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Abstract

Overcoming the hurdles to achieving GreenBIM is critical to achieving its implementation. This is not an isolated
case, as the construction industry is known to be slow to attain digital adoption due to various challenges. This study
is important for identifying and overcoming the various barriers to achieving sustainability in the construction
industry. The study collected randomly through well structured questionnaires. The collected data was analysed, and
the study findings reveal, among others, that there is lack of GreenBIM guide, a lack of incentives to adopt GBIM,
lack of BIM training, and business changes are some of the barriers to GBIM adoption in developing countries.
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1. Introduction

The construction industry is actively adopting various innovations and technologies to improve industry products
(Adekunle et al., 2021; Ejohwomu et al., 2021). Also, the adoption of these new approaches as opposed to the
traditional methods is also beneficial to achieve sustainability and provide environmentally friendly construction
industry products. Sometimes, these innovations and emerging technologies are adopted separately, while some are
combined. The concept of Green Building information modelling(GreenBIM/GBIM) involves the fusion of green
technology and Building information modelling(BIM). Although still a budding area as compared to BIM, it has
been adopted in both large construction projects and residential buildings (Ekasanti et al., 2021), although not
without shortcomings and areas for improvement.

Shukra & Zhou, (2021) viewed Green Building information Modelling as a concept that adapts green building and
Building Information Modelling practices towards achieving a sustainable design and objectives in a construction
project. For Liu and Wang, (2022), it involves a process of improving the building performance while creating and
managing the lifecycle information using Building Information Modelling without compromising the achievement
of the project goals. Akmal et al., (2019) revealed the importance of combining green building and Building
Information Modelling in the process of all phases of the project, including maintenance, renovation, and
demolition, ensuring that the project results meet the standard of Green Building Information Modelling. This
combination integrates sustainability and effective information management. Consequently, the importance of BIM
in achieving GreenBIM cannot be overemphasised as it plays a critical role. GBIM, among other uses, provides for
the reduction of waste, reduction of environmental impacts while improving quality, improves collaboration, and
real-time information management, among others, as it fuses the advantages of green building and BIM. (Cassino et
al., 2010) views GreenBIM as the adoption of BIM tools to achieve sustainability and improved building
performance on a construction project. Basically, GreenBIM consists of three components, BIM, Green Building
certification protocol and environmentally sustainable design(Gandhi & Jupp, 2013).

GreenBIM is used to achieve energy performance analysis, acoustic analysis, building performance analysis, carbon
emission analyses, natural ventilation system analyses, solar radiation and lighting analyses, and water usage
analyses, among others (Chang & Hsieh, 2020; Lu et al., 2017). Some other benefits of using BIM for sustainability
practices in the built environment include achieving real-time sustainable design and multi-design alternatives and
reduction of project environmental impact, among others (Olawumi & Chan, 2019).

Actualising these benefits has been difficult in the construction industry, especially in developing countries. This
study aims to identify the barriers to implementing GreenBIM in the south African construction industry.



2. Barriers to Green BIM implementation

Despite the inherent benefits of the implementation of GBIM in the construction industry, achieving it has been a
tedious task. This is due to the various barriers that have made it impossible. According to (Cassino et al., 2010), one
of the challenges faced in the construction industry when it comes to the adoption of GreenBim is the lack of tools
and the complexity of developed models. Some other barriers include lack of experts ((Akmal et al., 2019) (Sehrawy
et al., 2021)), lack of knowledge (Akmal et al., 2019; Araszkiewicz, 2016), high implication cost (Araszkiewicz,
2016; Sehrawy et al., 2021; Zhabrinna et al., 2018), lack of GreenBIM awareness (Akmal et al., 2019), culture
resistance (Adekunle et al., 2022; Sehrawy et al., 2021), lack of standard workflow (Sehrawy et al., 2021), deficient
BIM libraries (Sehrawy et al., 2021) among others. Most of these barriers are context specific, hence the study to
determine the barriers specific to the South African construction industry regarding GreenBIM implementation.

3. Research Methodology

This research was aimed at identifying the barriers to the implementation of GreenBIM in the construction industry.
Construction industry professionals in the South African construction industry (architects, construction managers,
Quantity surveyors, town planners, civil engineers, electrical engineers, mechanical engineers, and safety managers)
were sampled. Sampling these professionals is essential due to the various roles they perform in the construction
industry, especially in the era of innovations is considered very important. A quantitative approach was adopted
through the use of well-structured questionnaires; this has been well adopted in built environment research to
generalise outcomes (Akinradewo et al., 2022; Aliu & Ohis Aigbavboa, 2020) using numerical data. A total of sixty-
four data was collected. The administered questionnaire adopted a five-point Likert scale to provide a quantitative
measure (Boone & Boone, 2012). The five scales adopted are strongly disagree, disagree, Neutral, agree and
strongly agree. Firstly the reliability of the items making up the scales was measured using the Cronbach Alpha.
According to Pallant, (2010), the value range between 0 to 1, and good reliability should be above 0.7. the Cronbach
alpha for this study achieved 0.949. This means the instrument measurement items are reliable. The data collected
was analysed using the Mean item score and Kruskal Wallis H test. This is to determine the average of responses
and differences in respondents opinions.

4. Research findings

4.1 Background information of respondents

The respondents for the study consist of 60% possessing bachelors degree, 20% of the respondents have diploma,
9.2% of the respondents have Masters degree, followed by 7.7% possessing Matric certificate and 1.5% having PhD.
Table 1 also shows the profession of the respondents to be 33.8% Quantity surveyors, 21.5% construction managers,
16.9% electrical engineers, and 12.3% of the respondents are civil engineers. Other professions in the respondents
are Architects (7.7%), Mechanical engineers (3.1%), safety managers and town planner (1.5% respectively).
Respondents possess various degree of industry experience; the majority of the respondents have between 0 — 5
years (67.7%). Other respondents possess between 5- 10 years of experience (26.2%), 15-20 years (3.1%) and 1.5%
possess experience above 20 years in the construction industry. Furthermore, the respondents are predominantly
working with contracting organisations (32,3%), followed by those working with government parastatals (27.7%),
20% work with private organisations/clients, and 18.5% are consultants.

Table 1: Respondent background information

Highest educational qualification Frequency Percent
Matric certificate 5 7.7

Post certificate or Diploma 13 20




Bachelors degree 39 60

Masters degree 6 9.2
Doctorate 1 1.5
Profession

Construction Manager 14 21.5
Quantity Surveyor 22 33.8
Town Planner 1 1.5
Civil Engineer 8 12.3
Electrical Engineer 11 16.9
Mechanical Engineer 2 3.1
Safety Manager 1 1.5
Architect 5 7.7
Years of experience

0-5 44 67.7
05-10 17 26.2
15-20 2 3.1
More than 20 years 1 1.5
Institution/organisation

Consultant 12 18.5
Government 18 27.7
Private Organisation 13 20
Contracting organisation 21 323
Familiarity with Green BIM

Not at all familiar 13 21.5
Slightly familiar 16 24.6
Somewhat familiar 18 27.7
Moderate familiar 12 18.5
Extremely familiar 5 1.7

Meanwhile, it is worth noting that respondents are familiar, although to different degrees with the GreenBIM
concept. Only 13% claim not to be familiar with the concept, and this study serves as a source of awareness to the
professionals. It does mean the concept is fairly new in the South African construction industry.

4.2 Barriers to implementing GreenBIM

Table 2 presents the mean item score of each of the presented variables to the respondent. The mean item score was
adopted to get the average of the responses collected from the industry professionals based on a five Likert scale.
The table presents the variables and the MIS, and the SD. From the table, all variables presented are significant.
However, according to the data collected, the most significant variable is the lack of a GreenBIM guide, with a score
of 3.64; this is followed by a lack of incentives for promoting GreenBIM (MIS = 3.61). Other barriers to the
implementation of GreenBIM include the lack of BIM training (3.56), business changes (3.55) and lack of BIM
demand (3.53) and the lack of government support (3.47). The study also checked if there is a significant statistical
difference in response based on the professionals grouping; the Kruskal-Wallis test (Table 3) was employed.
According to (Pallant, 2010), a significance level of above .05 signifies that there is no statistically significant
difference in the responses across the groups. For this study, all variables achieved a significant level above 0.05
except for the high implementation cost, which has a value of 0.019.



Table 2: Barriers to the implementation of GreenBIM

Barriers Mean Std. Deviation
Lack of Green Building Information Modelling guides 3.64 1.213
Lack of incentives for promoting Green Building Information Modelling 3.61 1.149
Lack of Building Information Modelling training 3.56 1.180
Business changes 3.55 1.053
Lack of Building Information Modelling demand 3.53 1.195
Lack of experts on Building Information Modelling 3.47 1.195
Lack of government support 3.47 1.247
Culture resistance 3.44 1.167
Shortage of skills 3.39 1.341
Lack of knowledge 3.39 1.280
High implementation costs 3.39 1.242
Table 3: KWH test for responses
Kruskal-Wallis H Asymp. Sig.
Lack of experts on Building Information Modelling 8.138 0.321
Lack of knowledge 11.901 0.104
High implementation costs 16.693 0.019
Lack of Green Building Information Modelling guides 6.445 0.489
Culture resistance 3.860 0.796
6.919 0.437

Lack of incentives for promoting Green Building Information Modelling
Lack of government support 6.848 0.445

. 12.960 0.073
Shortage of skills
Lack of Building Information Modelling training 11.413 0.122
Lack of Building Information Modelling demand 10.567 0.159
Business changes 7.615 0.368

The results suggest a lack of GreenBIM guides and structure, which can be linked to a lack of awareness, lack of
legal structures necessary for implementation, and stakeholders not fully aware of the full benefits or how to
implement GreenBIM among other factors. These factors are not isolated to GreenBIM implementation as they have
been identified, especially lack of adequate awareness or clarity to be a critical barrier to the diffusion of technology
and innovations in the construction industry (Adekunle et al., 2020; Akinradewo et al., 2022; Ikuabe et al., 2022;
John et al., 2022). This might also be a likely reason for the diverse ranking of the high cost of implementation by
the respondents, as they might not have full clarity on the implementation of GreenBIM; hence they cannot
determine the cost of implementation.

Considering the critical role played by BIM in achieving GreenBIM, it is not surprising to find it as a barrier to the
actualisation of GreenBIM. The lack of BIM training, demand and skills must be overcome to achieve BIM. Kekana
et al., (2014) and Olugboyega & Windapo, (2021) identified this as some of the challenges facing BIM adoption in
the South African construction industry. Consequently, to achieve GreenBIM implementation, there is a need to
achieve BIM diffusion.

5. Conclusion



The study identified the barriers to GreenBIM implementation in the south African construction industry through the
perception of industry professionals. A quantitative approach was adopted through the random distribution of well-
structured questionnaires to achieve this aim. Considering that Green BIM is a fusion of BIM, sustainability and
green certification, it thus implies that achieving its implementation cannot be possible without achieving the
components. It is thus not surprising from the results that professionals opined that there is a lack of GreenBIM
guide in the south African construction industry. This is because the South African construction industry is still
struggling with the adoption of BIM. Furthermore, the study result shows that there is a lack of government support,
lack of incentives, and lack of BIM training, among others, to achieve GreenBIM. Thus there should be a conscious
effort towards achieving GreenBIM by first addressing the barriers to BIM adoption and then creating awareness
and clarity on the benefits of GreenBIM to the industry stakeholders. Also, the government must support and create
incentives to motivate the adoption of GreenBIM, especially in the achievement of sustainable infrastructures.
Overall, there must be a structure guiding the implementation of GreenBIM for a seamless implementation process.
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