55

A publication of

CHEMICAL ENGINEERING TRANSACTIONS

VOL. 89, 2021 The Italian Association

of Chemical Engineering
Online at www.cetjournal.it

Guest Editors: Jeng Shiun Lim, Nor Alafiza Yunus, Jifi Jaromir Klemes$
Copyright © 2021, AIDIC Servizi S.r.l.

ISBN 978-88-05608-87-7; ISSN 2283-9216 DOI: 10.3303/CET2189010

Integrative Assessment Framework of Building Information
Modelling (BIM) and Sustainable Design for Green Highway
Construction: A Review

Raja Rafidah Raja Muhammad Rooshdi®*, Noor Akmal Adillah Ismail?, Shaza Rina
Sahamir®, Mohd Arif Marhani?

a Center of studies for Quantity Surveying, Faculty of Architecture, Planning and Surveying, Universiti Teknologi MARA Shah
Alam, 40450 Shah Alam, Selangor, Malaysia

b Center of studies for Construction Management, Faculty of Architecture, Planning and Surveying, Universiti Teknologi MARA
Shah Alam, 40450 Shah Alam, Selangor, Malaysia
raja_rafidah@uitm.edu.my

The development of infrastructure based on the global demand for services across the entire sector has caused
numerous unfavourable environmental implications. Those development implications should be dealt with the
sustainability opportunities lied in the planning phase, and sustainable design can be the critical success factor.
Sustainable infrastructure rating systems are claimed as the most suitable tools for assessing infrastructure’s
environmental performance, especially in green highways. Subsequently, Building Information Modelling (BIM)
is one of the technologies that can improve the green design of infrastructure. The approaches of both BIM and
green highways are still fragmented. It is necessary to integrate BIM criteria in green highways' sustainable
design to assess the performances' infrastructure rating systems better. The main objectives of this paper are
to review the need for an integrative assessment framework of building information modeling (BIM) and
sustainable design for green highway construction. This paper had a critical review of the related issues of BIM
and green highway construction. This paper is in line with the recent Malaysian government initiative in the
Construction 4.0 Strategic Plan (2021-2025) agenda (under Strategic Thrust 3) to transform the Malaysian
construction industry by empowering innovative construction for the future society. This strategic plan aspiration
is also supported by Malaysia's National Policy on Industry 4.0 and Sustainable Development Goal (SDG 17).

1. Building Information Modelling

The definition of BIM has been adopted from Eastman et al. (2011) as a modeling technology and associated
set of processes to produce, communicate, and analyze building models. Building models are characterized by
building components represented with digital representations that include data describing how they behave. The
data are consistent, non-redundant, and coordinated such that all views of a model are represented in a
coordinated way. As reported internationally, BIM of many interests has driven the increasing adoption of the
technology amongst the construction players in most of their building projects. As described by many authors,
BIM benefits include cost and time saving, reduced human resources, quality and performance improvement,
clash detection, improved accuracy, increased profitability, enhanced collaboration and communication, and
many more. BIM brings design and documentation to the third dimension and connects the whole structure and
documentation process with the time and cost as the fourth and fifth dimensions (Sharma et al., 2017). BIM is
increasingly in demand within the construction industry internationally in recent years. The technology
application reconciles several problems within the project teams, such as delays, rework, miscommunication,
and other related inefficiencies that affect project success. While most developed countries actively employ it,
BIM is not as advanced in most developing countries (Ismail et al., 2017). In Malaysia's case, the BIM
development is urged through the Construction Industry Transformation Programme (CITP) 2016-2020 agenda
and has been further strengthened in the latest Construction 4.0 Strategic Plan 2021-2025 of Malaysia under
the thrust of Technology Clustering - Simulation & Modelling.
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2. Sustainable design and green highway

In earlier decades, sustainable development idea has grown from numerous environmental movements.
Sustainable issues have recently been widely discussed, mainly in the construction industry. Sustainable
development is vital in meeting the environmental objectives and fulfilling the demand for large infrastructure
projects due to an increasing population and urban density. Embodied energy evaluation is frequently completed
at the point when the design has either been done or created to a moderate detail level when there is a minor
extension to explore distinctive design choices for decreasing the building's total energy consumption. Sahamir
et al. (2017) agreed that sustainability implementations had become important initiatives discussed and
undertaken by private and public sectors, especially in construction development. Pollution that causes habitat
disturbance, land usage, and climate change affects construction emissions, as Griffith and Bhutto (2009)
stated. The impacts can be caused by the design, construction, and management of roads, parking, and other
facilities.

Sustainable design can be one factor to minimize the effects of highway damages/construction on the
environment. Fernandez-Sanchez and Rodriguez-Lépez (2010) stated that it is necessary to have new
techniques and tools that will allow the environmental, social, and economic commitment to be met in the
building and civil engineering sector. Bryce (2008) described that most of the sustainable assessment tools
were focused on building construction rather than its infrastructure, especially in highway development. Nikumbh
and Aher (2017) mentioned that assessment tools would be benchmarking, identifying areas of success, and
identifying areas of opportunity for improvement for sustainable choices or practices, and according to that
certification awarded. Balubaid et al., (2015) mentioned that there were several sustainable assessment tools
for highway development in the United States but not in the tropical region, especially Malaysia. In 2014,
Malaysia Highway Authority had developed Malaysia Green Highway Index (MyGHI) as assessment tools for
promoting sustainable highway development in planning, design, construction and operation and maintenance
of highway (Rooshdi et al., 2018). The recent Malaysian Government agenda on sustainability-related highway
construction has been highlighted in the CITP review (2019-2020). Its key outcomes by 2020 under the Focus
Area 4: Sustainability has outlined the sustainable infrastructure, 50 % of new infrastructure projects more than
MYR 100 million to be certified in Sustainable INFRASTAR or any proper sustainable infrastructure tool from
December 2020 onwards. The data in Figure 1 also had shown that 33 % of the criteria were categorized under
the planning and design stages, while 60 % were under the construction stage. Only 7 % were under the
operation and maintenance stage. Therefore, it shows that the design and construction stages are important for
greening the highway. Figure 2 had shown the criteria distribution for design and construction stages for green
highway. Those criteria had been developed by analysed nine assessment tools of infrastructure which related
to highway development.
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Figure 1: Main criteria in assessment tools of infrastructure (Raja Muhammad Rooshdi, 2019)
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Figure 2: Criteria distribution for design construction stages for green highway (Raja Muhammad Rooshdi, 2019)

3. Building Information Modelling and sustainable design of green highway assessment tool

In the past few years, the use of BIM applications make design decisions more sustainable supporting the
sustainable construction in the planning and design phases were identified and classified in several areas which
were evaluation of the direction of construction, analysis of the building structure and improvement of the
building envelope in equal transparency ratio manner, analysis of daylight, water harvesting assessment,
renewable energy options, the requirements of sustainable materials and reduce waste and carbon footprints
through appropriate site design and logistics management. BIM systems can increase productivity, efficiency,
infrastructural value, quality, and sustainability besides enhancing coordination between design disciplines
(Haruna el at., 2020). BIM has rapidly progressed over the past decade and has been used in architecture and
traditional construction. BIM is composed of integrated facilities commonly used by the project team to monitor
and manage construction work and design buildings and infrastructure, making it an effective communication
platform. Given the concern for the effects of the depletion of non-renewable resources, BIM has been
increasingly applied and adapted to monitor the impact of construction on the environment. Green rating system
becomes a popular tool to confirm the green credential of building and infrastructure (Liu et al., 2018). Most
countries have developed their green building rating systems, including the United States, Canada, Australia,
United Kingdom, Hong Kong, Japan, Taiwan, Singapore, Philippines, Europe, Korea, India, and Australia.
Malaysia also owns the green building rating system, namely the Green Building Index (GBI). With the
successful implementation of this GBI, the rating system has been widened into Malaysia's highway
developments. BIM applications are claimed to have facilitated the stakeholders, such as clients and designers,
to share standard information from one single source when faced with a decision-making problem at an early
design stage of construction (Mansson et al., 2017).

Green assessment related with BIM application, LEED, BEAM Plus, and Green Star are among green building
rating systems, which feature their respective criteria and allocation of points and credits. BIM may be integrated
with the green building certification process as summarized in Table 1. This mechanism is a strong reason for
driving several countries to implement BIM in most construction phases. The BIM model helps project
stakeholders, including designers, contractors, and clients, calculate, document, and measure the green
building rating system scores based on those assessment tools (Abdirad, 2017). It should help the design team
and construction approaches to meet the green highway accreditation requirements. Some research had shown
reliability for the data and indicated that BIM alternatives efficiently achieve sustainability by integrating BIM and
assessment tools such as multicriteria decision-making tools (Haruna et al., 2020). As supported by Carbonari
et al. (2018), the result of decision support for the management of large building stock became more reliable
with developing a BIM-based decision support system. Assessment tools and BIM can continuously strengthen
each other's attributes and roles in the process of deep interaction, with forming a positive synergy for decision-
making (Tan et al., 2021).



58

Table 1: Summary of Integration BIM and Green Assessment tools research

Author Integration BIM and Green Assessment tools research

Haruna et al, (2020) BIM alternatives are efficient in achieving sustainability by integrating BIM and
assessment tools such as multicriteria decision-making tools

Carbonari et al. (2018) Decision support for the management of large building stock became more reliable
with the development of a BIM-based decision support system

Tan et al, (2021) Assessment tools and BIM can continuously strengthen each other's attributes and
roles in the process of deep interaction, thus forming a positive synergy for decision-
making

Abdirad, (2017) The BIM model helps project stakeholders, including designers, contractors, and

clients, calculate, document, and measure the green building rating system scores
based on those assessment tools

The integration of green building had been developed much earlier. Several researchers have investigated the
application of BIM for green building assessment. Khoshdelnezamiha et al. (2019) summarized previous studies
related to BIM application for green building assessment as presented in Table 2. It is shown that Revit had
widely used as a BIM authoring tool. It had been explored and evaluated as tools that could optimize the existing
methods. An alternative approach is proposed to gain direct access to the building data and process the
information rapidly without any external tools. Maltese et al., (2017) had concluded that integrated a tool like
BIM would be able to manage criteria in the early design stages for a better sustainable design because the
data from BIM tools could give more accuracy in calculation the rating for sustainable assessment tools. Solla
et al., (2017) also had analyzed that by integrated BIM in green assessment tool had increased the certification
level for the project.

Table 2: Summary of previous studies related to BIM application for green building assessment (Sources from
Khoshdelnezamiha et al. (2019)

Rating System Region Points Tool Used

LEED USA 17 points and two prerequisites Revit and IES-VE
BEAM-Plus Hong Kong 26 points Revit

BREEAM UK 14 points ArchiCAD and GBAT
GBI Malaysia 28 points Revit, Excel and BEIT

4. The needs for Building Information Modelling integration in green highway construction
assessment tool

Integrated strategies needed to stimulate further innovation and improve the process of assessing highway
performance for sustainable infrastructure development. Sustainable construction development is a global
concern. Different concepts and approaches have been developed over the past decades to solve
environmental problems, including assessment tools and BIM. An integrated strategy must stimulate further
innovation and improve it (Ghandi and Jupp, 2013). Sustainability assessment is proven to help evaluate
construction systems' sustainability related to the economy, environment, and social. Using these variables and
criteria in the evaluation way, construction systems' selection and application will be viable with more
compatibility with the environment (Liu et al., 2018). As targeted in the Construction Industry Transformation
Programme (CITP) (2016-2020), under the thrust of Environmental Sustainability, more rating tools need to be
developed to promote sustainable development, especially infrastructure development. Sustainable rating tools
alone are not enough to ensure that 50 % of government projects and 20 % of private projects achieve green
certification. By combining BIM features into that sustainable development of infrastructure element, it probably
can impact accuracy and various aspects to reach green-certified in line with IR 4.0 under the thrust of
sustainable and resilient core value and BIM technology. These integrated strategies between sustainable rating
tools and BIM features can be interpreted as an opportunity to improve the process of assessing highway
performance for sustainable infrastructure development.

Green highway construction assessment tools is one of the decision making tools that use to measure the level
of sustainability of highway development. There were a lot of research that relate BIM and decision making
tools. Pavlovkis (2016) had been used BIM in his research about decision making by integrated BIM. The
research had been shown that by integrated BIM would ensure the success of information management with
control of the project implementation quality. Hope and Alwan (2017) suggested that integrating BIM with the
assessment tools can be clearly understood by all involved in the building’s specification and construction. Chen
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and Pan (2015) researched shown that by integrated BIM and decision-making model, the result would be more
efficient. The importance of aligning decision-making process goals to allow more effective and efficient green
highway certifications BIM has been implemented by some architecture, engineering, and construction (AEC)
firms because of the long-term benefits of productivity gains (Ismail, 2017). By allowing system integration and
optimization, BIM facilitates effective collaboration, which plays an essential role in this transformation. Haruna
(2021) mentioned that BIM application can help significantly in achieving sustainable construction via design
optimization which led to improve the solution and widen knowledge about design pace. When applied to green
highway design, BIM can align the decision-making process goals and those of the project stakeholders; in
some cases, the process allows for more effective and efficient green highway certification. The comprehensive
data could be obtained by effectively assessing highway performance during the design and preconstruction
phases (Rojas et al., 2019). BIM also allows multi-disciplinary data to be superimposed for one model, and
creating the opportunity for the sustainability of the measures to be incorporated into the entire design process
(Abdirad, 2017). Hussain and Erzaij (2020) mentioned that BIM integration in rating tools would provide rapid
and reliable design decision support which helped stakeholders and designers to make more informed decisions
at the design stage.

Malaysian CITP 2016-2020 agenda under Focus Area 6: Technology has emphasized that BIM technology
should be more used in construction projects. The BIM implementation has been further strengthened in the
latest Construction 4.0 Strategic Plan 2021-2025 of Malaysia (under Technology Clustering - Simulation &
Modelling). It is outlined in the strategic plan that the construction industry's future will be highly dependent on
the adaptation of new technologies and innovations to current processes. Adopting new technologies with new
innovative methods such as BIM will shift how buildings and infrastructure projects are delivered.

There was lacking in the development of green highway rating systems and the needs of BIM sustainable criteria
verification. Certification awarded in assessment tools would gauge importance in pinpointing success and
opportunities for improvement in making sustainable choices or practices Nikumbh and Aher (2017). Malaysia
lacks green highway rating systems to evaluate its sustainable design performance (Rooshdi et al., 2018).
Integrating BIM features in sustainability assessment criteria in highway construction systems is analytical and
necessary for more specific criteria verification. This is also in line with the government policy in relation to green
building and rating tools addressed in the latest Construction Industry Transformation Programme (CITP) review
— 2019-2020. The CITP key outcomes by 2020 under the Focus Area 4: Sustainability specifically underlined
that for the sustainable infrastructure, 50 % of new infrastructure projects more than MYR 100 million to be
certified in Sustainable INFRASTAR or any proper sustainable infrastructure tool from December 2020 onwards.

5. Conclusion

As outlined in the Construction Industry Transformation Programme (CITP) (2016-2020), under the thrust of
Environmental Sustainability, more rating tools need to be developed to promote sustainable development,
mainly infrastructure development in the Malaysian Construction Industry. The CITP review (2019-2020) key
outcomes by 2020 under the Focus Area 4: Sustainability specifically underlined that for the sustainable
infrastructure, 50 % of new infrastructure projects more than MYR 100 million to be certified in Sustainable
INFRASTAR or any proper sustainable infrastructure tool from December 2020 onwards. As for BIM technology,
its implementation has been strengthened in the latest Construction 4.0 Strategic Plan 2021-2025 of Malaysia
(under Technology Clustering - Simulation & Modelling), outlining that adoption of new technologies with new
innovative methods such as BIM will see a shift in how buildings and infrastructure projects being delivered in
the Malaysian construction industry. In conclusion, there is a high priority need for an integrated assessment
tool integrative assessment framework of building information modeling (BIM) and sustainable green highway
construction. Further research would be done based on this paper review.
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