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Abstract: Through in-depth analysis of the background and connotation of carbon peaking and
carbon neutral development goals, this paper constructs a comprehensive evaluation system of
carbon neutral development goals from five secondary indicators of innovation, coordination, green,
open and shared development and 15 tertiary indicators. By collecting characteristic indicator data
of 10 typical provinces in China in the period of 2016-2020, using the entropy weight method, the
analytic hierarchy process and the TOPSIS model, to provide research and a comprehensive analysis
on the carbon neutral development level of each province. The research results show that: in terms
of time series distribution, it can be observed from the index trends of five secondary indicators’
closeness and comprehensive closeness that the development of the 10 typical provinces screened in
this paper is generally in a rising trend year by year, but there are different development differences in
a small part of the regions. In terms of spatial distribution, due to the geographical location of various
regions and resource allocation and other factors, the economic development is unbalanced. With the
rapid development of the digital economy, the investment in 5G, big data technology and artificial
intelligence can be increased to achieve the development goal of carbon neutrality. Cloud computing
can be used to predict the development trend, provide a guarantee for quantitative tracking of carbon
neutrality, and monitor and optimize carbon emissions. Based on the research results, this paper
draws the corresponding conclusions and puts forward constructive suggestions to achieve the goal
of carbon neutral development.

Keywords: carbon neutralization; carbon peak; digital economy; comprehensive evaluation index
system; closeness

1. Introduction

After experiencing the surging tide from industrialization to informatization, the new
world pattern that has not changed in a century has opened, and the economy and society
are making great strides forward. However, various major risks and challenges are also
coming one after another. The excessive dependence of human beings on fossil energy and
material resources has led to a rapid increase in carbon emissions and intensified global
climate warming, leading to a series of serious ecological problems such as glacier melting
and sea level rise, which have a great impact on human production activities and biodi-
versity. In order to address the major challenges of climate change, on 22 September 2020,
President Xi formally proposed ‘peak carbon neutralization” at the 75th United Nations
General Assembly and emphasized that ‘peak carbon neutralization’ is a multi-dimensional,
three-dimensional and integrated system. We must adhere to the principle of ‘one board
of chess and concerted efforts” across the country and strive to reach peak carbon by 2030
and achieve carbon neutralization by 2060 [1-3]. With the rapid development of artificial
intelligence technology, coupled with the continuous improvement of its computing power
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and R&D technology, the application scenarios of artificial intelligence in life and produc-
tion have been continuously expanded, playing an important role in achieving the goals of
carbon peaking and carbon neutralization [4-6].

As is already known, the research on carbon peaking and carbon neutralization mainly
focuses on the energy industry, the automobile industry, the construction industry and
other fields [7-9]. From the perspective of discipline distribution, research on dual carbon
mainly focuses on environmental science and resource utilization, industrial economy;,
power industry, economic restructuring, power engineering, building science and engi-
neering, etc. [10-12]. In terms of the content of the “dual carbon” research, the research
mainly focuses on the challenges faced by various industries under the “double carbon”
target and its countermeasures, the research on the green transition of various industries,
the research on the low-carbon development paths of various industries, the research on
emission reduction technologies, and there are also a few studies on “dual-carbon” policies
and legislation [13,14].

2. Materials and Methods
2.1. Realization of the Connotation of Carbon Neutral Development Goal

Carbon neutralization has become a programmatic goal for sustainable development
in China and even the world. Therefore, it is necessary to formulate a phased emission
reduction plan to gradually achieve and promote the emission reduction goal. The im-
plementation and development of the goal of carbon neutrality is the principle of energy
conservation, emission reduction, low carbon and environmental protection under the
premise of stable development of the national economic aggregate and material base. As a
result, carbon neutrality is closely related to industrial integration, coordination of resource
allocation, innovative technology, shared services, green ecological construction and indus-
trial structure, and has become an important application scenario of artificial intelligence.
Carbon neutralization is a global revolution in the concept of green, low-carbon energy
transformation, ecological science and technology, Al technology revolution, and science
and technology change, which will set off a wave of revolution and new profound changes
for the development of human society and the economy. It is a major practice to achieve
sustainable development. Under the goal of promoting carbon neutrality, human beings
will link social economy with the ecological environment and step into the ecological
civilization of harmonious coexistence between man and nature. Carbon neutrality pro-
motes the transformation of human dependence from energy on resources to technology,
promotes profound changes in the structure of energy production and consumption, and
ensures the stability of national energy security. In order to achieve the goal of carbon
neutrality, it is necessary to adhere to the scientific concept of development and the con-
cept of green development, respect nature and conform to the harmony between nature
and nature in order to promote the green transformation of energy and the progress and
development of green and low-carbon technologies. Therefore, this paper proposes the
following hypothesis:

H1. Carbon neutrality is closely related to technological innovation, industrial coordination,
ecological environment, openness and inclusiveness, and shared development.

2.2. Carbon Neutralization Evaluation Index Feature Extraction

Achieving carbon neutrality is a win-win situation. The realization of carbon neu-
trality is not only based on the five ecological concepts of innovation, coordination, green,
openness and sharing, but also a rapid economic leap. The promotion of carbon neutrality
has brought high-quality development and opportunities to relevant industries in the
low-carbon field, promoting the application of green technology models. All evaluation
indicators interact and are closely related to each other to jointly build a comprehensive
evaluation system for achieving the goal of carbon neutral development.
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Innovative development is the first power to achieve the goal of carbon neutral devel-
opment. Energy is the material basis for rapid economic and social development and the
main source of carbon emissions. Increasing energy innovation, scientific and technological
innovation and policy innovation is an effective way to reduce carbon emissions. Adjust
the energy structure, promote the development and utilization of new energy, and build a
green, low-carbon, safe and efficient energy system [15-17]. On the premise of ensuring
energy supply, we should control the use and consumption of traditional energy, rationally
develop natural gas and nuclear energy, vigorously develop non-fossil energy such as wind
power and solar energy, deepen energy system reform, build a new system with new energy
as the main body, and implement the replacement action of renewable energy. At the same
time, the energy utilization mode should be changed to achieve carbon emission reduction
and zero emissions. Therefore, the relevant energy enterprises should increase investment,
upgrade machinery and equipment, reduce energy conversion losses, improve energy uti-
lization, and form an efficient and green energy implementation. The government should
strengthen innovation, promote 5G, big data, cloud computing and artificial intelligence
technologies through the application of new industrial technologies, invest them in the
application of various industries, accelerate the integration and development with the
internet, and use artificial intelligence and big data to calculate and predict the future
development trend of carbon peak and carbon neutralization [18-20], and effectively for-
mulate policies and measures. Give full play to the advantages of the new national system,
strengthen institutional and theoretical innovation, actively introduce more preferential
policies, attract and train professional talents for carbon peak carbon neutral academic
research, technology research and development, achievement transformation, application
and promotion, and orderly promote carbon neutral work [21].

Coordinated development is the only way to achieve the goal of carbon neutral de-
velopment. In order to gradually promote the realization of carbon neutrality, we should
accelerate the full integration of the three industries with carbon neutrality. According
to the actual situation, 5G, artificial intelligence, big data and other new technologies can
be invested in various industries to promote the digital application and large-scale use of
production and lifestyle, improve industrial production and processing efficiency, improve
automation level, and achieve low-carbon production and living benefits. The realiza-
tion of carbon neutrality is closely related to the agriculture, forestry, animal husbandry
and fishery of the primary industry. By directly observing the growth rate of their gross
output value, we can intuitively understand the trend change degree under the carbon neu-
tral implementation policy, and promote common development through a corresponding
coordinated improvement in order to reduce carbon emissions and increase the gross agri-
cultural output value. The investment in energy industry is the investment in technological
innovation of renewable energy. It will strengthen the upgrading of industrial machinery
and equipment, strengthen the emission reduction technology of the process and improve
production efficiency. We will vigorously develop the new energy industry, control the
demand for non-renewable energy such as oil and coal and build a clean energy market to
promote China’s energy transformation. The degree of integration of carbon neutralization
and the tertiary industry is dominated by the logistics industry. Through the investment of
transportation funds, make full use of logistics resources and use of advanced technology,
promote diversified logistics methods, and promote transportation methods such as transit
from public transport to rail transport and transit from public transport to water transport
in order to reduce the carbon emissions generated by trucks.

Green development is the source of strength to achieve the goal of carbon neutral
development. Forests are the best carbon sink containers endowed by nature. We should
correctly understand and give full play to the advantages of forest carbon sink as “low
cost and high efficiency” in offsetting emission reduction, mitigating climate change and
achieving the goal of carbon neutrality, enhance the awareness of protecting natural re-
serves, natural protected forests and human-made forests, control desertification, wetland
restoration and other major projects, and expand forest coverage. It can also provide sites
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for carbon emission research pilots in carbon capture and storage [22,23]. Cities are the
regions with the most concentrated population activities and large carbon emissions, while
urban parks are an effective carrier for carbon reduction. Build green low-carbon cities
and towns, promote green urban construction, strengthen green design and construction
management, promote ultra-low energy consumption and near zero energy consumption
buildings, promote the application of clean energy in transportation, and integrate green
low-carbon development into all aspects of urban and rural planning and construction.
Sewage discharge is also an important aspect of carbon reduction. Untreated or nonstan-
dard sewage will damage the carbon fixation capacity of the soil. Proper sewage treatment
is an important step for effective emission reduction. The traditional idea in the past
has been to convert water quality with high energy consumption, but it requires a lot of
electricity, which indirectly increases carbon emissions. Therefore, we should promote
technological innovation of sewage treatment methods, increase investment, and upgrade
the accuracy and intelligence of equipment. Optimize the performance of facilities and
reduce energy consumption [24].

Open development is an important way to achieve the goal of carbon neutral develop-
ment. Openness is not only the opening of people’s minds, but also the policy opening of the
government and relevant institutions. The process of opening up has closely linked to the
implementation of resource allocation and economic trade among provinces, and gradually
promoted the realization of carbon neutrality. The penetration rate of urban natural gas is an
effective consideration in the process of energy conversion, that is, the proportion of provincial
urban residents. Due to the role of natural gas in meeting peak load and flexibly responding
to the fluctuation of fluctuating renewable energy power generation, the high penetration
rate of natural gas in cities provides convenience and the possibility for mixing low emis-
sion fuels without retrofitting existing equipment in the future. The experimental research
and base investment reflect the province’s emphasis on the development of energy industry
technology. The experimental research and base investment promote energy development
and technological innovation, and greatly reduce carbon dioxide emissions by developing
renewable energy and deepening the reform of industrial structure. Transparent and open
experimental research can enhance the public’s awareness of environmental protection. The
environmental protection expenditure of local finance is a reflection of the open system and
plays an indispensable role in clean energy, ecological protection and other aspects. As an
important support for the development of the environmental protection industry in tradi-
tional industries, it provides capital, technology, human resources and other support for green
ecological construction. At the same time, it can transform the ecological environment into
production factors and integrate into the market economy system, mobilizing all parties to
actively participate in green ecological construction [25,26].

Shared development is an efficient ladder to achieve the goal of carbon neutral devel-
opment. Sharing is the essential requirement of socialism with Chinese characteristics, that
is, joint construction and sharing. The operation of public electric vehicles is a manifestation
of the country’s purposeful promotion of low-carbon travel, which is used to replace the
high carbon dioxide emissions caused by fossil fuels. The reduction of cost and the im-
provement of performance are both the result of the increase in the degree of electrification
of global road transport and its driving force. The number of people sharing services, that
is, the number of people participating in the environmental protection consensus on green
development, most directly reflects the public’s awareness of responding to the call for
energy conservation and emission reduction. Through the joint action of the government,
enterprises and individuals, it drives the low-carbon environmental protection of daily life.
The supply side focuses on the energy revolution and the structural adjustment of high
energy consuming industries, and the demand side focuses on the promotion of environ-
mental awareness to contribute to “carbon peaking and carbon neutralization”. Sharing
economic benefit is one of the components of sharing economy, which refers to the regional
per capita GDP and is an important indicator to measure the degree of economic prosperity.
With the rapid development of the shared services industry, it has driven the economic
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development of the three major industries. The economic growth is coordinated with the
reduction of carbon emissions, providing a direction for the high-quality development of
China’s economy and society. Therefore, the following hypotheses are provided, on the
basis of hypothesis H1:

H2. The high-quality development of carbon neutrality is positively correlated with the indicators
proposed by H1 and has a corresponding weights influence.

H3. The high-quality development of carbon neutrality needs to be evaluated by quantitative
analysis and the three-level index should be extracted according to the specific development situation
of different regions.

2.3. Construction of Carbon Neutralization Evaluation Indicator System

The establishment of an indicator system is the premise and basis for the comprehen-
sive evaluation of carbon neutrality, and the process of analyzing and studying the relevant
indicator systems with corresponding weights. Based on the development strategy of car-
bon neutrality and the relevant literature, this paper constructs a comprehensive evaluation
system combining industrial development and environmental protection, mainly from five
parts: innovation, coordination, green, openness and sharing as secondary indicators. For
the relevance of each secondary indicator, the corresponding characteristic indicators are
extracted as comparative parameters, which are divided into 15 tertiary indicators. The
comprehensive analysis and discussion of the relevant characteristics of the province’s
status analysis and influencing factors is as shown in Table 1.

Table 1. Carbon neutralization evaluation index system and weight.

Indicators and Analytic

Indicators of . Indicators of Entropy . Combination
Level One Weights Level Three Weight Hierarchy Weight Rank
of Level Two Process
Wind power generation
(100 million kWh) 0.0800 0.0511 0.0735 6
Innovative Energy processing gonversmn 0.1660 0.0746 01279 1
High development efficiency (%)
Quality Environmental protection 0.0360 0.0395 0.0433 13
Development invention patents
of Growth rate of total output value
Carl?on ) of agriculture, forestry, animal 0.0690 0.0746 0.0825 4
Neutralization ) husbandry and fishery (%)
Coordinated investment in energy industry
development (CNY 100 million) 0.0260 0.0632 0.0466 11
Transportation investment
(CNY 100 million) 0.0290 0.0689 0.0514 9
Forest coverage (%) 0.0900 0.0760 0.0950 3
Number of parks 0.0320 0.0308 0.0361 14
devel t
evelopmen Sewagi t“f,j‘tmem 0.0173 0.0413 0.0307 15
High rate (%)
Quality Urban natural gas
Development penetration rate (%) 0.0850 0.0603 0.0823 5
of Local fiscal expenditure on
Carbon environmental protection 0.0290 0.0674 0.0508 10
Neutralization development (CNY 100 million)
Experimental
research and 0.0290 0.1019 0.0625 8

base investment
(CNY 10,000)
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Table 1. Cont.
Indicators of Ind‘ll\c]aeiitoistsand Indicators of Entropy I—?irel:;i’ct;f Combination Rank
Level One & Level Three Weight y Weight

of Level Two

Process

Shared

Operating volume
of bus and 0.0290 0.0535 0.0453 12
trolley bus (vehicles)
number of people

development in shared 0.0980 0.0921 0.1092 2

service industry

Sharing economic benefits

(CNY 100 million) 0.0290 0.1038 0.0631 7

2.4. Design of Carbon Neutralization Research Method

Based on data and research problems, this paper determines the weight of each index
from the entropy weight method and hierarchical analysis method. The entropy weight
method is an objective evaluation index for the dispersion degree of the entropy value. The
entropy value is calculated, compared and analyzed. Because the calculation of entropy
weight method relies on objective index values, the relationship between indexes is ignored.
AHP is subjective expert scoring and then determining the weight of indicators, ignoring
the numerical proportion of indicators. In order to ensure the accuracy and rationality of
the final results and eliminate the subjective and objective bias of the two methods, the
combined weight is calculated by the comprehensive integration assignment method. The
TOPSIS method is used to calculate the closeness, make full use of the data, and accurately
reflect the gap between indicators at all levels.

(1) The weight of each index is calculated by entropy weight method.

Suppose there are m evaluation objects and n evaluation indicators. Standardize the
original data:
i
Y EEY

where the original data x;; denotes the j-th index of the i-th sample, G;; denotes the normal-
ized value of x;;.

G i=12,...,mj=12,...n, (1)

(a) Calculating information entropy Z;:

XL GijInGy;

7 = ,]:1,2,...11, (2)

] Inm
where m denotes the number of indicators.
(b) Calculate the weight of each index W;:

A 1-2;
W]'ZW,]:LZ,...I’Z, (3)

(2) On the other hand, the weight is calculated by the analytic hierarchy process, and the
degree of each index is scored by experts. In this paper, SPSSPRO software is used to
pass the consistency test of the judgment matrix and obtain the weight of the index Wj.

(38) The combination weight is solved by the comprehensive integration assignment method.
The comprehensive integration weighting method is a commonly used method of com-
prehensive evaluation, which combines the characteristics of the subjective weighting
method and objective weighting method to determine the index weight coefficient.
There are also the addition integration weighting method and the multiplication integra-
tion weighting method. In this paper, we use the multiplication integration weighting
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method and combine the two methods above to obtain the weight values Wj and W]-, SO
as to obtain more scientific and accurate combination weights.

W = VWi, i=12...n 4)
I = A A
i1/ WiW;

(4) TOPSIS method is used to calculate the closeness. By establishing a comprehensive
evaluation index, we can measure the degree of the comparison sequence close to the
positive ideal sequence and far from the negative ideal sequence, and then calculate
the closeness, which can accurately reflect the gap between the indicators.

First, the original data is preprocessed by the extreme value method to obtain the
decision matrix K = [kij]nxm. Then, the data standardization formula is as follows:

xjj — min; ;{ x;; } . .
kii = - ,i=1,2,...m;j=1,2,...n. 5
" maxi,j{xij} —mmi,]»{xl-j} J ( )

Set a weighted decision matrix:

w1k11 kalZ N wnkln
wokyy  woky ... wykoy

Puxn = (pij)mxn = . . . . (6)
w1k wokmp ... Wpkmn

Calculate the distance to the maximum ideal value P*, and to the minimum ideal
value P~ from each index.

Pt ={max p;jli=1,2,--- ,m} = {pf,p3, -, pm} @)

P~ = {max pijfizl,Z,-'-,m}:{pl_,pz_,---,p;}. 8)
In fact, the closer the indicator is to the positive ideal value P*, the better the effect will be.

Closeness is a concept of fuzzy mathematics, an information measure commonly used by
interval fuzzy sets, which reflects interval valued fuzzy sets. Calculate closeness as follows:

- 2
. =1 (p; —pij)
r 2 _ 2"
\/Z?=1 (19]+ —pii) + \/Z?:l (r; —pij)

The measure of closeness can be used to optimize the index weight in comprehensive
evaluation. The larger the F value is, the closer the target scheme is to the optimal scheme,
the farther it is to the worst scheme. On the contrary, the smaller the F value. The farther
the standard scheme is from the best scheme, the closer it is to the worst scheme.

)

2.5. Carbon Neutralization Data Sources

In this paper, 10 typical provinces in China are taken as examples to conduct empirical
research. The sample range is 2016-2020. According to regional development status,
10 provinces and their relevant indicator data in 2016-2020 are selected to reflect the
development trend of carbon neutral targets in this region. The data collected in this paper
are from the statistical yearbooks of Western Province, Fujian Province, Jiangsu Province,
Heilongjiang Province, Liaoning Province, Henan Province, Hunan Province, Guangdong
Province, Zhejiang Province, Shaanxi Province, the official website of the National Bureau
of Statistics, and relevant economic and social development announcements and news
reports of 10 provinces.
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3. Assessment and Analysis of Carbon Neutralization Level
3.1. Analysis of Proximity Evaluation Based on Time Change from 2016 to 2020

According to the Table 2 and Figures 1-5, Guangdong, Jiangsu and Zhejiang are the top
three provinces with high carbon neutral development capacity, and the progress of each
secondary indicator has reached more than 0.4000. Guangdong is the province with the
best carbon neutral development, and the peak of the progress has reached 0.4110, and the
secondary indicators have reached above 0.4500, which shows that Guangdong Province
has developed comprehensively in the five aspects of innovation, coordination, green, open-
ness and sharing, promoting each other and developing together. However, Heilongjiang
Province and Shaanxi Province have slightly insufficient implementation of carbon neutral
development, with the highest sticking rate reaching 0.0596 and 0.0611. During the develop-
ment period from 2016 to 2020, the closeness of innovation and development in Heilongjiang
Province has been decreasing year by year in comparison among provinces and is also at
the bottom of the closeness ranking. During this period, the innovation and development of
Liaoning Province has become a trend of outstanding development year by year, second only
to the stable development of Guangdong Province. For coordinated development, there is no
obvious difference in changes among provinces, and the development closeness of Guang-
dong Province ranks first. Shanxi Province, Heilongjiang Province and Shaanxi Province
are at the bottom of the list in terms of green development, open development and shared
development, while Jiangsu Province, Guangdong Province and Zhejiang Province are at
the top of the list in terms of open development and shared development. Fujian Province,
Hunan Province and Zhejiang Province rank in the middle of the comprehensive development
closeness. There are advantages and disadvantages in all aspects. It needs to be promoted in
many ways to achieve common promotion and development.

Table 2. Closeness based on time from 2016 to 2020.

Year Province InnoYation Coordination Green Opening Sharing Comprehensive
Driven
Shanxi 0.1245 0.3044 0.0623 0.0599 0.2661 0.0611
Fujian 0.1470 0.2332 0.1001 0.1529 0.4047 0.1311
Jiangsu 0.4399 0.3952 0.1705 0.4523 0.4788 0.4093
Heilongjiang 0.1137 0.2354 0.0696 0.0574 0.2717 0.0596
2016 Liaoning 0.3649 0.2487 0.0800 0.1043 0.3243 0.0907
Henan 0.1429 0.3221 0.0681 0.1601 0.3060 0.1377
Hunan 0.1448 0.2889 0.0633 0.1545 0.3171 0.1326
Guangdong 0.4512 0.4615 0.4552 0.4540 0.4700 0.4110
Zhejiang 0.3777 0.3094 0.1878 0.3276 0.4402 0.2948
Shaanxi 0.1157 0.2778 0.0535 0.0858 0.3176 0.0776
Shanxi 0.1252 0.2737 0.0845 0.0560 0.2739 0.0548
Fujian 0.1482 0.2332 0.1340 0.1558 0.4113 0.1311
Jiangsu 0.4328 0.3873 0.2162 0.4519 0.4789 0.4081
Heilongjiang 0.1106 0.2302 0.0918 0.0485 0.2636 0.0503
Liaoning 0.3374 0.2387 0.1114 0.1027 0.3162 0.0861
2017 Henan 0.1480 0.3240 0.1027 0.1631 0.3078 0.1377
Hunan 0.1399 0.2877 0.0861 0.1599 0.3153 0.1347
Guangdong 0.4513 0.4622 0.4540 0.4546 0.4681 0.4108
Zhejiang 0.3566 0.3075 0.2406 0.3250 0.4397 0.2909
Shaanxi 0.1144 0.2640 0.0753 0.0796 0.3190 0.0695
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Table 2. Cont.

Innovation

Year Province Driven Coordination Green Opening Sharing Comprehensive
Shanxi 0.1155 0.2727 0.0838 0.0491 0.2790 0.0427
Fujian 0.1352 0.2395 0.1355 0.1572 0.4235 0.1272
Jiangsu 0.4068 0.4091 0.2103 0.4493 0.4799 0.4040
Heilongjiang 0.0838 0.2347 0.0922 0.0319 0.2622 0.0331
2018 Liaoning 0.3688 0.2497 0.1021 0.0945 0.3168 0.0731
Henan 0.1206 0.3444 0.1011 0.1584 0.3136 0.1282
Hun an 0.1198 0.3020 0.0894 0.1549 0.3169 0.1250
Guangdong 0.4528 0.4614 0.4537 0.4557 0.4612 0.4104
Zhejiang 0.3500 0.3331 0.2431 0.3215 0.4430 0.2848
Shaanxi 0.1037 0.2750 0.0785 0.0716 0.3268 0.0568
Shanxi 0.1086 0.2703 0.0641 0.0488 0.2836 0.0437
Fujian 0.1124 0.2413 0.1191 0.1633 0.4287 0.1336
Jiangsu 0.3842 0.4104 0.1891 0.4478 0.4780 0.4027
Heilongjiang 0.0724 0.2362 0.0767 0.0342 0.2673 0.0355
_— Liaoning 0.3728 0.2514 0.0938 0.0903 0.3103 0.0709
Henan 0.0956 0.3501 0.0970 0.1659 0.3160 0.1361
Hunan 0.1083 0.3029 0.0791 0.1619 0.3276 0.1323
Guangdong 0.4535 0.4640 0.4545 0.4556 0.4593 0.4104
Zhejiang 0.3321 0.3515 0.2224 0.3243 0.4421 0.2878
Shaanxi 0.1094 0.2782 0.0692 0.0732 0.3327 0.0589
Shanxi 0.1071 0.2476 0.0634 0.0503 0.2859 0.0446
Fujian 0.1081 0.2465 0.1132 0.1682 0.4264 0.1383
Jiangsu 0.3292 0.4197 0.1763 0.4478 0.4792 0.4026
Heilongjiang 0.0683 0.2500 0.0779 0.0343 0.2663 0.0356
Liaoning 0.4257 0.2611 0.1000 0.0904 0.3146 0.0710
2020 Henan 0.1004 0.3524 0.0921 0.1726 0.3122 0.1425
Hunan 0.1179 0.3114 0.0815 0.1676 0.3285 0.1377
Guangdong 0.4538 0.4604 0.4545 0.4556 0.4557 0.4104
Zhejiang 0.3849 0.3488 0.2222 0.3279 0.4399 0.2912
Shaanxi 0.1079 0.2795 0.0713 0.0751 0.3274 0.0602
Shanxi 0.4213 0.4456 0.4751 0.4422 0.4512 0.4417
Fujian 0.4584 0.4758 0.4738 0.4331 0.4564 0.4326
avfz};aege Jiangsu 0.4819 0.4626 0.4865 0.4551 0.4669 0.4549
of Heilongjiang 0.4772 0.4694 0.4763 0.4545 0.4720 0.4538
Closeness Liaoning 0.3777 0.4725 0.4523 0.4603 0.4780 0.4601
from Henan 0.4624 0.4591 0.4433 0.4355 0.4677 0.4353
2016 Hunan 0.4321 0.4646 0.4427 0.4350 0.4640 0.4345
253 0 Guangdong 0.4242 0.4692 0.4625 0.4506 0.4762 0.4503
Zhejiang 0.4115 0.4549 0.4655 0.4499 0.4696 0.4498
Shaanxi 0.3946 0.4711 0.4276 0.4519 0.4653 0.4521
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Figure 5. Closeness level in 2020.

In terms of shared development, Guangdong Province ranked the first in the period
from 2016 to 2017. Through specific analysis, it was found that Guangdong Province was
outstanding in sharing economic benefits. It will implement the task of carbon neutrality,
drive the development of carbon neutralization-related industries and improve economic
benefits, and then significantly increase the per capita GDP. In view of coordinated develop-
ment, Guangdong Province has a prominent development in the period from 2018 to 2020,
and has an advantage in energy industry investment. Guangdong Province belongs to
South China, which is the development area of China’s manufacturing industry, with many
manufacturing and processing manufacturers and electronic equipment manufacturers,
and the adjustment of energy structure is relatively complete. During the development
period from 2016 to 2020, the opening and sharing development of Heilongjiang Province
is relatively backward, which is reflected in the insufficient investment in the base of carbon
neutralization experimental research. Northeast China is a traditional industrial develop-
ment area in China. It is located in Angang, Shenyang No.1 Machine Tool Plant, Daqing
Oilfield and other industrial energy plants. Therefore, energy consumption and carbon
emissions in Northeast China are also serious. Experimental research and base investment
reflect the importance that the province attaches to the development of energy industry
technology. We should vigorously promote the development and technological innovation
of low-carbon energy and optimize the energy structure.
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3.2. Closeness Analysis Based on Provincial Changes from 2016 to 2020

As shown in Table 3, in the carbon neutral assessment index system from 2016 to 2020,
each province will increase its innovation, coordination, green, development and shared
development correspondingly. Jiangsu, Liaoning, Guangdong, Zhejiang and Shaanxi
provinces have achieved good results in the process of increasing year by year. Fujian
has the most obvious increase in the comprehensive closeness from 2016 to 2020, while
Heilongjiang has unstable fluctuations in the comprehensive closeness. From 2016 to
2018, it was in a downward trend, and from 2018 to 2020, it began to rise, and the trend
gradually reversed. At the end of the statistics in 2020, all provinces have reached more
than 0.4600, and Liaoning Province has achieved remarkable results. At the beginning of
the same period as other provinces, it has obtained an evaluation close to 0.4700. Further,
Table 3 shows the trend change of secondary indicators, from which we can see that
Liaoning Province, Guangdong Province, Zhejiang Province and Shaanxi Province were
relatively weak in 2016 at the initial stage of innovation and development, but they have
achieved steady growth in recent years. On the other hand, Heilongjiang Province and
Zhejiang Province have a relatively good foundation in terms of opening up, which has
decreased for Heilongjiang Province and increased for Zhejiang Province in 2020. The other
indicators are relatively flat. The outstanding ones are the development of innovation in
Hunan Province, Guangdong Province, Zhejiang Province, Liaoning Province and Shaanxi
Province, the development of sharing in Fujian Province, and the development of green in
Henan Province.

Table 3. Closeness based on provinces from 2016 to 2020.

Innovation

Province Year Dri Coordination Green Opening Sharing Comprehensive
riven
2016 0.3839 0.4552 0.4753 0.4217 0.4292 0.4266
2017 0.4049 0.4470 0.4783 0.4328 0.4459 0.4349
Shanxi 2018 0.4264 0.4470 0.4783 0.4459 0.4550 0.4445
2019 0.4363 0.4542 0.4701 0.4502 0.4610 0.4476
2020 0.4552 0.4248 0.4736 0.4603 0.4651 0.4551
2016 0.4440 0.4697 0.4687 0.4071 0.4409 0.4132
2017 0.4568 0.4747 0.4721 0.4198 0.4500 0.4228
Fujian 2018 0.4649 0.4754 0.4748 0.4346 0.4592 0.4338
2019 0.4587 0.4792 0.4758 0.4472 0.4651 0.4430
2020 0.4675 0.4798 0.4775 0.4570 0.4667 0.4503
2016 0.4789 0.4501 0.4853 0.4427 0.4564 0.4459
2017 0.4826 0.4548 0.4860 0.4492 0.4630 0.4506
Jiangsu 2018 0.4830 0.4635 0.4864 0.4557 0.4685 0.4553
2019 0.4833 0.4695 0.4871 0.4614 0.4720 0.4594
2020 0.4817 0.4752 0.4875 0.4663 0.4748 0.4631
2016 0.4762 0.4648 0.4739 0.4653 0.4663 0.4617
2017 0.4810 0.4681 0.4752 0.4606 0.4692 0.4583
Helongjiang 2018 0.4760 0.4665 0.4766 0.4396 0.4719 0.4428
2019 0.4746 0.4704 0.4754 0.4507 0.4757 0.4510
2020 0.4783 0.4772 0.4804 0.4562 0.4770 0.4551
2016 0.3343 0.4677 0.4435 0.4495 0.4715 0.4522
2017 0.3397 0.4695 0.4522 0.4570 0.4756 0.4576
Liaoning 2018 0.3738 0.4712 0.4458 0.4623 0.4800 0.4615
2019 0.3921 0.4732 0.4533 0.4642 0.4789 0.4628

2020 0.4484 0.4807 0.4666 0.4687 0.4840 0.4662
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Table 3. Cont.

Province Year In]r;(;;/:etLon Coordination Green Opening Sharing Comprehensive
2016 0.4548 0.4456 0.4178 0.4125 0.4540 0.4182
2017 0.4632 0.4526 0.4404 0.4246 0.4628 0.4273
Henan 2018 0.4662 0.4607 0.4415 0.4348 0.4706 0.4348
2019 0.4562 0.4675 0.4571 0.4477 0.4752 0.4442
2020 0.4716 0.4692 0.4596 0.4581 0.4761 0.4520
2016 0.4148 0.4549 0.4270 0.4104 0.4513 0.4162
2017 0.4254 0.4602 0.4337 0.4243 0.4584 0.4267
Huanan 2018 0.4292 0.4654 0.4421 0.4347 0.4640 0.4344
2019 0.4316 0.4698 0.4488 0.4476 0.4717 0.4438
2020 0.4594 0.4729 0.4620 0.4578 0.4745 0.4513
2016 0.3936 0.4 601 0.4659 0.4356 0.4688 0.4394
2017 0.4096 0.4667 0.4540 0.4430 0.4741 0.4448
Guangdong 2018 0.4254 0.4692 0.4572 0.4518 0.4769 0.4512
2019 0.4376 0.4746 0.4648 0.4586 0.4800 0.4562
2020 0.4547 0.4754 0.4705 0.4640 0.4811 0.4601
2016 0.3880 0.4378 0.4596 0.4356 0.4600 0.4393
2017 0.3953 0.4443 0.4619 0.4422 0.4658 0.4442
Zhejiang 2018 0.4079 0.4556 0.4655 0.4500 0.4713 0.4499
2019 0.4124 0.4681 0.4678 0.4576 0.4747 0.4554
2020 0.4538 0.4685 0.4729 0.4640 0.4762 0.4601
2016 0.3431 0.4639 0.4008 0.4403 0.4536 0.4436
2017 0.3628 0.4662 0.4151 0.4444 0.4608 0.4467
Shaanxi 2018 0.3896 0.4710 0.4265 0.4510 0.4675 0.4515
2019 0.4279 0.4764 0.4389 0.4582 0.4722 0.4568
2020 0.4498 0.4781 0.4567 0.4655 0.4725 0.4621

In general, the provinces of Western China, Hunan Province and Shaanxi Province
have achieved good results, while Heilongjiang Province has shown a downward trend in
some of them. Through specific analysis, Jiangxi Province belongs to North China, which
has always been the main coal production area in China. Industry is the second largest
emission source of carbon dioxide, accounting for about 35% of the total emission of the
national energy system. Shanxi province is the most developed province in the industrial
economy and a major coal production province. The air pollution is serious, water pollution
and water resource destruction are also serious, and the concentration of sulfur dioxide
ranks first, which is the focus of energy conservation and emission reduction. Hunan
Province belongs to Central China and is an important building materials production area
in China. Its factories are widely distributed and have great carbon emission pressure.
The global demand for China’s steel and chemical products will continue to grow, and it
is an important territory to guide the conversion of traditional energy to clean energy. It
is necessary to significantly reduce the emission intensity of production by popularizing
innovative technologies that are not yet commercialized, especially in steel, cement and
other fields to achieve the goal of carbon neutralization. Northeast China is a traditional
industrial development area and a large province of medium industry size in China.
Therefore, the problem of energy consumption and carbon emissions in Northeast China is
also relatively serious. It may be that the problem of the traditional coal burning industry
leads to the low penetration rate of natural gas, which leads to a decline in openness.
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At present, the whole country and even the world are faced with the problem of
how to achieve the carbon neutral development goal. The proposal of “double carbon”
has pointed out the direction for all parts of China. We are accelerating green develop-
ment and ecological civilization construction to accelerate overtaking and strive to build a
green, environment-friendly and low-carbon home. This paper constructs a comprehensive
and scientific evaluation index system for carbon neutral development, and combines the
entropy weight method, the analytic hierarchy process, the TOPSIS method and other
comprehensive evaluation methods to directly and accurately reflect the carbon neutral
development process of each province. Combined with the in-depth analysis of the connota-
tion of “dual carbon”, this paper constructs a carbon neutral evaluation index system from
the five aspects of innovation, coordination, green, openness and sharing, and evaluates
and analyzes the carbon neutral development level of 10 typical provinces in 2016-2020
by measuring the closeness of secondary indicators. According to the results obtained,
the following conclusions can be drawn: due to the different geographical locations and
distribution regions of provinces, the distribution of energy and resources in the region
is uneven, and the regional economic development among provinces is unbalanced and
insufficient, which leads to the imbalance of the carbon neutral development level in each
province. The imbalance in regional development is mainly manifested in the imbalance
between the east and west, and between the north and south. The economy of the Northeast
is far superior to that of the West, and there are differences between the North and the
South. As a result, in terms of spatial distribution, East China, South China, Central China,
North China and Northeast China are in a situation of decreasing area by area in terms
of the degree of progress. In terms of time distribution, the closeness of each province is
generally increasing year by year, but the development of each province in the five aspects
of innovation, coordination, green, development and sharing is not balanced, resulting in
small fluctuations or a downward trend in closeness.

4. Conclusions

Based on the results obtained from the above research and analysis, according to the
influencing factors to achieve the carbon neutral development goal, the selected characteristic
indicators with greater relevance are evaluated and analyzed. In order to promote the high-
quality development of carbon neutral goals in all provinces, detailed analysis and research
are made from the actual problems, and the following suggestions are put forward:

Strengthen innovation. Strengthen theoretical and institutional innovation. Strengthen
scientific and technological innovation, the promotion and application of green and low-
carbon technologies, reduce energy consumption, and improve energy utilization. Inno-
vation is not only reflected in the innovation of technology, but also in the innovation of
ideas and policies, seeking the way of innovation for the country and society. With the
strong policy support of the state, we will provide more policies conducive to sustainable
development through the ideological innovation of talents, so as to promote the work of
environmental protection and environmental governance. Based on the table results of time
series changes with provinces, it can be seen that in 2016-2020, Guangdong’s innovation
and development rank first among the 10 provinces selected in this paper, and the devel-
opment of each secondary indicator is in a balanced development. Heilongjiang Province,
Jiangxi Province and Shaanxi Province are always in a weak position in terms of innovation
and development. Therefore, in the northeast and north China, we should promote new
breakthroughs in innovation-driven development, implement the principles and policies of
clean energy according to local conditions, optimize the new energy structure, and promote
low-carbon and environment-friendly production methods.

Strengthen ecological environment governance and expand green ecological space. For
green development, Shaanxi Province, Heilongjiang Province, Hunan Province, Shaanxi
Province and Henan Province are all at the edge. As a result, Northeast China, North China
and Central China, centering on the goal of “carbon peaking and carbon neutralization”,
have carried out green land actions, promoted the construction of natural protection



Sustainability 2023, 15, 6598

15 of 17

systems, improved the carbon sink capacity of ecosystems, and adhered to and created a
new high-quality development path with ecological priority and green development as the
guidance. For open development, the proximity indicators of Jiangxi Province, Liaoning
Province and Jiangxi Province are at the bottom. The region should increase the publicity
of clean energy, accelerate the deepening reform of energy transformation, increase green
research and development technology, promote the implementation of foreign cooperation
and trade development and other policies, and promote the role of pollution reduction and
carbon reduction.

The carbon neutral development goal and the development of the three pillar indus-
tries are promoted in coordination. For coordinated development, although the differences
among provinces fluctuate, the gap is not obvious, and Guangdong ranks first.

(1)  From the agricultural perspective, China’s agricultural green development has made
phased progress in terms of materials, technology and policies. With the “double
carbon” goal as the strategic orientation of green development, we should optimize
and adjust the industrial structure of agricultural development, transform the high
consumption model of factor dependence into the low consumption model of pro-
ductivity improvement, reduce the use of chemical fertilizers and pesticides, improve
the recovery rate of agricultural film, and improve the conversion rate of livestock
and poultry manure. Through agricultural emission reduction measures, we can help
achieve carbon peak, and achieve carbon neutralization through agricultural foreign
exchange increase.

(2) From the industrial point of view, the imbalance of regional development in China
has led to the imbalance of economic development in various provinces. To achieve
industrial carbon emissions, we need to follow the inherent laws of economy and car-
bon emissions, adapt to local conditions, and plan and implement by region. Increase
the continuous optimization of the industrial chain, improve factor efficiency, and
establish a new mechanism to support China’s industrial carbon neutral development
and low-carbon emission reduction. By increasing the use of digital technology, we
will promote the technology input of new information industries such as 5G, big
data, cloud computing, artificial intelligence into industrial applications, accelerate
the integration and development of industry and the internet, promote the digital
application and large-scale use in industrial production, improve the automation level,
improve the efficiency of industrial production and processing, and finally achieve a
low-carbon industry.

(3) From the perspective of the tertiary industry, transportation, as an important field
supporting China to achieve the goal of carbon peak, has the greatest potential for low-
carbon emission reduction, while the coefficient of difficulty is the highest. In order to
promote and realize the carbon peak and carbon neutral targets of transportation, pro-
mote the reform of energy consumption structure and realize the “decarbonization” of
transportation energy. Increase road planning, improve the comprehensive efficiency
of road freight transport, actively promote railway electrification, and promote the
application of clean energy. Through diversified logistics transportation, the rapid
increase of railway and waterway cargo transportation volume can be achieved while
reducing carbon emissions. We will increase policy support, introduce and cultivate
talents, and make transportation more meticulous and rational in dealing with carbon
emission reduction.
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