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Abstract: This study examines the overall needs of the green construction scheme with ‘carbon
neutrality” as the centre in the Zhejiang provincial green development target area. By aggregating and
organising the construction and development data of Zhejiang Province, the entropy weight TOPSIS
model is formed according to the statistical modelling for quantitative examination of the data, and the
scientific assessment scheme of ‘carbon neutrality’ in the regional construction industry of Zhejiang
Province is developed. This study aids in completely exhibiting and dynamically understanding the
advancement of the ‘carbon neutral” capacity of the urban construction industry. The objective is
to discover the weak link in the advancement of carbon neutrality in several regional construction
industries, which is of great relevance for further examining and forecasting the strategic outlook
of carbon neutrality and modifying the planning of carbon neutrality strategy in special regional
construction industries.

Keywords: ‘carbon neutrality” ability; regional construction; entropy weight TOPSIS method

1. Research Purpose
1.1. Research Exploration and Analysis

Huang et al. (2022) [1] conducted a study on the evaluation of the carbon neutrality
capacity of the regional construction industry using the entropy weight TOPSIS model. The
authors emphasized the importance of assessing the carbon neutrality capacity of the con-
struction industry, considering its significant contribution to greenhouse gas emissions. The
authors proposed the entropy weight TOPSIS model as an effective approach to evaluate
the carbon neutrality capacity of the construction industry at the regional level. The study
provides valuable insights into promoting sustainable development in the construction
industry by identifying regions with high carbon neutrality capacity [2]. Based on the
entropy weight TOPSIS method, the carbon-neutral capacity of the building industry was
evaluated comprehensively. Li Gang, Chi Guotai, and Cheng Yangiu (2011) conducted a
comprehensive evaluation of the carbon neutrality capacity of the construction industry
using the entropy weight TOPSIS method [3]. The authors emphasized the need for a
comprehensive assessment of the carbon neutrality capacity of the construction industry to
guide the development of low-carbon strategies. The authors applied the entropy weight
TOPSIS method to evaluate the carbon neutrality capacity of different construction enter-
prises and identified the key factors influencing carbon neutrality. The study contributes
to the understanding of the carbon neutrality capacity of the construction industry and
provides a basis for formulating effective carbon reduction policies. Fai, L.K., Lam, W.S., &
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Lam, W.H. (2022) [4]. Evaluation of carbon neutrality capacity of the construction industry
based on the entropy weight TOPSIS model. Rahman, A., Fitri, Z., Zulkifli, Z., Ula, M.,
and Suhendra, B. (2022) conducted an evaluation of the carbon neutrality capacity of the
construction industry using the entropy weight TOPSIS model [5]. The authors highlighted
the significance of assessing the carbon neutrality capacity of the construction industry
in achieving sustainable development goals. They proposed the entropy weight TOPSIS
model as a practical tool for evaluating the carbon neutrality capacity of construction
enterprises. The study provides a comprehensive analysis of the carbon neutrality capacity
of the construction industry and offers insights into promoting low-carbon development in
the industry.

Based on the above foreign research status, it can be seen that: the evaluation of
the carbon neutrality capacity of the construction industry based on the entropy weight
TOPSIS model has gained increasing attention in recent years. Scholars have recognized the
importance of assessing the carbon neutrality capacity of the construction industry to guide
sustainable development and formulate effective carbon reduction strategies. The entropy
weight TOPSIS model has been widely adopted as a practical approach for evaluating the
carbon neutrality capacity of construction enterprises at the regional level.

However, there are some shortcomings in the current research. First of all, although
the research has involved the assessment of carbon-neutral capacity of different regions
and enterprises, there are still some differences in the selection of methods and indicators,
and there is a lack of unified evaluation standards. Secondly, most studies only focus on
the quantitative assessment of carbon-neutral capacity, and relatively few studies focus
on the implementation and effect assessment of carbon-neutral strategies. In addition,
most current studies focus on the enterprise-level research [6], and the assessment of the
carbon-neutral capacity of the entire building industry still needs to be deeply discussed.

To sum up, the evaluation of the carbon neutrality capacity of the building industry
based on the entropy weight TOPSIS model is an important research area, which has
attracted extensive attention from scholars. Future research should further unify the evalu-
ation indicators and methods, strengthen the implementation of carbon-neutral strategy
and effect evaluation research, and expand the scope of research to the entire construc-
tion industry, so as to provide more operational and practical guidance and promote the
transformation of the construction industry to low-carbon development.

To discover the creation of a functional, scientific and reasonable statistical monitoring
index scheme with great operability [7], the regional green construction scheme is a main
strategic measure to accelerate the modernisation of regional construction around the
current issue of ‘carbon neutrality” and to advance the establishment of China’s infras-
tructure power as a smart construction power. In addition, to investigate the creation of a
fully functional, scientific, reasonable and highly operational statistical monitoring system,
thoroughly exhibiting the status of the adoption of the intelligent construction strategy is
important to understand the promotion of the carbon neutrality capacity of the construction
industry in various regions dynamically, discover the weak links in the advancement of
the carbon neutrality strategy of the green construction region, examine and forecast the
strategic look of green intelligent construction and modify the several plans of regional
green intelligent construction in a targeted way [1].

1.2. The Problem and Significance of the Study

This study concentrates on developing a thorough evaluation system for carbon neu-
trality capacity in the regional construction industry. This study encompasses examining
several green, civilisation, management, development and intelligent construction indica-
tors in Zhejiang Province to choose scientifically sound, measurable statistical indicators.
This study aims to evaluate quantitatively the carbon neutrality capability of the construc-
tion industry in Zhejiang Province through the application of mathematical models and
data analysis. Establishing this evaluation system is vital for developing standards and
executing intelligent construction practices in the region [3,8].
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2. Research Status
2.1. The Development and Research Status of Domestic Index System

China has constantly highlighted the prominence of ‘carbon neutrality” and has con-
centrated on dual-carbon efforts in the construction industry across several regions. An
analysis of domestic literature exposes that while substantial focus is on carbon neutral-
ity management in the construction industry, the assessment of actual carbon neutrality
capacity remains in the early stages [9]. The necessity of developing a complete, effective
theoretical evaluation system for evaluating the carbon neutrality capacity of the construc-
tion industry is urgent, stressing the critical, timely importance of scientifically assessing
carbon neutrality. Focusing on the general requirements of achieving carbon neutrality,
and aiming at the overall objectives, tasks and stage arrangements of construction projects
in each region, diversified evaluation and comprehensive analysis are carried out on in-
dustrial indicators, ecological indicators, governance indicators, characteristic indicators,
energy-saving indicators, intelligent construction indicators, etc., and a comprehensive
evaluation system is formed, as shown in Figure 1.

Carbon neutral capacity
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Figure 1. Frame diagram of carbon neutrality capacity evaluation.

2.2. The Development of Foreign Index System

The carbon neutrality standard is a pressing challenge for all countries to solve [10].
As a key concern in the world today, specific evaluation standards are observed for carbon
neutrality capability in the international context. In the aspect of evaluation, Melissa Yves
Oliveira’s agriculture industry evaluation index system is a representative one. Numerous
carbon calculator models are assessed and categorised to supply helpful information
for choosing the most applicable calculator for numerous agricultural systems. Farm-
scale calculators enable farmers to regulate greenhouse gas emissions and lessen them by
implementing viable agricultural practices. Landscape-scale calculators are beneficial in
greater areas with dissimilar land use and agricultural practices [4,5,11]. AgRE Calc, Cool
Farm Tool and Solagro Carbon Calculators are most suitable for approximating greenhouse
gas emissions from agricultural activities. Byeongho Lee [8] explored the idea of ‘carbon
carrying capacity’ and accordingly recommended an environmental viability evaluation
tool. Moreover, Ali, J., Bashir, Z., Rashid, T. [11] developed a wide-ranging risk assessment
model using the fuzzy comprehensive evaluation method, and the appraisal system of the
Greenship rating tool also possesses vital influences. Scholars from other countries have
accumulated a large amount of research results on the carbon neutrality capacity evaluation
mechanism of other industries [2,12].
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3. Carbon Neutrality Capacity Evaluation Mechanism—The Entropy Weight
TOPSIS Method

On the basis of deciding on a scientific, systematic index system, the entropy weight
method is employed to determine the weight of the index, and the TOPSIS method is used to
acquire the score of the implementation of carbon neutrality policy in each county with the
aid of the weight and data of the index [13]. In this manner, the implementation influence
of carbon neutrality policy can be intuitively envisioned, problems can be recognised based
on the evaluation mechanism, and policies can be modified in time.

3.1. The Selection of Indicators Should Meet the Overall Requirements

The Party’s 20th National Congress suggested advancing ‘carbon peak carbon neu-
trality’ to improve the competence to promote green, low-carbon development effectively
and to adopt the general requirements of double carbon, that is, achieving carbon peak
and carbon neutrality based on the new development stage, implementing the new de-
velopment concept, building a new development pattern and attaining a high-quality
development. At the critical phase of comprehensively establishing a modern socialist
country, this intrinsic necessity needs to be translated into a realistic path of high-quality
development. First, we need to adjust to the new sequence of technological and industrial
changes distinguished by information technology, digitisation, intelligent and low-carbon
transformation, advance the innovative application and iterative development of green and
low-carbon technologies [14], and facilitate the revolution of economic growth momentum
and power reconstruction. Second, we should work as one to accomplish several goals, such
as emission reduction, industrial transformation, economic growth and industrial safety.
With manufacturing as the centre and industrial parks as the carrier, we should change
the industrial construct from a high-carbon consumption to a low-carbon, energy-saving
one [15]. Third, we should conform to the evolutionary trend of the demand structure
and boost the modification of the demand structure towards low-carbon consumption,
low-carbon investment and low-carbon trade. Fourth, consistent with the general planning
of the country and the idea of regional policies, we must encourage the organised decrease
of regional emissions to attain the peak [16]. Fifth, we must achieve an equilibrium be-
tween lowering carbon emissions and meeting people’s requirements for an improved life
and collaboratively advance the enhancement of living standards and the achievement
of carbon emission reduction targets through cultural guidance, technological progress,
commodity structure adjustment and excellent demonstration.

This study chooses the six dimensions of industrial prosperity, ecological liveability,
construction wind characteristics, effective governance, energy conservation and emission
reduction and intelligent construction as the criterion layers. Thirty indicators, such as
the proportion of high-standard occupancy, the level of construction mechanisation, the
construction rate of the construction industry, the Engel coefficient of county residents, the
afforestation coverage rate of county residents, the penetration rate of harmless toilets in
the community, contribution rate of construction science and technology progress and pre-
fabrication rate of county construction, are chosen as the index layer to develop a thorough
evaluation system for the carbon neutrality capacity of the construction industry [6,17-19].
The dimension level indicators in the comprehensive evaluation model were selected, as
presented in Table 1.

The research objects were chosen through the literature review and field visits, con-
centrating on the ‘National Standardisation Development Outline’ declared by the CPC
Central Committee and The State Council on the creation of sound carbon peak and carbon
neutrality standards. Fifteen counties with carbon neutrality cultural heritage and digital
advances were picked as the research objects, such as the Jiaojiang District of Taizhouy,
Longwan District of Wenzhou and Nanhu District of Jiaxing.
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Table 1. Details of dimension level indicators in the comprehensive evaluation model.
Criterion Layer Serial Number Index Level

1 High-standard occupancy ratio

2 Construction of scientific and technological progress contribution rate

3 Level of construction mechanisation

4 Ratio of the processing output value of building materials” products to total

Thriving businesses construction output value

5 Leisure construction business income

6 Labour productivity of the construction industry

7 Construction industry land construction rate

8 Modern characteristic construction site demonstration area

9 Green coverage rate of the residential area

10 Proportion of counties and districts that treat construction waste

Liveable life 11 Proportion of counties and districts that reuse construction waste

12 Comprehensive utilisation rate of human and animal manure

13 Penetration rate of harmless toilets in the community

14 Coverage rate of comprehensive cultural service centres in counties and districts

15 Proportion of county-level and above characteristic buildings

Architectural style 16 Proportion of construction management personnel with bachelor’s degree or above
features 17 County and district expenditure on energy conservation and emission reduction

automation facilities

18 Proportion of households that have been assessed for energy conservation after the
residential area has been placed into use

19 Proportion of collective economic strong areas/counties

. 20 County carbon neutrality planning and management coverage
Effective governance - - - - - -

21 Proportion of counties with carbon neutrality management service projects

22 County grid social governance coverage

23 County indoor air monitoring results up to standard rate

. Discharge rate of cooling and heating systems in county and district reaches
Energy cs)nservatlo.n and 24 the standard
emission reduction — -

25 Engel coefficient of county residents

26 Degree of standardisation of basic carbon neutrality services at the county level

27 Proportion of intelligent construction sites in counties and districts

28 Proportion of precast assembly rate in county construction

Intelligent construction 29 Proportlon of cor'lstructlon site adopting intelligent management

during construction

30 Proportion of construction sites adopting intelligent technology in

property management

3.2. Collection and Sorting of Indicator Data

Data for the chosen regional construction industry metrics were gathered from official
sources such as the National Statistical Yearbook, the Ministry of Housing and Urban—Rural
Development of China and Zhejiang Construction Information Port. The latest or statistical
mean data for each region were selected to guarantee the authenticity and timeliness of
the dataset [20]. This method improved the accuracy and efficacy of the carbon neutrality
capacity monitoring system for the regional construction industry [21].
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3.3. Entropy Weight TOPSIS Evaluation Model

The entropy weight TOPSIS method is an objective approach that employs the original
data and removes subjectivity. This method reflects the weight coefficients of the index
layer and the gap between the data of the evaluation object and the ideal solution. This
method designates scores to the evaluation object, which in this case is the carbon neutrality
ability of the construction industry in each region. The goal is to obtain accurate assessment
results through quantitative analysis, facilitating better adjustment and enhancing the
carbon neutrality capacity target [7].

3.3.1. Standardised Processing of Indicator Data

This work concentrates on determining the initial matrix T = wy; for the indicator data,
where wy; is the jth initial value of the t leading county. Fuzzy membership degrees are
employed to standardise the index [22]. Through the standardisation of indicators, the value
of the original data is regulated within 0-1; that is, compared with the original data, it has
the same scale, and the entropy weight TOPSIS method is more impartial and sound for the
determination of the entropy weight of indicators and the assessment of the implementation
influence of the annual carbon neutrality policy. The standardisation of indicators can be
split into positive standardisation and negative standardisation. The positive indicator
indicates that the higher the value of the indicator, the better the implementation of the
carbon neutrality policy. The negative index is the opposite. According to the indicators
of this subject, except for the business income of the leisure construction industry and the
Engel coefficient of county residents, the other indicators are positive indicators. Based on
this method [23], y;; is set as the standardised value of the f index of the jth evaluation object,
and 7 is the number of objects to be assessed. Then, the indicators can be standardised
through the normalisation Formula (1) for positive indicators and the standardisation
Formula (2) for negative indicators.

wy — min Wi
1<j<n
Y = : 1)
max wy; — min wy;
1<j<n 1<j<n
max wt]' — wt]'
1<j<n
Yy = , (2)
max wy — min wij
1<j<n 1<j<n

With the aid of the initially gathered indicator data, the data were preprocessed
according to the above standardised data processing method. Part of the data after the
preprocessing of the indicator data are presented in Table 2.
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Table 2. Index data after pretreatment.
p
o Proportion of )
Proportion of . County Carbon County anGl DG P e e L EE e . Proportion of COI}stn}c.t onet Proportion of
i q Leisure A q Expenditure on Energy Been Assessed for Penetration Rate of q Scientific and
q Collective Economic q Neutrality Planning a g a a Counties and o Precast Assembly
Pioneer County Stron Construction and Management Conservation and Energy Conservation Harmless Toilets in Districts That Reuse Technological Rate in Coun
Areas/Co ugnties Business Income Cover§ e Emission Reduction after the Residential the Community Construction Walslte Progress Constructiorty
8 Automation Facilities Area Has Been Put Contribution Rate
into Use
Jiaojiang District, 0.64 0.35 0.79 071 0.31 0.74 1.01 0.68 0.73
Taizhou
Huangyan District, 051 053 0.90 0.67 027 0.68 0.85 0.15 021
Taizhou
Road Bridge District 045 051 0.91 0.80 021 0.82 0.75 0.30 0.92
Taizhou
Tiantai County,
X 0.90 0.76 0.98 0.38 0.12 0.80 0.72 0.82 0.22
Taizhou
WeT“I.mg City, 0.58 0.19 0.61 051 025 0.15 076 0.62 026
aizhou
Lucheng District 052 0.35 0.88 0.46 027 101 0.43 071 0.23
LO“%\V,“"’“ District, 0.62 0.05 0.81 0.17 0.99 0.98 058 0.80 1.00
enzhou
Cangnan County, 0.70 058 0.88 0.42 0.15 0.82 051 0.72 0.61
Wenzhou
Talsvl\}le‘r‘l‘zigﬁmy' 043 0.02 051 045 0.28 0.81 021 1.01 0.92
Lor‘;ggang City, 0.95 0.26 0 0.62 0.24 0.74 0.05 0.62 0.68
enzhou
Nanhu District, 0.99 051 0.83 0.00 025 0.02 0.00 0.59 0.94
Jiaxing
Xiuzhou District, 0.52 0.62 0.87 091 027 0.87 051 0.42 023
Jiaxing
Jiashan County,
.. 0.55 1.00 0.46 1.00 0.02 0.70 0.17 0.06 0.00
Jiaxing
Pinghu City, Jiaxing 0.51 0.52 1.02 0.82 0.16 0.87 0.57 0.00 0.36
Haining City, Jiaxing 0.02 0.44 0.61 0.57 0.39 0.84 0.72 0.81 0.81
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3.3.2. Entropy Value of Carbon Neutrality Capacity Evaluation System Index

Based on the quantitative requirements of the carbon neutrality capacity evaluation
system for the work evaluation of the regional construction industry and given the mutual
independence of the indicators, the entropy weight method was employed to obtain the
entropy value of the indicators. In information theory, entropy is a measure of uncertainty.
The higher the uncertainty, the higher the entropy and the more information it contains. In
the entropy weight method, the characteristics of the entropy value can be employed to
determine the dispersion degree of the carbon neutrality capacity degree index. The higher
the dispersion degree of the index, the higher the effect of the index on the evaluation
system of the regional construction industry, that is, the higher the weight. This type
of quantitative determination of the importance of indicators has greater accuracy and
more powerful objectivity. Based on the relationship between the actual situation and the
indicators collected [24], 9 of the 30 indicators were chosen as the evaluation index system
with accurate data sources and long-term development goals, such as the proportion of
prefabricated assembly rate in counties and districts, the penetration rate of harmless toilets
and the proportion of households that conducted energy conservation assessment after
placing into use in the community. The composition system of the index layer of entropy
weight is shown in Figure 2.

Carbon neutral
capacity evaluation
and monitoring
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thriving

Constr
uction

. o
Leisure scienti
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busines logical
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rateof  constr energy- ds that et collect precasé
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Figure 2. Composition system of the index layer of entropy weight.

The equation for obtaining the corresponding entropy and weight coefficient of an
index is as follows: Let ¢; be the entropy of the jth index, and S;; be the characteristic
gravity of the Jth index in the ith system.

Wtj 1

S = — e; =
t] Z?:l Wt /

Y 8ISy 3)

Y

where }" wy; is the sum of all system observation data of the Jth index.
Let the difference coefficient of indicator j be q; and the weight coefficient of 30
indicators be s;. The equation is expressed as follows:

q;
G=1-¢s= =5 —
j=1Wtj

(4)
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With the aid of preprocessing indicator data, Python software 3-V was used to com-
pute the difference coefficient and weight coefficient of indicators, and the outcomes are
presented in Table 3.

Table 3. Details of difference coefficients and weight coefficients of each index layer.

Index Level Diversity Factor Weight Coefficient
Proportion of collective e.conomlc strong 0.0204 0.3022
areas/counties
Leisure construction business income 0.0046 0.0696
County carbon neutrality planning and 0.0010 0.0171

management coverage

County and district expenditure on
energy conservation and emission 0.0090 0.1182
reduction automation facilities

Proportion of households that have been
assessed for energy conservation after the 0.0116 0.1755
residential area has been put into use

Penetration rate of harmless toilets in

the community 0.0032 0.0458
County-area comparison of the recycling 0.0032 0.0437
of construction waste
Cons.tructlon of sc1ent1f.1c ar.ld 0.0043 0.0650
technological progress contribution rate
Proportion of precast assembly rate in 0.0108 01610

county construction

The weight coefficient of the proportion of collectively economically powerful ar-
eas/counties is the greatest, representing its highest importance in the evaluation system
for carbon neutrality capability [25]. Conversely, the weight coefficient of the county-
district point ratio for the reuse of construction waste is the smallest, demonstrating its
lesser effect on the evaluation system. The notion of entropy weight is confirmed by these
results, where higher weights are assigned to indicators with greater data dispersion. This
outcome emphasises the value of accurate, diverse data in attaining indicator importance
within the assessment system.

3.3.3. Scores of Carbon Neutrality Capacity Evaluation of the Construction Industry in
Each Region

To reflect the carbon neutrality capacity development index of the leading county
quantitatively, the weighted value of each indicator data can be known by multiplying the
index data and the index weight, stressing the variation in the importance of each indicator
and optimising and enhancing the carbon neutrality capacity evaluation mechanism. Z;;
is set as the weighted value of the standardised data of the jth indicator in the i leading
area, the normalised value of the observation value of the jth indicator in the i leading area
and S; the weight coefficient. According to the above weighted method, the following
equation is derived:

Zij = Qijs; ()

With the help of standardised index data and index weights, the data matrix weighted
by evaluation indicators can be computed, and the results are presented in Table 4.

Based on the actual condition of the evaluation system, the TOPSIS method is em-
ployed to determine the close degree between the development indicators and the ideal
solution. In the index system, the maximum value of the positive evaluation index and the
minimum value of the negative evaluation index are chosen to develop the ideal optimal
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solution in the evaluation system and vice versa, and the worst solution is formed. The ideal
optimal solution and the worst solution are also positive and negative ideal solutions [26].

Table 4. Data matrix weighted by evaluation indicators.

County and District Expenditure
on Energy Conservation and
Emission Reduction
Automation Facilities

Jiaojiang District, Taizhou 0.1050 0.0170 0.0522 0.0309
Huangyan District, Taizhou 0.0831 0.0247 0.0593 0.0278
Road Bridge District, Taizhou 0.0732 0.0228 0.0596 0.0345
Tiantai County, Taizhou 0.1448 0.0352 0.0644 0.0165
Wenling City, Taizhou 0.0910 0.0091 0.0392 0.0222
Lucheng District, Wenzhou 0.0846 0.0163 0.0568 0.0196
Longwan District, Wenzhou 0.1023 0.0018 0.0527 0.0067
Cangnan County, Wenzhou 0.1134 0.0271 0.0579 0.0175
Taishun County, Wenzhou 0.0702 0.0002 0.0331 0.0202
Longgang City, Wenzhou 0.1528 0.0124 0.0004 0.0276
Nanhu District, Jiaxing 0.1605 0.0233 0.0548 0.0003
Xiuzhou District, Jiaxing 0.0858 0.0285 0.0579 0.0398
Jiashan County, Jiaxing 0.0899 0.0464 0.0312 0.0433
Pinghu City, Jiaxing 0.0802 0.0244 0.0652 0.0348
Haining City, Jiaxing 0.0000 0.0207 0.0392 0.0248

Proportion of Households
That Have Been Assessed for Penetration Rate of County-Area Comparison  Construction of Scientific and
Energy Conservation after Harmless Toilets in of the Recycling of Technological Progress
the Residential Area Has the Community Construction Waste Contribution Rate
Been Put into Use

Proportion of Collective
Pioneer County Economic Strong
Areas/Counties

County Carbon Neutrality
Planning and
Management Coverage

Leisure Construction
Business Income

Proportion of
Precast Assembly
Rate in County
Construction

Pioneer
County

Jiaojiang
District, 0.0525 0.0883 0.0175 0.4755 0.2235
Taizhou

Huangyan
District, 0.0492 0.0782 0.0144 0.1120 0.0602
Taizhou
Road Bridge
District, 0.0348 0.0977 0.0124 0.2204 0.2742
Taizhou

Tiantai
County, 0.0227 0.9438 0.0124 0.5489 0.0636
Taizhou

Wenling City,

- 0.0452 0.0185 0.0133 0.4422 0.0751
Taizhou

Lucheng
District, 0.0487 0.1183 0.0072 0.4827 0.0662
Wenzhou

Longwan
District, 0.1752 0.1167 0.0103 0.5522 0.0301
Wenzhou

Cangnan

County, 0.0281 0.0976 0.0087 0.4789 0.1873
Wenzhou

Taishun

County, 0.0473 0.0978 0.0036 0.6903 0.2855
Wenzhou

Longgang
City, 0.0438 0.0882 0.0005 0.4412 0.2024

Nanhu
District, 0.0437 0.0000 0.0000 0.4001 0.2814
Jiaxing

Xiuzhou
District, 0.0492 0.1051 0.0085 0.2825 0.0721
Jiaxing

Jiashan
County, 0.0000 0.0835 0.0022 0.0438 0.0000
Jiaxing

Pinghu City,

S 0.0287 0.1037 0.0094 0.0000 0.1049
Jiaxing

Haining City,

S 0.0692 0.1002 0.0123 0.5521 0.2448
Jiaxing
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Let df be the Euclidean distance between the ith leading county and the positive ideal
solution, and d; be the Euclidean distance between the ith leading county and the negative
ideal solution. Then, the following equations are derived:

2 2 2
df= \/(y{r —yi) + (W3 — )+ 4 (Y3 — Yizo) ©6)

_ _ 2 — 2 — 2
di = \/(% —yin) + Yy — )" + -+ (v30 — ¥izo) (7)
Using the above formula, the distance to the positive and negative ideal solutions
corresponding to each leading county can be determined (Table 5).

Table 5. Distance from the antecedent zone to the positive and negative ideal solutions.

e iy Distance to the ?ositive Distance to the Negative
Ideal Solution Ideal Solution

Jiaojiang District, Taizhou 0.251 0.402
Huangyan District, Taizhou 0.402 0.275
Road Bridge District, Taizhou 0.288 0.432
Tiantai County, Taizhou 0.392 0.367
Wenling City, Taizhou 0.410 0.248
Lucheng District, Wenzhou 0.382 0.322
Longwan District, Wenzhou 0.122 0.559
Cangnan County, Wenzhou 0.289 0.392
Taishun County, Wenzhou 0.277 0.447
Longgang City, Wenzhou 0.281 0.421
Nanhu District, Jiaxing 0.312 0.488
Xiuzhou District, Jiaxing 0.381 0.317
Jiashan County, Jiaxing 0.512 0.240
Pinghu City, Jiaxing 0.381 0.317
Haining City, Jiaxing 0.342 0.391

In the carbon neutrality capability assessment system, to determine the development
of each leading county quantitatively, that is, the carbon neutrality development index of
the leading county, the notion of relative proximity degree is presented, and f; is set as the
proximity degree to the positive ideal solution of each indicator system of the i pioneer
county, whose f; value is the carbon neutrality development index of each leading county.
The formula is as follows: ;

— 1

ﬂ_@+ﬁ’ ®
wherei=1,2, ..., n. For the carbon neutrality development index, if the index system of the
leading county is close to the positive ideal solution and far from the negative ideal solution,
then f; — 1, and its carbon neutrality ability development index is higher; conversely, if
fi — 0, then its carbon neutrality ability development index is lower. Therefore, based on
the value of f; in descending order, the precedence counties are ranked. The higher the
fi value, the higher the ranking, signifying higher development level of carbon neutrality
capacity of the leading county; the smaller the f; value, the lower the ranking, representing
lower development level of carbon neutrality capacity of the leading county [27]. With
the data, weights and post standardisation of indicators, Python software was used to
compute the scores of the leading counties and districts. Finally, the carbon neutrality
ability evaluation index results were derived, as detailed in Table 6.
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Table 6. Details of the carbon neutrality capacity evaluation index results of each leading county.

Pioneer County Score
Jiaojiang District, Taizhou 0.798
Huangyan District, Taizhou 0.620
Cangnan County, Wenzhou 0.615
Lucheng District, Wenzhou 0.602
Nanhu District, Jiaxing 0.600
Longwan District, Wenzhou 0.595
Jiashan County, Jiaxing 0.564
Road Bridge District Taizhou 0.522
Taishun County, Wenzhou 0.472
Tiantai County, Taizhou 0.462
Xiuzhou District, Jiaxing 0.449
Wenling City, Taizhou 0.443
Longgang City, Wenzhou 0.396
Haining City, Jiaxing 0.371
Pinghu City, Jiaxing 0.321

Examining the carbon neutrality ability evaluation index of the leading counties
reveals that Jiaojiang District of Taizhou has the highest score, followed by Huangyan
District of Taizhou and Cangnan County of Wenzhou. In the middle are Jiashan County of
Jiaxing, Taizhou Lugiao District, Haining City of Jiaxing and Pinghu City of Jiaxing.

4. Analysis and Suggestion of Carbon Neutrality Capacity Evaluation System

Based on the establishment of the carbon neutrality capacity assessment and monitor-
ing system with the entropy weight TOPSIS method [28], the weight coefficient of the index
and the evaluation index of the construction industry in each region can be determined to
examine quantitatively the development strengths of the leading counties with high scores
and the development deficiencies of the leading counties with low scores to generate more
comprehensive and systematic development suggestions. To visualise the indicator data
and the final score results of each leading county and district, pie charts were created, as
shown in Figure 3.

1Jiaojiang District, Taizhou 0.321
2Huangyan District, Taizhou
3Cangnan County, Wenzhou
AlLucheng District, Wenzhou
S5Nanhu District,Jiaxing
BLongwan District, Wenzhou

7Jiashan County, Jiaxing 0.620
8Road bridge district Taizhou

9Taishun County, Wenzhou 0.443
10Tiantai County, Taizhou

11Xiuzhou District, Jiaxing

12Wenling City, Taizhou

13Longgang City, Wenzhou 0.449
14Haining City, Jiaxing

15Pinghu City, Jiaxing

0.615

gnppnnnpgnonnn

0.462
0.602

0.472

0.600

0.564 0.595

Figure 3. Pie chart of indicator data and final score results of each leading county.
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This pie chart analysis and the evaluation index show that the proportion of house-
holds evaluated for energy conservation and the contribution of construction science and
technology progress after the residential district is placed into use varies very much among
the leading counties. Moreover, the data are discrete, while other indicators are opposite.
The scores reveal that Taizhou Jiaojiang and Huangyan rank higher, and Jiaxing Haining
and Jiaxing Pinghu rank lower. To facilitate the determination of the indicator data level of
each leading county, the average of the corresponding data of each indicator was calculated,
and the results are presented in Figure 4.

Average value of weighted data matrix of evalution indicators
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Figure 4. Abar distribution of the mean values of the weighted data matrix for evaluation indicators.

The standardised index data and weights corresponding to Jiaojiang District of Taizhou
reveal that all the index data exceed the mean.

5. Conclusions

The data in Tables 3-6 and Figure 4 illustrate that the corresponding weighted index
value of 0.3814 of the business income index of the leisure construction industry with the
highest weight is much greater than the mean value of 0.0694. Similarly, the weighted index
value of 0.0650 for the contribution rate of construction science and technology progress is
much greater than the mean value of 0.0451. Moreover, the whole analysis of all weighted
index values shows that Jiaojiang District of Taizhou is the closest to the optimal ideal
solution. Moreover, for the carbon neutrality planning and management coverage of the
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least-weighted counties, the weighted index value is greater than the average value. In
summary, Jiaojiang District of Taizhou achieved the highest score in the carbon neutrality
capability evaluation and monitoring system. In addition, Jiaojiang District of Taizhou is in
Taizhou City, one of China’s intelligent construction pilot cities. Situated in the economically
developed Zhejiang Province, it is appropriate for the development of construction and
production and is the leading county with the most development potential. Hence, in
executing the carbon neutrality capacity policy, attention must be given to indicators
with high weight coefficients, such as actively advancing the business income of the
leisure construction industry and raising the output rate of business buildings to the
actual place [29-32]. Moreover, raising the investment in the research and development of
construction science and technology and enhancing the contribution rate of construction
scientific and technological progress can improve the production output of the construction
industry and lessen labour costs. In this manner, the evaluation index of the carbon
neutrality capacity evaluation monitoring system in the first county can be systematically
enhanced [33].

The spotlight should be on enhancing the local economic environment and human
conditions by raising business housing adaptability and investing in energy-saving au-
tomation facilities [34-36]. This approach will encourage urban renewal and improve the
contribution of scientific progress to the construction industry. Modifying carbon neutrality
planning management coverage based on the evaluation system can assist in preserving
the current levels while decreasing the burden.

Future research can be carried out from the following aspects: First, the research
sample can be further expanded to cover more regions and construction types, so as to
improve the universality and representativeness of the research results. Secondly, we
can consider introducing more indicators to evaluate the carbon-neutral capacity of the
construction industry, such as resource utilization efficiency, building energy efficiency,
etc., in order to evaluate the carbon-neutral capacity more comprehensively. In addition,
the synergistic development of carbon neutrality in the construction industry and other
industries can be deeply studied, and the role and influence of carbon neutrality in regional
sustainable development can be explored. Finally, the innovation and application of
carbon-neutral technology can be further explored to promote the improvement of carbon-
neutral capacity. Research and development and application of carbon-neutral technology
can be carried out in depth to explore new technologies and methods, such as carbon
capture and storage technology, carbon trading market, etc., to improve the carbon-neutral
capacity of the construction industry. In addition, cooperation with other fields, such as the
energy industry and the transportation industry, can be strengthened to jointly promote
the development of carbon neutrality.

At the same time, future research can also focus on the dynamics and sustainability
of carbon-neutral capacity assessment. The evaluation of the carbon-neutral capacity of
the construction industry should not be limited to the current situation, but also needs to
consider its performance in terms of future development and sustainability. A dynamic
evaluation model can be established to track and evaluate the changes in the carbon-
neutral capacity of the construction industry, and corresponding improvement measures
and policy support can be proposed to promote the sustainable development of carbon-
neutral capacity.

In addition, future research could also explore the relationship between carbon neutral-
ity and economic development. We can further study the interaction mechanism between
the carbon-neutral capacity of the construction industry and economic development and
explore how to improve the carbon-neutral capacity of the construction industry while
under economic development, so as to achieve a win-win situation between the economy
and the environment.

In short, future research can be carried out in the aspects of sample expansion, index
improvement, technological innovation, dynamic evaluation and economic development,
so as to further deepen the research on the evaluation of the carbon-neutral capacity of
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the regional construction industry, provide more scientific and accurate decision-making
basis for the government, enterprises and all sectors of society, promote the development
of the construction industry in the direction of carbon neutrality and achieve the goal of
sustainable development.
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