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Abstract: The industrial park serves as a crucial spatial aggregation form for regional economic development, while si-
multaneously acting as the primary source of pollutants and carbon emissions.Using Yunnan Province as a case study, this
paper examines the synergistic impact of pollution and carbon reduction in its key industrial parks through the research
approach of status-feature-problem-suggestion.The key industrial parks in Yunnan Province develop with a spatial layout of
"one core, one belt, and multiple points". The key industries for coordinated pollution reduction and carbon reduction are
new materials, processing and manufacturing, metallurgy, logistics, and building materials.The collaborative development
of park carbon reduction faces four main challenges: accurate calculation of park carbon emissions, quantification of park
carbon reduction potential, limited adoption of pollution and carbon reduction measures by key enterprises in the park, and
difficulty in designing collaborative emission reduction paths and mechanisms for the park.Suggestions were proposed in
four areas: clarifying the park's statistical system, specifying the calculation method for carbon reduction potential, promot-
ing pollution and carbon reduction measures for key enterprises in the park, and supporting pollution and carbon reduction
through multi-scenario decision-making.
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1. Introduction

Nearly 200 parties to the United Nations Framework Convention on Climate Change reached the Paris Agreement at
the Paris Climate Change Conference, and the issue of global climate change has become a key concern for the sustainable
development of humankind. During the Fourteenth Five-Year Plan period, the construction of ecological civilization in China
has entered an important period in which the focus is on the strategic direction of reducing carbon emissions, promoting
synergies in reducing pollution and reducing carbon emissions and promoting a comprehensive green transformation
of economic and social development. It is an important period for promoting a comprehensive green transformation of
economic and social development.

The issuance and implementation of the Opinions of the CPC Central Committee and State Council on Comprehensively
Promoting the Construction of a Beautiful China, the Opinions of the CPC Central Committee and State Council on
Completely and Accurately and Comprehensively Implementing the New Development Concepts and Doing a Good Job of
Carbon Peak Achievement and Carbon Neutrality, as well as the Policies on the Implementation Plan for Carbon Reduction
and Synergistic Efficiency have made it clear that the future goals and specific tasks of the work on carbon reduction and
synergistic efficiency are clear. As a place of high-density industrial agglomeration, industrial parks are closely related
to local economic development, and are an important form of spatial agglomeration for regional economic development,
industrial adjustment and upgrading, and have a series of important missions, such as gathering innovative resources,
fostering new industries, and promoting the construction of urbanization. At the same time, industrial parks are also the
main area of pollutants and carbon emissions, according to Yang Rupu et al. study, China has formed a total of 2,543 various
types of industrial parks [1], these industrial parks contribute to more than 50% of the country's industrial output [2], but also
emits more than 30% of the country's carbon dioxide, the parks in the energy infrastructure of sulfur dioxide and nitrogen
oxides emissions accounted for the country's 12% and 15% [3], industrial parks are the main position in China to promote
the realization of pollution reduction and carbon synergy. At present, there are fewer studies on the synergistic effect of
pollution reduction and carbon reduction in industrial parks in provincial areas, but for each province, industrial parks are
a powerful engine of economic development, an important platform for industrial agglomeration, and a major carrier of
economic double-cycle, so the study on the synergistic effect of pollution reduction and carbon reduction in industrial parks
in provincial areas is of great significance.
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2. Methodolody

2.1 Methods
2.1.1 Analysis method

Adopting the research idea of status quo-features-problems-suggestions, we statistically analyze the situation of
pollution reduction, carbon reduction and synergistic efficiency of the industrial parks that will be the focus of development
in Yunnan Province in 2025, put forward the current problems faced by the development of pollution reduction, carbon
reduction and synergistic efficiency of industrial parks in Yunnan Province, and explore and put forward the corresponding
countermeasures to solve the problems.
2.1.2 Calculation and analysis method of carbon emission data

With reference to the National Development and Reform Commission of the People's Republic of China in 2011 issued
the “Provincial Greenhouse Gas Inventory Guidelines” [4] in the sector, fuel type, fuel consumption and the corresponding
emission factors and other parameters are calculated and analyzed to obtain the carbon emissions data, the calculation
formula is specifically expressed as follows:

GHG Emissions = 4aa(EF1i,j, xActivityi,j,) (1)

Where EF, Activity, i, j denote emission factor (kg/TJ), fuel consumption (TJ), fuel type, and sectoral activity,
respectively.

The calculation and analysis of carbon emission data for the aluminum smelting, iron and steel, and building materials
industries refer to the instructions for filling in the corporate greenhouse gas emission accounting and reporting for aluminum
smelting, iron and steel production, and cement clinker production in the “Notice on Doing a Good Job in Reporting and
Verifying Greenhouse Gas Emissions of Enterprises of Selected Key Industries in the Years 2023-2025” [5], which was
issued by the Ministry of Ecology and Environment of the People's Republic of China.

2.2 Data

The distribution area and number of key industrial parks in Yunnan Province come from the “14th Five-Year Plan for
the Development of Industrial Parks in Yunnan Province (Draft)” [6], and the data on the types of key industries included in
the industrial parks come from the publicly released news reports and enterprise information of the industrial parks.

3. Results

3.1 Distribution of Key Industrial Parks in Yunnan Province

According to the “14th Five-Year Plan for Industrial Park Development in Yunnan Province (Draft)”, two development
zones with revenues exceeding 200 billion yuan, five development zones with revenues exceeding 100 billion yuan, eleven
development zones with revenues exceeding 50 billion yuan, and thirty-two development zones with revenues exceeding
tens of billions of dollars will be built during the 13th Five-Year Plan period in Yunnan Province (Figure. 1). The number of
development zones accounted for 4%, the number of development zones with over 100 billion revenue accounted for 10%,
and the number of development zones with over 50 billion revenue accounted for 22%.

= > 200 billion yuan
= >100 billion yuan
64% > 50 billion yuan

>10 billion yuan

Figure 1. The number of development zones completed in Yunnan Province during the 13th Five-Year Plan period exceeded 10 billion
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Yunnan Province, the main industrial parks during the 14th Five-Year Plan period, mainly in accordance with the “a
core, a belt, multi-point” spatial layout for development, of which the “core” region in Kunming, the development of the
maximum number of parks for 9, Qujing, Chuxiong and Honghezhou northern 7 counties and cities are three; The number
of regional industrial parks in the “belt” region is relatively even, with a maximum of 4 in Lincang, and 2 in Baoshan, Puer,
Wenshan and Dehong; the development of industrial parks in the “multi-point” region is mainly concentrated in Zhaotong,
with a number of 3 (Figure. 2a, b, ¢). The number of industrial parks in the “multi-point” region is mainly concentrated in

Zhaotong, with 3 (Figure 2a, b, c).
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Figure 2. Development of industrial parks in Yunnan's "one core, one belt, and more" areas

3.2 Low-carbon development of industrial parks in Yunnan Province

In March 2022, the Yunnan Provincial Department of Industry and Information Technology, the Provincial Development
and Reform Commission and other seven departments jointly issued the ““Yunnan Three-Year Action Plan for Green and Low-
Carbon Demonstration Industrial Parks”, aiming to build a batch of green and low-carbon demonstration industrial parks
with demonstration effect, and to explore the path of green and low-carbon development of the industry, and nine provincial-
level low-carbon industrial parks have been recognized, which are mainly concentrated in the regions of Kunming and Pu'er
(Table 1). At a time when there is no standard for the construction of zero-carbon parks in the country, Yunnan, in order to
explore the construction of zero-carbon parks, has formulated the “Work Program for Promoting the Construction of Zero-
Carbon Parks in Yunnan Province” and its evaluation index system, exploring the construction of zero-carbon parks where
production, life and ecology are integrated in depth, which was publicly released on May 28, 2024. The first five zero-carbon
zones, of which the remaining three zero-carbon zones except Qujing Economic and Technological Development Zone and
Yunnan Xiangyun Economic and Technological Development Zone, are green low-carbon demonstration industrial parks

(Table 2).
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Table 1. List of low-carbon industrial parks in Yunnan Province

Area Name of industrial park

Kunming Kunming High Tech Industrial Development Zone
Kunming Ecnomic And Technological Development Zone
Yunnan Anning Industrial Park

Yunnan Chenggong Industrial Park

Dali Dali Ecnomic And Technological Development Zone
Chuxiong Chuxiong High Tech Industrial Development Zone
Puer Yunnan Jinggu Industrial Park

Yunnan Simao Industrial Park

Yuxi Yuxi High-Tech District

Table 2. List of zero-carbon parks in Yunnan Province

Area Name of industrial park
Kunming Yunnan Anning Industrial Park
Qujing Qujing Economic and Technological Development Area
Yuxi Yuxi High-Tech District
Chuxiong Chuxiong High Tech Industrial Development Zone
Dali Yunnan Xiangyun Economic and Technological Development Zone

3.3 Pollutants and Carbon Emissions of the Relevant Industries in Major Industrial Parks in
Yunnan Province

CO, emissions mainly come from fossil fuel consumption, non-renewable energy power generation and industrial
process emissions, fossil fuel combustion and industrial process emissions will also produce SO,, NOX, PM2.5, VOCs,
CF4, C2F6 and other air pollutants, at present, the key industrial parks in Yunnan Province, CO, and pollutants emitted by
more industries are new materials, processing and manufacturing, metallurgy, aviation, services, new energy batteries, real
estate economy, logistics, tobacco processing and ancillary products, chemicals, iron and steel, built and paper 12 industries.
Services, new energy batteries, real estate economy, logistics, tobacco processing and ancillary products, chemical industry,
iron and steel, built and paper 12 industries, of which the main development of new materials, processing and manufacturing,
metallurgy, logistics, building materials industry parks accounted for 76% of the number of key development of the number
of parks (Figure 3), metallurgical industry in the iron and steel industry of the carbon emissions and the main air pollutant
emissions accounted for more than the industrial sector emissions, and synergistic emission reduction potential is greater.
The iron and steel industry in the metallurgical industry accounts for more carbon emissions and emissions of major air
pollutants than the industrial industry, and has a greater potential for synergistic emission reduction[7].

= New material
= Processing and manufacturing
= Metallurgy
Air service
= New energy battery
= Real estate economy
= Logistics
= Tobacco processing and supporting products
= Chemicals

= Building materials

= Papermaking

Figure 3. The proportion of industries with high pollutants and carbon emissions in key industrial parks in Yunnan Province
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3.4 Synergistic Efficiency of Pollution Reduction and Carbon Reduction in Main Types of

Industrial Parks in Yunnan Province
3.4.1 Demonstration of Parks with New Materials and Processing and Manufacturing as Major Industries

Kunming Hi-tech Industrial Development Zone, which has new materials as its main industry, has 9 green factories
and 2 green supply chain management demonstration enterprises. In terms of green production, it actively guides the key
enterprises in the park to clean production, and at present, the implementation rate of clean production audits of Kunming
Guiyan Platinum Company Limited, Kunming Precious Metals Catalyst Limited Liability Company, and Southwest Copper
Branch of Yunnan Copper Company Limited is 100%. Ltd. and Yunnan Copper Co., Ltd. and other enterprises such as
cleaner production audit implementation rate of 100%, at present, the high-tech zone green low-carbon park has a total of 11
construction projects, of which the park facilities supporting the greening of the project 4 [8], mainly to carry out the park
centralized sewage treatment, centralized heating, digital economy clustering area and other green low-carbon infrastructure
transformation.

Songming Yanglin Economic and Technological Development Zone with equipment manufacturing as the main
industry, continues to carry out the promotion of low-carbon energy substitution for high-carbon energy, and has now
built a natural gas gate station, the intensity of carbon emissions decreases year by year, and at the same time, encourages
enterprises to actively carry out cleaner production audit work and energy audits, and establishes energy management
systems of key energy-consuming enterprises, and the energy output rate of the park's industrial enterprises in 2022 will
increase compared with that of 2019 by 0.13%, the utilization rate of clean energy is increased by 44.33% compared with
2019, the energy efficiency is significantly improved, and the comprehensive energy consumption in 2022 is 82,947.28tce,
of which 63,852.30tce is clean energy, accounting for 76.98% of the total energy consumption [9].

3.4.2 Demonstration of parks with steel and building materials as major industries

With iron and steel as the main industry, Yunnan Anning Industrial Park has the largest iron and steel enterprise in
Yunnan Province, Kunming Iron and Steel Holding Co. The park continues to optimize and adjust the energy system, and
the 250 MW photovoltaic power generation project in the park has completed the construction of distributed photovoltaic
of 14.6 MW, with an addition of 210 million kWh of green power. Park vigorously promote the recycling of industrial
solid waste, make full use of industrial resources comprehensive utilization base, chemical slag, metallurgical slag, fly ash,
industrial waste materials and other industrial solid waste, sustainable use of treatment, the implementation of 33 recycling
transformation projects [10].

Building materials as the main industry Chuxiong National High-tech Industrial Development Zone to Dianzhong
nonferrous Isa furnace waste heat boiler steam as a heat source, the construction of steam pipe network, temperature and
pressure reduction facilities, Taoyuan area, Zhaojiawan area of the two parks as a whole, the use of Chuxiong Dianzhong
Nonferrous Metals Limited Liability Company's surplus heat for the park enterprises to provide superior steam [11], to
achieve both effective improvement in the use of energy efficiency of waste heat recovery In addition, it can reduce the
energy cost of enterprises using gas in the park, realize the gradient utilization of waste heat resources in the park, greatly
reduce the energy consumption and carbon dioxide emissions in the park, and increase the green expansion space in the park.
3.4.3 Demonstration of parks with logistics as the main industry

Kunming Economic and Technological Development Zone, with building materials as the main industry, has
implemented 28 “green projects”, with an average annual reduction rate of 3.97% in carbon dioxide emissions per unit of
industrial added value, and an air quality excellence rate of 99.45%; it has built three eco-industrial chains of industrial solid
waste, and the comprehensive utilization rate of industrial solid waste will reach 87.13% in 2021, and will be 24.47% higher
than the standard limit of 70%. 87.13% and improved by 24.47% from the standard limit of 70%. The construction project
of “energy monitoring platform + industrial solid waste comprehensive utilization platform” will be implemented between
2021 and 2025 [8].

3.4.4 Demonstration of Parks with Aluminum Industry as the Main Industry

The aluminum industry is not included in the key industry statistics category in the previous section, mainly due to the
fact that the aluminum industry in Yunnan region mostly adopts green energy, and the carbon emissions generated by the
use of clean electricity are not much compared with those of other industries, but from the perspective of carbon peak and
carbon neutrality, the aluminum industry belongs to the key carbon-emitting industries. For Yunnan Yanshan Industrial Park,
where aluminum industry is the main industry, the annual output of 1.93 million tons of low-carbon aluminum construction
project of Yunnan Honghe New Materials Co., Ltd. is the “chain master”, combined with upstream aluminum fluoride, anode
carbon, downstream automotive lightweight parts, aluminum strip, foil, auto parts to create a low-carbon aluminum industry
clusters. The production line of Honghe Company, the “chain master” enterprise in the park, adopts the most advanced
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international aluminum electrolysis technology jointly developed with Northeastern University, and the power consumption
per ton of aluminum is more than 500 kWh lower than the national average level of the same industry [12]. Park supporting
photovoltaic, wind power plant, can generate 10.4 billion kilowatt-hours, the rest of the purchase of hydropower from
Yunnan Province, photovoltaic new energy power to supplement, the entire project hydropower new energy power accounted
for 92.8%. The park adopts the whole industry chain construction in the planning and layout, forming a small pattern of
economic cycle in the park, which saves a lot of energy and reduces emissions [13].

4. Discussion

4.1 Synergistic situation of pollution reduction and carbon reduction in key industrial parks in

Yunnan Province

During the 14th Five-Year Plan period, major industrial parks in Yunnan Province were mainly developed in accordance
with the spatial layout of “one core, one belt and multiple points”, of which Kunming has the largest number of industrial
parks, and the number of industrial parks in the “one belt” region is relatively even. At present, nine provincial low-carbon
industrial parks have been recognized, of which Yunnan Anning Industrial Park, Yuxi High-tech Industrial Development Zone,
Chuxiong National High-tech Industrial Development Zone, Yunnan Xiangyun Economic and Technological Development
Zone in 2024 was recognized as the first batch of zero-carbon park. The key industrial parks in Yunnan Province that
emit more CO, and pollutants are new materials, processing and manufacturing, metallurgy, aviation services, new energy
batteries, real estate economy, logistics, tobacco processing and ancillary products, chemical industry, iron and steel, built
and paper 12 industries, of which the number of parks that mainly develop the new materials, processing and manufacturing,
metallurgy, logistics, building materials industry accounted for 76% of the number of key development parks.

4.2 Difficulties in the collaborative development of pollution reduction and carbon reduction in

industrial parks in Yunnan Province
4.2.1 Difficulty in accurately measuring carbon emissions in parks

The main bodies involved in the development and operation of industrial parks, including the government, enterprises,
and real estate developers, are multi-party complexes, so it is difficult to clarify and unify their internal physical boundaries,
management boundaries, economic statistics boundaries, and flow analysis boundaries, which makes it difficult to accurately
measure carbon emissions.

4.2.2 Difficult to quantify the carbon emission reduction potential of the park

There is a lack of systematic carbon emission reduction data statistics for the three-level measurement system in the
park, which is mainly based on enterprises, workshops and teams, and a lack of relevant carbon reduction potential analysis
data for Yunnan's local characteristics. For example, Yunnan's unique green aluminum industry uses most of the electricity
for production from clean energy sources, but when calculating the carbon emissions from its purchased electricity, apart
from the amount of electricity that can be provided with proof of purchase of green electricity, the calculation of carbon
emissions from the rest of the electricity will lack the carbon emissions characteristic of Yunnan's green energy use. There is
a lack of emission factors that characterize Yunnan's green energy use.

4.2.3 The application of pollution reduction and carbon reduction measures by key enterprises in the park has not
been popularized.

Currently, the key industries publicly included in the national carbon emissions trading are only the power generation
industry, and high emission industries such as cement and iron and steel have not yet been explicitly included publicly, so
their related enterprises do not pay much attention to the research and development and application of pollution reduction
and carbon reduction measures, and the funds required for the development and application of pollution reduction and carbon
reduction measures are relatively high, so the enterprises do not actively carry out the development and implementation of
these measures based on the consideration of the cost of running the business.

4.2.4 Difficulty in designing cooperative emission reduction paths and mechanisms in parks

The synergistic mechanism of relevant stakeholders in the park and the synergistic mechanism of government and
enterprises have not yet been fully established, and most of the pollution control in the park mainly focuses on the end-of-
enterprise treatment, lacking a unified whole-process synergistic emission reduction control system from the planning of the
park, the source control, the process control, and the end-of-enterprise treatment, and it is difficult to match the most suitable
carbon reduction technology with the target.
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5. Conclusions and Suggestions

5.1 Conclusion

The key industrial parks in Yunnan Province are developed in a spatial layout of “one core, one belt and multiple
points”, in which the key industries for the collaborative development of the parks' pollution reduction and carbon reduction
are new materials, processing and manufacturing, metallurgy, logistics and building materials. There are four main
difficulties faced by the collaborative development of industrial parks in terms of pollution reduction and carbon reduction,
namely, the difficulty of accurate measurement of carbon emissions in the parks, the difficulty of quantifying the potential
of carbon emission reduction in the parks, the lack of popularization of the application of pollution reduction and carbon
reduction measures by key enterprises in the parks, and the difficulty of designing collaborative emission reduction paths
and mechanisms in the parks.

5.2 Suggestions
5.2.1 Clarify the park statistical system

Clarify the application objectives of accounting results, delimit the boundaries of the scope of accounting work,
establish the principle of defining multiple boundaries of zones, carry out the analysis of material flow, energy flow, and
value flow based on clear boundaries, and then form the pathway of carbon flow in the whole life cycle, so as to realize
the comparability of the total amount and intensity of material, energy, and carbon emissions between zones. A multi-flow
and multi-node analysis model is established to finely portray material, energy and value flows at three levels: enterprise,
infrastructure and park as a whole, and to account for the park's carbon emissions from the perspective of the whole life
cycle.
5.2.2 Clarify the calculation method of the park's carbon reduction potential

Relying on the greenhouse gas accounting inventory, carbon emission data verification, CCER methodology and other
calculation methods, standardize the calculation methods of the park's carbon reduction potential, promote the development
of localization of basic data, accurately measure the carbon emissions of various departments and enterprises in the park,
explain the key process of the accounting work, dig deeper into the potential of application of the results of the accounting,
and promote the effective convergence of the results of the regional-park-enterprise accounting.
5.2.3 Promote the development and application of pollution reduction and carbon reduction measures for key
enterprises in the park

Optimize industrial and spatial layout, carry out source control, and establish a system of industrial entry and exit lists
oriented to regional environmental quality improvement and carbon peaking targets. Select synergistic emission reduction
measures, actively promote the substitution of raw fuels in the cement industry, and lead the upgrading of the technical
equipment level of the cement industry with the “second-generation cement” technical standard. Optimize the layout of iron
and steel to encourage short process technology, optimize the raw fuel structure of iron and steel, strengthen the research
and application of “low coke ratio and high coal ratio smelting technology” and “reducing fuel ratio smelting in blast
furnace”, optimize the charge structure of blast furnace, and adopt ultra-high-percentage or global regiment smelting, and
fully explore the use of new energy and renewable energy in iron and steel enterprises, and actively promote the substitution
of raw fuel in the cement industry. Fully explore the potential of new energy and renewable energy utilization in iron and
steel enterprises, promote the ultra-low emission transformation of iron and steel enterprises, and encourage the innovation
of top gas recycling oxygen blast furnace smelting, blast furnace hydrogen-rich smelting, hydrogen vertical furnace direct
reduction, hydrogen-based molten reduction ironmaking and other technologies. Explore carbon financial businesses such
as carbon futures, carbon options and quota pledge financing, and support collaborative projects for pollution reduction and
carbon reduction.
5.2.4 Multi-scenario decision-making support to assist the development of pollution and carbon reduction in parks

Build a green channel for patent application and approval, a platform for transforming information on pollution and
carbon reduction technologies, support the development of services for transforming the results of pollution and carbon
reduction technologies, establish a two-way feedback mechanism between the research and development of pollution
and carbon reduction technologies and industrialization, accelerate the transformation of innovation results, incorporate
relevant indicators into aspects such as project construction, acceptance and review of enterprise reward and subsidy support
measures, formulate policies on emission reduction in parks, evaluate carbon reduction performance, and carry out a pilot
study on the evaluation of the degree of synergy between pollution and carbon reduction in parks. Evaluate and pilot research
on synergistic degree.
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