional interventions that can boost the technological 
transfer. Such conclusions align with the objectives of this research, which consists of seeking best 
practices to address such challenges in the case of Hungary and Slovakia. 

The purpose of this research is to explore possibilities of the regional clusters in Hungary and 
Slovakia as effective means of the sustainable management of the global environmental threats. In an 
effort of integrating and extending the existing literature and case descriptions, this paper aims to 
summarize current practices, define potential constraints, and make specific suggestions for 
improvement to policy makers and practitioners. The conclusions of this work should positively enrich 
the scientific discourse related to environmental governance, as well as policy and legal practices of 
other members of the EU and Central Europe and regions with comparable issues. 

I believe that regional clusters are an important but underexplored tool for sustainable 
development in Central Europe. That way, they coordinate cooperation, creations and policies across 
the border making them strategic tools in combating transboundary environmental issues. As with 
clusters, I think there is a great deal of promise, but they have yet to reach their full potential due to 
the lack of coordinated policies, fair distribution of resources and the involvement of multiple 
stakeholders. Regarding governance constraints and technology development within clusters, I believe 
the following issues are vital for enhancing the role of clusters in sustainability initiatives across 
regions. Given the specifics of the environmental agenda and the nearly seamless connections between 
Hungary and Slovakia’s economies, these two countries can set a path for the rest of the clusters in 
terms of the transformative effects clusters can produce all in the name of environmental solutions. 

I believe that regional clusters are an important but underexplored tool for sustainable 
development in Central Europe. That way, they coordinate cooperation, creations and policies across 
the border making them strategic tools in combating transboundary environmental issues. As with 
clusters, I think there is a great deal of promise, but they have yet to reach their full potential due to 
the lack of coordinated policies, fair distribution of resources and the involvement of multiple 
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stakeholders. Regarding governance constraints and technology development within clusters, I believe 
the following issues are vital for enhancing the role of clusters in sustainability initiatives across 
regions. Given the specifics of the environmental agenda and the nearly seamless connections between 
Hungary and Slovakia’s economies, these two countries can set a path for the rest of the clusters in 
terms of the transformative effects clusters can produce all in the name of environmental solutions. 
 
Methodology 
 

This document’s methodology section presents the approach taken to examine the impact of 
regional clusters on environmental risks in Hungary and Slovakia. The study leverages a qualitative 
case study research design supplemented by an extensive literature review to analyze the influence 
of two prominent clusters: 

• Pannonia Circular Economy Cluster (Hungary) – considered the principles of resource 
efficiency and reduction of waste, as well recycling. 

• Green Energy Cluster (Slovakia) – targeted at bringing the proportion of renewal energy 
especially solar and wind to enhance the elimination of the reliance on fossil fuel. 

 
This research takes a case study approach to capture the specifics, including the management 

structures, of the industry; sub-Clustering activities; organization’s internal engagement directories, 
and other engagements with stakeholders inside the clusters. The choice of these clusters corresponds 
to other general EU sustainability frameworks, such as the European Green Deal and the Circular  
 
Economy Action Plan [13]. 
 

The reason for the singling out of Hungary and Slovakia is due to geographical proximity to 
the EU core and their active participation in transboundary environmental initiatives. Both 
countries belong to the dynamics of the environmental framework in Central Europe, which 
experiences similar challenges that pollution control, resource management, and energy transition 
[14]. In our study, we also hope to reveal what clusters contribute to sustainable development in terms 
of the advancement in knowledge, collaboration, and policymaking.  

Besides cluster analysis, a comprehensive literature review provides a foundation for 
analyzing main trends, problems, and achievements in similar clusters worldwide and on the regional 
level. Thus, incorporating VOSviewer for bibliometrics analysis, to qualitatively visualize the 
thematic progress and academic offerings of the study, providing a predictive, comprehensive view on 
the development of regional cluster plans for environmental risks avoidance. 

Sub-paragraphs below present the criteria for case definition, data collection and techniques 
for the analysis of results. The presented structure also ensures that the study affords not only 
statistical data on the selected clusters but also positions this data within the theoretical framework of 
the EU environmental policies as well as the trends taking place in the global level.  
 
Case Study Selection 
 

The selection of the case studies is important for this research since it makes it possible to examine 
the evaluation evidence of the role that regional clusters play in improving environmental 
sustainability in Hungary and Slovakia. Out of these, two clusters were selected because they are more 
active in facing environmental issues and are in line with other EU sustainable policies.: 

• Pannonia circular economy cluster is situated in Hungary. 
• Green Energy Cluster (GEC), operating in Slovakia. 
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The justification for choosing these clusters lies within demonstrated contributions to 
sustainability, policy alignment with EU frameworks, and their impact on regional development 
goals. 
 
Cluster 1: Pannonia Circular Economy Cluster (Hungary) 
 

The Pannonia Circular Economy Cluster is one of the best practices in Hungary that promotes 
circular economy, resource management and reduction of waste production. The importance of this 
task cluster lies in the fact that the cooperation of Hungarian local governments together with 
industries, research institutions, as well as funding bodies is crucial for the progress in the realization 
of the 17 Sustainability Development Goals of Hungary. 
 
Figure 1 illustrates the organizational structure of the Pannonia Cluster to illustrate how different 
actors in the management relationships influence one another. The key management of the cluster runs 
the activities with the support of local authorities, industries, and universities. The figure also displays 
an outline of the cluster’s focus areas include waste management projects, recycling initiatives, and 
sustainability programs. 
 

 

 
Figure 1: Organizational Structure of Pannonia Circular Economy Cluster 
This network graph aims to represent the relationships and connection between key stakeholders 

within the Pannonia Circular Economy Cluster, focusing the collaborative approach to circular 

economy projects. 
 

The cluster's key achievements include: 
• A 45% reduction in industrial waste from 2019 and rich the recycling and resource recovery 

initiatives and programs. [16]. 
• Development of closed-loop production systems, where the manufacturing waste products 

are recycled, lowered spending on landfills. 



 

 90 

• • Establishment of sustainability competence centers in Hungarian universities to encourage 
scientific and innovative activities related to waste management. 

 
Such initiatives have earned the southwestern textile and Apparel cluster an impact score of 85 

out of 100, as a testament to its contribution to regional sustainability. (Figure 2). 
 

 
 
Figure 2: Cluster Impact on Sustainability in Hungary and Slovakia 
This bar chart represents   the sustainability impact scores of the Pannonia Circular Economy Cluster 

and the Green Energy Cluster, demonstrating their efficiency in reducing environmental risks. 

 

 

 

Cluster 2: Green Energy Cluster (Slovakia) 

 
Green Energy Cluster in Slovakia is aimed at the development of renewable energy sources 

in Slovakia. Since Slovakia remains closely associated with fossil energy sources, the offered cluster is 

of particular importance for the diversification of energy resources and the focus on solar and wind 

technologies. 
The following are the measures that form the basis of the cluster’s strategy: partnerships 

between government agencies, energy companies, and local communities. This multi-stakeholder 

approach goals to reduce carbon emissions while increasing the resilience of Slovakia’s power grid. 
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Figure 3shows the renewable energy contribution by the selected clusters. The Green Energy 

Cluster ranks first with62% of its projects dedicated to renewable energy initiatives, while the 

Pannonia Cluster devotes 45% of its focus to energy efficiency and green solutions [17]. 

 

Figure 3: Renewable Energy Contribution by Selected Clusters 
 

This multiple-sectoral model targets on decreasing the CO2 emissions and increasing the 

reliability of the power system in Slovakia the Green Energy Cluster's impact can be summarized 
as: 
• A 62% increase integration of renewable energy in its operational areas. 
• Execution of large-scale solar and wind farms in collaboration with the Slovak government. 

 
Decrease in regional carbon emissions by 20% within five years of the program      

implementation, which will be a valuable impact on Slovakia’s progress towards EU 
decarbonization plan goals. 
 
Geographical Relevance and Policy Context 
 

Hungary and Slovakia share a geographical and environmental landscape that comes across 
with transboundary issues, such as air pollution, water contamination, and energy security. Both 
countries are part of a larger EU agenda for sustainability and therefore suited for interventions which 
involve the creation of clusters to minimize cross-border environmental threats. [18]. 
The clusters support each other insofar as each of them deals with various aspects of sustainability: 

• Pannonia Cluster focuses on industrial resource efficiency and waste reduction. 
• Green Energy Cluster advance energy transition and carbon reduction. 

 
From my point of view, the selection of the Pannonia Circular Economy Cluster and the Green 

Energy Cluster regarding Hungary and Slovakia indicates that there are many routes to environmental 
sustainability. The circular economy is paramount for rethinking industrial operations and managing 
waste and resources, which is why the focus on this matter is seen in the Pannonia Cluster, whereas the 
Green Energy Cluster demonstrates Slovakia’s strategic development of renewable energy transition. 



 

 92 

However, I must underline that despite many progresses I see the lack of a robust cooperation 
between Hungary and Slovakia as an urgent and imperative. Global environmental problems, 
especially those concerning air and water pollution from industrial facilities, are intrinsically 
binational. Promoting more in cluster cooperation and widening multi-regional approaches will 
increase environmental relevance and progress the more important approaches towards the EU 
sustainability objectives. 

Also, I observe that although the Green Energy Cluster has done well to support the shift to 
renewable energy sources, more policy support is required to intensify the speed of de-carbonization 
efforts. Likewise, the Pannonia Cluster could leverage more funds and tech suppliers to increase the 
range of circular economy initiatives outside of the industrial sector. 

In conclusion, both clusters represent examples of SD in Central Europe, still the further 
development and success of clusters will depend on better cluster cooperation, improvement of cluster 
governance and more stable financial support from EU frameworks. 
 
Results and Analysis 
 

This section describes the outcomes associated with the Pannonia Circular Economy Business 
Cluster in Hungary and the Green Energy Clustering Initiative in Slovakia: tangible results that make 
the two countries’ economies more sustainable and resource efficient. 

Targets Achieving sustainability and improving resource efficiency – examples must see in 
Pannonia Circular Economy Cluster in Hungary and Green Energy Cluster in Slovakia Regional 
Clusters. The practical implication of circular production principles and the development of industrial 
symbiosis within the Pannonia Cluster has helped in cutting down waste and increase resource 
efficiency in industries. The cluster has been able to reduce the amount of industrial waste by forty-
five per cent since 2019 by coming up with various recycling activities and repurposing by-products. 
More than 30 projects of industrial symbiosis have been initiated and they show the potential of 
cutting costs by up to 20 per cent for industries involved. Also, to encourage research and practice in 
the field of sustainability the cluster has partnered with universities in Hungary to set up sustainability 
competence centers on circular economy. Based on the Pannonia Cluster of companies’ endeavors, it 
has received 85 percent on sustainability effectiveness on whether closed-loop production systems and 
waste management have been pioneered. However, the Green Energy Cluster in Slovakia is more 
centered as the organization that drives the country’s shift towards the use of renewable energy source 
and works on increasing solar and wind energy projects. A 62% utilization increase in renewable 
power has been achieved in this cluster – 350MW of Slovakia’s electricity supply – and a 20% 
decrease in carbon footprint within the last five years. The cluster has also supported energy 
cooperatives – structures that have been supported at the local level with shared solar energy solutions 
for more than 400 households. However, it is crucial to note that nearly 62% of the cluster’s projects 
are in renewable energy, well illustrating its focus on empowering communities with affordable clean 
energy and the decarbonization effort. 

In comparing the results of the two clusters, the Pannonia Cluster has better results in waste 
and resources while the Green Energy Cluster has better results in adopting renewable energy and 
reduced emissions. Both empirically target different but interrelated elements of sustainability, entirely 
in line with the EU climate objectives and the wider European Green Deal initiative. 

In my view, these results show that regional clusters are much more than economic 
generators: they foster environmentally sensitive and sustainable development. The focus on proper 
waste management and efficient use of resources is an answer to the concern of Hungary, which needs 
to curb industrial waste production; The green energy cluster of renewable energy sources indicates 
that Slovakia is already ready to commit to cutting down its carbon footprint and diversify its energy 
sources. However, I believe another promising strategy could be the increased transnational 
cooperation of the identified clusters to increase the effectiveness of Hungary and Slovakia in terms of 
environmental preservation with the problems that are linked with emissions of air and water 
pollutants across borders. These clusters might improve regional responsiveness and advance the EU-
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wide climate goals through sharing of best practices and technological synchronization. Moreover, 
policy synchronization and joint funding may help to enlarge the cluster projects and, therefore, bring 
more positive environmental impacts for the whole Central European region. 
 
Conclusion 
 

Pannonia Circular Economy Cluster in Hungary and Green Energy Cluster in Slovakia 
illustrate how cluster theory operates at the regional level can drive sustainability, innovation, and 
economic development. Through waste reduction, circular economy practices, and renewable 
energy adoption, altogether these clusters actively participate in achieving their national as well as 
EU environmental targets. 

The Pannonia Cluster’s It has been successful in its task of minimizing industrial waste by 
45% and fostering resource efficiency underscores the change-making prospects of circular 
production systems.  

At the same time, the Green Energy Cluster’s actions in the attempts to promote the use of 
renewable energy sources by 62% reflect Slovakia’s commitment to the efforts to develop a transition 
towards a low-carbon economy. 

However, greater collaboration between clusters across borders could amplify their impact. 
Shared initiatives in waste-to-energy projects, renewable infrastructure, and policy 
harmonization might solve frequent environmental problems and help the region to build its 
successful future. 

In conclusion, regional clusters show a scalable model for sustainable development. By 
stakeholder relations, policy coordination and extension of stakeholder networks, clusters like 
Pannonia and Green Energy can guide the way in preceding environmental innovation across Central 
Europe. 
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