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Abstract. Under the macro background of the steady realization of China's "dou-

ble carbon" goal and the acceleration of digital intelligence construction in the 

natural gas industry, the current natural gas sales field has not yet formed a sys-

tematic quantitative evaluation method for the applicability of the standard sys-

tem, which is difficult to support the industry's standardized governance and 

high-quality development needs. In this study, 37 core literatures in the field were 

selected, and the evaluation indexes were screened through keyword clustering 

and frequency analysis.The DEMATEL method, group decision entropy weight 

method and gray clustering model with central triangular whitening weight func-

tion are integrated to construct the applicability evaluation system of the standard 

system, and a complete evaluation framework including 5 first-class and 34 sec-

ond-class indicators is formed, filling a methodological gap in this field. A com-

parative verification with the fuzzy comprehensive evaluation (FCE) method is 

further conducted to verify the effectiveness and superior performance of the pro-

posed hybrid grey clustering model. After empirical application, this method can 

accurately identify the core weaknesses of the current standard system, such as 

local gaps in professional standards, lack of data transparency, and lag in update, 

which verifies the effectiveness of the method. Based on this, three optimization 

paths are proposed: system structure optimization, special standard preparation, 

and dynamic update mechanism construction. The research results can provide 

quantitative method support for the evaluation and optimization of the standard 

system in the field of natural gas sales and energy. 
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1 Introduction 

With the in-depth promotion of China's energy revolution strategy and the institution-
alization of the "double carbon" goal, the natural gas sales industry has ushered in a 
deep digital transformation[1].From the perspective of public management and smart 
society governance, the standardization system of natural gas sales serves as a critical 
infrastructure for ensuring market order, energy security, and service equity. However, 
the current standard system is difficult to adapt to the core needs of industry transfor-
mation, and there are significant shortcomings in technology adaptation and manage-
ment guidance. It is urgent to build a scientific applicability quantitative evaluation 
system to provide support for the dynamic optimization of the standard system– a chal-
lenge that lies at the intersection of public administration, smart society innovation, and 
energy policy16]. 

At present, the academic community has carried out rich methodological exploration 
around the evaluation of the standard system[3-6]. Relevant research has integrated Del-
phi method, analytic hierarchy process, entropy method, fuzzy comprehensive evalua-
tion and other methods to build the evaluation model of the standard system in many 
fields[7-8], which provides multiple ideas and theoretical support for relevant research. 
However, the existing applicability evaluation studies mostly focus on the energy fields 
such as industrial manufacturing, public services, engineering construction and coal[9-

11], and there are still significant gaps in the special research in the field of natural gas 
sales. 

In order to accurately evaluate the applicability of the natural gas sales standard sys-
tem, this study completed the systematic literature retrieval based on the CNKI database. 
After topic filtering, weight removal and quality verification, 37 core literatures were 
selected to build the research sample library. Then, the research results in the field were 
sorted out through bibliometric Technology[12], and the evaluation index pool was ini-
tially constructed by combining the frequency analysis method. 

On this basis, the DEMATEL method is introduced to analyze the causal relation-
ships and influence intensity among candidate indicators, so as to eliminate redundant 
indicators and merge similar ones. Finally, a multi-dimensional indicator system cov-
ering internal synergy and external adaptability is constructed, which effectively solves 
the problems of vague indicator logic and insufficient system integrity in traditional 
evaluation. To ensure the scientificity and objectivity of weight distribution, the group 
decision entropy weight method is adopted to calculate the indicator weights. Finally, 
a center-point triangular whitening weight function is constructed based on grey clus-
tering theory, the applicability grey class thresholds are determined, and the applicabil-
ity grade is identified through the quantification of qualitative indicators, thus forming 
a full-link evaluation framework of "indicator screening - weight optimization - dy-
namic clustering". 

Through the combination of quantitative and qualitative methods,and for the first 
time in the natural gas sales sector, this study systematically evaluates the applicability 
of the current natural gas sales standard system and accurately identifies its deficiencies 
in implementation effectiveness, cross-scenario applicability and dynamic adjustment 
capability. A comparative test with the fuzzy comprehensive evaluation (FCE) method 
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is carried out for the primary indicators to verify the effectiveness and superior perfor-
mance of the proposed hybrid method. This research not only provides scientific meth-
odological support for standard system evaluation practices in this field, but also de-
fines the direction for the subsequent optimization and improvement of the system. 

2 Construction of Indicator System 

2.1 Preliminary Screening Indicators 

The frequency analysis method is a core index screening method. High frequency indi-
cators are screened through the use frequency of indicators in the literature related to 
the subject of statistical research. The important values of indicators are composed of 
relative density, relative frequency and relative dominance. The core calculation for-
mula is as follows:  

3
d f sI + +

=
 (1) 

Where: I is the important value of the index; d  is the relative density; f  is the relative 
frequency; s  is a comparative advantage. 

In order to clarify the applicability evaluation index of the natural gas sales standard 
system, the frequency analysis method is adopted in this research. Literature retrieval 
is carried out in the China National Knowledge Infrastructure (CNKI) database with a 
time span of 2006-2024, with the subject retrieval formula: (quality of standard system 
OR level of standard system OR implementation of standard system) AND (evaluation 
OR assessment). 37 valid Chinese core literatures are obtained after excluding irrele-
vant documents. On this basis, the adoption status of first-level indicators is analyzed, 
the importance evaluation of second-level indicators is conducted, and the final evalu-
ation indicator framework is established. 

Bibliometric analysis of the 37 relevant literatures indicates that more than 60% of 
the literatures take "Rationality of Standard System Structure", "Relevance of Standard 
System Content", "Standard System Benefit", "Standard System Cycle" and "Demand 
Degree of Standard System" as first-level evaluation indicators, reflecting a prominent 
academic consensus on this indicator set. In order to improve the systematicness and 
adaptability of the evaluation framework, the research combined with expert consulta-
tion method to optimize the index classification from internal and external dimensions: 
the internal dimension focused on the static core attributes of the standard system, in-
cluding two indicators of "Rationality of Standard System Structure" and "Relevance 
of Standard System Content"; The external dimension centers on the characteristics of 
the full cycle of dynamic implementation of the standard, covering three indicators: 
"Standard System Benefit", "Standard System Cycle" and "Demand Degree of Standard 
System". It realizes the full coverage of static structure and dynamic implementation, 
and finally determines the above five dimensions as the core first level indicators. 
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On this basis, the evaluation indicators extracted from the literatures are systemati-
cally collated, with overlapping indicators removed and indicators with similar conno-
tations merged, and 49 second-level indicators are preliminarily selected. By calculat-
ing and ranking the important values of each index, 43 core secondary evaluation in-
dexes were finally selected, which laid the foundation for the construction of subse-
quent evaluation system. 

2.2 Indicator System 

In order to ensure the scientificity and practical adaptability of causal correlation anal-
ysis between indicators, clarify the internal causal correlation between indicators, and 
eliminate redundant indicators, this study carried out indicator screening according to 
DEMATEL standard process[13].The DEMATEL method is a well-established complex 
system causal analysis approach, whose analytical reliability depends primarily on the 
domain expertise matching of participating experts, rather than large sample sizes[14]. 
Mainstream applications in the energy sector and systematic reviews of DEMATEL 
methodological specifications have verified that 5–15 rigorously selected domain ex-
perts are sufficient to generate stable and reliable causal analysis results[15-16]. 

Based on this, this study invited 5 authoritative industry experts with over 10 years 
of hands-on experience in natural gas sales management, standardization research and 
energy economic analysis. All experts have participated in the formulation and revision 
of national/industrial natural gas standards, and are affiliated with industry regulators, 
large gas operators and national energy standardization committees, fully complying 
with the method’s professional requirements. To control subjective scoring bias, this 
study provided a unified scoring protocol with complete indicator definitions and rules 
in advance, and constructed the direct influence matrix using the mode of expert scores 
to eliminate extreme value interference. 

The specific implementation process is as follows: the invited experts conducted 
pairwise comparison and scoring on the influence relationship between indicators using 
a 0-4 point scale, based on the two dimensions of "the influence degree of one indicator 
on other indicators" and "the degree to which the indicator is influenced by others", and 
the direct impact matrix was constructed with the highest frequency score. After stand-
ardized treatment, the comprehensive impact matrix was calculated, and finally the im-
pact degree, affected degree, centrality, and cause degree of each indicator were ob-
tained;Combined with the core requirements of the evaluation system, the top ten key 
indicators (Table 1) were selected in descending order of centrality, and then further 
integrated and optimized based on the DEMATEL analysis results of the whole system 
indicators. Finally, the applicability evaluation index framework of the natural gas sales 
Standard System with 5 primary indicators and 34 secondary indicators is con-
structed(Table 2). 

Table 1. DEMATEL calculation results (top ten by centrality) 

Indicator Name Influence Degree Affected Degree Center Degree Cause Degree 
Market Demand Degree 2.0720 2.6804 4.7524 -0.6084 
Standard Update Speed 2.0039 2.5056 4.5095 -0.5017 



Content Relevance of Standard 
System 

Correlation with Intelligent Dispatching 
Correlation with Terminal Services 
Correlation with Emergency Response Capability 
Correlation with Infrastructure Compatibility 

Correlation with Local Policies 
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Number of Newly Com-
piled Standards 

1.8506 2.5653 4.4159 -0.7147 

Application Frequency 
and Scope of Standards 

0.9635 3.1465 4.1100 -2.1830 

Compatibility of Sub-
standard System 

2.6495 1.4154 4.0649 1.2341 

Standard Stock 1.8462 2.1856 4.0318 -0.3394 
Completeness of Profes-
sional Standards 

2.5421 1.3353 3.8374 1.2068 

Completeness of Tech-
nical Standards 

2.5072 1.3613 3.8685 1.1459 

Completeness of Stand-
ard Application Stages 

2.5117 1.1724 3.6841 1.3393 

Completeness of Stand-
ard Management 

2.3281 1.1753 3.5034 1.1528 

Table 2. Evaluation Index of Applicability of Natural Gas Sales Standard System 

Target level Criteria level Tertiary indicators 

Coordination of Sub-Standard Systems 

Supporting Compatibility of Sub-Standard Sys-
tems 

Universality of Standards 
Rationality of Standard System Rationality of Standard System Classification 
Structure Rationality of Standard Level 

Completeness of Standard Application Stages 
Completeness of Various Professional Standards 
Completeness of Technical Standards 
Completeness of Standard Management 
Correlation with Supply Stability 
Correlation with Production Safety 
Correlation with Market Compliance 

Correlation with Price Fluctuation Management 
Correlation with Data Transparency 

Applicability 
Evaluation 

Impact on Economic Development 

Benefit of Standard System 
Impact on Energy Conservation and Emission Re-
duction 
Impact on Related Industries 
Impact on Environmental Development 
Standard Stock of 

Cycle of Standard System 
Natural Standard Update Speed 

Gas Number of Newly Compiled Standards 

Sales Standard Half-Life 
Standard Standard Obsoletion Rate 
System Standard Age Distribution 



tem 
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Technical Level of Standards 
Application Frequency and Scope of Standards 

Demand Degree of Standard Sys- Standard Issuing Authority 
Market Demand Degree 
Internationalization Level of Standards 

3 Construction of Applicability Evaluation Model 

The applicability evaluation model of natural gas sales standard system is constructed, 
which includes weight calculation and grade evaluation. In order to weaken the inter-
ference of the subjective deviation of expert scoring on the evaluation results and ensure 
the objectivity and scientificity of weight distribution, this study uses the entropy
weight model of group decision-making to determine the expert weight and index
weight[17-18]. This method is a mature and general method in the multi-agent group de-
cision-making scenario, which can quantify the contribution of expert decision-making 
through the discreteness of expert scoring data and realize the scientific integration of 
multi-source evaluation information. 

In view of the characteristics of limited sample size and incomplete effective infor-
mation in the evaluation scenario of natural gas sales standard system, this study uses 
the grey clustering method to complete the applicability evaluation. The grey system 
theory can effectively mine the effective laws in the uncertain system with poor infor-
mation and small samples, which is highly suitable for the evaluation needs of this study. 
The specific steps of the clustering method are as follows. 

3.1 Determination of the Applicability Evaluation Matrix 

Grey clustering is a method that discriminates the category of research objects and de-
termines their evaluation grades based on known information. According to the differ-
ences in weights and whitening weight functions, grey clustering can be divided into 
grey fixed-weight clustering and grey variable-weight clustering, as well as grey clus-
tering with endpoint-based triangular whitening weight function and grey clustering 
with center-point-based triangular whitening weight function.[19-21] 

There are n  primary indicators and m  secondary indicators, The secondary indi-
cators under each primary indicator are recorded as j ,where each primary indicator is 
recorded as )1, , ,( 2iX i n=  ,the secondary indicator is )1,2( , ,ijX i n=  ,and the sample 
observation value of the indicator is recorded as ix . In order to evaluate the applicability 
of the natural gas sales standard system, it is necessary to quantify the qualitative indi-
cators obtained above. In this paper, the expert scoring method is used to obtain the 
observed value ijx  of each indicator, which is composed of 

11 12, x , ,( )xx T
z ijX =   (2) 
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3.2 Determination of Grey Class Thresholds and Whitening Weight 
Function 

For grey clustering evaluation, 5-level equidistant grading is a classic specification that 
ensures the consistency of membership calculation, balances result discrimination and 
clustering stability, which is the core principle of the method [18-20]. Based on this, 
this study determined the 5 evaluation grey classes and their threshold ranges via expert 
scoring and meeting consultation combined with industry actual conditions, which is 
unanimously recognized by the invited industry expert group and conforms to industry 
general practice. 

Table 3. Gray scale 

Applicability Level Very Low Low 
Value Range (0,2] (2,4] 

By scoring the above applicability evaluation indexes, and calculating the model 
according to the scoring results, the applicability grade of ash is obtained. According 
to the evaluation results, corresponding improvement measures are taken to improve 
the natural gas sales standard system, and the whitening weight function is determined 
to expand the ash in two directions, i.e.0 ash and  
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3.3 Grey Clustering Calculation 

According to the membership degree ( )k
ijf x of the above calculated index j with respect 

to the grey class k , all the indexes of each grey class are weighted and summed to obtain 
the comprehensive clustering coefficient ( )k

i xσ of each grey class. The calculation for-
mula is as follows:  

1
( )

n
k k
i i i

i
f xσ η

=

=∑
 (4) 

Where k
if  is the whitening weight function of index i  with respect to grey class k , and 

iη  is the weight of index i . 
The comprehensive clustering coefficient { }1 2max , , ,k k

i i i iσ σ σ σ
∗

=   of each grey class 
is obtained through formula (4), and the grey class k∗  of the evaluation object is judged. 

Moderate High Very High 
(4,6] (6,8] (8,10] 
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4 Empirical Analysis 

4.1 Model Application and Data Sources 

This study takes the natural gas sales standard system as the evaluation object, uses 
DEMATEL method to screen out 5 first-class indicators and 34 second-class indicators, 
uses the group decision entropy weight method to calculate the index weight, and com-
bined with the gray clustering model of the center point triangle whitening weight func-
tion to determine the index applicability level. 

The evaluation data comes from industry research, policy text analysis and expert 
scoring. Three principles should be followed in the selection of experts: First, the work 
units should cover four types of subjects: universities and scientific research institutions, 
provincial gas authorities, grass-roots natural gas operating units, and natural gas re-
lated enterprises, so as to ensure the comprehensiveness of the evaluation perspective; 
Second, the employees in relevant fields have been engaged for at least 5 years and are 
familiar with the research topics of natural gas sales standard system, so as to ensure 
the suitability of the evaluation professional ability; The third is to voluntarily partici-
pate in the evaluation work to ensure the degree of cooperation in the research process. 

In this study, a 10 person expert review team was established: 7 experts in the field 
of natural gas, covering the technology and management of the whole sales chain; Three 
experts in the field of standard preparation. 

An example of the standard system framework for applicability evaluation is shown 
in Figure 1:  

 
Fig. 1. Framework of Natural Gas Sales Standard System 

4.2 Evaluation Result Analysis 

Based on the applicability evaluation model constructed in the previous sections, a vis-
ual analysis is conducted on the applicability clustering results of the first-level and 
second-level indicators of the natural gas sales standard system, to accurately identify 
the applicability deficiencies of the system and provide a solid basis for its subsequent 
optimization. Meanwhile, a comparative verification with the fuzzy comprehensive
evaluation (FCE) method is performed for the primary indicators, so as to verify the 
effectiveness and superior performance of the proposed hybrid grey clustering model.It 
should be noted that the clustering coefficients of "Low Applicability" and "High Ap-
plicability" in the clustering results of secondary indicators are zero, so the following 
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chart presentation and analysis of secondary indicators only focus on the results of 
"Relatively Low Applicability", "Moderate Applicability" and "Relatively High Ap-
plicability"; all five levels of primary indicators are reserved.Sensitivity analysis by 
varying grey clustering thresholds confirmed the stability of the applicability rankings, 
indicating that the evaluation results are robust. 

The clustering coefficients of the secondary indicators of Rationality of Standard 
System Structure (Figure 2) are mostly concentrated in the "Moderate Applicability" 
range, and all indicators are slightly inclined to "Relatively High Applicability" and 
"Relatively Low Applicability"。 

 
Fig. 2. The calculation results of the secondary indicators under the reasonably structured 

standard system 

The secondary indicators of Content Relevance of Standard System (Figure 3) are 
mainly "Moderate Applicability", and all indicators are slightly biased towards the 
"Relatively High Applicability" range, showing little inclination to the "Relatively Low 
Applicability" range. 

From the analysis results, the Rationality of Standard System Structure dimension 
presents partial gaps in professional standards and insufficient overall supporting ca-
pacity, as its core indicators are at "Moderate Applicability" level and show a bidirec-
tional distribution trend towards "Relatively High Applicability" and "Relatively Low 
Applicability". While the Content Relevance of Standard System dimension has an 
overall favorable applicability trend, its insufficient matching with data transparency 
makes it hard to meet the needs of digital transformation and data-driven decision-mak-
ing. 
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Fig. 3. The calculation results of the second-level indicators under the content relevance of the 

standard system 

The clustering coefficients of the indicators related to the impact on economic de-
velopment and related industries under the Benefit of the Standard System (Figure 4) 
are all at "Moderate Applicability", while the indicators related to the impact on energy 
conservation and emission reduction and environmental development show a transition 
trend towards "Relatively High Applicability". Among the indicators under the Cycle 
of the Standard System (Figure 5), the indicators represented by standard half-life and 
standard obsoletion rate are mainly at "Moderate Applicability", and all indicators show 
a slight skewness towards "Relatively High Applicability" and "Relatively Low Ap-
plicability". 

These results indicate that although Standard System Benefit dimension has
achieved initial results in the green and low-carbon field, its driving effect on economic 
growth and support for industrial synergy still need to be strengthened. The Cycle of 
the Standard System dimension, with its indicators showing the characteristics of 
"Moderate Applicability" and bidirectional skewness, exposes the system's lag in re-
sponse to market dynamics, and part of its content is disconnected from the develop-
ment of new business formats and technologies. 
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Fig. 4. Calculation Results of Secondary Indicators Subordinate to the Benefits of Standard 

System 

 
Fig. 5. Calculation results of secondary indicators under the cycle of standard system 

Among the indicators under the Demand Degree of the Standard System (Figure 6), 
the clustering coefficients of most indicators such as market demand degree and appli-
cation frequency and scope of standards are at "Moderate Applicability", with a slight 
skewness towards "Relatively Low Applicability", and only the indicator of standard 
issuing authority falls into "Relatively Low Applicability". These results show that 
there is insufficient connection between standard formulation and market demand, with 
a low overall application level. Meanwhile, the insufficient adaptation of the issuing 
authority further reduces the overall application efficiency of the standard system. 
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Fig. 6. The calculation result of the second-level index under the demande of the standard sys-

tem 

The clustering coefficients of the four primary indicators, namely Structural Ration-
ality, Content Relevance, Benefit and Cycle (Figure 7), are all at "Moderate Applica-
bility". Only the clustering coefficient of the Demand Degree of the Standard System 
shifts towards "Relatively High Applicability", and none of the primary indicators fall 
into "High Applicability" ,"Low Applicability" and "Relatively Low Applicability". 

 
Fig. 7. Calculation Results of the First Level Index of Applicability Evaluation of Standard 

System 
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To further verify the superiority and discriminative capability of the hybrid grey 
clustering model, a comparative analysis is conducted with the conventional Fuzzy 
Comprehensive Evaluation (FCE) method [20]. To ensure a fair comparison, the FCE 
model adopts the exact same indicator weights from the group decision entropy weight 
method and the same grade thresholds defined in Table 3. We uniformly extract the 
values corresponding to the Moderate Applicability grade for both methods, with the 
comparison results for the five primary indicators shown in Fig. 8. As shown in Fig. 8, 
the grey clustering results show clear hierarchical differences between indicators, ef-
fectively capturing the actual applicability gaps of the standard system. In contrast, the 
FCE results are highly converged with a significant averaging effect that obscures in-
dicator-specific deficiencies, which confirms the stronger discriminative power and in-
cremental value of the proposed model. 

 
Fig. 8. Comparison of Moderate Applicability Results between Hybrid Grey Clustering Model 

and FCE Method 

This characteristic indicates that the current natural gas sales standard system pre-
sents an overall applicability pattern of "local advantage - overall medium": the high 
applicability of the Demand Degree of the Standard System dimension benefits from 
the effective connection between the system and the basic industry demands. However, 
the moderate applicability performance of the Structural Rationality dimension exposes 
the problem of insufficient coordination among sub-standard systems; the moderate ap-
plicability performance of the Content Relevance dimension highlights the core defi-
ciencies of the system in data transparency and adaptation to local policies; the moder-
ate applicability performance of the Benefit and Cycle dimensions reflects the deep-
seated problems of insufficient driving effect on economic development and lagging 
iterative update of standards. Overall, the current system has not yet formed a full-
dimensional collaborative closed loop of "demand - structure - content - benefit - cycle". 
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4.3 Optimization Recommendations 

The above evaluation results show that all primary indicators are at the Moderate level. 
The Rationality of Standard System Structure and its secondary indicators have poor 
coordination and structural gaps, which fail to adapt to industrial green and digital de-
velopment and require structural improvement. Secondary indicators including data 
transparency, economic benefit and market demand are mediocre, and Standard Issuing 
Authority is Relatively Low with weak implementation support, calling for optimized 
standard preparation. Cycle-related secondary indicators are lagged in update, which 
needs a collaborative dynamic mechanism to ensure timeliness. 

Based on the applicability evaluation results of the above natural gas sales standard 
system, combined with the energy revolution, the "double carbon" goal and the core 
orientation of the industry digital intelligence transformation[21-24], This paper puts for-
ward optimization suggestions from three aspects: the improvement of system structure, 
the optimization of standard preparation, and the construction of collaborative update 
mechanism. 

First, in terms of the improvement of the standard system structure, aiming at the 
problem of partial gaps in professional standards exposed by the Structural Rationality 
dimension, General Standards for Green and Low-Carbon Development and General 
Standards for Digital and Intelligent Transformation can be added to the secondary 
level of the existing standard system. The former covers carbon footprint tracing, car-
bon emission reduction accounting, new energy collaborative sales, etc; The latter co-
vers intelligent device integration, cross platform data interaction, digital terminal man-
agement, etc., forming a standard framework suitable for the development of the indus-
try. 

Second, in terms of standard preparation, in combination with the problems pointed 
out in the above analysis, such as insufficient data transparency, weak economic pull, 
and low market adaptation, the content of the standard system is supplemented and 
improved in three categories: The first is digital intelligent adaptation standards, which 
unify and standardize the data acquisition, transmission and storage standards of the 
whole process of natural gas sales, as well as the technical requirements of intelligent 
metering equipment and digital terminals; Second, standards for improving economic 
and social benefits should be formulated to supplement special standards such as eval-
uation of carbon emission reduction, pricing and charging of low-carbon services, and 
collaborative operation and sales of natural gas and renewable energy; The third is to 
adapt standards to market demand, refine differentiated management terms in different 
regions, and improve the feedback mechanism and implementation effect evaluation 
process for the implementation of standards. 

Third, in terms of the construction of coordination and dynamic update mechanisms, 
targeting the core problem of lagging standard update, on the one hand, we will
strengthen the collaborative review of sub-systems to fill the gaps in collaborative ad-
aptation; on the other hand, we will establish a hierarchical dynamic update mechanism, 
shorten the update cycle of green low-carbon and digital and intelligent-related stand-
ards, and promptly eliminate content disconnected from new industry formats through 
regular monitoring of standard age and invalidation assessment of overdue standards. 
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5 Conclusion 

China's natural gas sales industry is in the critical development period of "double car-
bon" transformation and digital intelligence upgrading. Standardized governance is the 
core tool to support the high-quality development of the industry, but there is no sys-
tematic applicability quantitative evaluation method for the natural gas sales Standard 
System in the current field, and there is an obvious research gap. 

Therefore, this paper constructs a set of quantitative evaluation methods for the ap-
plicability of natural gas sales standard system by comprehensively using DEMATEL 
method, group decision entropy weight method and gray clustering model of center 
point triangular whitening weight function. This method can accurately identify the 
short board of the standard system, provide quantitative support for system optimiza-
tion, and has good portability. It can be extended to the evaluation of other standard 
systems in the field of energy sales, and has positive significance for improving the 
quantitative evaluation methodology of standardization management in the energy in-
dustry.This study fills a methodological gap in the quantitative evaluation of standard 
system applicability for natural gas sales, and the proposed framework is transferable 
to other energy sales sectors. 

Although the evaluation method constructed in this study has achieved the core re-
search objectives and completed the empirical application and effectiveness verifica-
tion, it still warrants further improvement.Future research may explore the dynamic 
adjustment of evaluation weights and the refinement of evaluation levels, while also 
expanding the indicator system by incorporating international standards, foreign litera-
ture and industry grey documents. In this way, the framework can be endowed with 
international dimensions such as green development, digital transformation and cross-
border coordination, so as to enhance its global comparability, adaptability and practi-
cal management value. 
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