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ABSTRACT

The advancement and adoption of Digital Technologies in the construction industry arose out of the necessity to
automate otherwise analog design processes, as well as foster real-time collaboration and generate feedback
between building industry specialists. This paper explores the concept of digital technologies as a tool for achieving
sustainable structures. Using qualitative analysis and secondary data, the researchers reviewed Architecture,
Engineering, and Construction (AEC) periodicals capturing both the early and recent knowledge on the subject.
Overall, 26 papers from Architecture, Engineering, and Construction periodicals were reviewed and the researchers
highlighted the conceptual definitions of sustainable construction from the context of the corporate community, as
a determinant of ecosystem, economy, and society, and as the sustainer of posterity. The research also explores
the overview of digital technologies in construction and their ability to achieve intelligent operation of building
construction, support predictive maintenance, estimate accurate bill of quantities, boost collaboration between team
members, allow virtual management of construction projects, automate design processes to ensure building
efficiency, decrease labor cost, as well as offer a level of protection for construction data. The research further
highlights barriers to the use of BIM in Nigeria as systemic rigidity, absence of digital tools and regulatory limitations,
high cost of acquiring BIM knowledge and software, opposition to change, overreliance on traditional design
methods, and misconception. The research concluded with possible solutions and practical recommendations for
the barriers.
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1. INTRODUCTION

1.1. Definition of sustainable construction

The construction industry has been hailed for its global economic and social impact, contributing an estimated
USD200 billion to global GD, as well as providing 220 million jobs. While the building industry flourished, it
encountered frequent criticism owing to the rigidity of evolution on account of both the disintegrated people-and-
technology-oriented facets nature, and the difficulty in standardizing industry-related knowledge (Manseau, 2019).
Following this possibility of conventional building practices to both induce environmental hazard and endanger the
health and safety of its users and the environment, building professionals have in recent years explored sustainable
construction techniques to circumvent the aforementioned disasters, digital Technologies such as BIM tools, Project
management (PM) strategies, and Life Cycle Assessment were embraced as construction techniques to enhance
the outcome of buildings, as well as the user experiences (Ershadi and Goodarzi, 2021). This was necessary to
attain sustainability with the aim of reducing waste and ensuring efficient use of resources, improving air and health
quality, as well as fostering environmental preservation and regeneration by reducing carbon emissions.

Many definitions of the concept of sustainable construction exist. Zabihi, Habib, and Mirsaeedie (2012) highlighted
the concept of sustainability as defined by several researchers as follows: Cooper (2002) defines sustainable
construction from a “corporate community” viewpoint, forging the complementary triple bottom line principle of
social, environmental, and financial performance with respect to sustainable development; Young (1997) presents
sustainable construction “as a three-legged stool” solely sustained by the “ecosystem, economy and society” acting
as its leg without which the resilience of the society would be extinguished; Bread for the World (1993) presents
sustainable construction as the ability to satisfy “the basic needs of all people and extending opportunities for
economic and social advancement”.

Implying that sustainability “encompasses the ability of construction projects to survive institutionally and monetarily
independent of investors, while safeguarding the environment and creating opportunities for growth and expansion”;
Guide to the Global Environment (1992) and Repetto’s 1986 research present the subject as present efficient use

of resources and initiatives to subvert abuse, degradation, or extinction of resources and assets for posterity; Jose's
1992 research on Sustainable development presents the concept as an analytical inquiry into processes that foster

efficient management and utilization of “human resources and natural system to ensure optimal prosperity”.

To achieve sustainability, Building Information Modelling (BIM) was adopted as a digital technology. BIM tools such
as Cybersecurity tools, 3D Printing, Virtual and Augmented Reality (VR/AR), Artificial Intelligence (Al), Cloud
Computing, Robotics and Automation, and Data Analytics have been adopted to improve the design, construction,
and operation of buildings and infrastructure projects. These crucial digital technologies gave designers foresight
knowledge into the structural behavior and environmental impact of buildings using sensors, data sharing
mechanics, virtual simulation, etc. Digital technologies help achieve orderly and timely drafting, documentation, and
presentation of design ideas, intelligent operation/execution of building construction; predictive maintenance to
enhance long-term building performance, accurate bill of quantities to decrease waste of materials and resources,
collaboration between team members and allows virtual supervision of construction projects, automation of design
processes to ensure building efficiency as well as decrease labor cost, and protection of construction data against
loss.
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This paper investigates the role of Digital Technologies in achieving Sustainable Construction for better
development outcomes. It reviews existing discussions about Digital Technologies and Sustainable Construction,
explores the existing challenges, and attempts to propose solutions to the challenges hindering the use of Digital
Technologies for Sustainable Construction centered around systemic rigidity, infrastructural and technological
deficiencies, regulatory deterrents, affordability of digital technologies, and the construction industry nomenclature.
The rest of the paper presents the research methodology and the conclusion of the study.

1.2. Research Aim
This paper explores the use of BIM as a digital technology in sustainable construction.

1.3. Research question
What is the role of BIM in fostering sustainable construction in Nigeria?

2.. METHODOLOGY

The researchers studied the Sankey diagram showing the number of reviewed papers on BIM, which also
uncovered a fragmented understanding on Digital Technologies and their influence on sustainability in the building
industry. Furthermore, the researchers reviewed relevant empirical, analytical knowledge found in scientific sources
such as academic journals, articles, conference proceedings, and policy discussion papers with a time range for
the consulted papers spanning between 2009 and 2021 to capture both the early and recent knowledge on the
subject. Overall, 26 papers from Architecture, Engineering, and Construction periodicals were reviewed through
qualitative analysis and secondary data. Interviews were conducted with Architecture students from Nigerian
universities as they were seen as potential BIM users. This was done to understand their level of competency with
BIM. More data on the subject was collected from interviews and SWOT analysis was developed to appraise the
BIM performance in Nigeria.

3. LITERATURE REVIEW

3.1. Building Information Modelling (BIM) as a Digital Technology in Sustainable Construction

Following a 20th-century prediction linking the efficiency of designers to 3D & 4D, the use of Building Information
Modelling by built industry professionals to develop and organize project data at the pre-production, production,
and post-production stages (Ammar et al, 2021) has yielded advancements to the construction industry. Building
Information Modelling (BIM) is a digital design resourceful technology employed to examine building information
with the aim of providing support, as well as enhancing real-time communication, feedback, and collaboration
between professionals in the distinct specializations of a building team. BIM encompasses all soft tools and
processes possessing unique construction data storage abilities used by building industry professionals for design,
analysis, composition, and management of building knowledge and data for proposed or existing projects thus
positively transforming the building industry procedures and enabling industry professionals to recognize potential
“advantages and disadvantage, taking into account technological, economic, and environmental consequences”
ReizgeviCius et al (2018).

BIM has wide application in both proposed projects and in the maintenance of existing projects. Ammar et al (2021)
proposed a Process Guideline for BIM application in maintenance works by first reating as-built 3-D Models of
existing buildings either by converting existing floor plans or 2D models into 3D model using CAD, or generating
spatial information through 3D laser scanning manual drafting.
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Secondly, creating a comprehensive schedule detailing all renovation work for the proposed project using MS
Project or Primavera P6 or its equivalent. Thirdly, dividing the 3-D Model Into Levels and Zones to Match the
Schedule Activities and aid simulation and exportation. And finally, integrate The 3-D Model and The Schedule by
developing selection sets, link project tasks with selection sets, simulate the 3D model with its time associations.

Yang and Liao (2016) identify visualization as the basic feature of BIM, and Wu et al (2019) identify visualization as
the main feature of BIM used to present building information in imagery form thus providing building professionals
with data to organize building elements and principles at the pre-construction phase. While some seminal research
credits visualization with enhancing understanding in building plans, and harmonizing multiple perspectives for
critical examination, more recent surveys uncover “arising challenges related to visual analysis and exploration of
large datasets” (Ivson et al, 2020). Exploring the historical development of visualization, Ivson et al (2020) reveals
a “growing trend of visualization applications in BIM “from a single article in 1996 to 39 articles in 2017” further
naming Annotation, Component Highlight, Highlight, Visibility, and Cascade Animations as visualization techniques
used within 2D & 3D in BIM to create user’s concentration, “change original geometries color and/or transparency
Channels, enrich the 3D CAD model with additional geometries of Physical Entities or Spatial Regions”.

lvson et al (2020) through analyzing earlier research enumerate the key benefits of visualization:

1. Clash Detection to facilitate “automation of physical inconsistencies such as geometry overlas” liable to
setbacks and increased project cost during construction;

2. Task Scheduling made up of 4D animations (3D + time) that incorporate material and spatial information to
help building providers avoid scheduling hardships, predict the succession of on-site activities, as well as
improve understanding of work plans among industry professionals;

3. Progress Tracking to facilitate the orderly execution of tasks and processes in accordance with
preconceived construction schedule;

4. Energy Analysis to ensure energy and resource efficiency for the different phases of building projects, as
well as within the course of their service life;

5. Maintenance Management to preserve the aesthetical and structural integrity of buildings against their
vulnerability to the elements throughout their service life.

Simulation follows closely as an important feature in BIM as it seeks to develop a mock-up computerized system
based on the proposed building design information to support the analysis of offsite building mechanization. Issa,
Suermann, and Olbina (2009) highlight the importance of simulation in BIM as follows:

a) It fosters sustainability by aiding the exportation of files in suitable formats to aid analysis programs that
tackle the impact of power generation and consumption, water utilization, photovoltaics, LEED glazing
score, wind energy potential, artificial fenestration and ventilation, as well as building a summary of a
particular building on the built environment and atmosphere.

b) It provides VICO Virtual Construction (VC) which reduces risk and high cost in large-scale products by
creating real-time design and feedback as well as helping building professionals establish appropriate
construction standards and techniques.
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(C) Shading analysis (D) Ventilation and Airflow Analyss

Figure 1. Simulation of Different Kinds of Analysis Performed by Autodesk Ecotect

Whereas, coordination in BIM enables the unification of methods and models within the design team to avoid
contradictions emerging between building elements in a design project, Salem, Samuel, and He (2020) identified
Virtual and Augmented Reality Internet of Things (loT), Artificial Intelligence (Al) and 3D Printing as BIM related
technologies. Notably, VR and AR are both visualization tools for enhanced collaboration and training with the
former producing abstract settings and the latter creating a hybrid of reality and abstract, both are dependent
(Salem, Johnsamuel, Immanuel, & He, 2020). They traced the history of VR to 1962 with the launch of the first
prototype named ‘The Sensorama’ which though failed to provide interaction with it, attempted to utilize “3D visual,
audio, haptic, olfactory stimuli, and wind” to create the feeling of being present in the movie, stating that its potential
use in the construction industry has been understudied for the past 23 years giving it significance in BIM, together
with the advantage of impacting the design process by improving “spatial cognition, information processing,
collaboration, and reduction of risk at the construction site”, and enhancing the education process by introducing
practicality to the learning experience of Architecture, Engineering, and Construction (AEC) students to provide
clarity and lucidity for the processes and methods.
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Figure 2. Different Levels of Virtual Reality (VR).
Source: Shishehgarkhaneh et al

Similarly, Internet of Things (loT) is a BIM strategy that uses smart systems (such as smart mobile devices, sensor-
enhanced personal protective equipment, actuators, single board computers, cloud services, communications, and
protocols) to combine physical and virtual states, as well as environmental and localization data in a cloud-based

BIM platform thus “offering complementary views of the project that together supplement the limitations of each”
(Teizer et al, 2017; Shishehgarkhaneh et al, 2021) though integration research is still believed to be in budding
phases with investigations both speculative and abstract (Tang et al, 2019).
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Artificial Intelligence (Al) on the other hand, are BIM devices that mimic human intelligence thus identifying and
understanding instructions/commands and proferring appropriate responses to perform design or maintenance in
the design process. It also helps the building team evade certain construction risks, supply diverse and
instantaneous solutions for designs and project problems (Ozturk and Tunca, 2020), as well as provide vital
information about specifications for building elements and schemes that feed Al algorithms to investigate “cost-
related patterns and correlations”.
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Figure 4: Benefits of Al and Human Intelligence
Source: Bassir et al.

Some BIM Tools include Cadpipe HVAC manufactured by AEC Design Group for 3D HVAC Modeling, AutoCAD
Architecture and Revit Architecture manufactured by Autodesk for 3D Architectural Modeling and parametric design,
Revit Structure manufactured by Autodesk for 3D structural modeling, Digital Project manufactured by Gehry
Technologies for CATIA BIM Architectural Design, and Construction Modeling, Cadpipe Commercial Pipe, Cadpipe
Commercial Pipe, Fabrication for AutoCAD MEP, CAD-Duct, Duct Designer 3D Pipe Designer 3D, and Navies
manufactured by Autodesk for project review and 3D modeling.

3.3. Benefits & Barriers of BIM

Also known as “n-D modeling, virtual model, or virtual prototyping BIM offers” (Al-Ashmori et al, 2020), BIM offers
accurate visualization representations in numerous views, giving designers in-depth knowledge of building details
such as building performance with respect to the environment and potential failures, as well as increases
accessibility through digital infrastructure management. BIM enables the AEC professionals to generate and
analyze data that expose potential defects (such as leakages) while speeding up and predicting maintenance to
enhance long-term building performance.
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BIM produces accurate estimates for bills of quantities to reduce both production and post-production waste of
materials and resources. BIM helps AEC intelligently operate building construction while proposing efficient project
schedules that provide socio-economic benefits such as structural and aesthetical ingenuity and conceptual
precision (Oladiran, Simeon, and Anyira). It fosters collaboration opportunities between designers, other team
members, as well as allied professionals (such as the fire service), allowing virtual supervision of construction
projects, and enabling automation of design processes to ensure building efficiency thus decreasing labor costs
and improving safety and communication among specialists. Although existing surveys on BIM mechanisms have
explored its potential benefits in planning, sustainability, and building maintenance, investigators underscore both
existing impediments (lvson et al, 2020) such as systemic rigidity originating from poor organizational strategies
and data control practices, infrastructural and technological deficiencies due to an absence or unaffordability of
digital tools and expert networks, regulatory limitations, as well as the complexity and unaffordability of BIM
software. Ahmed (2018) highlighted opposition to change, overreliance on traditional design methods, the high cost
of acquiring BIM knowledge and software, and misconceptions as barriers to the use of BIM.

4. BIM in Nigeria
Though there is narrow literature examining BIM performance in Nigeria, the concept of BIM has gained popularity

among AEC students and professionals. It is estimated that 60% know the concept but don't practice it while 22.8%

practice BIM on a “model base (BIM stage 1) (Hamma-adama & Kouider, 2018). Introductory courses are being
taught to Architecture students in a few Nigerian Universities and efforts have been made by some branches of the
Nigerian Institute of Architects and other Architectural firms to educate its members.

5. CONCLUSION AND RECOMMENDATION

BIM tools are ideal for building tomorrow as they contain modeling tools that help the AEC digitally examine
innovative, effective, and crucial design concepts and components, explore design choices that improve precision
in project schedule and budget, as well as foster data sharing and collaboration to reduce risk in the design process,
improve precision and constructability of ideas, and fabricate structural systems that impact sustainability. This
research focused on the relationship between Digital Technologies for Sustainable Construction revealing the
potentials and obstacles related to BIM. The study explored key BIM concepts such as Virtual and Augmented
Reality for enhanced collaboration and training, Internet of Things (loT) adding a smart component to buildings and
infrastructure, Artificial Intelligence (Al), and 3D Printing to minimize waste and boost efficiency, all within the
Architecture, Engineering, and Construction industry.

To furthermore optimize the benefits of Digital Technologies in designing the future, it is recommended to provide
more affordable licenses, as well as design a more user-friendly interface to aid its acceptance and usability among
elderly designers who may otherwise find technology strange. Itis also necessary to incorporate it as a major course
in tertiary institutions. Other steps that can be explored to advance the use of BIM include nstitutional participation
through the provision of grants, and partnerships with construction companies to foster research and formulate
ingenious solutions for competitive advantage and promote the availability of BIM services(lvson et al, 2020),
investment into security measures to ensure data privacy for BIM users, provision of affordable or subsidized costs
of digital products for the design community, digital literacy and training made available in well-equipped CAD labs
(Oyesode et al) for AEC students in both private and public Nigerian Universities, professional senior citizens in the
built environment who may lack computer literacy skill, as well as all the various specialists involved in building
construction.
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This training should be structured to provide an in-depth knowledge of BIM in the entire design process, construction
stage, and maintenance phases, highlighting its crucial impact on the entire construction industry and environment,
and further research into improving the existing body of knowledge on the Digital Technologies in construction to
help create awareness on the benefits of BIM.
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