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Abstract: The article discusses the features of the implementation of environmental management in industrial clusters of 
Uzbekistan. The current state of environmental policy in industrial zones is analyzed, problems are identified, and ways 
to improve environmental control and sustainable development are proposed.

Key words: Environmental management; industrial cluster; green economy; green energy; management; CO₂; pollution.

Annotatsiya: Maqolada O‘zbekistonning sanoat klasterlarida ekologik boshqaruvni joriy etishning o‘ziga xos jihatlari 
muhokama qilinadi. Sanoat zonalarida ekologik siyosatning hozirgi holati tahlil qilinib, mavjud muammolar aniqlanadi 
hamda ekologik nazoratni takomillashtirish va barqaror rivojlanishni ta’minlash yo‘llari taklif etiladi.

Kalit soʻzlar: ekologik boshqaruv; sanoat klasteri; yashil iqtisodiyot; yashil energetika; boshqaruv; CO₂; ifloslanish.

Аннотация: В статье рассматриваются особенности внедрения экологического менеджмента в промышленных 
кластерах Узбекистана. Анализируется текущее состояние экологической политики в промышленных зонах, 
выявляются проблемы и предлагаются пути совершенствования экологического контроля и обеспечения 
устойчивого развития.

Ключевые слова: экологический менеджмент; промышленный кластер; зелёная экономика; зелёная энергетика; 
менеджмент; CO₂; загрязнение.

I N T R O D U C T I O N
Environmental management is a set of management decisions and actions aimed at minimizing the 

negative impact of industrial activities on the environment. Environmental management is the management 
of the environment in order to reduce the harm that humans cause to nature. Its main goal is to preserve 
resources (water, air, forests) for future generations, without worsening our lives now. Simply put, this is a way 
to develop so that nature does not suffer.

In the context of the active development of industrial clusters in Uzbekistan, the formation of a sustainable 
environmental policy that takes into account the interests of both the economy and nature is of particular 
importance.

Environmental management includes planning, implementation, control and adjustment of environmental 
activities. Key components include environmental auditing, environmental impact assessment and environmental 
monitoring systems [1].
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L I T E R A T U R E  R E V I E W
The theoretical foundations of the study of environmental management in industrial clusters are formed at 

the intersection of cluster theory, industrial ecology and the concept of sustainable development. The classical 
theory of clusters by M. Porter [2] (“The Competitive Advantage of Nations”, 1990) laid the foundation for 
understanding that the territorial concentration of enterprises and related organizations allows achieving a 
synergistic effect, including in the field of environmental management. Work in the field of industrial ecology, 
starting with the study by F. Frosch and N. Gallopoulos [3] (“Strategies for Manufacturing”, Scientific American, 
1989), showed the possibilities of inter-firm exchange of resources and energy to form closed production cycles, 
which is especially relevant in cluster systems. 

An important area is related to the institutionalization of environmental management through standards. 
Thus, D. Andrews [4] (Green Management: Principles and Examples, 1998) and later studies by A. Del Boria 
[5] (Environmental Management Systems and Clusters, Journal of Cleaner Production, 2006) showed that 
the use of ISO 14001 and EMAS at the level of individual enterprises becomes more effective when they 
are implemented on a cluster scale. This is confirmed by the works of N. Gibbs and J. Dixon [6] (Ecodesign 
and Cluster Development, Business Strategy and the Environment, 2002), which emphasize the role of joint 
technology procurement and collective monitoring.

Studies of eco-industrial parks have made a significant contribution. A classic example is the Kalundborg 
Industrial Symbiosis (Denmark), described by T. Chertov [7] (Industrial Symbiosis in Kalundborg, Journal of 
Industrial Ecology, 1994), where it was proven that the coordinating role of the management company is a 
key factor in sustainability. Similar conclusions were made by Asian researchers J. Lee and K. Park [8] (From 
Industrial Park to Eco-Industrial Park: Patterns of Development in Korea, Journal of Environmental Planning 
and Management, 2008), who showed the importance of multi-level regulation and government involvement.

Modern management research emphasizes the transition from a compliance approach to proactive 
strategies. Thus, the works of H. Merril [9] (Collaborative Environmental Governance, 2010) and R. Hoffman 
[10] (Managing Sustainable Innovation in Clusters, Organization & Environment, 2014) focus on the need 
for cooperation between business, government and universities. In this context, multi-level management is 
distinguished: strategic level (cluster decarbonization strategies), tactical (energy efficiency programs) and 
operational (project offices for closing cycles).

A separate layer of research is related to green supply chains and product life cycles. The classic work 
by S. Srivastava [11] (“Green Supply-Chain Management: A State-of-the-Art Literature Review”, International 
Journal of Management Reviews, 2007) demonstrated the importance of collective cooperation for reducing the 
carbon footprint in supply chains. LCA approaches are actively developing in clusters, which is confirmed by the 
research of M. Bauman [12] (“Life Cycle Assessment in Industrial Clusters”, 2013), which considers methods 
for assessing the overall environmental profile. 

Digitalization is also actively included in environmental management. According to S. Chen and H. Huang 
[13] (“Digitalization and Eco-Industrial Development”, Sustainability, 2019), the use of IoT and digital platforms 
allows the formation of “virtual ecosystems” for the exchange of by-products. Research by J. Block [14] and 
colleagues (“Blockchain for Green Supply Chains”, Journal of Cleaner Production, 2020) emphasizes that 
blockchain technologies ensure transparency and reliability of environmental reporting within clusters. 

In the political and economic aspect, comparative studies are important. Thus, the works of P. Lombardi 
[15] (“Eco-Industrial Parks in the European Union”, 2016) and Z. Zhang [16] (“Eco-Industrial Development in 
China”, Journal of Cleaner Production, 2017) demonstrate that government support and tax incentives are 
key factors in the success of environmental management. In OECD countries, as noted by R. Andrews [17] 
(“Environmental Governance in Clusters”, 2018), a combination of soft and hard regulatory instruments ensures 
sustainable results.

Finally, the literature increasingly raises the issue of developing integrated indices for assessing the 
environmental sustainability of clusters. The works of V. Mol [18] (“Measuring Eco-Efficiency in Clusters”, 
Ecological Indicators, 2020) propose using a multi-index approach, including indicators of resource and energy 
intensity, emissions and the share of secondary raw materials. At the same time, researchers note a number 
of barriers: information asymmetry, a lack of LCA competencies, as well as difficulties in distributing benefits 
between participants [19] (Klewitz & Hansen, “Sustainability-Oriented Innovation in Clusters”, 2014).

R E S E A R C H  M E T H O D O L O G Y
The methodological basis of the research is based on a comprehensive and interdisciplinary approach, 

including theoretical, empirical and applied methods of analysis. This is due to the multidimensionality of the 
category “environmental management” and the need to study its manifestations at the level of industrial clusters.
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R E S U LT S  A N D  D I S C U S S I O N S 
Features of industrial clusters in Uzbekistan.
An industrial cluster is an association of companies, factories, suppliers, and educational or scientific 

institutions that operate in the same field and are located close to each other. Industrial clusters in Uzbekistan 
are concentrated in regions such as Tashkent, Navoi, Andijan, and Bukhara. The main industries are chemical, 
textile, food, and construction. Below are the main areas and examples (Figure 1):

Figure 1. Main directions of cluster policy in Uzbekistan [6].

In the context of Uzbekistan, such clusters are actively developing in the textile, chemical, construction 
and agro-industrial industries. The application of environmental management in these clusters has a number 
of specific features:

1. Integration of enterprise efforts. Environmental management in a cluster requires coordination of 
actions between all participants. Joint environmental programs, common treatment facilities and collective 
environmental initiatives can significantly increase the effectiveness of environmental measures.

2. Economy of scale. Due to the concentration of production, it is possible to create a single environmental 
monitoring system, which reduces costs and improves the quality of environmental control.

3. Diversity of pollution sources. Enterprises with different types of emissions and waste can coexist in one 
cluster. This complicates the management system, requires an integrated approach to assessing the impact on 
the environment and developing measures to prevent pollution.

4. The need for centralized management. Effective environmental management in clusters involves the 
creation of a governing body or environmental coordination council responsible for compliance with standards, 
coordination between enterprises and the implementation of a sustainable development strategy.

5. Impact on populated areas. Many clusters are located near residential areas, which requires enhanced 
control over emissions, noise levels and production safety. Of particular importance is interaction with local 
authorities and public organizations.

6. The role of the state. In Uzbekistan, state support for clusters is accompanied by opportunities for 
the implementation of environmental initiatives - subsidies for green technologies, benefits for environmental 
certification and state programs for the modernization of production.

Table 1. Main pollutants by region (thousand tons) [5]

Region CO₂ SO₂ NOx 

Tashkent 450 120 90

Navoi 670 200 130

Andijan 310 80 70

Bukhara 500 150 110
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An analysis of the presented table of pollutant emissions by regions of Uzbekistan reveals differences in 
the level of air pollution. Let’s take a closer look.

Analysis for each substance:
1. CO₂ (carbon dioxide):
• Highest emissions: Navoi - 670 thousand tons.
• Lowest emissions: Andijan - 310 thousand tons.
• Reasons: High CO₂ emissions in Navoi can be associated with intensive industrial activity (e.g. chemical 

and mining).
2. SO₂ (sulfur dioxide):
• Highest emissions: Navoi - 200 thousand tons.
• Lowest emissions: Andijan - 80 thousand tons.
• SO₂ is usually associated with the combustion of sulfur-containing fuels such as coal and fuel oil. Again, 

the industrial nature of Navoi causes high levels of pollution. 
3. NOx (nitrogen oxides):
• Largest emissions: Navoi - 130 thousand tons.
• Smallest emissions: Andijan - 70 thousand tons.
• NOx are emitted into the atmosphere during high-temperature processes, such as the operation of 

thermal power plants and transport.

Figure 2. Distribution of CO₂ emissions by region [5]

As the graph on Distribution of CO₂ emissions by region shows, Navoi is the leader in overall pollution. 
The most environmentally “clean” of these is Andijan, although the level of emissions still remains significant. 
Navoi is the most polluted region among those presented by all the main indicators. This confirms the need 
for increased control over industrial emissions and the introduction of green technologies. Andijan is the most 
favorable in terms of emissions, probably due to the smaller amount of heavy industry. In general, all four 
regions require improved environmental control, especially in terms of CO₂ and SO₂ emissions.

The current state of environmental management in Uzbekistan. Despite the adopted laws and regulations, 
environmental policy in the industrial sector faces a number of problems: the lack of clear control mechanisms, 
insufficient automation of emission accounting and weak law enforcement practice [20].

World experience and its applicability in Uzbekistan. Examples of Germany, South Korea and China show 
the importance of integrating ISO 14001 environmental standards, developing green technologies and applying 
the principles of best available technologies (BAT) [21].

Problems and challenges of environmental management in Uzbekistan [22]:
- Insufficient institutional framework
- Limited funding
- Low level of environmental culture
Worn-out production facilities
- - Problems with waste and pollution
- Impact of climate change
- Lack of clear incentives for business
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Recommendations for the implementation of sustainable practices:
- Implementation of environmental monitoring systems;
- Stimulating enterprises to certify according to ISO 14001;
- Developing waste management infrastructure;
- Improving the skills of environmental specialists.

C O N C L U S I O N  A N D  R E C O M M E N D A T I O N S 
Environmental management is becoming an integral part of sustainable industrial development in 

Uzbekistan. Modern trends (green energy, eco-cities, education reform) show that the country is moving in the 
right direction. However, serious challenges remain - from lack of funding to a weak environmental culture [23].

To ensure environmental sustainability in industrial clusters, a set of measures is required that cover both 
the state and corporate levels of management.

Firstly, it is necessary to strengthen inter-industry interaction and coordination on the part of the state. 
Environmental challenges are systemic in nature, so individual enterprises are not able to effectively address 
them without support and integration with other industries. The creation of coordinating councils, the development 
of unified strategies and inter-cluster programs will help to combine the efforts of industry, energy, agriculture 
and the transport system.

Secondly, an important area is the introduction of environmental standards and innovative technologies 
at the enterprise level. This involves the transition to environmental management systems, the modernization 
of production facilities, the introduction of resource-saving and waste-free technologies, as well as the use of 
renewable energy sources. Thus, each cluster participant will contribute to minimizing the negative impact on 
the environment.

The third priority is to increase the level of environmental awareness and involvement of businesses and 
the population. Involvement of small and medium businesses in green innovation projects, organization of 
training programs and development of corporate social responsibility form a culture of sustainable development 
and create long-term motivation to reduce environmental risks.

Finally, the active use of green economy mechanisms is of particular importance. This concerns the 
introduction of financial instruments that stimulate the greening of production: green bonds, tax incentives for 
environmentally friendly technologies, public-private partnerships in waste recycling. This will not only reduce 
the burden on the environment, but also increase the competitiveness of industrial clusters in international 
markets.

Thus, environmental sustainability in industrial clusters is possible only with a combination of government 
regulation, technological innovations, increased social responsibility of business and the introduction of green 
economy principles.

In conclusion, the formation of effective environmental management in industrial clusters of Uzbekistan is 
a prerequisite for the sustainable development of the country. A comprehensive government strategy and the 
participation of all stakeholders are needed.
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