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Abstract. The high energy consumption and the large amount of pollutants discharged by high-energy-
consuming industries in the production process have posed a great threat to the ecological environment. This
paper takes the theory of circular economy and the basic concept of sustainable development as the research
foundation to study energy conservation, emission reduction and eco-economic construction of high-energy-
consuming industries; and then it proposes countermeasures and suggestions for the ecological construction
and development of such industries. The research shows that the reduction of energy consumption has
contributed a lot to the reduction in the total energy consumption and the comparable energy consumption;
In recent years, the energy consumption per one ton of steel has been decreasing year by year, and the
energy conservation and emission reduction measures such as technological reform, policy regulation and
economic coordination have played a major role in it; the energy-conservation and emission-reduction eco-
economic system based on circular economy can mitigate improve the high energy consumption of the
industries, which has laid a foundation for their ecological development. This paper has provided theoretical
support and guidance for the energy conservation, emission reduction and the eco-economic construction of
high-energy-consuming industries.

Keywords: circular economy, high energy-consuming industry, ecological economy, energy conservation
and emission reduction, analytic hierarchy process

Introduction

Protection of the global environment, energy conservation and emission reduction,
and the concept of sustainable development have become development strategies for
industries around the globe (Price et al., 2011; Tu and Ma, 2018; Krishna, 2018; Liao,
2011). In recent years, the rapid development of the world economy, resources and
industries has damaged to the environment. In order to build an environment-friendly
and resource-saving society, countries have implemented energy conservation, emission
reduction and the development of circular economy into the economic construction, in
the hopes of maintaining the balance of environment and ecology, and controlling the
severe pollution and high energy consumption in industrial development, thus
improving the utilization of resources around the globe and building an ecological
society (Lei et al., 2009; Tao et al., 2014; Cheng et al., 2012). In recent years, the
demand for oil and coal resources has increased year by year, and the domestic resource
supply cannot meet the demand in actual economic development (Algaba et al., 2012;
Habib et al., 2016). In addition, at present, China’s energy utilization rate is not high,
and our mining and utilizing technology is not mature enough, which has caused
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adverse effects on the environment to a certain extent in the process of resource
exploitation. Therefore, the research and practice of energy conservation, emission
reduction and ecological development of high-energy-consuming industries is one of
the main issues to be solved urgently.

Among various industries, the metallurgical industry is one of the industrial types
that have high energy consumption and high pollutant emissions (Danza et al., 2018;
Mostafaei et al., 2019; Trica et al., 2019; Jonas et al., 2018; Hobson and Lynch, 2016;
Rudra and Chakraborty, 2017). The energy consumption in steelmaking and other metal
smelting processes accounts for nearly a quarter of the total industrial energy
consumption (Murray et al., 2017; Cordova-Pizarro et al., 2019; Rigueiro-Rodriguez et
al., 2018). Although the country’s energy consumption control policies and
administrative measures have improved the problem of energy consumption and
pollution emission to some extent, the efforts on energy conservation and emission
reduction still unable to catch up with the control level in the developed countries. And
the main reasons for the unsatisfactory control effects include: low energy utilization
rate, inadequate control of pollutant emissions, low level of waste recycling technology,
and lacking of effective control measures (Tiening and Jimei, 2018; Gallagher et al.,
2017; Peters et al., 2007; Tomi and Schneider, 2017).

Based on the above-mentioned issues, the theory of circular economy and the basic
concept of sustainable development, this paper starts from the perspective of energy
conservation and emission reduction of metallurgical industry, and combines the
development characteristics and overall trend of today’s high energy-consuming
industries to study the energy conservation, emission reduction and the ecological and
economic construction of high-energy-consuming industries, and proposes
countermeasures and suggestions for the ecological construction and development of
high-energy-consuming industries, in the hopes of providing theoretical support for the
energy conservation, emission reduction and the ecological and economic construction
and development of high-energy-consuming industries.

Materials and methods (related theories of circular economy)
Circular economy theories

In the development of traditional economic, production activities such as ecological
resource development, energy utilization, agricultural and industrial production, and
waste generation have produced serious damages and environmental pollutions to our
ecological environment. In today’s society, environmental problems are becoming
increasingly prominent, and countries around the world are gradually realizing that only
by optimizing the economic development mode can we achieve coordinated
construction and sustainable development of environment and social economy. In such
social context, circular economy emerges as a new type of economic development
mode.

The emergence of circular economy has alleviated or eliminated the conflicts and
contradictions between environment and economic and social development to a certain
extent, and realized the harmonious coexistence of the natural environment and human
beings. The concept of circular economy refers to transform the traditional economic
mode into an economic mode with resource recycling and energy conservation as the
development goals within a complex system of nature, human, and technological
development. The circular economy mode is a process of value re-creating, economy
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developing and environment coordinating with minimizing input costs and achieving
maximal economic and environmental benefits through high resource utilization rate
and low emission of exhaust pollutants as the goals.

In order to realize the ecological construction and development of the economy, the
economic mode follows three principles: resource reduction, that is, reduce resource
consumption, waste generation and reducing environmental damages during the
production process; product recycling, that is, re-cycle and re-use the products, renovate
or remould the old products and re-use them, so as to prolong the life cycle of the
products; waste recycling, that is, convert the wastes generated during production into
resources as much as possible with the highest conversion rate, thereby reducing
consumption of natural resources and energy.

Basic concepts of energy conservation and emission reduction

Speaking from a micro level, the concept of energy conservation and emission
reduction is to save energy and reduce pollutant emissions; while speaking from a
macro level, this concept refers to save natural resources and energy sources, and reduce
harmful substances and pollutant emissions. Studies have shown that the economic
development process needs to be able to meet the requirements of humans and kept
within a bearable range of the environment. If the regeneration ability of the nature and
the self-coordination ability of the environment are destroyed during the development
process, it will cause extremely serious ecological problems, and the social economy
could not develop effectively and sustainably

The proposal of energy conservation and emission reduction stems from the
problems of environmental degradation and resource crisis emerged from the traditional
economic development mode, so countries around the globe have begun to adopt energy
conservation and emission reduction measures. The above problems and the motivations
for energy conservation and emission reduction can be attributed to the following
reasons: the needs of human survival and social development, the decrease of non-
renewable resources, the deterioration of ecological environment and the requirements
of sustainable social development. Therefore, environmental and energy issues are not
only problems for the development of human beings, but also the premise for human to
live in harmony with the nature.

Development of high energy-consuming industries

In recent years, high-energy-consuming industries such as the metallurgical industry
are developing gradually, and the entire production processes (mining, smelting,
processing, molding, etc.) consume a large amount of energy and discharge a large
amount of wastes. The manufacturing procedures of steelmaking and the generated
wastes are shown in Figure 1.

Due to the nature of the data in this paper, the complexity and cumbersomeness of
the data such as the steel industry’s energy consumption and types, this paper obtained
some data from the public agency management department and the China Iron and Steel
Association (CISA). Then, based on the statistical data of the CISA, further analysis
was performed to achieve the development trends and internal laws. In addition, a
combination of literature survey and data report analysis was applied in this study to
summarize the data analyzed below for enhancing the use value and statistical
significance of the data.
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Figure 1. Manufacturing procedures of steelmaking and the generated wastes

According to the survey results obtained from public agency management and CISA,
the energy consumption of major steelmaking companies in 2016 and 2017 is counted
and shown in Table 1, and the statistical results are shown in Figure 2. Compared with
the energy consumption in 2016, the energy consumption of the steelmaking industry
decreased by about 3%, and the electricity and water consumption of per ton steel
production had been significantly reduced, which had brought great benefits to the
economic development and energy-saving of the companies. In addition, the reduction
in energy consumption of the manufacturing procedures has made great contributions to
the reduction of total energy consumption and comparable energy consumption in
steelmaking.
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Table 1. Energy consumption in steelmaking industry (kgce/t)

Energy Steel |Power consumption |Water consumption
consumption rolling (kwhlt) (méft)

2016 668.7 48.6 27.1 985 | 4347 59.8 451.4 3.12

2017 648.4 46.8 25.4 948 | 425.1 56.3 438.9 3.09
Reduction 20.3 18 17 3.7 9.6 35 125 0.03
Reduction rate (%) 3.04 3.70 6.27 3.76 2.21 5.85 2.77 0.96
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Figure 2. Energy consumption of per ton steel in each process (kgce/t)

In the past 7 years, the change trend of energy consumption of per ton steel
production of major steelmaking companies is shown as Figure 3. It can be seen that the
energy consumption of per ton steel production is decreasing year by year, indicating
that the processing technologies of the metallurgic industry has made new progress,
which is closely related to the policy control of energy conservation and emission
reduction of high-energy-consuming industries and the develop of technology.
However, from the perspective of circular economy, steel production still consumes a
lot of energy, so the strategy of energy conservation and emission reduction still needs
to be further implemented.

The CISA provides the data about the energy consumption per ton of steel in key
steel industries in the past seven years. It can be seen from Figure 3 that the
comprehensive energy consumption and comparable energy consumption of the per ton
steel produced by the metallurgical industry are decreasing year by year, indicating that
the technology of the steel enterprises is improving continuously, and the energy
consumption of each process is also reduced to varying degrees, which has provided
support for the reduction of comprehensive energy consumption and the emission of the
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waste. However, the energy consumption of these enterprises is still at a high level
worldwide, and there is still room for improvement. If such enterprises can combine
multiple aspects such as economy, government policy and technology to carry out the
improvement, they will be able to realize further-level energy conservation and
emission reduction, and build an ecological economy.
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Figure 3. Changes in energy consumption of per ton steel in steelmaking companies

At present, in order to further implement energy conservation, emission reduction
and develop ecological economy, the high-energy-consuming industries represented by
the metallurgical industry have gradually transformed from economic benefit-oriented
companies to harmonious enterprises, constantly rethinking the relationship between
economic development, ecological environment and resources; in addition, these high-
energy-consuming enterprises have also changed the traditional extensive management,
and gradually improved to intensive management, thereby improving their unit output,
and increasing social and economic benefits by optimizing resource allocation and
elements of various links.

Results (eco-economics of high energy-consuming industries)
Construction of energy conservation and emission reduction system

The development of high-energy-consuming industries such as the metallurgical
industry consumes a large amount of energy and resources. Therefore, based on the
basic theory and principle of circular economy, we should adopt a comprehensive
approach combining economy, policy and laws to implement energy conservation and
emission reduction, and systematically build a comprehensive energy-saving and
emission-reducing system. Therefore, based on the basic mechanism of energy
conservation and emission reduction, combining with relevant theories of circular
economy, this paper proposes the Best management Practices (BMP) comprehensive
system for the energy conservation and emission reduction of high-energy-consuming
industries, the basic processes are shown in Figure 4. Based on information platform,
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human resources and management, it adopts policy incentives, index constraints, target
assessment and other approaches to guarantee the implementation, thereby achieving
the goal of energy conservation and emission reduction of high-energy-consuming
enterprises.

Ways to realize
energy conservation
and emission
reduction

T T sy quidance |) ([ Evergya \
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| | | | | efficiency | Reduction
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| and management | l punishments ) l Policy )
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Figure 4. Energy conservation and emission reduction system

Structure of energy conservation and emission reduction system

When building the energy-conservation emission-reduction system, the construction
of the system is guaranteed from three aspects: information platform, organizational
structure and human resources. The information platform for energy conservation and
emission reduction can integrate informationization and industrialization in depth,
through information collection, processing, analysis and sharing of the energy
conservation and emission reduction and the whole production process of the high-
energy-consuming enterprises, it conducts dynamic monitoring and optimization
processing on the whole production process, resource utilization, allocation of
equipment and materials, and the condition of energy consumption, balances the
economic benefits and energy, and finally achieves industrialized energy conservation
and emission reduction. The management of the organizational structure is a
comprehensive management system with government policies and regulations as
guidance, production enterprises as subjects, and public and third parties as supervisors.
The first is the government’s guidance and control of the companies’ production, energy
conservation and emission reduction according to laws, regulations, and relevant
economic policies, while within the companies, through hierarchical management and
internal strategies, assessment system and reward and punishment policies for energy
conservation and emission reduction are set up, and relevant liability system are
established, so as to ensure the realization of the goal of energy conservation and
emission reduction. And the human resources are to enable enterprises to cultivate
professional and compound talents for energy conservation and emission reduction,
learn the related theoretical knowledge of energy conservation and emission reduction
and apply it to the actual production. The operation mechanism of the energy-
conservation emission-reduction system is shown in Figure 5, mainly including fiscal
policies, rewards and punishments, and taxation policies.
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Figure 5. Operation mechanism of energy conservation and emission reduction system

Discussion (analytic hierarchy process (AHP) of energy conservation and emission
reduction)

This paper first adopted the AHP to decompose the problem, as shown in Figure 6,
the problem of circular economy development and energy conservation and emission
reduction of high energy-consuming industries was divided into four layers (target
layer, standard layer, index layer and scheme layer). The corresponding judgment
matrix established is shown in Table 2. For the judgment matrix results, the value
assignment was made according to the importance of factors, as shown in Table 3.

Based on the above judgment matrix, the relative weights of the elements were
calculated using the sum method. For the inconsistent judgment matrix, the weights of
the vectors in each column were calculated according to Equation1, as for the
consistent judgment matrix, after normalizing the vectors in each column, the
corresponding weights could be obtained.

W=ty S (Eq.1)
n j:1 ak
k=1

After the relative weights of the elements were calculated, the consistency of the
judgment matrix was tested, and the specific steps are as follows: calculate the
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consistency indicator C.I. according to Equation 2, and determine the average random
consistency indicator R.l. according to Table 4; then according to Equation 3, use the
consistency indicator and the average random consistency indicator to calculate the
consistency ratio C.R., thereby determining the consistency of the judgment matrix.
When the value of C.R. is less than 0.1, the judgment matrix is considered to be
consistent; otherwise, it is inconsistent and needs to be modified.

A —N
Cl. =% (quz)
n-1
.
R.I.
Target layer Target O
Standard layer Standag? layer Standagg layer o Standg: layer
Index layer | Measure P1 | | Measure P2 | L. Measure Pn

Scheme layer | Measure S1 | | Measure Sz | . Measure S

Figure 6. Model structure of analytic hierarchy process for green economy development

Table 2. The judgement matrix of green economy development level

Mx N1 N2 N3 N4
N1 N11 N12 N13 N14
N2 N21 N22 N23 N24
N3 N31 N32 N33 N34
N2 N41 N42 N43 N4

Table 3. The implication of importance assignment scale

Assignment scale Implication

The two elements are equally important
The former is slightly more important than the latter
The former is obviously more important than the latter
The former is strongly more important than the latter
9 The former is extremely more important than the latter
2,4,6,8 The intermediate value of the above judgment

If the ratio of importance between elements | and j is mjj, the ratio of importance
between elements J and I is mjj = 1/m;i

~N O W e

Reciprocal
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Table 4. Random consistency indicators

Order of matrix 1 2 3 4 5 6 7 8
R.I. 0 0 0.52 0.89 1.12 1.26 1.36 1.41

Order of matrix 9 10 11 12 13 14 15 -
R.I. 1.46 1.49 1.52 1.54 1.56 1.58 1.59 -

Finally, the weights of factors in each layer relative to the upper layer factors were
calculated top-down layer by layer, and sorted according to the weight, and then subject
to the consistency check according to Equation 4. If the value of C.R.(™1 of the total
elements in (m + 1) layer is less than 0.1, then the total sorting is considered to be
consistent, otherwise, it is not consistent.

CRI™ = % (Eq.4)

where:
CR{™ =(CR™,CRIM™,.,CRI Jw" (Eq.5)
RIS = (RIS, RIS, LRI W (Eq.6)

Based on the AHP and above steps, the weights of the high-energy-consuming
enterprises’ energy conservation, emission reduction, and circular economy
development level can be calculated, analyzed and evaluated comprehensively.
According to the above-mentioned energy-conservation emission-reduction economic
comprehensive system and the AHP, the eco-economic development of energy-
conservation and emission-reduction of several high-energy-consuming industries had
been evaluated, and it is found that the effects of energy-conservation and emission-
reduction of such enterprises are obvious, which is conducive to the development of
eco-economy.

Conclusion

Based on the theory of circular economy and the basic concept of sustainable
development, combining with data research and analysis, this paper carried out
researches on the energy conservation and emission reduction and eco-economic
construction of high-energy-consuming industries. The main conclusions are as follows:

e The energy consumption data of the metallurgical industry in the past 7 years
shows that the energy consumption and comparable energy consumption of per
ton steel are decreasing year by year, indicating that technological reform,
policy regulation, economic coordination and other countermeasures have
exerted positive effects on reducing energy consumption and pollutant
emission and improving economic benefits of the industries during the
production process.
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e For the energy conservation and emission reduction of high-energy-consuming
industries, this paper constructed an energy conservation and emission
reduction eco-economic system based on circular economy, which gradually
achieved energy conservation and emission reduction through policy,
technology, organizational structures, resources, and other approaches, it
promoted the upgrade of the industries, and combined with the policies and
economic countermeasures, and implemented the energy conservation and
emission reduction of the industries from two aspects of inside and outside.

e The energy conservation and emission reduction eco-economic system of high-
energy-consuming industries based on circular economy is conductive to the
improvement of the high energy consumption of the industries, and it laid a
foundation for the eco-economic development of high-energy-consuming
industries and the sustainable development of the society.

e This paper conducts a preliminary study on the energy reduction of high-
energy-consuming industries from a macro perspective. However, at the micro
level, it still requires more in-depth and systematic research on how the high-
energy-consuming industries coordinate economic interests and social interests
by organically combining them to effectively improve the level of ecological
economic construction in energy conservation and emission reduction.
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