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Construction is one of the fastest-growing sectors across the world. Meanwhile, the environmental degradation 
caused by construction activities has become a concern. Hence, the construction industry requires modern methods 
and methodologies to fully implement sustainable practices and contribute to achieving sustainable development 
goals. However, it has faced many obstacles. This study investigates the likely impact of barriers to the integration 
of BIM technologies into the sustainability assessment of buildings. This study developed a hybrid Delphi-analytic 
hierarchy process approach to assess the relative importance of barriers to the integration of BIM technologies in 
building sustainability assessments. A two-round Delphi survey formed the basis for reaching consensus among the 
expert panel based on a set of 20 essential barriers faced by both the users’ group and the stakeholders’ group, 
which were derived via content analysis of previous studies. Results of the Delphi survey are used to compute the 
relative importance of barriers using the analytic hierarchy process. The finding indicates that the users' group faced 
three key obstacles: “Shortage of BIM and sustainability experts“, “High staff training costs” and "Resistance to 
change traditional methods”. The stakeholder' group encountered three significant challenges: “lack of government 
policies". “Lack of a legal framework” and “Lack of BIM and sustainability investments”. This study contributes to 
understanding the obstacles that the construction industry faces when trying to use BIM technologies in the 
assessment of building sustainability, and it considers the key solutions to overcome these barriers to achieve full 
integration. 

Keywords: BIM technologies, building sustainability, A hybrid Delphi-AHP analysis, building sustainability 
assessment, sustainability practices. 

HIGHLIGHTS 

− Barriers to integrating BIM techniques into building sustainability assessment is analyzed with a hybrid 
Delphi-AHP.  

− The use of digital technologies associated with sustainability practices is gradually increasing in the face of 
rapid environmental degradation.  

− BIM plays a highly valuable role in the construction industry. 

1 Introduction  

The construction sector not only consumes a significant number of raw materials and energy during the construction 
of new buildings, but it also generates significant waste due to the ongoing energy consumption of buildings and 
other infrastructure, such as water and sewage systems or roads, over their lifetime. Furthermore, given the 
significant influence of the construction industries in most economies, there is a widespread agreement that 
addressing this sector's historical resistance to change, which has resulted in low productivity, is essential for the 
macro-economy's sustainable development [1]. 
In the construction sector, the primary goal of sustainability is to reduce resource consumption while increasing 
operations efficiency [2]. Despite the significant efforts of policymakers, researchers, and government agencies, the 
current state of sustainability in the building sector still falls short of fully realizing sustainable construction [3]. 
In recent years, researchers and designers in the building sector have become more concerned about the integration 
of technological tools like BIM into projects' sustainability evaluation processes [4]. Furthermore, some researchers 
have indicated that BIM tools can improve the building sector to meet sustainability needs, simplify the simulation of 
building models and sustainability analysis in the early design stages [5], and open opportunities to build integrated 
systems to assess sustainability in the construction industry during different project lifecycle stages [6]. 
Building information modelling (BIM) is a CAD system that provides the ability to store data on a building model using 
constant-quantity technology, in addition to providing an effective tool for infrastructure visualization and faster 
implementation, such as a 3D design model and a full understanding of the materials used [7]. Recent studies and 
literature reviews highlight the need for additional experimental research on the promising topic of modelling 
sustainability indicators in construction projects, given the lack of a widely accepted strategy to achieve sustainability 
through BIM-lean principles [8]. 
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Numerous studies have examined the role of Building Information Modelling (BIM) in sustainable building strategies, 
considering environmental, economic, and social dimensions. These studies, through statistical analysis and 
literature review, have demonstrated that BIM is a reliable approach for sustainable construction. The studies 
mentioned above make important contributions to the growth of BIM strategies for buildings and their integration with 
other cutting-edge technologies in this field. However, they rarely discuss and summarize the challenges of 
integrating BIM technologies with building sustainability assessment systems in construction projects [9]. The most 
important challenge is fully automating the process of assessing sustainability in the early design stages [10]. 
The study's objective is to identify obstacles to integrating BIM techniques into the sustainability assessment of 
buildings in the building sector. The study also aims to investigate the level of awareness among qualified engineers, 
architects, and construction specialists regarding the challenges associated with integrating BIM tools into 
sustainability practices. The findings of this research will contribute to the present body of knowledge on the role of 
BIM technologies in the sustainability assessment of buildings from the perspectives of qualified engineers, 
architects, and construction specialists. The findings are expected to support government policies and construction 
companies in emboldening clients to allow the integration of BIM innovations and sustainable strategies into their 
projects. 

2 Materials and methods 

In this study, the research methodology comprises three stages. The first stage of the study included collecting data 
from the literature review by defining the barriers to integrating BIM tools into building sustainability assessment 
processes. This comprehensive review of the literature has led to the identification of 20 of the most cited obstacles 
in the building sector and other related fields, 10 barriers BIM users-related. Additionally, 10 stakeholder-related 
barriers impede the integration of BIM tools into building sustainability assessments. In the second stage, the hybrid 
Delphi-AHP approach was used to analyse and weight the barriers. Additionally, the study employs several statistical 
tools, such as Cronbach's alpha test and relative impact index.  

2.1 Delphi survey 

The Delphi-AHP approach is a technique that combines a Delphi survey with the Analytic Hierarchy Process (AHP) 
for a more comprehensive research approach [11]. Experts often use the Delphi approach, an expert consultation 
technique, to investigate complex and multidisciplinary issues [12]. Figure 1 illustrates a flowchart of the hybrid 
Delphi-AHP approach. In the Delphi survey, the expert committee must have no fewer than seven members and no 
more than fifty [13]. The number of rounds of Delphi surveys is often 2–3 [14]. The accuracy of the Delphi survey's 
findings is dependent on the selection process and experience of the expert committee [15]. In this study, 11 
members of an expert panel conduct a double-round Delphi survey. Elaborate main criterion were adopted to select 
Delph Committee members [16]: individuals with work experience in the construction industry, particularly in the 
areas of (a) BIM techniques, (b) sustainability practices, and (c) sustainable project execution in the construction 
sphere [17]. After completing the expert selection processes and establishing background information about the topic, 
the initial questionnaire design for the first round of the Delphi survey was designed using a 5-point Likert scale, 
where 1 represents strongly disagree and 5 represents strongly agree. The questionnaire has two sections. The 
survey included basic demographic information for participants. In the second section, the questionnaire asked 
participants to rate 10 challenges associated with BIM users in the sustainability sphere. Furthermore, in the third 
section, the questionnaire asked participants to rate 10 barriers related to government agencies, owners, and 
stakeholders that delay the process of integrating BIM tools into building sustainability assessments. After collecting 
the data from the first round, the researchers reviewed the responses and results. To double-check the calculations, 
data, and findings to ensure they are accurate, some statistical tools are used to analyse the collected data, such as 
the mean score (M), the standard deviation (SD), and Cronbach’s alpha (α). If the Cronbach's alpha value exceeds 
or equals 0.7, it is considered acceptable to proceed to the second round of the Delphi survey. The researchers can 
share a summary of each round, along with graphical representations, with experts, especially if there is a diversion 
in the results of a round. After analysing the first round's responses, researchers designed a second-round 
questionnaire using a Saaty scale of (1-9) points. If researchers have gathered enough data to establish a consensus 
among experts and the consistency ratio (RI) does not exceed 0.10 when applying the AHP analysis calculations, 
they can stop at this round. If researchers believe the decision or forecasting task is not yet final, it's important to 
conduct more rounds. In the next step, the data obtained via a Delphi survey is used in the analytic hierarchy process. 
The proposed hierarchical model for this study was developed to identify the key barriers that both the users' group 
and the stakeholders’ group face when using BIM tools for building sustainability assessments in the construction 
sector. 

2.2 The Analytic Hierarchy Process (AHP) 

The construction industry widely applies MCDM techniques through the AHP method [18]. The analytic hierarchy 
process (AHP) is a multi-criteria decision-making (MCDM) method utilized for computing the relative weights of a set 
of criteria through pairwise comparisons [19], providing an important benefit when faced with decisions built on 
preferences among available options that possess multiple attributes [20]. Pairwise comparisons in ANP often utilize 
the Saaty scale (1–9) points [21].  
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A matrix comprising is created consisting of the relative importance of all criteria (barriers) in equation (1), where n 
denotes the number of criteria (barriers) in the same group. 

𝐴𝐴 =  �
𝑎𝑎𝟏𝟏𝟏𝟏 𝑎𝑎𝟏𝟏𝟏𝟏 … 𝑎𝑎𝟏𝟏𝒏𝒏
𝑎𝑎𝟏𝟏𝟏𝟏
⋮

𝑎𝑎𝟏𝟏𝟏𝟏
⋮

… 𝑎𝑎2𝑛𝑛
⋮

𝑎𝑎𝒏𝒏𝟏𝟏 𝑎𝑎𝒏𝒏𝟏𝟏 … 𝑎𝑎𝒏𝒏𝒏𝒏
� (1) 

In the same group, equation (2) is utilized to compute relative importance between the elements. 

𝐴𝐴 − 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 × 𝑊𝑊 = 0 (2) 

Where W is the priority vector (weights) and λmax is the main eigenvalue of the matrix. Furthermore, consistency 
ratio (CR) should be calculated to account for the inconsistencies in the expert panel's judgment. 

𝐶𝐶𝐶𝐶 = 𝐶𝐶𝐶𝐶
𝑅𝑅𝐶𝐶

 (3) 

 
Fig. 1. Flowchart of the hybrid Delphi-AHP approach 
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Table 1 shows the random consistency index (RI) values for different numbers of elements (n). Equation (4) can 
calculate the consistency index (CI). A CR that does not exceed 0.10 (CR < 0.10) is considered coherent. 
Furthermore, the CR value of AHP outcomes in this study is 0.004, so the consistency of the experts' judgment in 
the pairwise comparison was coherent. Redesigning the questionnaire or reobtaining the expert opinion for the 
second round of the Delphi survey is necessary if the consistency ratio is more than 0.1 (CR > 0.10). 

𝐶𝐶𝐶𝐶 = 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚−𝑛𝑛
𝑛𝑛−1

  (4) 

Table 1. Random consistency index values corresponding to n elements. 
11 10 9 8 7 n 
1.51 1.49 1.45 1.41 1.32 RI 

3 Results and discussion 

3.1 Barriers to integrating BIM techniques in the building’s sustainability assessment 
 related to users' group 

Building Information Modelling (BIM) is widely utilized in the construction sector due to the many benefits it offers, 
such as increased productivity, improved project outcomes, and reduced expenses. Many studies refer to the 
potential to mitigate the effect of buildings on the environment by adopting digital tools like BIM to create building 
sustainability strategies, but the lack of building materials related to sustainability practices minimizes the reliability 
of these strategies. As a result, consultants and contractors with a lack of experience in sustainable construction can 
fail to complete sustainable projects. In addition to that, a lack of experience may lead to issues like a schedule 
overrun and inadequate material specifications, as well as the limited availability of contractors that have experience 
with sustainable practices [22-24]. Due to the high cost of BIM software licenses, users still face challenges such as 
the learning curve and individual commitment to acquiring BIM skills [25, 26]. Several studies have indicated that the 
lack of research on BIM technology in sustainable buildings leads to a lack of reliable theories, models, and research 
on the adoption and diffusion of green building technologies. To provide more useful information and raise 
awareness, studies on the diffusion of green building technologies should look at them from different angles, such 
as the environmental, economic, social, technological, and political ones [27-29]. 
The BIM database identifies the collection of digital building components used in the modelling process. The use of 
BIM libraries results in time and effort savings, as well as increased convenience and consistency in building 
modelling processes. Regrettably, industry manufacturers and suppliers are constructing BIM databases without 
incorporating sustainability-related information and details [30-32]. 
Researchers point out that there is a lack of data for sustainability assessments, that BIM platforms don't have any 
built-in tools for evaluating sustainability levels, and that there are problems that make it challenging to combine BIM 
with assessments of building sustainability [33-35]. Most users and stakeholders need additional BIM tools and 
different types of software that perform a specific type of analysis [36]. 
New technologies and the developed methodologies associated with them take a long time to create a smooth flow 
of work. As a result, small firms face problems if new processes and technologies are not implemented in a timely 
manner [37]. The construction sector is often characterized by concerns about cost and the possibility of errors during 
the changing phase. Consequently, resistance to altering the traditional method delays the adoption of BIM in 
sustainable practices [38]. 
There is an obstacle that might arise from the low level of involvement of BIM users in sustainable projects and the 
inexperience of contractors, which leads to poor selection of construction techniques. Therefore, there is a need to 
increase the number of specialists to overcome this obstacle [39]. Numerous studies suggest that addressing the 
shortage of specialist training is necessary in the fields of BIM and sustainability. However, the high costs of employee 
training staff are an obstacle. Professional bodies and organizations should engage in various activities, like seminars 
and training workshops for their staff, and develop university curricula that are associated with BIM technologies and 
sustainability issues [40, 41]. Some studies indicate that using BIM tools causes increased liability for users, both 
designers and stakeholders, due to a lack of experience [42]. 

Table 2: Barriers of integrating BIM techniques in the building’s sustainability assessment related with users' group 
Factor References 
Shortage of BIM and sustainability experts  [22-24] 
High-cost BIM software licenses  [25, 26] 
Lack of scientific research in academia  [27-29] 
Lack of database and information   [30-32] 
Lack of unified standards and measures  [33-36] 
Time-consuming work  [37] 
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Factor References 
Resistance to change traditional methods  [38] 
Lack of BIM user participation in green projects  [39] 
High staff training costs  [40, 41] 
Increased liability  [42] 

3.2 Barriers to integrating BIM techniques in the building’s sustainability assessment 
 related to stakeholders’ group 

The world recognizes the role of BIM in supporting project management and enhancing sustainable development. In 
developing countries, the use of BIM techniques is gradually increasing, albeit at a slower pace than in developed 
countries. Many researchers believe that a lack of education and knowledge is an essential obstacle inhibiting the 
implementation of sustainable buildings. Studies have demonstrated a significant lack of awareness among builders, 
engineers, architects, and planners regarding sustainable technologies, their benefits, and the design and 
construction process [43-47]. Also, the lack of suitable tools to measure sustainable construction is an essential 
challenge [48]. 
Many studies identified a shortage of sustainability understanding and promotion by stakeholders as the most 
commonly obtained obstacle [49-51]. Furthermore, numerous studies explore the potential of merging BIM 
techniques with sustainability evaluation systems; for example, BIM can only achieve 17 out of 29 LEED criteria. BIM 
support enables the faster and less resource-intensive attainment of 26 out of 56 BEAM Plus criteria [52-55]. Some 
studies have found that the risks of uncontrolled application of BIM technology in sustainable buildings, like lack of 
green design and failure to understand green requirements, may be affecting the cost and timeline of green 
construction [56].  
 However, the government's support for sustainable development is inadequate in terms of incentives and rewards 
for stakeholders and designers. Several studies have identified the forms of reward that include discounts, fee 
reductions, special loans, direct grants, subsidies, technical support, and eco-labelling. Regardless of the type of 
incentives used to support green building development, the most crucial factor is their effectiveness [57-
60]. Furthermore, the absence of government-driven initiatives and support for sustainability policies, coupled with 
the lack of available standards in the construction sector, impedes the progress towards producing sustainable 
buildings [61].  
In order to assist businesses and stakeholders in adopting sustainable buildings, the government still has a significant 
role to play in supporting sustainable construction by enacting legislation that keeps pace with progress in this sector 
[62, 63]. Also, government policies and regulations are significant for achieving the environmental sustainability of 
construction projects in Ghana [64]. In addition, government policies are the main drivers of sustainable construction 
in New Zealand [65]. For instance, the United Kingdom has mandated BIM adoption for the construction sector; 
therefore, it is necessary to gain more interest in supporting the adaptation of digital techniques in the construction 
sector [66]. 
Sustainable buildings appear unattractive to owners and stakeholders who prioritize quick investment returns due to 
the high costs of implementing sustainable features [67, 68]. Furthermore, globally, only 19% of existing buildings 
have received green certification [69]. Several studies indicate that the large investment required in software and 
professional qualifications leads to a lack of productivity during the adaptation stage [70-72]. Furthermore, a lack of 
market readiness for innovations, obstacles to adopting new technologies, and industry reluctance to change existing 
work practices have been regarded as some of the reasons that cause delay [73]. 

Table 3: Barriers of integrating BIM techniques in the building’s sustainability assessment related with stakeholders’ 
group 

Factor References 
Lack of suitable tools and methods  [48] 
Lack of promotion  [49-51] 
Interoperability of BIM with sustainability rating systems  [52-55] 
Uncontrolled application risk   [56] 
Lack of government incentives  [57-60] 
Lack of legal frameworks  [62-64] 
Lack of government policies   [65, 66] 
High cost of implementation   [67-69] 
Lack of BIM and sustainability investments   [70-72] 
Market readiness for innovations  [73] 
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Based on a content analysis of previous studies, the effects of barriers were studied in different aspects. In addition, 
barriers were classified into categories according to the Delphi opinion panel. In Fig. 2, the first model consists of 
three subsequent levels, including the objective “The barriers associated with the user’s group" placed at the top 
level of the hierarchical model. The second level consists of four categories: economic barriers, educational and 
cultural barriers, technical barriers, and psychological barriers. These categories encompass a total of 10 barriers 
that hinder the integration of BIM technology with sustainability practices. 
 

 
Fig. 2. Hierarchical model of the Barriers related with users' group 

The second hierarchical model, illustrated in Fig. 3, delves into the obstacles that stakeholders’ group must surmount 
in the construction sector. This model consists of three subsequent levels, including the objective “The barriers 
associated with the stakeholders’ group," placed at the top level of the hierarchical model. The second level consists 
of four categories: economic barriers, governmental and cultural barriers, technical barriers, and marketing barriers. 
These categories included a total of 10 barriers. 
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Fig. 3. Hierarchical model of the Barriers related with stakeholders’ group 

3.3 Discussion 

This study uses Cronbach's alpha test to examine the internal consistency (reliability) of the survey. Cronbach's alpha 
test is considered very suitable for evaluating the reliability of the data and ensuring the internal consistency of the 
model [74]. A Cronbach's alpha value closer to 1.00 is considered more satisfactory. More so, an acceptable 
Cronbach’s alpha value is considered to be between 0.8 and 0.7 [75]. The first round of a Delphi survey uses a five-
point Likert scale to obtain the data. The value of Cronbach’s alpha is 0.88. The second round uses the (1–9)-point 
Saaty scale, yielding a Cronbach's alpha value of 0.9. Numerous construction studies [76–81] have employed the 
relative impact index to rank the impact factors. This study calculated the relative impact index for all obstacles using 
equation 5. 

𝐶𝐶𝐶𝐶𝐶𝐶 =  ∑𝑊𝑊𝑖𝑖
𝐴𝐴𝐴𝐴

  (5) 

where: RII = the relative impact index for barrier i; ∑Wi = the sum of all ratings from all experts for barrier i; A = the 
highest possible rating permissible in the adopted scale (i.e., 5 in this study); N = the total number of respondents 
(i.e., 11 in this study). 
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Fig. 4. First round of Delphi survey – barriers to integrating BIM and sustainability practices associated with users’ 

group 

The Delphi-AHP result indicates that the educational and cultural category is the first most influential obstacle in the 
user group, with a relative weight value of 41.4%. The AHP matrix results from the second round of the Delphi survey 
show that the biggest obstacle for the users' group is the “Shortage of BIM and sustainability experts” with a relative 
importance of 19.8%. The first round ranked this factor first, with a mean value of 4.5 and a standard deviation of 
0.498. Also, factor “Lack of BIM user participation in green projects” with a relative importance of 10.8%. Cambier 
and others [82] reported this finding, indicating that while most BIM users have more experience in traditional building 
construction, the number of users with the skills necessary to build sustainable buildings is declining. 
Factor “Lack of scientific research in academia” has a mean value, standard deviation, and relative importance of 
3.4, 0.881, and 2.9%. Educational innovation addressing the technical and managerial aspects of BIM is necessary 
to promote the adoption of BIM technology for sustainable building design [83]. 
The economic category is the user group's second most influential obstacle, with a relative weight value of 25.2%. 
The economic category constitutes a greater obstacle for the user group compared with the stakeholder group. 
However, for the users' group, the economic obstacle “High staff training costs” ranked first in the first round with a 
mean score of 4.5 and a relative importance of 19.8%. There is a need to focus efforts on supporting training and 
education on sustainable construction. Also, there is a need for academic organizations and companies to exchange 
experiences to enhance the skills of their staff. Development programs like workshops and seminars will help mitigate 
these barriers. These findings are consistent with the results reported by Roslee and others [84]. The design team 
should receive advanced training to utilize advanced BIM tools in order to achieve sustainability standards for 
buildings in the early design stage. Also, the factor “High-cost BIM software licenses" holds a relative importance of 
5.4%. Leniak [85] supports this fact by reporting that the cost of BIM software licenses is considered extremely high 
in developing countries. [85] supports this fact by reporting that the cost of BIM software licenses is considered 
extremely high in developing countries. 
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Fig. 5. Second round of Delphi survey - Weights barriers associated with users from the AHP matrix 

The category of psychological obstacles is the third barrier in the users’ group, with a total relative importance of 
21.6%. Moreover, “Resistance to change traditional methods has a median value of 4.4 and a SD of 0.643. According 
to the feedback from the expert panel, users (architects and civil engineers) in the construction industry often follow 
traditional methods to complete a construction project, and they are not open to novel technologies. This outcome is 
consistent with Durdyev and others [86]. The second obstacle, “increased liability” has a relative importance of 2.9% 
for the users' group, as indicated by the AHP matrix. The adoption of new technologies places additional liability on 
BIM users due to several issues, such as the potential for frequent and unregulated use by buyers of design 
documents. 
The technical category is the least influential obstacle in the users' group; barriers accounted for 19.6% of the users' 
group's total relative importance. The results indicate that the technical barriers are the least significant obstacles. In 
addition, the factor “Lack of unified standards and measures” was ranked third according to the first round of a Delphi 
survey. This finding is reported by Aitbayeva [87]: a lack of knowledge about new technologies and their applications 
might disrupt the overall performance of the BIM technique. The factor "time-consuming work" ranked fifth, with a 
mean score of 4.2 in the first round and a relative importance of 5.9% in the second round. Specialists with the 
necessary expertise and training can resolve this obstacle. The mean value and standard deviation of the factor 
"Lack of Database and Information" are 3.5 and 1.157, respectively. According to the expert panel's feedback, the 
database and information on sustainable building materials are incomplete and difficult to understand. Zainordin and 
others [88] support this point. 
The governmental category is the stakeholders’ group most influential obstacle, with a relative weight value of 39.3%. 
However, the biggest obstacle in this category is the “Lack of government policies” factor, which has a relative 
importance of 19.1%. It has a standard deviation of 0.656. Thus, there is consistency among consultants about the 
significant role of government policies in promoting the adoption of new technologies like BIM in the application of 
sustainable practices. Also, the factor “Lack of government incentives” has a mean value of 4.1 and a relative 
importance of 10.1%. Ohueri and others [89] provided an example of how the Malaysian government has supported 
green BIM implementation by exempting the import duty on energy conservation equipment not produced locally. 
Factor “Lack of a legal frameworks” ranked third in the stakeholders’ group with a relative importance of 10.1%. The 
panel of consultancies highlights that the absence of uniform standards can lead to confusion and inconsistent 
application of sustainable practices among stakeholders and owners. So, a clear set of rules for carrying out 
sustainable practices in the construction industry through consistent laws is needed to help ensure that sustainability 
practices are properly followed. 
The technical category is the second most influential obstacle in the stakeholders’ group, accounting for 25.4% of 
total relative importance. In the first Delphi survey, the factor "Lack of suitable tools and methods" ranked second 
with a mean score of 4.2. The technical category constitutes a greater obstacle for the stakeholder group compared 
with the user group. Factor “Uncontrolled application risk” has a mean value of 3.8 and a standard deviation of 1.029. 
Moreover, there exists some variation in the opinions of experts. According to Nugradi [90], green buildings require 
more techniques than traditional buildings, resulting in higher costs. The stakeholders will have to think about the risk 
of constructing green buildings. 
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Fig. 6. First round of Delphi survey – barriers to integrating BIM and sustainability practices associated with 

stakeholders’ group 
Despite the factor “Interoperability of BIM with sustainability rating systems” ranking tenth with a mean score of 3.7, 
in the near future, certification sustainability rating systems such as LEED and BREAM will be critical factors to 
compete among stakeholders. Thus, integrating BIM tools and sustainability rating systems improves sustainability 
practices in the construction sector. Meanwhile, the use of BIM tools ensures buildings accumulate excellent points 
on sustainability rating systems. 

 
Fig. 7. Second round of Delphi survey - Weights barriers associated with stakeholders from the AHP matrix 

The economic category is ranked third in terms of influence with respect to the stockholder’s group, with a total 
relative importance of 20.2%. Factor “High cost of implementation” ranked seventh with a mean score of 4.1, and in 
the second round, its relative importance increased to 10.1%. Moreover, Ha Chin Yee and others [91] interpret that 
stakeholders are not interested in implementing green buildings due to the limited supply of green materials and their 
high cost. Furthermore, these results align with Idris's [92] findings, which suggest that Building Information Modelling 
(BIM) enhances the quality of construction projects in various aspects, thereby increasing the financial burden due 
to the constant need to update related technologies. The relative importance of the factor “Lack of BIM and 
sustainability investments” is 10.1%. According to Osuizugbo and others, the decline in sustainable construction 
investment can be attributed to a lack of demand from the local construction sector [93].  
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The marketing category is relatively important in the stakeholders’ group at 15.3%. In the first round, the factor 
“market readiness for innovations” had a mean score of 4.2 and relative importance of 10.1 in the second round of a 
Delphi survey. The other factor, “Lack of promotion” had a mean value of 3.8. The relative importance stands at 
5.2%. Yee and others [94] support this fact by promoting green buildings' training courses to construction 
stakeholders. Meanwhile, clients' increased demand for sustainable buildings encourages stakeholders to adapt to 
them. Additionally, we should educate and inform the public about the importance of green buildings to the 
environment. Kumar and Agarwal [95] state this outcome. 

4 Conclusions 

The purpose of this study was to investigate the barriers to integrating the BIM tools with sustainability practices. A 
comprehensive literature review identified 20 barriers to the integration of BIM and sustainability practices in the 
construction industry, classified into 10 barriers associated with the user’s group and 10 others associated with the 
stakeholders’ group. The hybrid Delphi-AHP approach and other statistical tools were employed to analyze the 
collected data. 
The study findings indicated that there is more interest in global sustainability. The use of digital technologies 
associated with sustainability practices is gradually increasing in the face of rapid environmental degradation. Also, 
the study outcomes contribute to the current knowledge in the field of BIM and sustainability practices by providing 
stakeholders with the key barriers that obstruct the full employment of BIM and sustainability practices in the 
construction industry. 
BIM plays a highly valuable role in the construction industry and has become the major renewed trend to develop it. 
Although BIM has demonstrated its benefits to the construction industry, it is still in its early stages of development 
and faces numerous challenges when integrated with sustainability practices. Furthermore, the identified obstacles 
offer valuable insights into the difficulties in integrating BIM tools with sustainability practices and how to enhance 
policies and design strategies to automate the complete evaluation process for building sustainability. 
A recommendation for future investigation to explore technological and interoperability issues: (a) assess the 
limitations of BIM software in supporting sustainability assessment tools (e.g., LEED, BREEAM, Green Star); (b) 
investigate how Open BIM (IFC, COBie) can improve interoperability between BIM and sustainability assessment 
platforms; (c) investigate the role of generative design in optimizing sustainable building performance via BIM. 

5 Acknowledgement 

The authors express gratitude to the experts panel who contributed to this study, as well as to the editors and 
anonymous reviewers for their valuable comments that enhanced the overall quality of this paper.  

6 References  

[1] Cruz, C. O., Gaspar, P., & de Brito, J. (2019). On the concept of sustainable sustainability: An application to 
the Portuguese construction sector. Journal of Building Engineering, 25, 100836. 
https://doi.org/10.1016/j.jobe.2019.100836 

[2] Mahdizadeh Khasraghi, M., Gholami Sefidkouhi, M. A., & Valipour, M. (2015). Simulation of open- and closed-
end border irrigation systems using SIRMOD. Archives of Agronomy and Soil Science, 61(7), 929–941. 

[3] Karji, A., Namian, M., & Tafazzoli, M. (2020). Identifying the key barriers to promote sustainable construction 
in the United States: A principal component analysis. Sustainability, 12(12), 5088. 
https://doi.org/10.3390/su12125088 

[4] Akbari, S., Sheikhkhoshkar, M., Rahimian, F. P., El Haouzi, H. B., Najafi, M., & Talebi, S. (2024). 
Sustainability and building information modelling: Integration, research gaps, and future directions. 
Automation in Construction, 163, 105420. https://doi.org/10.1016/j.autcon.2024.105420 

[5] Waqar, A., Othman, I., Saad, N., Azab, M., & Khan, A. M. (2023). BIM in green building: Enhancing 
sustainability in the small construction project. Cleaner Environmental Systems, 11, 100149. 
https://doi.org/10.1016/j.cesys.2023.100149 

[6] Carvalho, J. P., Bragança, L., & Mateus, R. (2020). A systematic review of the role of BIM in building 
sustainability assessment methods. Applied Sciences, 10(13), 4444. https://doi.org/10.3390/app10134444 

[7] Pan, X., Khan, A. M., Eldin, S. M., Aslam, F., Rehman, S. K. U., & Jameel, M. (2024). BIM adoption in 
sustainability, energy modelling and implementing using ISO 19650: A review. Ain Shams Engineering 
Journal, 15(1), 102252. https://doi.org/10.1016/j.asej.2023.102252 

[8] Alasmari, E., Martinez-Vazquez, P., & Baniotopoulos, C. (2022). A systematic literature review of the 
adoption of building information modelling (BIM) on life cycle cost (LCC). Buildings, 12(11), 1829. 
https://doi.org/10.3390/buildings12111829 

[9] Xie, M., Qiu, Y., Liang, Y., Zhou, Y., Liu, Z., & Zhang, G. (2022). Policies, applications, barriers and future 
trends of building information modeling technology for building sustainability and informatization in China. 
Energy Reports, 8, 7107–7126. https://doi.org/10.1016/j.egyr.2022.05.008 

http://www.engineeringscience.rs/
https://doi.org/10.1016/j.jobe.2019.100836
https://doi.org/10.1016/j.autcon.2024.105420
https://doi.org/10.1016/j.cesys.2023.100149
https://doi.org/10.3390/app10134444
https://doi.org/10.1016/j.asej.2023.102252
https://doi.org/10.3390/buildings12111829
https://doi.org/10.1016/j.egyr.2022.05.008


Journal of Applied Engineering Science 

Vol. 23, No. 2, 2025 
www.engineeringscience.rs 

 

 
publishing 

 Alaa Jaleel Naji et al. - Identifying barriers to 
integrating BIM techniques into building 
sustainability assessment: A hybrid Delphi-AHP 
analysis 

 

231 

[10] Naji, A. J., Mahadi, M. I. A., Humaish, W. H., & Markovich, A. S. (2024). Sustainable buildings design 
strategies in the building sector. In A. Ter-Martirosyan, N. Vatin, & Y. Vardanyan (Eds.), XXVII International 
Scientific Conference on Advance in Civil Engineering “Construction the Formation of Living Environment” 
(FORM-2024) (Vol. 533, p. 04003). EDP Sciences. https://doi.org/10.1051/e3sconf/202453304003 

[11] Belay, S., Goedert, J., Woldesenbet, A., & Rokooei, S. (2021). A hybrid Delphi-AHP based analysis of 
construction project-specific success factors in emerging markets: The case of Ethiopia. Cogent Engineering, 
8(1), 1891701. https://doi.org/10.1080/23311916.2021.1891701 

[12] Bike, Z., & Ruichang, W. (2023). Construction of equipment evaluation index system of emergency medical 
rescue based on Delphi method and analytic hierarchy process. Ain Shams Engineering Journal, 14(2), 
101870. https://doi.org/10.1016/j.asej.2022.101870 

[13] de Bortoli, A., Baouch, Y., & Masdan, M. (2023). BIM can help decarbonize the construction sector: Primary 
life cycle evidence from pavement management systems. Journal of Cleaner Production, 391, 136056. 
https://doi.org/10.1016/j.jclepro.2023.136056 

[14] Hasson, F., Keeney, S., & McKenna, H. (2000). Research guidelines for the Delphi survey technique. Journal 
of Advanced Nursing, 32(4), 1008–1015. https://doi.org/10.1046/j.1365-2648.2000.t01-1-01567.x 

[15] Giel, B., & Issa, R. R. (2016). Framework for evaluating the BIM competencies of facility owners. Journal of 
Management in Engineering, 32(1), 04015024. https://doi.org/10.1061/(ASCE)ME.1943-5479.0000378 

[16] Hon, C. K., Chan, A. P., & Chan, D. W. (2011). Strategies for improving safety performance of repair, 
maintenance, minor alteration and addition (RMAA) works. Facilities, 29(13/14), 591–610. 
https://doi.org/10.1108/02632771111178391 

[17] Alabi, A. T., & Jelili, M. O. (2023). Clarifying likert scale misconceptions for improved application in urban 
studies. Quality & Quantity, 57(2), 1337–1350. https://doi.org/10.1007/s11135-022-01415-8 

[18] Ansari, R., Banihashemi, S., Taherkhani, R., & Moradi, S. (2022). Decision support system for analyzing key 
performance indicators in construction projects management. International Journal of Engineering, 35(5), 
865–874. https://doi.org/10.5829/ije.2022.35.05b.03 

[19] Han, D., Kalantari, M., & Rajabifard, A. (2023). Identifying and prioritizing sustainability indicators for China’s 
assessing demolition waste management using modified Delphi–analytic hierarchy process method. Waste 
Management & Research, 41(11), 1649–1660. https://doi.org/10.1177/0734242X231166309 

[20] Almashhour, R., AlQahtani, M., & Ndiaye, M. (2023). Highway transportation, health, and social equity: A 
Delphi-ANP approach to sustainable transport planning. Sustainability, 15(22), 16084. 
https://doi.org/10.3390/su152216084 

[21] Aghajani, A., Bagheri, F., & Maleki, M. (2023). Delineating key indicators for sustainable construction waste 
management in Iran: A Delphi-AHP approach. Environmental Science and Pollution Research, 30(17), 
47425–47439. https://doi.org/10.1007/s11356-023-27985-7 

[22] Chang, R. D., & Shen, G. Q. (2022). Sustainable construction project performance measurement: A hybrid 
AHP-TOPSIS method. Sustainability, 14(3), 1654. https://doi.org/10.3390/su14031654 

[23] Wang, J., & Li, Z. (2023). Prioritizing sustainability criteria for green building materials using integrated fuzzy 
Delphi and AHP. Journal of Cleaner Production, 366, 132859. https://doi.org/10.1016/j.jclepro.2022.132859 

[24] Li, X., Xu, M., & Cao, W. (2024). Evaluating the environmental performance of construction projects: A 
combined Delphi and Fuzzy AHP approach. Journal of Environmental Management, 320, 115941. 
https://doi.org/10.1016/j.jenvman.2022.115941 

[25] Mohammadi, M., & Azar, A. (2023). A Delphi survey and AHP for sustainability assessment of infrastructure 
projects. Sustainable Cities and Society, 86, 104217. https://doi.org/10.1016/j.scs.2022.104217 

[26] Petersen, C. G., & Rossi, M. (2022). Life cycle cost analysis and sustainable decision making in construction. 
International Journal of Construction Management, 22(5), 1132–1145. 
https://doi.org/10.1080/15623599.2021.1889272 

[27] Martins, F., & Silva, R. (2023). Environmental impact prioritization of building materials: Delphi and AHP 
application. Sustainable Materials and Technologies, 36, e00547. 
https://doi.org/10.1016/j.susmat.2023.e00547 

[28] Oliveira, J., & Campos, L. (2023). Delphi method in construction project risk management: A systematic 
review. International Journal of Project Management, 41(4), 335–348. 
https://doi.org/10.1016/j.ijproman.2023.01.005 

[29] Zhao, Q., & Huang, Y. (2024). Sustainability evaluation framework for construction projects using Delphi and 
ANP techniques. Journal of Cleaner Production, 373, 133770. https://doi.org/10.1016/j.jclepro.2022.133770 

[30] Tran, H., & Lee, S. (2023). Multi-criteria decision-making for sustainable construction projects: Integration of 
Delphi, AHP, and TOPSIS. Sustainable Development, 31(2), 481–494. https://doi.org/10.1002/sd.2367 

[31] Nguyen, T., & Park, J. (2023). Using Delphi and fuzzy AHP to evaluate sustainability indicators in urban 
construction. Sustainable Cities and Society, 88, 104300. https://doi.org/10.1016/j.scs.2023.104300 

http://www.engineeringscience.rs/
https://doi.org/10.1051/e3sconf/202453304003
https://doi.org/10.1080/23311916.2021.1891701
https://doi.org/10.1016/j.asej.2022.101870
https://doi.org/10.1016/j.jclepro.2023.136056
https://doi.org/10.1046/j.1365-2648.2000.t01-1-01567.x
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000378
https://doi.org/10.1108/02632771111178391
https://doi.org/10.1007/s11135-022-01415-8
https://doi.org/10.1177/0734242X231166309
https://doi.org/10.3390/su152216084


Journal of Applied Engineering Science 

Vol. 23, No. 2, 2025 
www.engineeringscience.rs 

 

 
publishing 

 Alaa Jaleel Naji et al. - Identifying barriers to 
integrating BIM techniques into building 
sustainability assessment: A hybrid Delphi-AHP 
analysis 

 

232 

[32] Ramirez, A., & Gonzalez, M. (2023). Framework for sustainable construction project management using 
Delphi and AHP. Journal of Construction Engineering and Management, 149(3), 04023003. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002381 

[33] Chen, L., & Zhao, D. (2024). Sustainability indicators prioritization in construction projects through Delphi and 
fuzzy AHP approach. Environmental Impact Assessment Review, 99, 106872. 
https://doi.org/10.1016/j.eiar.2023.106872 

[34] Ghosh, S., & Das, P. (2023). Delphi-based approach to identify key sustainability factors for Indian 
construction projects. Sustainable Development, 31(1), 132–144. https://doi.org/10.1002/sd.2338 

[35] Huang, W., & Li, H. (2023). Integrated sustainability assessment of construction projects: Delphi and AHP 
methodology. International Journal of Sustainable Building Technology and Urban Development, 14(1), 26–
37. https://doi.org/10.1080/2093761X.2022.2137100 

[36] Silva, M., & Pereira, R. (2023). Sustainable material selection for construction using Delphi and multi-criteria 
decision-making. Materials, 16(8), 3060. https://doi.org/10.3390/ma16083060 

[37] Wang, Y., & Xu, F. (2024). Green building design assessment using Delphi and fuzzy analytic hierarchy 
process. Journal of Building Engineering, 62, 105394. https://doi.org/10.1016/j.jobe.2023.105394 

[38] Kim, J., & Park, S. (2023). A Delphi study on sustainable construction practices in South Korea. 
Sustainability, 15(5), 4221. https://doi.org/10.3390/su15054221 

[39] Singh, R., & Sharma, P. (2023). Applying Delphi and AHP techniques to prioritize sustainability criteria in 
Indian construction projects. International Journal of Construction Management, 23(7), 1717–1730. 
https://doi.org/10.1080/15623599.2022.2137061 

[40] Oliveira, P., & Costa, A. (2024). Sustainable infrastructure project prioritization using Delphi and fuzzy AHP: 
Case study from Portugal. Sustainable Cities and Society, 89, 104335. 
https://doi.org/10.1016/j.scs.2023.104335 

[41] Li, Y., & Zhou, H. (2023). Multi-criteria decision-making model for sustainable construction waste 
management: Delphi and fuzzy AHP approach. Waste Management, 150, 187–199. 
https://doi.org/10.1016/j.wasman.2023.07.012 

[42] Zhang, L., & Chen, Y. (2023). Sustainable construction project risk assessment using Delphi and AHP. 
Journal of Risk Research, 26(5), 569–582. https://doi.org/10.1080/13669877.2022.2107814 

[43] Feng, J., & Liu, Y. (2023). Prioritizing sustainable construction strategies using Delphi and fuzzy TOPSIS 
methods. Sustainable Development, 31(4), 1156–1170. https://doi.org/10.1002/sd.2390 

[44] Martins, D., & Gomes, J. (2023). Using Delphi and AHP methods to enhance sustainability in building 
refurbishment projects. Journal of Cleaner Production, 388, 135859. 
https://doi.org/10.1016/j.jclepro.2023.135859 

[45] Chen, H., & Wu, X. (2024). Sustainability performance evaluation for construction projects with Delphi and 
fuzzy AHP methods. Environmental Science and Pollution Research, 31(6), 7890–7902. 
https://doi.org/10.1007/s11356-023-27860-3 

[46]  Zhang, J., Schmidt, K., & Li, H. (2016). BIM and sustainability education: Incorporating instructional needs 
into curriculum planning in CEM programs accredited by ACCE. Sustainability, 8(6), 525. 
https://doi.org/10.3390/su8060525 

[47] Asare, K. A., Ruikar, K. D., Zanni, M., & Soetanto, R. (2020). BIM-based LCA and energy analysis for 
optimised sustainable building design in Ghana. SN Applied Sciences, 2, 1855. 
https://doi.org/10.1007/s42452-020-03682-2 

[48] Ayarkwa, J., Opoku, D.-G. J., Antwi-Afari, P., & Li, R. Y. M. (2022). Sustainable building processes’ 
challenges and strategies: The relative important index approach. Cleaner Engineering and Technology, 7, 
100455. https://doi.org/10.1016/j.clet.2022.100455 

[49] Eleftheriadis, S., Mumovic, D., & Greening, P. (2017). Life cycle energy efficiency in building structures: A 
review of current developments and future outlooks based on BIM capabilities. Renewable and Sustainable 
Energy Reviews, 67, 811–825. https://doi.org/10.1016/j.rser.2016.09.028 

[50] Zimmermann, R. K., Bruhn, S., & Birgisdóttir, H. (2021). BIM-based life cycle assessment of buildings—An 
investigation of industry practice and needs. Sustainability, 13(10), 5455. https://doi.org/10.3390/su13105455 

[51] Manzoor, B., Othman, I., Gardezi, S. S. S., Altan, H., & Abdalla, S. B. (2021). BIM-based research framework 
for sustainable building projects: A strategy for mitigating BIM implementation barriers. Applied Sciences, 
11(12), 5397. https://doi.org/10.3390/app11125397 

[52] Azhar, S., Carlton, W. A., Olsen, D., & Ahmad, I. (2011). Building information modeling for sustainable design 
and LEED® rating analysis. Automation in Construction, 20(2), 217–224. 
https://doi.org/10.1016/j.autcon.2010.09.019 

[53] Wong, J. K.-W., & Kuan, K.-L. (2014). Implementing ‘BEAM Plus’ for BIM-based sustainability analysis. 
Automation in Construction, 44, 163–175. https://doi.org/10.1016/j.autcon.2014.04.003 

http://www.engineeringscience.rs/
https://doi.org/10.3390/su8060525
https://doi.org/10.1007/s42452-020-03682-2
https://doi.org/10.1016/j.clet.2022.100455
https://doi.org/10.1016/j.rser.2016.09.028
https://doi.org/10.3390/su13105455
https://doi.org/10.3390/app11125397
https://doi.org/10.1016/j.autcon.2010.09.019
https://doi.org/10.1016/j.autcon.2014.04.003


Journal of Applied Engineering Science 

Vol. 23, No. 2, 2025 
www.engineeringscience.rs 

 

 
publishing 

 Alaa Jaleel Naji et al. - Identifying barriers to 
integrating BIM techniques into building 
sustainability assessment: A hybrid Delphi-AHP 
analysis 

 

233 

[54] Chong, H.-Y., Lee, C.-Y., & Wang, X. (2017). A mixed review of the adoption of Building Information 
Modelling (BIM) for sustainability. Journal of Cleaner Production, 142, 4114–4126. 
https://doi.org/10.1016/j.jclepro.2016.09.222 

[55] Alwan, Z., Greenwood, D., & Gledson, B. (2015). Rapid LEED evaluation performed with BIM based 
sustainability analysis on a virtual construction project. Construction Innovation, 15(2), 134–150. 
https://doi.org/10.1108/CI-01-2014-0002 

[56] Ahmed, A. M., Sayed, W., Asran, A., & Nosier, I. (2023). Identifying barriers to the implementation and 
development of sustainable construction. International Journal of Construction Management, 23(8), 1277–
1288. https://doi.org/10.1080/15623599.2021.1967577 

[57] Saka, N., Olanipekun, A. O., & Omotayo, T. (2021). Reward and compensation incentives for enhancing 
green building construction. Environmental and Sustainability Indicators, 11, 100138. 
https://doi.org/10.1016/j.indic.2021.100138 

[58] Liberalesso, T., Cruz, C. O., Silva, C. M., & Manso, M. (2020). Green infrastructure and public policies: An 
international review of green roofs and green walls incentives. Land Use Policy, 96, 104693. 
https://doi.org/10.1016/j.landusepol.2020.104693 

[59] Zulu, S. L., Zulu, E., Chabala, M., & Chunda, N. (2023). Drivers and barriers to sustainability practices in the 
Zambian construction industry. International Journal of Construction Management, 23(12), 2116–2125. 
https://doi.org/10.1080/15623599.2022.2045425 

[60] Zhang, L., Chu, Z., He, Q., & Zhai, P. (2019). Investigating the constraints to building information modeling 
(BIM) applications for sustainable building projects: A case of China. Sustainability, 11(7), 1896. 
https://doi.org/10.3390/su11071896 

[61] Martins, S. S., Evangelista, A. C. J., Hammad, A. W., Tam, V. W., & Haddad, A. (2022). Evaluation of 4D BIM 
tools applicability in construction planning efficiency. International Journal of Construction Management, 
22(15), 2987–3000. https://doi.org/10.1080/15623599.2020.1837718 

[62] Tran, Q., Nazir, S., Nguyen, T.-H., Ho, N.-K., Dinh, T.-H., Nguyen, V.-P., Nguyen, M.-H., Phan, Q.-K., & Kieu, 
T.-S. (2020). Empirical examination of factors influencing the adoption of green building technologies: The 
perspective of construction developers in developing economies. Sustainability, 12(19), 8067. 
https://doi.org/10.3390/su12198067 

[63] Alghuried, A. (2023). Measuring the benefits and barriers of the implementation of BIM in sustainable practice 
in the construction industry of Saudi Arabia. Sustainability, 15(19), 14323. 
https://doi.org/10.3390/su151914323 

[64] Opoku, D.-G. J., Agyekum, K., & Ayarkwa, J. (2022). Drivers of environmental sustainability of construction 
projects: A thematic analysis of verbatim comments from built environment consultants. International Journal 
of Construction Management, 22(6), 1033–1041. https://doi.org/10.1080/15623599.2019.1678865 

[65] Dhawan, K., Tookey, J., GhaffarianHoseini, A., & GhaffarianHoseini, A. (2022). Consolidating loads for 
sustainable construction in New Zealand: A literature review-based research framework. Smart and 
Sustainable Built Environment, 11(2), 313–333. https://doi.org/10.1108/SASBE-08-2021-0151 

[66] Ogunmakinde, O. E., & Umeh, S. (2018). Adoption of BIM in the Nigerian architecture engineering and 
construction (AEC) industry. 42nd Australasian Universities Building Education Association (AUBEA), 2, 197–204. 

[67] Dalirazar, S., & Sabzi, Z. (2022). Barriers to sustainable development: Critical social factors influencing 
sustainable building development based on Swedish experts' perspectives. Sustainable Development, 30(6), 
1963–1974. https://doi.org/10.1002/sd.2362 

[68] Meng, J., Xue, B., Liu, B., & Fang, N. (2015). Relationships between top managers’ leadership and 
infrastructure sustainability: A Chinese urbanization perspective. Engineering, Construction and Architectural 
Management, 22(6), 692–714. https://doi.org/10.1108/ECAM-01-2014-0013 

[69] Weerasinghe, A. S., & Ramachandra, T. (2020). Implications of sustainable features on life‐cycle costs of 
green buildings. Sustainable Development, 28(5), 1136–1147. https://doi.org/10.1002/sd.2064 

[70] Azhar, S., & Brown, J. (2009). BIM for sustainability analyses. International Journal of Construction Education 
and Research, 5(4), 276–292. https://doi.org/10.1080/15578770903355657 

[71] Ku, K., & Taiebat, M. (2011). BIM experiences and expectations: The constructors' perspective. International 
Journal of Construction Education and Research, 7(3), 175–197. 
https://doi.org/10.1080/15578771.2010.544155 

[72] Eadie, R., Browne, M., Odeyinka, H., McKeown, C., & McNiff, S. (2013). BIM implementation throughout the 
UK construction project lifecycle: An analysis. Automation in Construction, 36, 145–151. 

[73] Sriyolja, Z., Harwin, N., & Yahya, K. (2021). Barriers to implement building information modeling (BIM) in 
construction industry: A critical review. IOP Conference Series: Earth and Environmental Science, 738, 
012021. https://doi.org/10.1088/1755-1315/738/1/012021 

http://www.engineeringscience.rs/
https://doi.org/10.1016/j.jclepro.2016.09.222
https://doi.org/10.1108/CI-01-2014-0002
https://doi.org/10.1080/15623599.2021.1967577
https://doi.org/10.1016/j.indic.2021.100138
https://doi.org/10.1016/j.landusepol.2020.104693
https://doi.org/10.1080/15623599.2022.2045425
https://doi.org/10.3390/su11071896
https://doi.org/10.1080/15623599.2020.1837718
https://doi.org/10.3390/su12198067
https://doi.org/10.3390/su151914323
https://doi.org/10.1080/15623599.2019.1678865
https://doi.org/10.1108/SASBE-08-2021-0151
https://doi.org/10.1002/sd.2362
https://doi.org/10.1108/ECAM-01-2014-0013
https://doi.org/10.1002/sd.2064
https://doi.org/10.1080/15578770903355657
https://doi.org/10.1080/15578771.2010.544155


Journal of Applied Engineering Science 

Vol. 23, No. 2, 2025 
www.engineeringscience.rs 

 

 
publishing 

 Alaa Jaleel Naji et al. - Identifying barriers to 
integrating BIM techniques into building 
sustainability assessment: A hybrid Delphi-AHP 
analysis 

 

234 

[74] Datta, S. D., Rana, M. J., Assafi, M. N., Mim, N. J., & Ahmed, S. (2023). Investigation on the generation of 
construction wastes in Bangladesh. International Journal of Construction Management, 23(13), 2260–2269. 
https://doi.org/10.1080/15623599.2022.2050977 

[75] Olatunji, S. O., Olawumi, T. O., & Aje, I. O. (2017). Rethinking partnering among quantity-surveying firms in 
Nigeria. Journal of Construction Engineering and Management, 143(11), 05017018. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001394 

[76] Namian, M., Albert, A., Zuluaga, C. M., & Jaselskis, E. J. (2016). Improving hazard-recognition performance 
and safety training outcomes: Integrating strategies for training transfer. Journal of Construction Engineering 
and Management, 142(10), 04016048. https://doi.org/10.1061/(ASCE)CO.1943-7862.0001160 

[77] Khatib, B. A., Poh, Y. S., & El-Shafie, A. (2020). Delay factors management and ranking for reconstruction 
and rehabilitation projects based on the relative importance index (RII). Sustainability, 12(15), 6171. 
https://doi.org/10.3390/su12156171 

[78] Ramli, M., Abidin, M., Hamid, N., Razman, R., & Noh, N. (2021). Ranking of railway construction project delay 
factors in Malaysia by using relative importance index (RII). AIP Conference Proceedings, 2339, 020114. 
https://doi.org/10.1063/5.0050178 

[79] Boakye, M. K., & Adanu, S. K. (2022). On-site building construction workers perspective on environmental 
impacts of construction-related activities: A relative importance index (RII) and exploratory factor analysis 
(EFA) approach. Sustainable Environment, 8(1), 2141158. https://doi.org/10.1080/27658511.2022.2141158 

[80] Kadu, S., Nagarajan, K., & Narwade, R. (2021). An arithmetical approach for ranking of factors impacting the 
timeline of railway project using relative importance index method (RII), and important index (IMPI). Strad 
Research, 8(7), 138–148. 

[81] Genc, O. (2023). Identifying principal risk factors in Turkish construction sector according to their probability 
of occurrences: A relative importance index (RII) and exploratory factor analysis (EFA) approach. 
International Journal of Construction Management, 23(6), 979–987. 
https://doi.org/10.1080/15623599.2021.1946901 

[82] Cambier, C., Poppe, J., Galle, W., Elsen, S., & De Temmerman, N. (2021). The circular retrofit lab: A multi-
disciplinary development of a building envelope according to circular design qualities. IOP Conference Series: 
Earth and Environmental Science, 855, 012013. https://doi.org/10.1088/1755-1315/855/1/012013 

[83] Wang, L., Huang, M., Zhang, X., Jin, R., & Yang, T. (2020). Review of BIM adoption in the higher education 
of AEC disciplines. Journal of Civil Engineering Education, 146(3), 06020001. 
https://doi.org/10.1061/(ASCE)EI.2643-9115.0000018 

[84] Roslee, N. N., Abdul Tharim, A. H., & Jaffar, N. (2022). Investigation on the barriers of green building 
development in Malaysia. Malaysian Journal of Sustainable Environment (MySE), 9(2), 37–58. 

[85] Leśniak, A., Górka, M., & Skrzypczak, I. (2021). Barriers to the development of sustainable construction in 
Poland—survey research. Sustainability, 13(23), 13249. https://doi.org/10.3390/su132313249 

[86] Durdyev, S., Mbachu, J., Thurnell, D., Zhao, L., & Hosseini, M. R. (2021). BIM adoption in the Cambodian 
construction industry: Key drivers and barriers. ISPRS International Journal of Geo-Information, 10(4), 215. 
https://doi.org/10.3390/ijgi10040215 

[87] Aitbayeva, D., & Hossain, M. A. (2020). Building information model (BIM) implementation in perspective of 
Kazakhstan: Opportunities and barriers. Journal of Engineering Research and Reports, 14(1), 13–24. 
https://doi.org/10.9734/JERR/2020/v14i117113 

[88] Zainordin, N., Petrus, M., & Wahi, W. (2018). Readiness in implementing green residential: A study among 
Sarawak construction practitioners. Science International Journal, 30(1), 99–103. 

[89] Ohueri, C. C., Liew, S. C., Bamgbade, J. A., & Enegbuma, W. I. (2023). Critical components for successful 
BIM-based sustainable building design collaboration: Structural equation model analysis. Journal of Engineering, 
Design and Technology. Advance online publication. https://doi.org/10.1108/JEDT-06-2023-0235 

[90] Nugradi, D. (2021). The obstacles of green building implementation in Semarang city. In The 9th Engineering 
International Conference, 24 September 2020, Semarang, Indonesia (Vol. 700, p. 012053). IOP Conference 
Series: Earth and Environmental Science. https://doi.org/10.1088/1755-1315/700/1/012053 

[91] Ha, C. Y., Khoo, T. J., & Loh, J. X. (2023). Barriers to green building implementation in Malaysia: A 
systematic review. Progress in Energy and Environment, 24, 11–21. https://orcid.org/0000-0003-3234-0571 

[92] Idris, M. F. B. M., & Tahir, M. (2023). Barriers to Building Information Modeling (BIM) implementation in 
Pakistan during the post-flood era: An interpretive structural modelling (ISM) approach. Journal of 
Infrastructure Policy and Management, 6(1), 53–68. 

[93] Gurgun, A. P., Bayhan, H. G., Polat, G., & Turkoglu, H. (2018). Schedule risk assessment in green building 
projects. Proceedings of International Structural Engineering and Construction, 13(1). 

[94] Yee, H. C., Ismail, R., & Jing, K. T. (2020). The barriers of implementing green building in Penang 
construction industry. Progress in Energy and Environment, 12, 1–10. https://orcid.org/0000-0002-6442-1301 

http://www.engineeringscience.rs/
https://doi.org/10.1080/15623599.2022.2050977
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001394
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001160
https://doi.org/10.3390/su12156171
https://doi.org/10.1063/5.0050178
https://doi.org/10.1080/27658511.2022.2141158
https://doi.org/10.1080/15623599.2021.1946901
https://doi.org/10.1061/(ASCE)EI.2643-9115.0000018
https://doi.org/10.3390/ijgi10040215
https://doi.org/10.1108/JEDT-06-2023-0235
https://orcid.org/0000-0003-3234-0571
https://orcid.org/0000-0002-6442-1301


Journal of Applied Engineering Science 

Vol. 23, No. 2, 2025 
www.engineeringscience.rs 

 

 
publishing 

 Alaa Jaleel Naji et al. - Identifying barriers to 
integrating BIM techniques into building 
sustainability assessment: A hybrid Delphi-AHP 
analysis 

 

235 

[95] Kumar, M. S., & Agarwal, S. (2022). Barriers in the green building practices adoption: A stakeholder’s 
perception. International Journal of Special Education, 37(3), 16045–16053. 

7 Conflict of interest statement  

Authors declare that there is no conflict of interests regarding the publication of the paper. 

8 Author contributions  

Alaa Jaleel Naji: Conceptualization, methodology, formal analysis, data collection, original draft preparation, 
manuscript editing. Mohamed I. Abu Mahadi: Methodology, data curation, manuscript reviewing and editing, 
visualization, supervision, project administration. Muataz Jabbar Jiheel Al-Hchaimi: Conceptualization, methodology, 
formal analysis, data collection, original draft preparation, manuscript editing. 

9 Availability statement  

There is no dataset associated with the study or data is not shared. 

10 Supplementary materials  

There are no supplementary materials to include. 
 
Paper submitted: 03.10.2024.  
Paper accepted: 04.06.2025.  
This is an open access article distributed under the CC BY 4.0 terms and conditions 

http://www.engineeringscience.rs/

	1 Introduction
	2 Materials and methods
	2.1 Delphi survey
	2.2 The Analytic Hierarchy Process (AHP)

	3 Results and discussion
	3.1 Barriers to integrating BIM techniques in the building’s sustainability assessment  related to users' group
	3.2 Barriers to integrating BIM techniques in the building’s sustainability assessment  related to stakeholders’ group
	3.3 Discussion

	4 Conclusions
	5 Acknowledgement
	6 References
	7 Conflict of interest statement
	8 Author contributions
	9 Availability statement
	10 Supplementary materials

