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Abstract. Against the backdrop of the global energy crisis and climate change, prefabricated buildings, with
their high efficiency, energy saving and environmental protection, have become an important direction for the
transformation and upgrading of the construction industry. However, despite the promising prospects of Build-
ing Information Modeling (BIM) technology and prefabricated buildings in the industry, prefabricated build-
ings still face many challenges in practical applications, especially in terms of energy efficiency, carbon
emission control, and renewable energy integration, which urgently need further optimization. There are still
many challenges in the actual application process, and the impact of factors such as government regulatory
mechanisms, technical standard formulation, and talent training on the high-quality development of the pre-
fabricated building industry cannot be ignored. Therefore, through literature research, model construction
and case analysis, this paper explores the integrated application of BIM and energy management technology
in prefabricated buildings, proposes a high-quality development evaluation model based on the Analytical Hier-
archy Process (AHP)-fuzzy comprehensive evaluation method, and verifies the effectiveness of the model
through the case of prefabricated building projects in Chengdu. The research results show that BIM technology
plays an important role in improving the energy efficiency and low-carbon performance of prefabricated build-
ings. Through the analysis of prefabricated building projects in Chengdu, the feasibility of the model is verified,
and strategic measures based on energy optimization are further proposed to promote the prefabricated build-
ing industry based on BIM technology to develop in a high-quality, low-carbon, and sustainable direction.

Keywords: Prefabricated, Building information modelling, High-quality development assessment, Analytic
hierarchy process, Fuzzy comprehensive evaluation method.

1 Introduction

With the rapid development of industrialization, the prob-
lems of high pollution and high consumption in the con-
struction industry are becoming more and more obvious.
According to the Annual Development Research Report
of China’s Building Energy Conservation (2020), the whole
process energy consumption of buildings in China in 2018
was 2.147 billion TCE, accounting for 46.5% of the national
energy consumption, and the total carbon emission of the
whole process of buildings was 4.93 billion tCO2, account-
ing for 51.3% of the national carbon emission. In this con-
text, prefabricated buildings, with the advantages of low
pollution, high-quality, energy saving and high efficiency,
actively respond to the environmental protection concept
of green buildings and have gained high attention in the

construction industry. By 2020, prefabricated buildings will
account for more than 15% of new buildings in China, and
the number of key areas has reached more than 20%. Pre-
fabricated buildings have gradually become one of the
important directions for the development of architectural
structures in China [1].

Prefabricated buildings can promote the development of
emerging industries, thus driving economic development,
and have been paid attention to by the country’s provinces
and cities. Driven by relevant government policies, prefab-
ricated buildings have developed rapidly in recent years.
For example, Chengjianfa [2020] No. 35 stipulates that pro-
jects with an assembly rate exceeding 50% are eligible for a
financial subsidy of 300 yuan/m2. In a typical 10,000 m2

project, this represents a subsidy of up to 3 million yuan,
covering approximately 8–12% of total project costs.
This policy provides a significant economic incentive for
developers to adopt prefabricated and Building Information
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Modeling (BIM)-integrated construction. And the newly
started area of prefabricated buildings has increased
rapidly, as shown in Figure 1.

However, with the rapid development of the prefabri-
cated construction industry, its focus is on the functional
role, while ignoring the quality problems in the develop-
ment process of the prefabricated construction industry,
resulting in many disadvantages. For example, prefabri-
cated buildings lack a complete project management and
supervision system, and the related policies and supervision
system are not mature [2]. The prefabricated construction
project management mode mostly follows the traditional
cast-in-place construction management mode, and the com-
munication and management efficiency between various
departments is low [3]. The prefabricated construction
enterprises lack construction experience and professional
personnel in the field of prefabricated construction [4].
The prefabricated buildings lack effective evaluation
indicators to identify the quality of prefabricated buildings
[5]. Therefore, in the new development stage, it is urgent
to take high-quality development as the connotation to
guide the development of the prefabricated construction
industry.

With the development of the computer industry, the
emergence of BIM technology has brought intelligence,
information, and visualization to the construction manage-
ment of prefabricated buildings [6]. According to the
“14th Five-Year Construction Industry Development Plan”
issued by the Ministry of Housing and Urban-Rural Devel-
opment in January 2022, it is clearly stated that by 2025,
BIM technical standard framework and standard system
will be basically formed, data interaction and safety stan-
dards will be improved, digital collaboration in all aspects
of design, production and construction will be strengthened,
and digital deliverability and application of the whole
process of engineering construction will be promoted [7].
The advantages of BIM technology are in line with the
characteristics of refinement and industrialization required
by prefabricated buildings. The use of BIM technology in
the construction safety management of prefabricated
buildings has a good role in promoting the development
of prefabricated buildings [8].

However, the application of BIM technology has not
been able to adapt to the huge, prefabricated construction
boom. At present, BIM technology is still in the exploration
stage in enterprises, and it is difficult for enterprises to
obtain corresponding returns from the application process

of BIM technology [9]. BIM technology often becomes a
gimmick for enterprises to bid, which means that the model
is not continuously applied and updated in the implementa-
tion process, and the real value of BIM is not realized. At
present, BIM technology is mature, and diversified and
multi-functional software can meet the application needs.
The real dilemma lies in how to use BIM technology. With
the rapid development of prefabricated buildings today, a
mature BIM technology application system is needed to
promote the development of prefabricated buildings and
the major reform of the construction method of the con-
struction industry.

This paper makes several significant contributions to
the field of prefabricated building development.

� It proposes a high-quality development evaluation
model for prefabricated buildings based on the
Analytical Hierarchy Process (AHP)-fuzzy compre-
hensive evaluation method, offering a theoretical
framework to support the industry’s high-quality
development.

� The paper verifies the feasibility of the proposed
model through a case study of prefabricated building
projects in Chengdu, demonstrating the crucial role
of BIM technology in enhancing energy efficiency
and low-carbon performance.

� The paper provides strategic recommendations for
promoting the high-quality and low-carbon develop-
ment of the prefabricated building industry, facilitat-
ing the effective integration of BIM technology with
energy management practices.

Based on the development status of the prefabricated con-
struction industry based on BIM technology and the conno-
tation of high-quality development, this paper identifies the
key factors affecting the high-quality development of the
prefabricated construction industry based on BIM technol-
ogy through literature research and document interpreta-
tion and puts forward suggestions for improvement on the
high-quality development of the prefabricated construction
industry through case analysis and model verification
results.

2 Literature review

Prefabricated buildings have been widely used around the
world, such as in Japan, Europe, America, and North
America [10], due to their advantages in reducing labour
demand, reducing environmental impact and improving
construction quality [11]. With the rapid development of
prefabricated buildings, the demand for prefabricated qual-
ity management in the construction industry has increased
rapidly, and China’s Ministry of Housing and Urban-Rural
Development has proposed that prefabricated buildings
should account for more than 50% of new buildings by
2025 [12]. However, the construction technology of prefab-
ricated buildings is more complex than that of traditional
buildings, and the quality management of prefabricated
buildings is still in its infancy. Liu studied the quality

Fig. 1. Area of newly started prefabricated buildings from 2016
to 2020.
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management of prefabricated buildings from the perspec-
tive of the construction process and put forward universal
quality improvement measures [13]. Ren found that the
problems to be solved in prefabricated buildings are to
improve regulations and construction techniques and to
strengthen quality management with new technologies
and standards [14]. Due to the early start of prefabricated
buildings in foreign countries, in order to improve the qual-
ity of prefabricated buildings, foreign scholars have con-
ducted rich research on their influencing factors and
achieved many results. Kylili et al. analyzes factors affecting
the quality of prefabricated buildings from the perspective
of macro-environment [15]. Faridah et al. analyzed and
sorted out the influencing factors affecting the quality of
prefabricated buildings through a questionnaire survey
and obtained a corresponding evaluation system using the
AHP [16]. Some studies start from the construction stage
and analyze the quality problems of prefabricated construc-
tion from production to assembly.

The above research shows that the current research on
the quality of prefabricated buildings is relatively single,
and the influencing factors only consider construction,
management and policy, so the main factors affecting the
high-quality development of prefabricated buildings cannot
be comprehensively analyzed. This study is based on the
connotation of construction quality management, analyzes
on the basis of existing literature, and combines the actual
development situation of the prefabricated construction

industry to build a high-quality development evaluation
model of the prefabricated construction industry, which
has theoretical innovation significance for promoting the
development of the prefabricated construction industry.

3 Index selection

3.1 Index source

Authoritative databases such as CNKI, Wanfang database,
China Science and Technology Journal Database, and
Engineering Village were used to search the literature,
and the quality influencing factors related to this paper
were summarized from the literature.

3.2 Indicator determination

According to the expert interview method and literature
analysis, the indicators are refined and summarized into five
aspects: policy, economy, technology, environment, and
market. Through these indicators, the prefabricated build-
ing quality management evaluation index system is
obtained, as shown in Table 1.

3.3 Index interpretation

See Table 2.

Table 1. Quality evaluation index system of prefabricated buildings based on literature research method.

Target layer A Guideline layer B Indicator layer C

Evaluation index system of
high-quality development of
prefabricated building
industry based on BIM
technology A

Policy factors B1 Government support policy C11
Government supervision mechanism C12
BIM industry standard system C13
The perfection of laws and regulations C14
BIM promotion policy C15

Economic factors B2 Engineering profit margin C21
The BIM cost is put into C22
ROI (Return on Investment) C23
Unilateral construction cost C24

Technical factors B3 Assembly rate C31
BIM contract execution rate C32
The number of authorized BIM-related patents C33
Staff BIM training rate C34
Precast component qualified rate C35
Number of prefabricated component enterprises C36
BIM collaborative platform sharing level C37

Environmental factors B4 BIM design energy saving C41
Green building C42
Building materials and resources C43

Market factors B5 BIM market demand C51
BIM market recognition C52
BIM industrial chain integrity C53
BIM technology popularity C54

The Author(s): Science and Technology for Energy Transition 80, 37 (2025) 3



Table 2. Index interpretation.

Guideline layer B Indicator layer C Index interpretation

Policy factors B1 Government support
policy C11

The extent of government policy support and incentives for the
application of prefabricated construction and BIM technology.

Government
supervision
mechanism C12

The government promotes the role of BIM technology in the
development of the prefabricated construction industry, and the
effectiveness and compliance of its regulatory mechanism.

BIM industry
standard system C13

The promotion and implementation of BIM standards formulated
by industry organizations or governments in the field of
prefabricated buildings.

The perfection of laws
and regulations C14

The extent to which laws and regulations related to the application
of prefabricated construction and BIM technology are sound.

BIM promotion policy
C15

The government’s promotion policies and support measures for
BIM technology in prefabricated buildings.

Economic factors B2 Engineering profit
margin C21

An important index to measure the profit obtained after the
completion of the project, which is used to evaluate the economic
benefits of prefabricated construction projects under BIM
technology.

The BIM cost is put
into C22

Assessment of the investment costs required to introduce BIM
technology and prefabricated buildings.

ROI (Return on
Investment) C23

Evaluation of return on investment from BIM technology and
prefabricated construction.

Unilateral
construction cost C24

Cost savings and efficiency gains brought about by BIM technology
in the prefabricated construction process.

Technical factors B3 Assembly rate C31 The proportion and number of prefabricated components used, and
the application of prefabricated components in the overall building.

BIM contract
execution rate C32

Evaluate the actual application of BIM technology in the project
execution phase, and the degree of compliance with the BIM
application requirements and objectives specified in the contract.

The number of
authorized BIM-
related patents C33

To assess the innovation capacity and technical strength of the
prefabricated building industry in the field of BIM technology, as
well as the technological competitiveness in this field.

Staff BIM training
rate C34

Measure the training of employees in BIM technology in
prefabricated construction enterprises or organizations to assess
their mastery and application level of BIM technology.

Precast component
qualified rate C35

The higher the pass rate, the better the quality of the prefabricated
components in the prefabricated construction process, which has a
positive impact on the successful implementation of the whole
project and the stability of the building quality.

Number of
prefabricated
component
enterprises C36

To measure an important aspect of the high-quality development of
the prefabricated construction industry, the following is an
explanation of the indicator.

BIM collaborative
platform sharing level
C37

The synergy and information exchange of BIM technology in
various links of prefabricated buildings.

Environmental
factors B4

BIM design energy
saving C41

The effect of BIM technology on energy saving and carbon emission
reduction in prefabricated buildings.

Green Building C42 The green and sustainable development of prefabricated buildings
supported by BIM technology.

Building materials
and resources C43

Optimization and economy of BIM technology in the use of
prefabricated building materials and resources.

(Continued on next page)
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4 Methodology

In the context of this study, the AHP-fuzzy comprehensive
evaluation method is chosen due to its strong capability to
handle complex, multi-level decision-making problems
involving both qualitative and quantitative factors. The
assessment of high-quality development in BIM-enabled
prefabricated buildings requires the integration of subjective
judgments (e.g., policy effectiveness, market recognition,
technological maturity) that cannot be fully captured by
purely quantitative models. AHP allows for the structured
decomposition of the evaluation criteria and derives relative
weights based on expert input, while the fuzzy method
addresses the inherent uncertainty and ambiguity in quali-
tative assessments. Compared with methods such as SEM-
SDM (Structural Equation Modeling and Structural Data
Modeling), which require large-scale objective datasets and
focus on modeling variable relationships based on statistical
analysis, AHP-fuzzy offers a more practical and adaptable
framework for decision-making in scenarios with limited
data but rich expert knowledge. SEM-SDM typically relies
on extensive datasets to establish direct and indirect rela-
tionships between variables, making it more suitable for
studies where empirical data is abundant. However, in set-
tings where such data is scarce and expert input is more
prominent, the AHP-fuzzy approach becomes a more effec-
tive choice.

4.1 AHP

AHP considers complex decision-making problems as a
system, decomposes the overall goal into several standard
levels, and combines the different standard levels into
decision levels [17]. By constructing the decision matrix of
each level, the eigenvectors are calculated. Determine the
weight of each indicator at each level.

4.1.1 Build the hierarchical model

The first step of the AHP is to determine the evaluation
objectives of the problems faced, find out the influencing
factors, summarize the influencing factors into different
levels, and build a multi-level structure.

The hierarchy of this article is shown in Figure 2.

4.1.2 Determine the weight

This paper uses the analytic hierarchy process to determine
the index weight. The questionnaire was distributed to
relevant technical personnel engaged in prefabricated
building research, as well as technical research and develop-
ment personnel and construction personnel of prefabricated
building enterprises. A total of 200 questionnaires were
distributed, and invalid questionnaires and those with
incomplete information were excluded. There were 177 valid
questionnaires and the effective rate was 88.5%. The speci-
fic titles are shown in the Table 3.

According to the results of the questionnaire, the
weight of each index was obtained. The results are shown
in Table 4.

4.2 Fuzzy comprehensive evaluation method

The fuzzy comprehensive evaluation method is a compre-
hensive evaluation method based on fuzzy theory [18],
which has strong operability and calculation and can be
used to evaluate the quality factors. In the case of a lack
of qualitative data, more accurate and scientific conclusions
can be drawn.

4.2.1 Basic steps of fuzzy comprehensive evaluation
method

The fuzzy comprehensive evaluation method is a kind of
overall evaluation method based on fuzzy theory, and its
basic steps are shown in Table 5.

5 Case study

This paper chooses prefabricated buildings in Chengdu as
an evaluation case. Existing prefabricated buildings in
Chengdu account for less than one-thousandth of new
construction area, which is a small proportion compared
to cities such as Beijing, Shanghai, and Shenzhen, but also
indicates that the market for prefabricated building devel-
opment in Chengdu is huge. In 2016, Chengdu, as one of
the pilot cities, undertook the task of promoting pilot
prefabricated buildings. It proposed that “by 2020, build-
ings with assembly rate of more than 30% should account

(Continued)

Guideline layer B Indicator layer C Index interpretation

Market factors B5 BIM market demand
C51

Market demand for the application of BIM technology in
prefabricated buildings.

BIM market
recognition C52

Awareness and acceptance of BIM technology in the
prefabricated building industry.

BIM industrial chain
integrity C53

The competitiveness and status of prefabricated construction
enterprises in the application of BIM technology

BIM technology
popularity C54

The popularization of BIM technology in the prefabricated
building industry.
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Fig. 2. Index hierarchy model of prefabricated building.
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for 30% of new buildings; Buildings with an assembly rate
of more than 40% and a proportion of new buildings of
50% by 2025 overall target”. Therefore, it is representative
and feasible to take Chengdu prefabricated construction
industry as a case for value assessment research.

5.1 Evaluation model

5.1.1 Create an evaluation set

According to the actual situation, this paper divides
the quality evaluation of the prefabricated construction
industry in Chengdu into five levels: {excellent, good,
general, poor, unqualified}, that is, the comment set
V={excellent, good, general, poor, unqualified}. Among
them, the evaluation criteria established by the quantitative

indicators after reviewing the relevant data are shown in
Table 6.

5.1.2 Establish the fuzzy relation matrix of
factor set

In this study, Delphi method was used to consult 10 experts
of prefabricated construction, and an expert consultation
form was issued anonymously to invite them to score the
quality influencing factors of Chengdu prefabricated con-
struction industry. The score was 1–5, and the higher the
score, the higher the relative impact. The scoring results
are shown in Table 7.

According to the evaluation results in Table 8, the fuzzy
comprehensive evaluation matrix of the second-level index
is obtained as follows:

Table 3. Composition of experts by title.

Domain Professor/Researcher Senior engineer Engineer Others Total

Academic institutions 28 2 0 0 30
Design institute 0 32 15 3 50
Construction company 0 38 25 7 70
Government & associations 2 13 5 10 30
Total 30 85 45 20 200

Table 4. Weighting table for indicators of quality impact factors of assembled buildings.

Target layer A Guideline layer B Weights Indicator layer C Weight

Evaluation index
system of high-
quality
development of
prefabricated
building industry
based on BIM
technology A

Policy factors B1 0.0876 Government support policy C11 0.2493
Government supervision mechanism C12 0.2105
BIM industry standard system C13 0.1848
The perfection of laws and regulations C14 0.1332
BIM Promotion Policy C15 0.2222

Economic factors B2 0.1619 Engineering profit margin C21 0.2185
The BIM cost is put into C22 0.2724
ROI (Return on Investment) C23 0.3008
Unilateral construction cost C24 0.2083

Technical factors B3 0.3335 Assembly rate C31 0.0589
BIM contract execution rate C32 0.1840
The number of authorized BIM-related patents C33 0.0926
Staff BIM training rate C34 0.1731
Precast component qualified rate C35 0.2576
Number of prefabricated component enterprises C36 0.1059
BIM collaborative platform sharing level C37 0.1279

Environmental factors B4 0.3143 BIM design energy saving C41 0.6298
Green Building C42 0.2082
Building materials and resources C43 0.1620

Market factors B5 0.1027 BIM market demand C51 0.1516
BIM market recognition C52 0.1284
BIM industrial chain integrity C53 0.4011
BIM technology popularity C54 0.3189

The Author(s): Science and Technology for Energy Transition 80, 37 (2025) 7



R1 ¼

0 0:7 0:3 0 0

0 0:1 0:3 0:3 0:1

0 0:1 0:4 0:5 0:4

0 0:4 0:4 0:2 0

0 0 0:4 0:3 0:3

2
6666664

3
7777775

R2 ¼
0 0 1 0 0
0:1 0:7 0:2 0 0
0 0 1 0 0
0 0:1 03: 0:4 0:2

2
664

3
775

R3 ¼

0 1 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 1 0 0
0 1 0 0 0
0 0 1 0 0
0 0:3 0:7 0:4 0

2
666666664

3
777777775

R4 ¼
0 0:2 0:4 0:4 0
0 0 0:6 0:4 0
0 0:2 0:7 0:7 1

2
4

3
5

Table 6. Quantitative indicators evaluation criteria.

Secondary
index

Evaluation criteria

Excellent Good Fair Poor Unqualified

Engineering
profitability
C21

X � 5% 4% � X < 5% 3% � X < 4% 2% � X < 3% X < 2%

Single-party
construction
costs C23

X � 5000 yuan/m3 3900 yuan/m3

� X < 5000 yuan/m3
2800 yuan/m3

� X < 3900 yuan/m3
1700 yuan/m3

� X < 2800 yuan/m3
X < 1700 yuan/m3

Assembly rate
C31

X � 50% 20% � X < 50% 15% � X < 20% 8% � X < 15% X < 8%

BIM contract
execution rate
C32

X � 80% 60% � X < 80% 40% � X < 60% 20% � X < 40% X < 20%

The number of
authorized
BIM-related
patents C33

X � 10 8 � X < 10 6 � X < 8 4 � X < 6 X < 4

Staff BIM
training rate
C34

X � 80% 60% � X < 80% 40% � X < 60% 20% � X < 40% X < 20%

Precast
component
qualified rate
C35

X � 95% 90% � X < 95% 85% � X < 90% 80% � X < 85% X < 80%

Number of
prefabricated
component
enterprises C36

X � 60 45 � X < 60 30 � X < 45 15 � X < 30 X < 15

Table 5. Basic steps of fuzzy integrated evaluation method.

Step number Basic steps Description

1 Building factor sets According to the risk identification results, establish the
corresponding set of risk factors

2 Determine the weight of each
factor

According to the weight determination method, the weight of
each factor is calculated

3 Building evaluation sets According to the objectives and requirements of risk
evaluation, establish evaluation sets

4 Build the factor set fuzzy
relationship matrix

Based on the affiliation of each factor to the evaluation set, a
fuzzy relationship matrix is established

5 Factor weights and fuzzy
relationship matrix synthesis

The obtained weights and fuzzy relationship matrix are
synthesized by fuzzy mathematical methods

6 Analytical calculation results Analyze the calculation results

The Author(s): Science and Technology for Energy Transition 80, 37 (2025)8



R5 ¼
0 0:2 0:8 0 0
0 0:2 0:6 0:2 0
0 0 0:4 0:6 0
0 0:2 0:1 0:1 0

2
664

3
775:

Factor weight and fuzzy relation matrix synthesis:

F1 ¼ W1� R1 ¼ ð 0:2493 0:2105 0:1848 0:1332 0:2222 Þ

�

0 0:7 0:3 0 0
0 0:1 0:3 0:3 0:1
0 0:1 0:5 0:4 0:2
0 0:4 0:4 0:2 0
0 0 0:4 0:3 0:3

2
66664

3
77775

¼ ð 0 0:26732 0:37764 0:23037 0:12467 Þ

F2 ¼ W2� R2 ¼ ð 0:2185 0:2724 0:3008 0:2083 Þ

�
0 0 1 0 0
0:1 0:7 0:2 0 0
0 0 1 0 0
0 00:1 0:3 0:4 0:3

2
664

3
775

¼ ð 0 0:26732 0:37764 0:23037 0:12467 Þ
F3 ¼ W3� R3 ¼

ð 0:0589 0:1840 0:0926 0:1731 0:2576 0:1059 0:1279 Þ

�

0 1 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 1 0 0
0 1 0 0 0
0 0 1 0 0
0 0:3 0:7 0:4 0

2
666666664

3
777777775

¼ ð 0 0:53887 0:40997 0:05116 0 Þ

Table 7. Secondary index score table.

Secondary index Weight Number of evaluators

5 points 4 points 3 points 2 points 1 points

Government support policy C11 0.2493 0 7 3 0 0
Government supervision mechanism C12 0.2105 0 1 5 3 1
BIM industry standard system C13 0.1848 0 1 3 4 2
The perfection of laws and regulations C14 0.1332 0 4 4 2 0
BIM Promotion Policy C15 0.2222 0 0 4 3 3
Engineering profit margin C21 0.2185 0 0 10 0 0
The BIM cost is put into C22 0.2724 1 7 2 0 0
ROI (Return on Investment) C23 0.3008 0 0 10 0 0
Unilateral construction cost C24 0.2083 0 1 3 4 2
Assembly rate C31 0.0589 0 10 0 0 0
BIM contract execution rate C32 0.184 0 10 0 0 0
The number of authorized BIM-related patents C33 0.0926 0 0 10 0 0
Staff BIM training rate C34 0.1731 0 0 10 0 0
Precast component qualified rate C35 0.2576 0 10 0 0 0
Number of prefabricated component enterprises C36 0.1059 0 0 10 0 0
BIM collaborative platform sharing level C37 0.1279 0 3 3 4 0
BIM design energy saving C41 0.6298 0 2 4 4 0
Green Building C42 0.2082 0 0 6 4 0
Building materials and resources C43 0.162 0 2 7 1 0
BIM market demand C51 0.1516 0 2 8 0 0
BIM market recognition C52 0.1284 0 2 6 2 0
BIM industrial chain integrity C53 0.4011 0 4 6 0 0
BIM technology popularity C54 0.3189 0 2 7 1 0

Table 8. Secondary indicator evaluation score table.

Secondary indicator Policy factors Economic factors Technical factors Environmental factors Market factors

Score 2.78761 3.09935 3.48771 2.80696 3.22265

The Author(s): Science and Technology for Energy Transition 80, 37 (2025) 9



F4 ¼ W4� R4 ¼ ð 0 0:6298 0:2082 0:1620 Þ

�

0 1 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 1 0 0
0 1 0 0 0
0 0 1 0 0
0 0:3 0:7 0:4 0

2
666666664

3
777777775

¼ ð 0 0:15836 0:49024 0:3514 0 Þ

F5 ¼ W5� R5 ¼ ð 0:1516 0:1284 0:4011 0:3189 Þ

�
0 0:2 0:8 0 0
0 0:2 0:6 0:2 0
0 0:4 0:6 0 0
0 0:2 0:7 0:1 0

2
664

3
775

¼ ð 0 0:28022 0:66221 0:05757 0 Þ :
The final score of the fuzzy comprehensive evaluation vec-
tor is usually calculated by the maximum membership prin-
ciple or the weighted average principle. However, the
maximum membership principle often causes information
loss, so the weighted average principle is chosen in this
paper. After the fuzzy synthesis vector F is processed by
the weighted average principle, the final score of each sec-
ond-level index is obtained, as shown in Table 7.

Finally, according to the second-level index score and
weight of the prefabricated construction industry in
Chengdu, the comprehensive quality score of the prefabri-
cated construction industry in Chengdu is as follows:

D ¼ 2:78761 � 0:0876þ 3:09935� 0:1619þ 3:48771

� 0:3335þ 2:80696� 0:3143þ 3:22265� 0:1027

¼ 3:1223:

According to the score, it can be seen that the develop-
ment quality of the prefabricated building industry in
Chengdu is between average and good, which is also in line
with the actual development situation of prefabricated
buildings in Chengdu and proves the desirability of the
index evaluation system.

6 Suggestions and countermeasures

Improve the policy support and supervision mechanism,
clarify the responsibilities of personnel in relevant positions,
and improve the control of the responsible parties on BIM
management and prefabricated building quality through
clear responsibility division. Establish a quality assurance
system and related rules and regulations, and supervise
the prefabricated building components transported to the
construction site through spot checks. Construct a complete
BIM-related legal and standard system and BIM industry
standard system. Use BIM for special design of various
prefabricated components. At the same time, moderate

publicity and promotion of BIM should be carried out to
improve the visibility of BIM. To strengthen BIM imple-
mentation in prefabricated construction, a university-indus-
try collaboration model is proposed. In this model,
government agencies fund up to 50% of joint programs,
including training platforms and pilot projects, while enter-
prises provide technical support and project resources.
A representative case is a partnership between Sichuan
College of Architectural Technology and local construction
firms, which since 2021 has supported BIM training and
student involvement in real-world prefabricated projects.
While more localized than Tsinghua University’s national-
level initiatives, this model demonstrates strong adaptabil-
ity in third-tier cities.

6.2 Economic factors

In the process of prefabricated construction, the cost of
materials, labour and equipment is carefully controlled
through BIM technology, and the cost deviation is found
and solved in time to improve the engineering profit mar-
gin. Choose the right BIM software and tools to ensure that
the cost of investment matches the benefit to improve work
efficiency. In addition, the experience of projects that have
applied BIM technology will be summarized, and cases will
be shared, to provide reference for subsequent projects and
accelerate the realization of ROI. Standardized and modu-
lar design is adopted to optimize the production and instal-
lation process of prefabricated building components and
reduce unilateral construction costs. BIM technology is
used to collect and analyze data during construction and
assembly to identify potential cost savings, optimize con-
struction processes, and reduce costs.

For SMEs with annual revenues below ¥5 million, a
“BIM Lite” program is proposed. This involves low-cost
cloud-based BIM tools (e.g., Trimble Connect, BIM 360
Basic), standard prefabrication modules, and government
co-subsidies. A 50% government subsidy for training and
software licensing is suggested, with an expected ROI
increase of 15–25% for projects under ¥10 million. This ini-
tiative ensures BIM inclusivity and avoids the digital
marginalization of small players.

6.3 Technical factors

Establish a cooperation platform between enterprises and
universities, improve the personnel training mechanism,
and carry out professional skills training. Combined with
BIM technology and database technology, supervise the
whole process of assembly parts in production, transporta-
tion and installation. Other advanced technologies, such
as Radio Frequency Identification (RFID) and other Inter-
net technologies, are integrated into prefabricated build-
ings. Virtual technology is used to realise the autonomous
identification and information integration of components,
and the Internet is used to establish a quality traceability
mechanism, to improve the quality management level of
prefabricated buildings. While BIM can improve collabora-
tion among stakeholders, real-world applications often
encounter interoperability challenges. For example, Revit
(commonly used for architectural and MEP design) and
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Tekla Structures (mostly used for structural steel
modelling) may generate incompatible models due to differ-
ences in file formats and geometric processing. In some pre-
fabricated construction projects, steel components modelled
by Tekla cannot be directly imported into Revit, resulting
in misalignment during collision detection. By converting
these two models into IFC (Industrial Base Class) format,
cross-platform coordination through a unified BIM environ-
ment is addressed. In addition, the problem of inconsistent
component naming and parameters between platforms is
resolved through standardized parameter mapping proto-
cols and validation and attribute integration using tools
such as Solibri. For instance, in a pilot public school project
in Qingyang District, RFID tags were affixed to prefabri-
cated concrete beams. These tags communicated with the
BIM model in real-time using UHF RFID scanners, allow-
ing for automated inventory checks and construction pro-
gress tracking. The system achieved �5 cm positional
accuracy during on-site hoisting, reducing rework incidents
by 18%.

6.4 Environmental factors

Embed energy simulation tools such as DesignBuilder
(which uses EnergyPlus as its simulation engine) in BIM
technology to assess building energy performance at the
design stage. Key parameters in the simulation include
the U-values of the building envelope (e.g., 0.5 W/m2 � K
for external walls), indoor temperature settings (setpoint
of 26 �C in summer and 20 �C in winter), lighting power
density (10 W/m2), and ventilation rates (0.5 air changes
per hour). Designers can simulate and optimize with differ-
ent design options to find the most energy-efficient solution.
Similar research has demonstrated that the integration of
EnergyPlus with BIM tools enables accurate prediction
and adjustment of energy performance throughout the
design phase. At the same time, BIM technology and an
intelligent control system are combined to realize intelligent
monitoring and optimization of building energy consump-
tion. Using data from BIM models, intelligent control
strategies are established to improve the energy efficiency
of buildings. Encourage the adoption of international or
national green building certification standards, such as
LEED, BREEAM, etc. BIM technology can help designers
and construction teams better meet the standard require-
ments of green certification. Integrate ecosystem informa-
tion, such as vegetation, rainwater harvesting, etc., into
the BIM model to achieve better integration with the nat-
ural environment and ecological benefits. Establish a BIM
library to record and manage building material and compo-
nent information. Through the BIM library, teams can view
material information, performance, and inventory in real-
time, avoiding waste and duplicate purchases.

6.5 Market factors

The teaching content of BIM technology is added to the
professional education of architecture so that students can
contact and master BIM technology from the campus stage.
Encourage construction enterprises to promote the applica-
tion of BIM technology, establish a sharing platform for

BIM data in the industry, promote the standardization
and interoperability of BIM data, and facilitate the data
exchange and use of all parties. Thus, improving public
recognition and acceptance, and promoting the develop-
ment of prefabricated buildings.

Although specific statistical data from the Chengdu
Housing Bureau regarding the annual BIM adoption rate
in public tenders is not publicly disclosed, relevant policy
incentives and local initiatives suggest a notable upward
trend. For instance, the Chengjianfa [2020] No. 35 policy
provides up to 300 yuan/m2 in subsidies for projects
exceeding a 50% prefabrication rate, which often requires
the integration of BIM. Moreover, since 2021, local
institutions such as the Sichuan College of Architectural
Technology have partnered with construction firms to
implement BIM training and pilot projects, indicating a
growing institutional commitment to BIM. These develop-
ments collectively reflect a rising trajectory of BIM adop-
tion in Chengdu’s prefabricated construction sector, even
though exact figures remain inaccessible.

7 Conclusion

Government policies, regulatory compliance, supervisory
enforcement, standard setting and promotion, and technol-
ogy and market play a significant role in the development
of the prefabricated construction industry and the applica-
tion of BIM technology. Active policy promotion and effec-
tive regulation at the governmental level provide a
favourable development environment and safeguards for
the prefabricated construction industry, which also
promotes the widespread application of BIM technology
within the industry. The extensive application of BIM
technology implies better data collaboration, enhanced
accuracy and consistency in design, and effective manage-
ment and maintenance of assembled components through-
out the design, construction, and operation phases of
prefabricated construction. This contributes to improving
the quality and efficiency of prefabricated construction
and propels the entire industry towards higher-quality
development. Concurrently, the high-quality development
of the prefabricated construction industry requires a
balance between economic benefits and market demand,
with government support policies and regulatory mecha-
nisms being crucial for reducing costs, enhancing competi-
tiveness, and expanding market demand. Furthermore, as
technological innovation continues to advance, the prefabri-
cated construction industry will place greater emphasis on
the transformation towards intelligence and digitization to
meet the development needs of the future construction
market.
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