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Abstract 
In recent years,our country has paid more and more attention to the coordinated 
development and win-win of manufacturing and environment, which has led a large 
number of scholars to study environmental regulation and the upgrading of 
manufacturing industry. Based on the literature research results at home and abroad, 
this paper sorts out and evaluates the connotation, evaluation index and correlation 
between environmental regulation and manufacturing upgrading. The purpose is to 
better understand the relationship between environmental regulation and 
manufacturing upgrading, and explore the influence of environmental regulation on 
manufacturing upgrading, so as to further enrich the research foundation of regional 
manufacturing upgrading under the background of environmental regulation. 
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1. Introduction 

Since the reform and opening-up, China's manufacturing industry has made great progress. 
China has built a complete and independent industrial system with unique Chinese 
characteristics. The industrialization process has stepped from the initial stage to the middle 
and late stage, and is gradually moving towards developed countries. In 2018, China's total 
industrial output value reached 30,516.02 billion yuan, about 188 times that of 1978. China's 
industry has maintained a high growth rate for a long time, and the share of manufacturing 
industry in the world is constantly expanding. According to the data released by the Ministry of 
Industry and Information Technology, in 2018, the added value of China's manufacturing 
industry accounted for more than 28% of the global share, and the manufacturing industry has 
been ranked first in the world for many years. As the pillar industry of China's economic growth, 
manufacturing industry's growth has effectively promoted the development of China's 
economy. However, while we are enjoying the bonuses brought by the manufacturing industry, 
the problems of environmental pollution and resource consumption are becoming more and 
more serious. 
The 2018 Global Environmental Performance Index Report evaluateed the air quality of various 
countries, and China's environmental performance index ranked only 120th, far behind the 
developed countries in Europe. At present, the development of China's manufacturing industry 
mainly depends on a large amount of input of production factors. Although the extensive 
development model has made the economy grow at a high speed, it has caused the resources to 
be exhausted and the environment to deteriorate continuously. In 2019, China's industrial SO2 
emissions reached 3,953,700 tons, industrial particulate emissions reached 9,259,300 tons, and 
the output of industrial solid waste reached 4,489,360 tons. There is no doubt that a large 
number of industrial wastes have caused great damage to China's ecological environment, and 
frequent industrial pollution incidents seriously endanger the healthy life of human beings and 
organisms. Solving the contradiction between pollution emissions and environmental 



Volume 3 Issue 3, 2022 

DOI: 10.6981/FEM.202203_3(3).0020 

174 

Frontiers in Economics and Management 

ISSN: 2692-7608 

protection caused by the development of manufacturing industry has become an important 
theme in the transformation and upgrading of manufacturing industry at present. 
The state pays more and more attention to the coordinated development and win-win between 
manufacturing industry and environment. In recent years, China has promulgated a number of 
policies and documents to support the transformation and upgrading of manufacturing 
industry to high-quality development. From "Made in China 2025" to "14th Five-Year Plan for 
Intelligent Manufacturing Development Planning", the aim is to promote the development of 
China's manufacturing industry to be intelligent, high-end and green. In terms of preventing 
and controlling environmental pollution and reducing pollution emissions, China has also 
promulgated a series of environmental regulation policies. Among them, the report of “the 19th 
National Congress of the Communist Party of China” pointed out the road for China to promote 
ecological civilization construction and green development. We must strengthen 
environmental governance, speed up the construction of a long-term mechanism of 
environmental control and establish a green and low-carbon circular development economic 
system. This paper will sort out the domestic and foreign research results related to 
environmental regulation and manufacturing upgrading, so as to have a deeper understanding 
of the relationship between environmental regulation and manufacturing upgrading, and 
explore the influence of environmental regulation on manufacturing upgrading, with a view to 
further enriching the research foundation of regional manufacturing upgrading under the 
background of environmental regulation. 

2. Literature Review on Environmental Regulation 

2.1. The Connotation of Environmental Regulation 
The word "regulation" was introduced from the writings of Japanese economist Masu Uekusa 
[1]. Scholars have different understandings about the connotation of regulation. However, most 
scholars agree that the main body of regulation is government agencies, the object of regulation 
is microeconomic behavior of individuals or enterprises, and its means are mandatory. 
Therefore, regulation mainly studies how government departments intervene, restrict and 
restrict microeconomic behaviors of individuals or enterprises according to certain means 
under the market system. 
Environmental regulation is the refinement of regulation, which is specific to the environmental 
field. As for the connotation of environmental regulation, scholars also get different 
interpretations from different angles. However, the explanation is mainly based on the 
dimensions of subject, object, nature and goal of environmental regulation. Based on these five 
dimensions, Zhao Yumin et al [2] considered that the purpose of environmental regulation was 
to protect the environment, while the object was an individual or an organization, and it was a 
constraint to the target object through tangible system or intangible consciousness. Zhao Min 
[3] understanded environmental regulation from the perspective of solving the negative 
externalities of the environment, and she thought that environmental regulation meaned that 
social public institutions implement direct and indirect means to enterprises or consumers to 
restrain and intervene internalized environmental costs and improve economic benefits in 
order to restrain the externalities caused by environmental pollution, protect the environment 
and increase social welfare. Li chuang [4] also agreed that the environmental regulation 
implemented by the government was used to solve the negative externalities of the 
environment, and pointed out that its essence was a means for the government to restrain 
environmental behaviors according to the public goods characteristics of environmental 
resources and the serious negative externalities caused by market allocation, so as to protect 
the environment. 
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Most scholars have classified environmental regulations according to different classification 
standards: some classify them into command control, market incentive and voluntary 
environmental regulations according to different implementation methods[2][3]. Because of 
the complex policy tools of environmental regulation, some scholars divide environmental 
regulation into environmental administrative control, environmental pollution supervision and 
environmental economic regulation[5]. Some scholars divide it into formal and informal 
environmental regulations according to the different implementation subjects; the main body 
of formal environmental regulation is government departments, while the main body of 
informal environmental regulation is mainly composed of spontaneous forces such as 
environmental protection organizations formed by the public[6][7]. According to the different 
investment of environment-related funds, it can be divided into expense-type and investment-
type environmental regulations, and the division basis is mainly based on whether the 
investment in environmental protection forms fixed assets and the length of its impact[8]. 
Although there is no unified definition of environmental regulation, it is usually expounded 
from the perspectives of subject, object, means, purpose and nature. It can be seen from various 
definitions that the purpose of environmental regulation is to reduce pollution and protect the 
environment, the main body of government organs, the object of regulation is enterprises or 
individuals, and its means mainly include laws, rules and regulations and policies. Similarly, 
environmental regulation is mandatory and binding. At the same time, scholars divided the 
environmental regulations according to different classification standards, in order to explore 
the influence of different kinds of environmental regulations in more detail. 

2.2. Measurement Methods of Environmental Regulation 
As for the measurement of environmental regulation, scholars have explored a variety of 
methods to measure it. 1. Using the number of environmental laws and policies to investigate 
the intensity of environmental regulation. For example, Low et al[9] used the number of laws 
and regulations promulgated by local governments to express the intensity of environmental 
regulations. Shiyi Chen et al.[10]used the frequency and proportion of environment-related 
words in the work reports of government departments to characterize the intensity of 
environmental governance. Because the environmental policies and government work reports 
that the government introduced in advance precede the local annual economic development 
and are external factors that affect the operation of the economic system, the endogenous 
problems in the measurement process can be avoided to a certain extent. 2. Measuring the 
environmental regulation from the amount of sewage charges collected. For example, 
Levinson[11]used the enterprise sewage charges to measure the environmental regulation 
intensity of American states; Zhiqiang Zhang[12]collected the sewage charges levied by 
enterprises from the micro-enterprise level, and measureed the intensity of environmental 
regulation by the ratio of the sewage charges levied by enterprises to the total industrial output 
value. Collecting sewage charges is an important market economy means adopted by many 
countries' environmental regulations, which can regulate and intervene the environmental 
behaviors of enterprises in the process of production and operation, thus reflecting the 
intensity of environmental regulations to a certain extent. However, the government not only 
adopts measures of collecting sewage charges for enterprises, but also uses economic means 
such as tradable sewage permits and reducing government subsidies to regulate the 
environmental behaviors of enterprises. Therefore, there are still limitations in 
comprehensively inspecting the intensity of environmental regulations. 3. Measured by 
investment or cost of pollution control. Scholars at home and abroad often use this method. 
Foreign scholars such as Berman and Bui[13]and Lanoie[14]all used the ratio of pollution 
control expenditure to total cost or total output value of enterprises to measure environmental 
regulation. Domestic scholars Lin Xiumei[15], Yuan Yijun et al.[16]and others used the ratio of 
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total investment in industrial pollution control to total industrial output value to characterize 
the intensity of environmental regulation. This method is considered from the aspects of 
enterprises' implementation of environmental regulation policies-enterprises have to invest 
money to control the pollution caused by production and operation under environmental 
regulation, and with the strengthening of environmental regulation, enterprises will also 
strengthen pollution control, with which the investment and cost of pollution control will also 
increase. 4. Measured by pollution emission density. For example, Cole and Elliott[17]used the 
lead content in each gasoline to measure environmental regulation. Some scholars used 
multiple indicators to measure comprehensively from the perspective of pollution emission 
density. Scholars such as Li Bin et al.[18]and Yu Donghua et al.[19] used pollution emission 
indicators such as waste water, solid waste and waste gas to comprehensively construct the 
environmental regulation index. This measurement method measures the intensity of regional 
environmental regulation from the perspective of pollution control results, and it can more 
objectively reflect the level of environmental regulation by using multi-pollution emission 
indicators. 5. In recent years, some scholars have estimated it directly from the perspective of 
the degree of policy implementation, and measured the environmental regulation by using the 
ratio of the number of enterprises with environmental violations investigated in each region to 
the total number of enterprises in that region[20]. 
It can be seen that there are various methods to measure environmental regulation, which have 
advantages and disadvantages in practical application. Researchers can choose different 
methods based on different research needs and perspectives of environmental problems. 

3. Literature Review of Manufacturing Upgrading 

3.1. Connotation of Industrial Upgrading 
In recent years, scholars' research on industrial upgrading is mainly based on two perspectives: 
one is based on the perspective of global value chain; According to Humphrey et al.[21], from 
the perspective of global value chain, industrial upgrading is mainly manifested in four aspects: 
process, product, function and cross-industry upgrading. Gereffi[22] also based on the global 
value chain theory, defined industrial upgrading as the process of enterprises, countries or 
regions shifting from the low end to the high end of the global value chain in order to gain more 
benefits from the international division of labor, such as security, value increment and capacity 
enhancement. Chinese scholar Tang Dongbo[23] also redefines "industrial upgrading" based on 
this perspective as: enterprises shift to links that can achieve higher added value in the whole 
value chain, which includes the upgrading of export technology structure and the domestic 
added value share. In addition, based on the perspective of industrial structure adjustment, 
most of the research achievements of industrial upgrading under this perspective are domestic 
scholars. Wu Chongbo[24] thought that industrial upgrading was the upgrading of industrial 
structure. Some scholars directly equated industrial upgrading with industrial structure 
upgrading. Han Xia[25] thought that the change of industrial structure was represented by the 
replacement of leading industries in turn, and the choice of leading industries was an important 
part of implementing industrial policies and realizing industrial structure upgrading. Li Ping[26] 
further described that the upgrading of industrial structure was manifested in the 
rationalization of industrial structure, the elevation of industrial structure and the optimization 
of industrial organization structure. 
At the same time, some scholars consider it comprehensively. Ernst[27] proposed five forms of 
industrial upgrading: inter-industry upgrading, inter-factor upgrading, demand upgrading, 
function upgrading and link upgrading. Many scholars generally believe that industrial 
upgrading is a process in which industries change from labor-intensive to capital-intensive and 
technology-intensive industries, or industries change from low-tech and low value-added 
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industries to high-tech and high value-added industries. Gereffi[22] indicated that industrial 
transformation and upgrading referred to the process that producers increased added value by 
changing from producing low-value labor-intensive products to producing higher-value capital 
and technology-intensive products. The process includes not only the optimization of industrial 
structure, but also the climbing of industrial value chain. Domestic scholars such as Liu Zhibiao 
[28] and Yang Ligao[29] believed that industrial upgrading was a process in which industries 
gradually shifted from a state of low technology and low added value to a state of high 
technology and high added value. Yang Ligao[29] more specifically indicated that industrial 
upgrading refered to the dynamic process that with the development and application of new 
technologies, new products and processes with high-tech content, high added value, high 
quality, low energy consumption and low pollution constantly replaced the old products and 
processes of the original lower level, so as to realize the upgrading of products and processes 
and promote the sustained and rapid development of economy and society. 
There are differences and interrelations between value chain upgrading and structure 
upgrading. Industrial structure upgrading is the process of industrial upgrading, and the 
purpose of industrial structure upgrading is to realize the upgrading of value chain. By combing 
the related literature of industrial upgrading, this paper holds that industrial upgrading 
includes both the upgrading of industrial structure and the upgrading of industrial value chain. 
Industrial upgrading is manifested in: (1) the evolution of the proportion of three industries-
the focus of industrial structure evolves from the primary industry to the secondary and 
tertiary industries in turn; (2) Proportional relationship among labor-intensive, capital-
intensive and technology-intensive industries-the proportion of technology-intensive 
industries in all industries is constantly increasing; (3) Enterprises should change to realize 
higher added value in the whole value chain. 

3.2. Connotation of Manufacturing Upgrading 
Most scholars base manufacturing upgrading on industrial upgrading research, and usually use 
the connotation and performance of industrial upgrading to interpret manufacturing upgrading. 
Therefore, the definition of manufacturing upgrading is similar to industrial upgrading. The 
connotation of manufacturing upgrading also includes the upgrading of manufacturing 
industrial structure and the upgrading of manufacturing value chain. As the main industry of 
the secondary industry of manufacturing, its structural upgrading is not the optimization of the 
proportion of the three industries, but the optimization and upgrading of the overall structure 
of labor-intensive manufacturing, capital-intensive manufacturing and technology-intensive 
manufacturing. At the same time, it also involves the shift of manufacturing industry from high 
energy consumption, high pollution and extensive to low energy consumption, low pollution 
and intensive. In terms of value chain, the upgrading of manufacturing industry is reflected in 
the changes of enterprises within the manufacturing industry. It is reflected in the fact that 
enterprises produce products with high technology content and high added value, and 
gradually climb to both ends of the smile curve, thus enhancing the competitiveness and 
economic benefits of enterprises and increasing the labor productivity and per capita capital 
stock. 

3.3. Measurement Methods of Manufacturing Upgrading 
For the evaluation of manufacturing upgrading, scholars choose different evaluation methods 
from their own perspectives. Some scholars have constructed indicators from the aspect of 
industrial structure: Yuan Yijun and Chen Zhe[16] divided the manufacturing sub-sectors into 
clean and pollution-intensive manufacturing industries, and used the ratio of the output value 
of clean industries to that of pollution-intensive industries to measure the upgrading of 
industrial structure. Wei Ping et al.[6] divided the manufacturing industry into high-end and 
mid-end technology industries according to the level of technology, and used the ratio of output 
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value of high-end technology industries to mid-end technology industries to measure the high 
degree of manufacturing industrial structure. Some scholars look at it from the perspective of 
value chain: Suhang[30] used the value-added rate to reflect the changes of manufacturing 
industry upgrading from the perspective of value chain based on input-output analysis. The 
added value rate of manufacturing industry indicates the new value created by the total input 
of manufacturing unit, reflects how much income a region's manufacturing industry can obtain 
in all its output contributions[31], and to a certain extent represents the economic benefits and 
development quality of a region's manufacturing industry. Shengfeng[32] used the profit rate 
index of manufacturing enterprises to reflect the value created by manufacturing enterprises 
in the value chain, so as to study the factors affecting the upgrading of manufacturing industry. 
Because the profit rate of industry can reflect the industrial level of the region, the higher the 
profit rate of industry indicates the higher the industrial level of the region, so this index can 
reflect the position of manufacturing industry in the product value chain. In addition, the 
upgrading of manufacturing upgrading to the enterprise level is mainly reflected in the 
difference of enterprise productivity, so there are also productivity measurement methods such 
as total factor productivity[33] and total labor productivity[15] to evaluate manufacturing 
upgrading. Some scholars, Qin Fangming and Zhang Yu[34] have linked the export technical 
complexity of manufacturing sub-sectors with the internal production structure, and 
constructed regional manufacturing upgrading indicators to measure the internal structure 
changes of manufacturing. The above indicators are all single indicators, which have limitations 
in comprehensively portraying the level of regional manufacturing upgrading. Some scholars 
choose multiple indicators to build a comprehensive index of manufacturing upgrading through 
various aspects of manufacturing upgrading performance (for example, structure, quality, 
efficiency, etc.)[35][36], so as to evaluate the status of manufacturing upgrading more 
comprehensively and objectively. 

4. Literature Reviews of Correlation 

The relationship between environmental regulation and manufacturing development and its 
mechanism have attracted the attention of academic circles. Earlier studies were mainly based 
on qualitative analysis of international or different countries. With the increasing attention paid 
to the relationship between environmental regulation and manufacturing industry, scholars 
have analyzed and studied the influence of environmental regulation on the development of 
manufacturing industry from various angles. At present, there is no consensus on the specific 
impact of environmental regulations on manufacturing industry, and the specific contents of 
research are also different, mainly including manufacturing industry structure, technological 
innovation ability, total factor productivity, economic benefits and so on. In the current 
research, the influence of environmental regulation on the economic effect of manufacturing 
industry can be limited, promoted and uncertain. 
Some people thought that the implementation of environmental regulations had brought 
positive influence to the development of manufacturing industry. Poter[37] put forward the 
famous "Porter Hypothesis"-reasonable environmental protection policies could promote 
technological innovation of enterprises, which might increase costs in the short term, but 
improve the production efficiency and competitiveness of enterprises in the long term, and 
achieve a win-win situation of economic growth and environmental protection. Weiss and 
Anisimova[38] empirically studied the relationship between environmental regulation and 
highly polluting manufacturing enterprises in Sweden, and the research results confirmed the 
Porter Hypothesis, and the implementation of "well-designed" environmental regulation policy 
was beneficial to achieve a win-win situation between environment and economy. Some 
domestic scholars have reached similar conclusions. Nie Guoqing et al.[39] also confirmed that 
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the implementation of strict environmental regulation policies has a positive "incentive" effect 
on promoting the innovation and transformation of China's manufacturing industry. Xu 
Changping[40] studied from the perspective of industrial structure upgrading of manufacturing 
industry, and concluded that environmental regulation had a long-term cointegration 
relationship with industrial structure upgrading of manufacturing industry. At the same time, 
Wei Ping[6] also concluded that strict formal environmental regulation promoted the advanced 
industrial structure of manufacturing industry based on system GMM. 
Some studies consider that the implementation of environmental regulation will limit the 
development of manufacturing industry. Levinson et al.[41] thought that the implementation 
of environmental regulations made manufacturing enterprises not only bore higher pollution 
control costs but also higher prices of production factors, which increased the production cost 
of enterprises, thus leading to a decline in the possibility of technological innovation and 
competitiveness of enterprises. Ramanathan et al.[42] used the industrial data of Britain and 
China to study the impact of environmental regulation on economic performance and 
enterprise innovation, and found that there was a negative relationship between 
environmental regulation and economic performance and innovation in the short term. Chinese 
scholars Yu Donghua and Hu Yanan[19] used panel data of manufacturing industry to study, 
and found that in the first, second and third periods of environmental regulation, the 
technological innovation ability of heavily polluted industries was restricted. Zhang 
Zhiqiang[12] showed that strict environmental regulation led to excessive pollution fee 
transfer, which would directly lead to the decline of the business performance of key 
monitoring enterprises in manufacturing industry. 
Some scholars have also found the uncertain relationship between environmental regulation 
and manufacturing development. Lanoie et al[14] analyzed the manufacturing industry in 
eastern Canada, and concluded that environmental regulation inhibited the improvement of 
total factor productivity in eastern manufacturing industry, but when the first-order lag term 
of environmental regulation was added, there was a positive relationship between them. Li Bin 
et al.[18] showed that environmental regulation could indirectly affect the change of China's 
industrial development mode by affecting the green total factor productivity, but there existed 
a "threshold effect". The research of Yuan Yijun and Chen Zhe[16] showed that strict 
environmental regulations could promote the level of green technology innovation of 
enterprises, but there was a U-shaped influence between green technology innovation and 
manufacturing transformation and upgrading. Some scholars focused on the upgrading of 
manufacturing industrial structure, pointing out that the impact of environmental regulations 
on manufacturing industry was not simply promotion or inhibition, but rather complex. Lin 
Xiumei's empirical analysis based on PSTR model showed that environmental regulations had 
a significant nonlinear impact on manufacturing upgrading.[15] Wu Wenjie[43] also confirmed 
that there is a significant nonlinear relationship between them, and there was obvious regional 
heterogeneity. Chen Xuan[7] divided the environmental regulation into formal and informal, 
and empirical research showed that both formal and informal environmental regulation 
showed a U-shaped relationship in the transfer of manufacturing polluting industries and the 
upgrading of industrial structure. 

5. Conclusion 

Through combing the relevant literature, it is found that although there is no unified definition 
of environmental regulation, it is mainly based on its subject, object, means, purpose and nature. 
In addition, there are various methods to measure environmental regulations, and researchers 
choose different methods based on different research needs and perspectives on 
environmental issues. In recent years, China's economic development has entered a new 
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normal, and the manufacturing industry is an important body to promote the development of 
China's real economy. How to realize the transformation of manufacturing industry from big to 
strong and promote the upgrading of manufacturing industry has become the research focus of 
current industrial economics. There is a lot of literature on the research of manufacturing 
upgrading, its connotation includes the upgrading of manufacturing industrial structure and 
the upgrading of manufacturing value chain. In the specific research, scholars mostly explore at 
a single level. Scholars have also adopted many ways to measure the upgrading of 
manufacturing industry. Among them, the construction of a single index has limitations in 
comprehensively portraying the upgrading level of manufacturing industry, which only 
represents a single performance of manufacturing industry upgrading. It is proposed that the 
upgrading of manufacturing industry includes not only the optimization and upgrading of 
manufacturing structure—manufacturing industries change from labor-intensive industries to 
capital-and technology-intensive industries, and from high energy consumption, high pollution 
and extensive industries to low energy consumption, low pollution and intensive industries, 
but also the upgrading of value chain—it is manifested in the improvement of enterprise 
competitiveness, economic benefits and labor productivity. Therefore, using the structure, 
quality, efficiency, efficiency and other indicators of manufacturing industry can 
comprehensively and objectively evaluate the upgrading level of manufacturing industry. 
With the increasingly exposed environmental problems, the state has taken corresponding 
environmental regulation measures, and the manufacturing industry is facing new 
development pressure. The implementation of environmental regulation policy is closely 
related to the upgrading of manufacturing industry, and they have certain influence. In the 
researches of environmental regulation on manufacturing upgrading, scholars mostly 
investigate from the aspects of manufacturing industry structure, technological innovation 
ability, total factor productivity, economic benefits and international competitiveness. Because 
of the differences in research areas and methods, the research results are different. On the basis 
of previous studies, this paper holds that China is a vast country with different development, 
and the influence of environmental regulation on manufacturing upgrading in different regions 
is also heterogeneous, and in fact, the relationship between economic variables is mostly 
nonlinear. Therefore, in empirical research, the relationship between environmental regulation 
and manufacturing upgrading can not be analyzed only by a single linear relationship, but 
should be refined in the research object, and the differences and connections between different 
regions should be analyzed.  
At present, China's economic development faces the dual pressures of manufacturing 
development and ecological environment constraints. On the whole, China's manufacturing 
industry is still at the middle and low end of the industrial value chain. Environmental 
constraints and lack of independent innovation capability are important factors that restrict 
the development of China's manufacturing industry. In recent years, western countries have set 
up a series of green trade barriers through the formulation of WTO rules to strictly control the 
behaviors of enterprises that damage the environment. The establishment of green trade 
barriers has put forward new requirements and challenges for China's manufacturing industry, 
and China's manufacturing industry must be upgraded to alleviate the increasing 
environmental constraints and international competition pressure of trade friction. 
Environmental regulation is the main means for the government to realize environmental 
protection. On the one hand, environmental regulation promotes enterprises to carry out 
energy conservation, emission reduction and green manufacturing by internalizing the social 
costs caused by enterprise pollution emissions. However, some enterprises take this as a 
burden, thinking that the investment in environmental governance is far greater than its output, 
enterprises lack internal incentives for structural adjustment and lack of innovation power, 
thus affecting the transformation and upgrading of manufacturing industry. Under this 
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background, clarifying the relationship between environmental regulation and regional 
manufacturing upgrading can provide the basis for the government to formulate differentiated 
environmental protection policies, standardize the current manufacturing development mode, 
improve the ecological environment quality, promote the high-quality development of 
manufacturing industry, and achieve win-win situation between manufacturing development 
and environmental protection. 
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