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Abstract: In the context of global climate change, green and low-carbon development has 

emerged as an international consensus. China has established a dual-carbon target, aiming for 

carbon peaking by 2030 and carbon neutrality by 2060, thereby necessitating the green 

transformation of high-energy-consuming and high-emission industries. As a major carbon 

emitter, the construction industry needs novel development models to achieve sustainable 

development. The circular economy concept aligns well with steel structures, noted for their 

energy efficiency, environmental sustainability, recyclability, and high assembly efficiency. 

And this is a crucial pathway for the sustainable transformation of the building sector. This 

paper selects a typical steel structure enterprise in Zibo, Shandong Province as the research 

target. The corporate sustainability report and financial data from 2019 to 2023 employ the 

mutation level method to evaluate the impact on the enterprise’s economic performance, 

green performance, and operational performance across dimensions such as technological 

innovation, R&D investment, environmental protection expenditures, policy environment, 

and human resource allocation. The results show that the enterprise, under the guidance of the 

policy and its own strategic adjustment, has achieved remarkable results in its green 

transformation and continued to improve its performance indicators, while revealing the key 

paths of resource allocation optimization and green innovation. 

Keywords: Sustainable Development, Green Transformation, Steel Structure Enterprises, 

Catastrophe Progression Method 

1. Introduction 

The transition to a green low-carbon economy is a critical strategy for addressing climate change. 

And China’s 14th Five-Year Plan clearly sets the goal of reaching carbon peak by 2030 and carbon 

neutrality by 2060. As a major carbon emitter, the construction industry must accelerate its green 

transformation. In this process, steel structures, as an energy-efficient and eco-friendly building 

material, play a key role. However, existing research has primarily focused on macro-level policies 

and technological developments, with limited quantitative analysis of the paths and effects of green 

transformation in small and medium-sized enterprises [1]. Shandong Province, as a core region for 

steel structure production and application in China, leads the country in both processing volume and 
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output value of steel structures [2].Thus, this paper selects a typical steel structure enterprise in Zibo, 

Shandong Province as the research object, combines the green transformation practice of this 

enterprise in recent years, and explores its transformation and upgrading path under the concept of 

sustainable development. Specifically, it aims to assess the impact of an enterprise’s technological 

innovation, environmental protection investment, resource allocation and other factors on its business 

performance and growth potential, as well as to elucidate how steel structure enterprises can boost 

their sustainable development capacity through green transformation. To deeply explore the effect of 

the enterprise’s transformation and upgrading, the paper adopts the disaster progression method to 

analyze the comprehensive impact of different factors on the enterprise’s transformation through the 

quantitative assessment of key indicators. The research data mainly comes from the sustainability 

reports and annual financial statements of enterprises from 2019 to 2023. As such, the study aims to 

provide recommendations for related enterprises on optimizing resource allocation, enhancing 

technological innovation, and boosting green performance in response to policy changes and market 

pressures. 

2. Literature review  

To explore the theoretical basis and practical path of green transformation, numerous studies have 

centered on the evaluation methodology, industry application and enterprise development of green 

technology innovation. 

The evaluation methods of green technology innovation are undergoing constant enhancement. 

And the most commonly used evaluation tools are the comprehensive evaluation method based on an 

indicator system and the intelligent algorithm based on a mathematical model. Previous research 

proposed an evaluation system for urban green technology innovation, and built a multi-indicator 

system for enterprise green technology innovation via hierarchical clustering method, identifying 

internal and external factors affecting innovation [3,4]. In the study of paper industry, an innovation 

capability evaluation model based on support vector machine was proposed [5]. In addition, entropy 

weight TOPSIS method was used to evaluate the performance of green technology innovation [6]. 

Gray fuzzy comprehensive evaluation method was used to assess the green development level of 

automobile manufacturing enterprises [7]. The multi-attribute decision-making method with fuzzy 

number intuition fuzzy information was also used to assess the innovation capability of high-tech 

enterprises [8]. And the DEA (Data Envelopment Analysis) window analysis method was used to 

measure the green technology innovation capability of the manufacturing industry [9]. 

In terms of green technology innovation performance analysis, some studies used the DEA-RAM 

model to assess the green performance efficiency of the manufacturing industry and proposed an 

improvement path [10]. Moreover, structural equation modeling was used to explore the role of green 

innovation in promoting the greening of enterprise supply chains, clarifying the key position of green 

technology in supply chain management [11]. These studies provide a theoretical basis and practical 

path for the optimization of green performance of enterprises. The industry path of green 

transformation has also received academic attention. Most studies have used fuzzy comprehensive 

evaluation, hierarchical analysis and support vector machine to deal with the evaluation index data, 

but these methods are somewhat subjective in terms of weight allocation [12]. To fill this gap, this 

study uses the mutation degree method, combined with the specific characteristics of the steel 

structure industry, to assess the effectiveness of enterprise transformation and upgrading [13]. And 

the method is simple, efficient, and provides empirical evidence and practical guidance for 

optimizing transformation strategies and promoting sustainable development in the construction 

industry. 
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3. Methodology 

3.1. Research Subject 

In this paper, a comprehensive steel structure enterprise in Zibo City, Shandong Province is selected 

as the research subject, which is primarily engaged in steel structure design, assembly component 

production and construction installation. And the company has an annual steel structure production 

capacity of 30,000 tons, a yearly production capacity of 1 million square meters for floor slabs and 

color steel products, and an engineering installation capacity of over 500,000 m2. Its products are 

widely applied in various fields. In recent years, the company has won several prestigious awards, 

including the China Steel Structure Gold Award as well as the State Grid Power Transmission and 

Transformation Gold Award. And it holds over 20 patents and qualifications in steel structure 

contracting and manufacturing, along with multiple international quality certifications. Recognized 

as a High-tech Enterprise and a Technology-based SME, this study uses the company’s operational 

data to empirically analyze its green transformation path and influencing factors. 

3.2. Construction of the Catastrophe Progression Method 

From 2019 until the present, led by government policies, the corporation has concentrated on 

technical and energy use transformation to achieve sustainable development. Thus, the catastrophe 

progression model, commonly used in enterprise analysis, is employed to analyze the sustainable 

development effectiveness of its transformation and upgrading. According to catastrophe theory, 

there are seven types of mutation systems, with the spire, swallowtail, and butterfly catastrophes 

being the most common, involving two, three, and four sub-indicators, respectively. 

Let f(x) be the potential function of the state variable x, and a, b, c, d denote the control variables. 

According to catastrophe theory, by taking the second order derivative of f(x), that is, f''(x)=0, and 

eliminating x, the divergence point set equation is obtained, indicating that the system undergoes a 

mutation when the control variables satisfy the equation. The divergence set equation can be further 

derived from the normalization equation, and the different qualitative states of the control variables in 

the system are reduced to the same qualitative state by the normalization formula [14]. The types of 

catastrophe systems and related expressions selected are shown in Table 1. After selecting the model, 

the evaluators rank the importance of the indicators within the same level based on the company’s 

experience and determine whether the indicators are complementary [15]. If the control variables of 

the same object are not significantly correlated, they are non-complementary; otherwise, they are 

complementary. For non-complementary indicators, the value is taken as the minimum of the 

maximum values, i.e., x=min{xa,xb,xc,xd}; for complementary indicators, the value is calculated as 

the average, i.e., x=(xa+xb+xc+xd)/4. In this way, the overall performance of the company’s 

transformation and upgrading is derived and analyzed using this method. 

Table 1: Mutation System Types and Related Expressions 

Type 
No. of 

variables 
System model 

Divergence point 

set equation  

Normalization 

formula 

The cusp 

catastrophe 
2 f(x)=x4+ax2+bx a=-6x2,b=8x3 xa=√𝑎,xb=√𝑏

3

 

The 

swallowtail 

catastrophe 

3 f(x)=
1

5
x5+

1

3
ax3+

1

2
bx+cx 

a=-6x2,b=8x3, 

c=-3x4 
xa=√𝑎,xb=√𝑏

3

, 

xc=√𝑐
4

 

The butterfly 

catastrophe 
4 f(x)=

1

6
x6+

1

4
ax4+

1

3
bx3+

1

2
cx2+dx 

a=-10x2,b=20x3, 

c=-15x4,d=5x5 

xa=√𝑎,xb=√𝑏
3

, 

xc=√𝑐
4

,xd=√𝑑
5
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3.3. Indicator Selection and Data Processing 

Based on sustainable development theory and catastrophe theory, and following the principles of 

purposefulness, comprehensiveness, feasibility, and stability in constructing the evaluation index 

system, this study analyzes and organizes relevant indicators, proposing a set of programs suitable 

for evaluating the development benefits of steel structure enterprises, as shown in Figure 1. The 

study establishes three primary indicators, including economic performance, green performance and 

operational performance. The economic performance is evaluated based on financial status and 

market performance, subdivided into six quantifiable tertiary indicators, such as sales revenue, 

research expenses, number of customers served, and number of patents. The green performance is 

evaluated based on environmental protection and resource recycling, with four sub-indicators, such 

as environmental protection inputs and energy consumption. And the operational performance is 

evaluated based on production efficiency and human resources, with four sub-indicators, including 

output of steel components, product qualification rate, and number of employees. In addition, the 

priority ranking of each tertiary indicator is based on the results of industry expert ratings, and 

arranged in ascending order after weight calculation. All indicator data are sourced from the 

sustainability reports, annual reports and financial statements from 2019 to 2023. 

Before applying the model, the original data must be dimensionless, as the value ranges and 

measurement units of the indicators differ. The original data for control variables are transformed to 

fall between [0, 1]. Indicators are divided into positive and negative categories. Positive indicators are 

converted using formula (1), while negative indicators are converted using formula (2). Here, 

i=1,2,3,... , m (m is the number of indicators), and j=1,2,3,..., n (n is the number of indicators). 

 𝑦𝑖𝑗 =
𝑥𝑖𝑗−𝑥𝑚𝑖𝑛(𝑖)

𝑥𝑚𝑎𝑥(𝑖)−𝑥𝑚𝑖𝑛(𝑖)
 (1) 

 𝑦𝑖𝑗 =
𝑥𝑚𝑎𝑥(𝑖)−𝑥𝑖𝑗

𝑥𝑚𝑎𝑥(𝑖)−𝑥𝑚𝑖𝑛(𝑖)
 (2) 

The data after dimensionless processing are shown in Table 2. Since the product qualification rate 

of this steel structure enterprise is always maintained at 95%, the scrap rate is stably controlled at 5%, 

and the recycling rate reaches 100% from 2019 to 2023, these indicators are at extreme values in the 

data. To ensure the effectiveness of the dimensionless treatment and the relative comparability of the 

results, the values of C9, C10 and C12 after dimensionless are set to 0.500. 

 

Figure 1: Indicator Level 
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Table 2: Dimensionless Values of the Tertiary Indicator 

Tertiary indicators Year 2019 2020 2021 2022 2023 

Total profits C1 0.525 0.595 0.670 0.000 1.000 

Sales revenue C2 0.000 0.325 1.000 0.875 0.943 

Research expenses C3 0.000 0.326 1.000 0.877 0.889 

Payment of taxes C4 0.045 0.000 0.310 0.135 1.000 

Number of customers served C5 0.000 0.075 0.425 0.725 1.000 

Number of patents C6 0.750 1.000 0.750 0.000 0.25 

Environmental protection inputs C7 0.000 0.000 0.116 0.000 1.000 

Energy consumption C8 0.0329 0.457 0.108 0.000 1.000 

Recycling rate C9 0.500 0.500 0.500 0.500 0.500 

Scrap rate C10 0.500 0.500 0.500 0.500 0.500 

Output of steel components C11 0.000 0.339 0.777 0.941 1.000 

Product qualification rate C12 0.500 0.500 0.500 0.500 0.500 

Expenditures on purchase of raw materials 

C13 
0.000 0.211 0.587 1.000 0.808 

Number of employees C14 0.000 0.000 0.571 1.000 0.667 

4. Calculation Results and Overall Evaluation 

4.1. Calculation of Secondary Indicators 

The secondary indicators of enterprise transformation and upgrading are calculated and normalized to 

ensure effective comparison among different measures. For the financial status indicator (B1), with 

C1, C2, C3, and C4 as components, a butterfly mutation model is used for quantitative evaluation. 

This model assumes a complementary relationship between the control variables, with the calculation 

formula as follows:: 

 xB1=
(√xC1+√xC2

3 +√xC3
4 +√xC4

5 )

4
 (3) 

The market performance (B2) indicator is composed of two sub-indicators, C5 and C6, which are 

processed using the peak mutation model and additional control variables. The calculation formula is 

as follows: 

 xB2=
(√xC5+√xC6

3 )

2
 (4) 

The environmental protection (B3) indicator is composed of two sub-indicators, C7 and C8, and is 

processed using the cusp mutation model with complementary control variables. The calculation 

formula is as follows: 

 xB3=
(√xC7+√xC8

3 )

2
 (5) 

The resource recycling (B4) indicator is composed of two sub-indicators, C9 and C10, which are 

processed using the cusp mutation model with complementary control variables. The calculation 

formula is as follows: 

 xB4=
(√xC9+√xC10

3 )

2
 (6) 

The production efficiency (B5) indicator is composed of three sub-indicators, C11, C12 and C13,  

which are processed using the swallow-tailed mutation model, with calculation formula as follows: 
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 xB5=
(√xC11+√xC12

3 +√xC13
4 )

3
 (7) 

Table 3 presents the results of the dimensionless calculations for each of the secondary indicators 

from 2019 to 2023. 

Table 3: Dimensionless Values of the Secondary Indicators 

Secondary indicators Year 2019 2020 2021 2022 2023 

Financial status B1 0.316 0.554 0.902 0.649 0.988 

Market performance B2 0.454 0.637 0.780 0.426 0.815 

Environmental protection B3 0.160 0.385 0.408 0.000 1.000 

Resource recycling B4 0.750 0.750 0.750 0.750 0.750 

Production efficiency B5 0.265 0.792 0.850 0.921 0.914 

Human resources B6 0.000 0.000 0.571 1.000 0.667 

4.2. Calculation of Primary indicators 

The primary indicators are quantitatively assessed based on secondary indicator calculations, i.e. 

economic performance (A1), green performance (A2) and operational performance (A3), which are 

analyzed via the cusp mutation model, assuming a complementary relationship between the control 

variables. The A1 indicator, composed of B1 and B2, is analyzed using the cusp mutation model with 

complementary control variables. The calculation formula is as follows: 

 xA1=
(√xB1+√xB2

3 )

2
 (8) 

The A2 indicator, composed of B3 and B4, is also analyzed by using the cusp mutation model with 

complementary control variables. The calculation formula is as follows: 

 xA2=
(√xB3+√xB4

3 )

2
 (9) 

The A3 indicator, composed of B5 and B6, is analyzed by using the cusp mutation model with 

complementary control variables. The calculation formula is as follows: 

 xA3=
(√xB5+√xB6

3 )

2
 (10) 

Table 4 presents the results of the dimensionless calculations for each of the first-level indicators 

from 2019 to 2023. 

Table 4: Dimensionless Values of the Primary Indicators 

Primary indicators Year 2019 2020 2021 2022 2023 

Economic performance A1 0.665 0.802 0.935 0.779 0.964 

Green performance A2 0.654 0.765 0.774 0.454 0.954 

Operational performance A3 0.257 0.445 0.876 0.980 0.915 

4.3. Total Performance Results and Evaluation 

The total performance consists of three components: economic performance, green performance and 

operational performance, with the weights of A2, A3 and A1 in decreasing order. The formula for 

calculating total performance is as follows: 

Proceedings of  the 4th International  Conference on Business and Policy Studies 
DOI:  10.54254/2754-1169/162/2025.20392 

196 



 

 

 A=
(√xA2+√xA3

3 +√xA1
4 )

3
 (11) 

The total performance calculation results are shown in Table 5, and the performance is depicted in 

Figure 2. 

Table 5: Total Performance 

Year 2019 2020 2021 2022 2023 

Total performance 0.783 0.861 0.940 0.869 0.979 

 

Figure 2: Performance Chart 

The performance results indicate that during the period from 2019 to 2023, as the company 

embraced the concept of sustainable development and underwent green transformation, its total 

performance gradually improved, hence showing a positive growth trend. Driven by national policy 

guidance and its own development needs, the company balanced operating costs, technological 

innovation, and R&D investments to achieve intelligent and green transformation in production and 

processing. At the same time, the company actively responded to the environmental protection calls, 

increasing environmental investment and ensuring that pollutant emissions from all construction 

projects met national standards, reflecting a strong sense of social responsibility and environmental 

awareness. Despite the temporary decline in some performance indicators due to the impact of special 

economic periods, this fluctuation is a contingent factor and does not affect the positive evaluation of 

the company’s overall development [16]. Thus, similar companies should recognize the importance 

of green innovation, environmental protection investment, policy adaptability and human resource 

allocation for sustainable development, and only by achieving coordinated development can they 

stand out in the fierce market competition and promote green, smart and efficient sustainable 

development. 

At the end of 2023, the company further promoted green innovation by installing a distributed 

photovoltaic power generation system with a total capacity of 645.7 kilowatts on the roof of the plant, 

with an average annual power generation capacity of about 656,000 kWh, which saves 181.97 tons of 

coal combustion per year compared with a thermal power plant with the same power generation 

capacity; and mitigates the emission of carbon dioxide (CO2), a greenhouse effect gas, by 496.54 tons 

per year; It reduces the emission of air pollutant gas (SO2) by about 0.1 tons per year; and reduces soot 

by about 0.02 tons per year. In addition, the project significantly saves water and reduces the impact 

of wastewater and warm drainage on the water environment. This environmental initiative not only 

consolidates the company’s determination on the path of green and sustainable development, but sets 

an example for other enterprises in the industry to make a green transition. 
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5. Conclusion 

This paper evaluates the transformation and upgrading path and effect of a steel structure enterprise 

in Zibo, Shandong Province, under the concept of sustainable development based on the catastrophe 

process method. The results demonstrate that the enterprise has realized significant improvement in 

economic, environmental and operational performance via policy guidance and strategic adjustment 

in the process of green transformation. In particular, enterprises have increased their investment in 

technological innovation and R&D to enhance product value-added and market competitiveness, 

and have reached the goals of energy saving, emission reduction and green production by increasing 

environmental protection investment and resource recycling. Besides, enterprises have implemented 

green innovations such as distributed photovoltaic power generation driven by policies, further 

consolidating their leading position in the industry. However, the method primarily focuses on the 

overall effect of transformation and upgrading, without analyzing the specific impact of each 

indicator on the path. As different researchers choose different evaluation indicators based on their 

research background, it may lead to non-unique assessment results. Thus, future research should 

explore the mechanism and path of enterprise transformation from multiple dimensions, combine 

qualitative and quantitative analysis methods, construct a more comprehensive assessment model, 

and reveal the impact of different factors on the sustainable development of enterprises. Also, it 

should also focus on the long-term monitoring and dynamic adjustment of enterprise transformation 

strategies to enhance the adaptability and resilience of enterprises in the face of policy, market, and 

technological changes. 
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