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Abstract 

The gradual increase in temperature and the exhaustibility of resources have made 
people realize that the development of cities dominated by resource-based industries is 
inevitably unsustainable and will face a series of economic and social problems. To break 
this dilemma, resource-based cities must get rid of their high dependence on energy 
resources, jump out of the high-carbon development model, and vigorously develop a 
low-carbon economy, and promote the evolution of the industry in the direction of low-
carbon. With the rise of low-carbon economy today, further research on environmental 
costs is particularly important. This paper constructs the enterprise environmental cost-
benefit analysis and evaluation index system and model analysis method based on the 
cost-benefit economy era, and provides some useful references for the enterprise to 
realize the win-win of economic and environmental benefits, and finally realize 
sustainable operation. 
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1. Introduction 

The greenhouse effect has created a global issue . As the temperature rises, the problems 
affecting human survival and healthy development have gradually become prominent. It had a 
strong impact on human production and life, and the problem of rising temperature has 
reached an urgent need to address it. The time has come, and this is also a consensus that people 
have gradually formed. The Swedish scientist Arrhenius was aware of the greenhouse effect in 
the 19th century, and proposed that the high temperature was caused by the growth of the 
carbon dioxide in the air. In 1985, an international conference was jointly convened by the 
Council of the International Union of Science, the World Meteorological Organization and the 
United Nations Environment Programme [1]. This conference marked the issue of climate 
warming as an international issue. In 1988, the IPCC started to explore and research what 
factors cause the change of global climate, which also makes it the first time that climate change 
has been talked over on the international political agenda. 

Countries all over the world have realized the importance of low-carbon development and have 
begun to take stringent measures to control carbon dioxide emissions and vigorously develop 
energy-saving emission reduction technologies. Because of a high degree of consensus has been 
formed, the "Kyoto Protocol" has been nailed down, which is primarily used to place 
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restrictions on carbon dioxide emissions in developed economies in law. Regulations on CO2 
reduction actions at the level [2]. As the low-carbon pressure from the international community 
is increasing, China has also set an action objective autonomously by 2030: carbon dioxide 
emissions per unit of GDP will be reduced by 60 to 65 percent compared to the year of 2005. As 
a conscientious country, it has no doubt that the goal will become a strong binding force, and it 
will impel the economy in China to transition into a low-carbon economy. It can be seen that 
whether it is considered from the perspective of internal conditions or external environment, 
low-carbon economy in China is necessary and inevitable. 

The development of low-carbon economy is the sole way for the whole country, even in the 
domestic resource-based cities. With the gradual advancement of Chinese industrial 
modernization, more and more resources and energy is demanded for development, which will 
give resource-based cities dominated by resource-based industries a chance to develop and 
prosper. However, with the large-scale exploitation of resources, the increasingly advanced 
mining technology required, and the rapid increase in mining costs, the prosperity of resource-
based cities is bound to be unsustainable, and the cost of their development is irreversible, and 
the damage to the environment is very serious [3]. From the perspective of development 
practices, the deep contradiction between the ever increasing demand for high-carbon 
economic development and the limitations of the city's own resources has become more and 
more obvious. 

Low-carbon economy is guided by scientific development concepts and sustainable 
development concepts, through technological innovation, institutional innovation, new energy 
development, industrial transformation and other means to transform energy consumption 
patterns and structures, improve energy utilization efficiency, and reduce greenhouse gases as 
much as possible. A new type of economic form and development model bring about an all-
round development in economy, society and the ecological environment[4]. After the reform 
and opening-up, with the rapid development of Chinese economy, a large number of rural 
populations have flooded into cities, and the process of urbanization has been accelerating. In 
2015, Chinese urbanization rate was 56.10%, and the rate will reach 70% by the year of 2050. 
Consequently, a high urbanization rate will bring about high energy consumption and a large 
amount of carbon dioxide emissions. According to statistics from relevant departments, cities 
gather more than half of the world's population, but consume 75% of the world's energy, and 
greenhouse gas emissions reach 80% of the world. In this context, cities shoulder major 
responsibilities for energy conservation and emission reduction, and become the key to low-
carbon economic development. 

The development of low-carbon economy is a systematic project, relating to many aspects of 
economy and society, and it is the result of various factors that promote economic development. 
The low-carbon economic development method should cover a variety of economic 
performance indicators including economic growth.The evaluation index system of the low-
carbon economic development mode under the scientific development concept should at least 
include the following aspects: First, the structural alterations between the three main 
industries. Because the development of the resource-based cities do not have to change the 
industrial structure and the economic mode. Therefore, the new indicator system should 
include the index that reflect the development of the three main industries; second one is 
energy utilization, the essence of low-carbon economy is the efficient use of energy; the third is 
the impact of economic growth on the environment, and the low-carbon economy It is required 
to achieve a win-win situation between economic development and resource environmental 
protection, and the growth model at the expense of the environment has proved to be more 
than the gain; the fourth is the adjustment of the resource-based and non-resource-based 
economic structure within the secondary industry, and as a resource-based city, it must be 
lowered [5]. The transformation of the carbon economy requires the development of a variety 
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of industrial models other than the resource-based economy. The economic growth model of 
over-reliance on resource industries is unsustainable. Only a balanced industrial structure can 
achieve sustained and healthy economic development. The economic development model that 
is conducive to the above four aspects is the fundamental goal of transforming the economic 
development model to develop a low-carbon economy, and conforms to the basic concept of 
the scientific development concept. Based on fuzzy rough set theory, this paper constructs a 
cost-benefit model-based urban low-carbon economic development evaluation index system 
and model, and conducts an empirical analysis. On this basis, the development path of the city's 
low-carbon economy is analyzed. 

2. Concept analysis 

2.1. Low-carbon economy 

The low-carbon economy can be said to be accompanied by global climate change. Dating back 
to 1898, Svante Ahrrenius realized that the large amount of CO emitted by industrial production 
would lead to global warming, and coined the term "greenhouse effect". Subsequently, the IPCC 
conducted data assessments on climate many times, providing a strong basis for global climate 
change. In response to global warming, mankind proposed a "low-carbon economy." Since then, 
low-carbon has gradually become a global issue, and climate issues have become an inevitable 
issue for many major international organizations and countries to interact with. It can be seen 
that there is no scientific and authoritative definition of low-carbon economy [6]. The author 
believes that a low-carbon economy, in layman's terms, is to reduce man-made carbon 
emissions, reduce energy consumption through technological innovation, industrial structure 
adjustment and other methods, and promote a sustainable model that is consistent with 
economic development and environmental protection. This definition mainly includes the 
following four aspects: 

2.1.1. New development model 

Faced with the pressure of resources and environment, the economic development mode 
characterized by high carbon in the past is no longer sustainable, and a new economic form 
characterized by low carbon is taking shape. From the perspective of industrial structure, some 
traditional industries characterized by high emissions are gradually being adjusted and retired, 
and low-carbon industries represented by high-tech industries are gradually growing; from the 
perspective of enterprise production, not only requires low-carbon production links, but also 
promotes the renewal of technical equipment has a trend of cross-border formation of an 
ecological industry chain, realizing the reduction and application of resource recycling; from 
the perspective of energy input, the use of fossil energy such as coal and petroleum has been 
reduced, innovative clean energy technologies, and increased biomass energy. The proportion 
of clean energy use such as solar energy. 

2.1.2. New lifestyle 

The low-carbon economy encourages a change in the concept of life towards low-carbon, 
eliminates waste and irrational consumption, encourages individuals to follow the low-carbon 
principle in all aspects of life, always keeps the low-carbon concept in mind, starts from the 
small things, starts by yourself, and lives. All parties strictly adhere to the concept of low-carbon 
conservation and encourage low-carbon culture, forming a good situation in which the whole 
society advocates low-carbon. 

2.1.3. Sustainable development 

The concept of sustainable development believes that the earth is a total system composed of 
many sub-systems. In order to maintain the balance of the entire system, the development of 
the various sub-systems must be coordinated with each other. Only in this way can 
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development be sustained. From the perspective of sustainable development, the traditional 
economic development model is based on the assumption of a self-interested "economic man", 
in order to maximize the interests of individuals, regions, and countries, pollute the 
environment, erode the interests of others or regions, and ignore the economy. Coordination 
with the environment [7]. The low-carbon economy requires the development of the economy 
and the protection of the ecological environment in parallel, with the goal of the common 
development of everyone and each region, and achieving inter-regional equity and inter-
generational equity by reducing greenhouse gas emissions. 

2.1.4. Institutional guarantee and technical support 

As a development concept, if it is to become the basic follow of all walks of life in the whole 
society, it must be reflected in the institutional arrangement, and the institutional mechanism 
is the guarantee. This is also the basic requirement of a society under the rule of law. At the 
same time, advances in science and technology, especially low-carbon technologies such as 
clean energy technologies and negative emission technologies, are important means to promote 
low-carbon economy. Without corresponding technical support, industrial transformation and 
energy structure diversification are difficult to achieve. 

2.2. Overview of enterprise environmental cost-benefit analysis and 
evaluation 

Environmental cost-benefit analysis and evaluation means that when conducting a feasibility 
study on an investment project, not only the traditional economic accounting (including 
financial accounting and national economic accounting) of the project must be carried out, but 
also when the project is being constructed and produced during economic accounting. The 
environmental impact caused by the process and the impact of the product on the environment 
during consumption and post-consumer processing are also taken into account, and the 
positive and negative benefits of the impact are quantified (monetized) into costs and benefits 
into the cost-benefit analysis and evaluation model in. 

 
Fig. 1 Enterprise environmental cost-benefit analysis and evaluation model 
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Because corporate environmental cost management is different from general business 
management activities, its benefits cannot be marked by the inflow of future economic benefits, 
but both environmental benefits and economic benefits [8]. This makes the cost-benefit 
analysis and evaluation of environmental cost management unique. Therefore, the cost-benefit 
analysis and evaluation model of enterprise environmental cost management should be as 
shown in Figure 1. 

3. Cost-benefit analysis and evaluation index system design and 
evaluation methods 

3.1. The specific content of the enterprise environmental cost-benefit analysis 
and evaluation index system 

In the context of low-carbon economy, corporate environmental cost-benefit analysis requires 
the establishment of a corporate benefit system, including economic benefits and 
environmental benefits, as shown in Figure 2. 

 
Fig. 2 Enterprise environmental cost-benefit evaluation index system 

 

3.1.1. Economic benefit indicators 

The share of environmental assets = environmental assets/fixed assets. This indicator is a 
measure of the investment of enterprises in environmental protection equipment. Generally 
speaking, the project investment mainly considers some fixed equipment used in production 
activities, while the investment in environmental protection equipment is not much. 
Environmental cost payback period. After the environmental cost participates in the project 
financial evaluation, the company is forced to take protective measures for environmental 
protection and increase the use of environmental protection facilities [9]. However, whether 
the investment in this area can be recovered is a problem that investors are more concerned 
about. Therefore, the environmental cost recovery period. The indicator is the time required to 
recover costs with environmental benefits under the condition of considering the time value of 
funds. The formula is as follows: 

𝛴𝑡=0
𝑃𝑡 (𝐵𝐸 − 𝐶𝐸)(1 + 𝑖)−1 = 0                                                          (1) 
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In the formula, 𝑃𝑡  is the dynamic payback period considering the value of time, 𝐵𝐸  is the 
environmental cost, 𝐶𝐸  is the environmental benefit, and i is the interest rate. 

Environmental cost ratio = environmental cost/total project cost. For investment projects, if 
the environmental cost ratio is high, it indicates that there is a certain potential threat to the 
future production and operation of the enterprise. 

Environmental cost-to-sales ratio = environmental cost/sales. This indicator examines the 
changes in the ratio over several periods by calculating the ratio of total environmental costs to 
sales. It can record all environmental costs. When companies make eco-efficiency investments, 
the trend of environmental costs should decrease. 

Environmental cost-to-profit ratio = environmental cost/total annual profit. This indicator 
represents the environmental damage caused by every one yuan of profit a company obtains, 
and reflects the environmental price paid by the company for profit. If the calculated 
environmental cost profit rate is less than or equal to the average level of the same industry, 
the project is considered acceptable. 

Environmental rate of return = environmental benefit/environmental cost. The establishment 
of this indicator is to clarify the efficiency of enterprises' investment in the environment. 

Carbon productivity = GDP/CO2 emissions. This indicator is used to measure the level of GDP 
output per unit of carbon dioxide. It can also be called "carbon per capita GDP". It has a 
reciprocal relationship with "carbon emission intensity per unit of GDP". Carbon productivity 
will become the most convincing measure of economic development. 

3.1.2. Environmental benefit indicators 

Comprehensive energy consumption per unit product = energy consumption/output. The 
comprehensive energy consumption of 1 ton of a certain product produced by an enterprise is 
converted into gram standard coal to evaluate the energy consumption of the enterprise. Green 
raw material usage rate =product green raw material consumption/total raw material 
consumption. This indicator is used to evaluate the level of green procurement of enterprises. 
Pollutant discharge rate =pollutant discharge/production. Carbon dioxide emission rate = 
carbon dioxide emissions/production. Material recycling rate = amount of recycled materials/ 
total consumption of materials. This indicator is used to evaluate the level of material recycling 
in an enterprise. Solid waste and hazardous material disposal rate = solid waste and hazardous 
material disposal volume/solid waste and hazardous material generated volume. 

3.2. Evaluation model based on fuzzy rough set theory 

The identification matrix can be defined as when the decision attributes are different and the 
condition attributes are not exactly the same in the information system, the element values are 
different attribute combinations; when the decision attributes are the same, the element value 
is 0, and when the decision attributes are different, the condition attributes When they are 
exactly the same, the element value is -1, which indicates that the data in the system is incorrect 
or the conditional attributes provided are insufficient. Then the discernible matrix is recorded 
as: 
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Among them, 𝑁 = |𝑈|. For an identifiable matrix 𝑀 = (𝑚𝑖𝑗)𝑁×𝑁 , the calculation formula for the 

importance of the corresponding attribute 𝑎 is: 

𝑓(𝑎) = 𝛴𝑖=1
𝑁 𝛴𝑗=1

𝑁 𝜆𝑖𝑗

|𝑚𝑖𝑗|
                                                                  (3) 
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Among them, 𝜆𝑖𝑗 = {
0 𝑎 ∉ 𝑚𝑖𝑗

1 𝑎 ∈ 𝑚𝑖𝑗
;|𝑚𝑖𝑗| represents the number of attributes that 𝑚𝑖𝑗  contains. 

The so-called attribute reduction is to delete irrelevant or unimportant knowledge while 
keeping the knowledge base's classification ability unchanged. If the attribute 𝑎 is reduced and 
the following formula is satisfied, the attribute 𝑎  is considered unnecessary in the decision 
information system. 

𝛽1/𝛽0 ≺ 𝜀                                                                            (4) 

Among them, 𝛽1 is the number of incompatible samples introduced after attribute 𝑎 is deleted; 
𝛽0  is the number of samples in the knowledge table before attribute 𝑎  is deleted; 𝜀  is the 
threshold, which can be determined according to actual needs. The problem dealt with by fuzzy 
clustering is that the domain 𝑈 = {𝑥1, 𝑥2, . . . , 𝑥𝑛} is known as the object to be classified, and each 
object is represented by m indicators, and the objects are divided into several categories 
according to the purpose of the problem. The fuzzy equivalence relation method is one of the 
more intuitive clustering methods, which mainly uses the similarity relation in fuzzy theory. 
The so-called similarity relationship refers to a binary fuzzy relationship that satisfies 
reflexivity and symmetry. The network method can be used to directly cluster the fuzzy 
similarity matrix R's cross-sectional matrix 

λ
R , thereby giving a classification of the universe U. 

𝑅 = (𝑟𝑖𝑗)𝑛×𝑛 ∈ 𝑢𝑛×𝑛                                                                 (5) 

Among them, 𝑟𝑖𝑗 = 𝑟𝑗𝑖 , 𝑟𝑖𝑖 = 1(𝑖, 𝑗 = 1,2, . . . , 𝑛) and 𝑟𝑖𝑗 ∈ [0,1]. This article uses absolute value 

subtraction method to determine the value of 𝑟𝑖𝑗: 
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Obviously, the value of λ directly affects the category of clustering. The larger the value, the 
finer the classification, and vice versa. So far, we can analyze the coordination degree of various 
indicators in the corporate environmental cost-benefit evaluation index system to the 
corporate environmental cost-benefit from the calculation result data, and discover problems 
and control directions from it. 

4. Four challenges faced by resource-based cities in developing low-
carbon economy 

4.1. How to handle the relationship between economic growth and green and 
low-carbon development 

Under the new normal, the domestic economic development is facing downward pressure on 
growth rates. Resource-based cities are particularly prominent. The economy is sluggish, 
enterprises are generally losing money, and signs of large-scale worker layoffs are emerging. 
Under the current task of deepening reforms, there is an urgent need to maintain social stability. 
To make room for reform, it is necessary to reverse the economic downturn, promote economic 
development, maintain the GDP growth rate within a reasonable range, and realize the stable 
and higher-level development of resource-based cities themselves. 

But on the other hand, resolving excess capacity, advancing the construction of ecological 
civilization, and developing a low-carbon economy have become national key strategic tasks. 
Resource-based cities, as “heavy-hit areas” of excess capacity and “concentration areas” of high 
carbon emissions, are more urgently in need of green ecological concepts Accelerating the 
sustainable development of ecological resources and promoting the transition from a “high-
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carbon economy” to a “low-carbon economy” will inevitably have a certain impact on GDP 
growth, thereby increasing the current pressure for stable growth. In this situation, resource-
based cities are faced with the dynamic game of growth "constraint indicators" and rigid 
demand for green and low-carbon development [10]. It is urgent to promote economic growth 
while vigorously developing a low-carbon economy, and fully coordinate economic growth and 
low-carbon development. The complementary relationship between the two carbon 
developments has turned to the path of innovation-driven low-carbon development, so as to 
achieve sustained and stable economic development. 

4.2. How to deal with the relationship between resource and environmental 
constraints and sustainable development 

In the process of developing heavy and chemical industries such as raw materials, resource-
based cities have caused many prominent problems: population expansion, resource shortages, 
serious environmental pollution, low levels of public services, poor infrastructure conditions, 
etc., have become the most important relationship between man and nature. In areas with the 
most severe stress and resource and environmental overload, the task of adhering to the 
bottom-line thinking of comprehensive carrying capacity and advancing the cracking of 
resource and environmental constraints is very arduous. 

On the other hand, since the industrial revolution, human beings have pursued economic 
growth excessively, which has caused a series of social ecological problems. Mankind began to 
reflect on the past economic development methods. In 2015, the United Nations General 
Assembly established the Sustainable Development Goals (CSDGs), and sustainable 
development will become the core issue that dominates the global development agenda in the 
next 15 years. As a special category of urban groups, resources. The task of developing a low-
carbon economy in a model city is more urgent. Based on inter-generational equity, promoting 
the harmony between man and nature, promoting the balanced and coordinated development 
of resource development and ecological environmental protection, and ensuring a healthy 
ecological cycle are the needs of resource-based cities now and in the future. Under the severe 
situation of resource conditions, ecological carrying capacity, and environmental capacity, how 
to promote sustainable development and realize the construction of ecological civilization 
throughout the entire process of resource-based city development is the development of low-
carbon economy in resource-based cities. It is necessary to rely on the analysis of 
comprehensive carrying capacity while adhering to the bottom-line thinking to blaze a new 
path of transformation. 

4.3. How to handle the relationship between self-development and low-carbon 
path selection 

According to the degree of resource development and sustainability, the development stages of 
resource-based cities can be divided into four types: growth, maturity, decline and regeneration. 
Resource-based cities at different stages of development have differences in their development 
direction and focus. In addition, different resource-based cities have large or small differences 
in the level of economic development, industrial structure, scientific research capabilities, and 
energy structure. How to base themselves on their own level and give full play to their 
comparative advantages is a challenge. 

On the other hand, by combing low-carbon development practices in typical regions at home 
and abroad, low-carbon development paths can be summarized into four categories: energy 
efficiency, development and utilization of new energy, and optimization of industrial structure. 
Each path is in terms of capital requirements, labor input, and supporting facilities. The focus 
on construction, talent training, and introduction is different [11]. At the same time, different 
low-carbon development paths also have differences in terms of timeliness, environmental 
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friendliness, and social effects. Which low-carbon development path to choose requires further 
exploration and thinking in resource-based cities. It is necessary to coordinate and accurately 
grasp the balance between strengthening one's own development and choosing a low-carbon 
development path, focusing on rational and objective analysis, identifying the strengths and 
weaknesses of different resource-based cities, maximizing strengths and avoiding weaknesses, 
giving full play to strengths, and grasping the best fit for the development of a low-carbon 
economy Point to find the optimal low-carbon path. 

4.4. How to handle the relationship between government regulation and 
market forces 

In recent years, the country and some provinces and cities have implemented a series of 
strategies and plans, especially at the recent 2015 Central City Work Conference. General 
Secretary Xi Jinping clearly put forward the concept of intensive development, smart growth, 
and compact cities. For resource-based cities, the requirements for ecological civilization 
construction, intensive and efficient development, urban transformation and upgrading, and 
ecological environmental protection have become stricter, and government regulation has 
become tighter. There is an urgent need to force institutional innovations and transform 
government functions to better strengthen. The driving force of various market entities makes 
it the real leading force for low-carbon development. 

On the other hand, as a resource-based city in a concentrated area of heavy and chemical 
industries, various heavy industry enterprises and other market entities have long coexisted 
and highly concentrated. There are a large number of small private enterprises, private 
enterprises, many large state-owned enterprises, and some colleges and universities. How to 
tap the potential of these research institutes to strengthen the connection between innovation 
and industry is an important challenge. Under the new economic situation and market economy 
conditions, the key role of the government is how to stimulate the vitality of various market 
entities through planning guidance and policy mechanism innovation, persist in stimulating the 
vitality of various market entities through a market-based approach, and jointly promote a low-
carbon economy development. 

5. Analysis of urban low-carbon economic development path 

With the large-scale development and utilization of resources, a large number of resource-
based cities have gradually changed from prosperity to decline, and resource constraints and 
environmental bottlenecks have become more and more obvious, which arouses people's 
thinking about the transformation of resource-based cities. The emergence of concepts such as 
low-carbon economy has made mankind realize the entry point of the transformation and 
began to vigorously promote this new concept, hoping to form a trend of low-carbon 
development in the whole society. 

5.1. Improve energy efficiency 

With the expansion of human demand for energy, the energy crisis has become increasingly 
prominent. It has become the common pursuit of all countries in the world to find safe, stable, 
and environmentally friendly energy sources and improve energy efficiency. According to 
statistics, Chinese energy efficiency is about 36%, which is 10% lower than the average level of 
developed countries. Energy consumption is large and efficiency is low. The development of 
energy efficiency, the "fifth fuel", is of greater significance to China. To improve energy 
efficiency, it is necessary to work together on both sides of supply and demand to promote the 
efficiency improvement of the entire energy use system. For example, in view of the limitations 
of the one-time use of energy in China, we will focus on promoting the multiple use of energy 
to achieve the secondary and tertiary use of energy, and reduce Energy consumption; analysis 
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from the perspective of enterprises, China will focus on reducing energy consumption in large 
and medium-sized enterprises, and a large number of small and medium-sized enterprises have 
30%-60% higher energy consumption than large enterprises. Energy consumption reduction 
projects should focus on small and medium-sized enterprises; from the management 
organization Level analysis, industrial enterprises lack the necessary management experience, 
professional knowledge and technology, and organizational execution capabilities, etc., and the 
effect of reducing consumption may be better. 

5.2. Actively develop and utilize low-carbon energy 

According to the current world's energy reserves and consumption rate, these energy sources 
can only be consumed for about 172 years, and the burning of these fossil energy sources 
produces a large amount of greenhouse gases, which brings an irreversible negative impact on 
the environment. To develop a low-carbon economy, it is necessary to improve the structure of 
traditional energy utilization, increase the proportion of low-carbon energy in energy 
utilization, and reduce the proportion of fossil energy in the overall energy utilization. Low-
carbon energy refers to various resources with low emissions and high energy efficiency. It is 
generally understood as the "three horses", namely natural gas (including unconventional), 
nuclear energy, and renewable energy. Although these energies have been developed and 
utilized for many years, their proportion in the overall energy utilization has been very low, and 
the development and utilization of some energy is still in its infancy, and large-scale 
applications have not yet been formed. The cost of development and utilization of existing 
technologies is still low. However, with the encouragement measures under low-carbon 
conditions, low-carbon energy utilization technologies will become more mature, and their 
large-scale utilization will be greatly strengthened, and their share in energy utilization will 
also be greatly increased, realizing the complementary, comprehensive and integrated 
utilization of multiple energy sources. The resulting environmental protection benefits will 
become more and more obvious. 

5.2.1. Vigorously develop wind power 

As an emerging power generation technology, wind power generation has the characteristics 
of no exhaust gas emissions, short construction period, and quick results, so it is popular among 
people. In the process of developing a low-carbon economy, cities must make full use of wind 
energy, a clean energy source, to optimize energy consumption structure and achieve the goal 
of reducing carbon intensity. In the specific development process, we must first increase the 
survey of wind energy resources to provide a scientific basis for the rational development of 
wind power. Second, we must vigorously introduce and develop advanced wind power 
technology, make full use of the advantages of the urban equipment manufacturing industry, 
and promote the rapid development of the wind power equipment industry. Once again, we 
must encourage diversified investment. There are various types of single wind power 
equipment, ranging from a few kilowatts to a few megawatts. There is a lot of choice. It can build 
both small wind farms and large-scale wind power plants with large units, which is suitable for 
diversified investment. The government can introduce relevant policies to guide and encourage 
diversified investment, fully mobilize the power of private capital, and vigorously develop wind 
power. 

5.2.2. Actively develop biomass energy 

Biomass energy can play an important role in protecting and improving the ecological 
environment. It is a renewable energy source and an inexhaustible energy source. Combining 
the actual situation of the city, biomass fuel and biogas application are the two key directions 
for the development of urban biomass energy. Biomass pellet fuel uses wastes such as rice 
straw, rice husk, soil rice straw, livestock and poultry manure, and processed into pellet fuel for 
combustion. There are vast sources of raw materials in rural areas, and in the use of biomass 
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fuels, there are biomass energy-saving boiler manufacturers that can be used as a supporting 
tool. The focus of biogas development is the construction of large and medium-sized biogas 
projects for farms, farmer biogas and corresponding service systems. 

In view of the characteristics of biomass energy in the suburbs and counties of cities, in the 
future development, the development and utilization of straw gasification, incineration for 
power generation, and biogas utilization should be actively promoted to gradually change the 
rural fuel structure, improve the rural living environment, and enable a low-carbon economy. 
The development of the country benefits the vast rural areas. 

5.2.3. Speed up the development of the solar energy industry 

Solar energy has the characteristics of great potential, cleanliness, and wide application range. 
The city has good solar energy resources. Under the development of non-fossil energy, the 
development of the solar energy industry can be accelerated from the following three aspects: 
one is to actively promote the application of solar thermal utilization products, thereby 
reducing the consumption of high-carbon energy; the second is to strengthen promotion and 
expand the use of solar energy. The third is to increase subsidies and expand the scale of 
development of the solar energy industry. 

5.2.4. Speed up the development of geothermal resources 

The urban geothermal resources are very rich. In the process of actively developing urban non-
fossil energy, it is necessary to fully explore geothermal resources and form large-scale 
production as soon as possible. 

5.3. Optimize the industrial structure 

From the perspective of the classification of the three industries, the secondary industry 
represented by industry has high energy consumption and high carbon emission levels, while 
the tertiary industry represented by the service industry has low energy consumption and low 
emissions. At the same time, energy consumption and emission levels of different industries in 
the same industry also exist. To reduce energy consumption, it is necessary to optimize the 
traditional industrial structure, starting from the development of continuous and alternative 
industries, strengthen restrictions on the development of industries with three highs and one 
low, encourage the development of high-tech industries that conform to the direction of 
industrial development, and give priority to the development of low energy consumption and 
low energy consumption industries. High-growth high-tech industries, weed out traditional 
industrial industries with high energy consumption and low efficiency without competitive 
advantages, and created emerging clusters of "two lows and one high". At the same time, 
vigorously develop the tertiary industry, focus on increasing the proportion of the tertiary 
industry, form a reasonable industrial structure, and realize the low-carbon development of the 
entire economy, thereby reducing energy security risks. 

5.4. Vigorously develop low-carbon technologies 

Low-carbon needs to be promoted through technological progress. Without technological 
support, energy efficiency improvement will be difficult to achieve. Fully mobilize the 
innovation power of innovation entities such as local scientific research institutes and 
enterprises, focus on a number of key technologies such as negative emissions, distributed 
energy use, and microgrids, while focusing on promoting energy storage technology, power 
grid technology, renewable energy and the Internet, and information technology. The 
combination of energy management and application can be realized. Advances in these 
technical fields can ensure the improvement of energy utilization efficiency, reduce energy 
consumption density, discover and develop new energy sources, and meet the needs of social 
and economic development. It is an important means of developing a low-carbon economy. 
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5.5. Pay equal attention to technological breakthroughs and the 
transformation of scientific research results 

Increasing investment in science and technology can improve the level of science and 
technology to a large extent, but it is also restricted by the basis of scientific research and the 
quality of talents. Improving the level of science and technology not only requires increasing 
investment in science and technology, but also doing a good job in technological breakthroughs 
and the transformation of scientific research results. The city has a large number of colleges 
and universities and scientific research institutions, with a wealth of scientific and 
technological resources. Many universities have established resources, environment and other 
related majors, and cultivated a group of scientific and technological talents with professional 
skills. In recent years, cities have achieved first-rate development in new energy technologies, 
shallow ground energy utilization, and harmless urban sludge. A number of technological 
research and development enterprises with independent intellectual property rights have 
emerged from a series of scientific research results. These are the advantages and foundations 
for the development of a low-carbon economy in cities and the technological support level. 
Cities should rely on professional talents and scientific research advantages to do a good job in 
low-carbon technology and provide technical support for the development of a low-carbon 
economy [12]. At the same time, it is necessary to establish and improve the transformation 
mechanism of scientific and technological achievements, promote the promotion and 
application of scientific and technological achievements, and ensure that advanced scientific 
and technological achievements can be applied to production practice more comprehensively 
and quickly. In the process of developing low-carbon technology, it is necessary to evaluate and 
supervise scientific research enterprises and scientific and technological projects, and 
gradually establish and improve the corresponding assessment system. Focus on the 
development of core science and technology projects, reward advanced scientific research 
workers and science and technology demonstration units, and create a good scientific research 
environment for the development of low-carbon technology. 

Compared with ordinary cities, resource-based cities account for lower consumption carbon 
emissions, so this article does not discuss the low-carbon development path of low-carbon 
consumption. Further analysis of these four low-carbon development paths, it is not difficult to 
find that all have three basic elements: implementation subject, implementation tools and 
implementation objects. The three basic elements of different paths may be different, such as 
the development of new energy and the improvement of energy efficiency [13]. Compared with 
the use of new energy tools, the development of new energy focuses more on the investment of 
talents and funds. The improvement of energy efficiency will focus on the improvement of 
management, organization, and projects. Of course, it is impossible to completely ignore the 
role of talents and funds, but the two are relatively The focus is different. In addition, through 
the analysis of low-carbon transition cases of resource-based cities at home and abroad, we 
found that different low-carbon development paths have differences in timeliness, economics, 
and social effects. For example, in terms of timeliness, improving energy efficiency can promote 
low-carbon development. The effect is the fastest in this regard, and the adjustment of the 
industrial structure takes a relatively long time. Therefore, when choosing a low-carbon 
development path, resource-based cities must not only fully consider their own development 
foundation and resource sharing, but also rationally analyze the characteristics of different low-
carbon development paths, and find the path that is most compatible with itself, in order to 
achieve it as soon as possible. 
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6. Conclusion 

1) The fuzzy rough set method occupies an absolute advantage in dealing with the discrete 
attributes of the decision information system. It can effectively reduce the evaluation index 
system using only the information of the data itself, and extract useful feature information. Such 
methods are feasible for evaluating the level of urban low-carbon economic development. 2) It 
can be seen from the examples that different levels of problems have occurred in the 
development of low-carbon economy in various cities. The main reason is that they have not 
coordinated well in economic, technological, social, and environmental aspects. Some cities 
have not taken the environment into consideration while accelerating economic development. 
Such as Shanghai; some cities have relatively weak economic foundations and relatively 
backward science and technology, and all aspects need to be advanced simultaneously, such as 
Chongqing. 3) The development of low-carbon cities requires administrative, market, and 
technical means to change the energy structure of the national economy, reduce the proportion 
of carbon-based energy use, and increase the proportion of renewable energy. The 
comprehensive evaluation index system for urban low-carbon economy established in this 
article has wide applicability and can be used to assist the formulation of relevant policies. 
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