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Abstract—Global climate change has become increasingly
problematic over the past few decades. The construction industry has
contributed to greenhouse gas emissions in recent decades.
Considering these issues and the high demand for materials in the
construction industry, Circular Economy (CE) is considered necessary
to keep materials in the loop and extend their useful lives. By providing
tangible benefits, Construction 4.0 facilitates the adoption of CE by
reducing waste, updating standard work, sharing knowledge, and
increasing transparency and stability. This study aims to present a
framework for integrating CE and digital tools like Building
Information Modeling (BIM) and Virtual Reality (VR) to examine the
impact on the construction industry based on stakeholders'
perspectives.
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1. INTRODUCTION

VER the past few decades, global climate change has
become increasingly problematic. Despite this, the
construction industry has contributed 40% of total greenhouse
gas emissions in the past few decades and is the largest
contributor to global waste generation [1]. Considering these
issues and the high demand for materials in the construction
industry, Circular Economy (CE), a model of production and
consumption which involves sharing, leasing, reusing,
repairing, refurbishing, and recycling existing materials and
products, is considered to be beneficial for keeping materials in
the loop and extending their useful lives [2]. To implement the
principles of CE effectively, stakeholders need to be engaged in
the process from the initial design phase to post-construction
facility management. BIM and VR technologies have the
potential to facilitate stakeholder engagement in CE processes.
BIM technology has been used in the construction industry
to improve communication and collaboration between
stakeholders by providing a shared digital platform for project
information [3]. Additionally, VR technology can enhance
stakeholder engagement by providing an interactive and
immersive experience, improving communication channels,
and enhancing understanding of the design intent [4].
Combining the advantages of BIM and VR can enable
stakeholders to better visualize, communicate, and actively
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participate in the decision-making process throughout the life
cycle of a building project. Although BIM and VR can
potentially benefit CE processes, challenges still exist.

II. LITERATURE REVIEW

A. Circular Construction

Circular construction is the result of applying CE principles
in the construction sector. CE allows to mitigate waste
generation and material toxicity. To properly design a circular
building, it must be traceable, designed for disassembly, and
healthy in terms of material configuration. Furthermore, the
whole lifecycle of the building must be assessed, and all the
stakeholders since its inception should be involved in
collaboration spirit and transparency. In order to transition from
a linear economy to a CE, information is one of the most
important elements. For example, indicators help determine a
building's circularity, enabling designers to optimize their
design to achieve more circular buildings [5].

Life Cycle Analysis (LCA) is the most commonly used CE
methodology [6]. In LCA, the entire life cycle of a product is
considered, from raw material extraction, manufacturing, and
transport to the site, construction, operation, and maintenance,
until the end of the product's life cycle, for recycling and
demolition or recycling of the product. There are four phases in
the LCA process: the goal and scope definition; the inventory
analysis; the impact assessment; and the interpretation. The
goal and scope of the project, including the functional unit,
system boundary, and building materials, are established in the
first phase based on the purpose and application of the study.
The Life Cycle Inventory (LCI) is analyzed in the second phase
of LCA. This phase consists of writing a list of input/output data
based on the system's boundaries and purpose. The Life Cycle
Impact Assessment (LCIA) is the third phase. This phase
primarily provides additional information to assist in evaluating
the system and better understanding the environmental
perspective from which the quantities of materials, energy
consumption, and resulting emissions are clustered with the aid
of sustainability indicators. The final phase of the work
involves discussing the results of the life cycle interpretation
around the results of the previous two stages and finally making
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appropriate conclusions, suggestions, and decisions according
to the scope and purpose of the project [7].

B.BIM and LCA Integration

Considering the CE approach, BIM is a useful tool for
designing buildings. In addition to supporting information
management and cooperation between stakeholders throughout
the entire lifecycle of construction projects, BIM models
produce an integrated design [8]. Throughout the facility's life
cycle, BIM provides reliable information that can be used for
decisions from conception to commissioning and beyond [9].
During the early stages of construction project design, this gives
the opportunity to provide design alternatives within all
possible variations and design parameters.

Additionally, LCA is an appropriate method for assessing
environmental impacts. To maintain sustainability standards in
the construction sector and protect the environment, it is
important to integrate BIM and LCA, which could offer
significant sustainability benefits [10]. Building data are
gathered more efficiently and provide comprehensive project
feedback [11]. BIM provides the opportunity to calculate
energy consumption and environmental impacts. It, therefore,
increases the ability to make informed decisions before making
decisions concerning very low-energy buildings and the
protection of the surrounding environment [12].

There are some studies that focus on the integration of BIM
and LCA. According to Morsi et al., BIM techniques are
capable of facilitating the performance of LCA. It provides
information about how concrete residential construction
materials and elements can be reduced throughout the life cycle
of a building. The study utilized local materials databases, Revit
modeling, and One-Click LCA plugins. The results indicate that
the most significant environmental impact occurs during the
manufacturing and operating stages. In this regard, it becomes
imperative to integrate BIM techniques to ensure the
assessment's transparency, coherence, and consistency and
promote its endorsement by the construction industry [13].

Nilsen and Bohne investigate how BIM-based LCAs can be
used early in the design process to establish an environmental
perspective during the decision-making process. These results
indicate that automating LCAs by using BIM and conducting
ongoing assessments will contribute to a more effective
decision-making process [14]. A framework was proposed by
Xue et al. that integrates CE into whole-building lifecycle
assessments using BIM as a basis. They demonstrated that
integrating BIM with LCA greatly enhances the effectiveness
of whole-building lifecycle assessments [15].

C.BIM and VR Integration

VR is becoming increasingly popular in the construction
industry. The development of these tools, based on BIM, has
generated significant interest in improving communication
during the design, construction, and maintenance of buildings
in recent years [16]. BIM-based VR has demonstrated great
potential for allowing project teams to visualize and understand
a project's complexity, facilitating activities such as effective
construction process planning and equipment operations [17].
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Balali et al. developed a framework for estimating
construction costs utilizing VR technology. Using a real-time
VR model, stakeholders and users could change materials in
walls, floors, and other parts of a building and see the
corresponding price impacts immediately. In the AEC industry,
the results indicated that integrating VR into cost estimation can
provide significant benefits for estimators [18]. Du et al.
developed CoVR, a VR platform for improving stakeholder
communication. Using this platform, users can view BIM data
in multiuser interactive virtual environments, allowing remote
stakeholders to interact with one another. The researchers
determined that CoVR could improve communication based on
a survey they conducted [19].

D.BIM and VR Integration in CE

Some studies have been conducted to utilize BIM and VR in
CE to improve the CE processes. Kamari et al. used BIM-
enabled VR technology for LCA and discovered respondents
emphasized economic factors more than sustainability factors
when making decisions [20]. The importance of educating
stakeholders in this regard cannot be overstated. Another study
found that the use of game design methods and digital twins of
a CE prototype building improved learning for participants. A
VR environment was developed to facilitate the reintroduction
of materials and components to supply chains as well as some
information regarding the removal procedures and the
provenance of materials. The research identified three pillars
for reducing construction waste: education, documentation, and
visualization [21].

Rezvani et al. examined how VR and gaming can engage end
users during the early stages of interior material selection
processes, developing a BIM-VR platform where end users can
choose materials for wall finishing. They provided information
regarding scenario costs, environmental impacts, and visual
representations of design scenarios. The findings of this study
indicate that a sustainable design must involve end users in the
design process [4].

E. Knowledge Gaps

As mentioned above, CE, BIM, VR, and their combinations
have been examined in several studies. According to some of
them [4], [21], BIM and VR can improve stakeholder
engagement in CE processes. In spite of the potential benefits
of BIM and VR, there are still several obstacles to overcome
before they can be successfully incorporated into CE processes.
BIM and VR implementation requires a standardized approach
that all stakeholders can use [22]. This challenge can be
addressed by developing an integrated framework that outlines
the BIM and VR requirements for CE processes.

III. METHODOLOGY

A. Overview

This paper presents a BIM-VR framework to improve CE
processes by increasing the interoperability of stakeholders and
systems during the design stage. Fig. 1 illustrates the overall
architecture of the framework. The first step involves creating
a basic BIM model. After that, more detailed information can
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be added, such as materials, textures, and components. It is then
possible to create different scenarios of a building by changing
the elements of the BIM model, such as the materials, textures,
components, and even the layout of the building (Fig. 2). This
allows designers to simulate and analyze different design
configurations before construction begins. Each scenario is
based on different materials and products that differ in terms of
cost, aesthetics, and environmental impact. For example, a

designer may choose to use sustainable materials to reduce the
environmental impact of the building or more expensive
materials to improve the aesthetics of the building. With a BIM
model, designers can easily compare and analyze the different
scenarios to choose the best one for the project. This allows
them to make an informed decision that balances cost,
aesthetics, and sustainability.
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Fig. 2 Creating a basic BIM model and changing the elements within the model, including the materials, textures, components, and even the
layout of the building to create different scenarios

With the detailed information provided by the supplier about
each material and product, designers can evaluate metrics and
indicators based on CE principles. This information can include
environmental impact, sustainability, energy efficiency, and
cost [23]. These data allow them to accurately compare the
different materials and products and choose the one that best
meets their needs.

By using a VR environment, other stakeholders, such as
owners, contractors, and end-users, can visualize the project in
3D and interact with the different scenarios. This allows them
to compare the different scenarios and decide which one to go
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with. For example, they can evaluate each scenario's cost,
aesthetics, and environmental impact to choose the best one for
the project. This gives stakeholders an immersive experience
that helps them make an informed decision and gives them a
better understanding of the project. Fig. 3 illustrates the VR
application environment; stakeholders select a scenario, walk
through the building, and view the information provided for
each scenario, such as embodied carbon benchmarks. After
examining the aesthetics of the building, the participants have
the choice of viewing two panels of information, one containing
information regarding the building's costs and the other
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providing information regarding its CE status. Then,
stakeholders compare scenarios and provide feedback, and the
designer redesigns the building to achieve the optimal scenario.
These cycles can be repeated several times to ensure the best
possible outcome. Through this iterative process, the designer
can ensure that the final design achieves the best balance
between cost, aesthetics, and environmental considerations.

IV. DEVELOPMENT OF VR APPLICATION

The purpose of this section is to explain the development
process for VR applications. Based on Fig. 4, the first step is to
create a basic 3D model of the project using Autodesk Revit
software. The model includes architectural, structural,
mechanical, and electrical information. By modifying the basic
BIM model, several scenarios are created to be assessed by
stakeholders. Additionally, using the energy simulation add-in
in Revit software, the energy performance of each scenario is
determined.

The next step is to prepare a 3D model for use in a VR
environment. The direct import from Revit to Unity 3D
eliminates some textures and lighting. In order to optimize and
control texture and lighting, a 3D model must first be exported
in FBX format from Revit and imported into 3DMax, then
exported in FBX format from 3DMax and imported into Unity
3D.

The next step is the import of BIM data into OneClickLCA.
OneClickLCA has a plugin for Revit that allows BIM data to
be exported to OneClickLCA. OneClickLCA provides access

L] Unity 2018.2.17F1 (64bit) - SarnpleScene.unity - OneclickLCA - PC, Mac & Linux Standalone® <DX11>
File Edit Assets GameObject Compenent Window Help
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to its database for generic construction materials and a
comprehensive list of available databases. The metrics and
indicators of CE can be calculated and analyzed by mapping
these databases to elements in the BIM model. Lastly,
OneClickLCA provides a comprehensive report of CE
information for each scenario, which can be exported to a
database for import into VR applications.

The next step after importing the 3D model and CE database
into Unity 3D is to link the data of the databases to the elements
of the 3D model. These data are added to each element of the
3D model by developing a C# script in Unity 3D. The final step
involves creating a VR application and user interface (UI) that
stakeholders can interact with and view relevant information.

V.DISCUSSION & CONCLUSION

The paper reviews the literature on Circular Construction,
BIM, and VR and how integrating them can benefit the CE. The
benefits of BIM and VR, such as better visualization and
communication, understanding of a project's complexity, and
their potential to improve the sustainability of the CE, are
highlighted. The paper proposes a framework for integrating
CE with BIM and VR to leverage both technologies' benefits
for sustainable development. The framework incorporates CE
principles into BIM and VR processes, aiming to develop a
more sustainable Circular Construction. This framework has
several advantages and challenges, which are listed below.

EEcREN WUCHARE D=, foors B02 heofs - 12W|

Ot Wi dndmaterian - 27%

758 1SN1:0000000091950263



World Academy of Science, Engineering and Technology
International Journal of Economics and Management Engineering
Vol:17, No:11, 2023

<) Unity 2018.2.17F1 (62bit) - SampleScene.unity - OneclickLCA - PC, Mac & Linux Standalone® <DX11> e s
File Edit Assets GameObject Component Window Help

Foundations and substrusture - 454
‘Veical siciures and scade - 1%
Herizontal stuchures. beams, floers and roos - 55% |

i structures and materials - %

(b)

Fig. 3 Different scenarios for a project, (a) A scenario with a Gypsum wall, (b) A scenario with a wooden wall

| Autodesk Revit Autodesk 3Dmax l

Open Science Index, Economics and Management Engineering Vol:17, No:11, 2023 publications.waset.org/10013353.pdf

Creating BIM model
Modifying for multiple
scenarios

Analyzing energy
Exporting to FEX format

(CA l

p—

OneClickLCA

Importing BIM data
Eement-product
mapping

Importing FBX format
Texture and Eghting
corrections
Exporting to F8X format

| B DataBase I

.
.

CE metrics and indicators
Cost of the building and
5 components

| Unity

importing the 3D mode
Importing the database
Linking data to elements
Developing the VR
application

¢ Dewelopingthe Ul

. s 0

¢ Cakulating metrics and
indicators
e Exporting CE Information

Fig. 4 VR application development process

A. Benefits

Improved communication and collaboration between
stakeholders throughout the project life cycle by providing
data exchange, interoperability, and compatibility.
Improved stakeholder engagement by providing a deeper
understanding of the project, which enables stakeholders to
make more informed decisions.

Increased efficiency in the design and construction process
by enabling designers, contractors, and other stakeholders
to easily access and share project data.

Increased transparency and stability in the entire process
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by providing accurate data and information exchange
between stakeholders.

B. Challenges

Choosing the appropriate CE metrics and indicators to
display in the VR environment is challenging. Stakeholders
may have different needs and opinions, so selecting the
right metrics and indicators to display can be difficult.
Additionally, the information displayed in the VR
environment should be relevant, easy to understand, and
visually appealing. Careful consideration should be taken
in how the data are presented to ensure that it effectively
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conveys the desired message.

Stakeholder education and training are also challenging, as
stakeholders need to understand how to use BIM and VR
technologies to fully benefit from their advantages.
Additionally, stakeholders must be adequately trained to
interpret and act on the data presented in the VR
environment to make informed decisions that align with the
CE principles.

Preparing the VR environment for each scenario can be
time-consuming and require a high level of expertise. This
is due to the technical complexity of the process and the
amount of data that are needed to create a VR environment.
Additionally, the hardware and software requirements for
creating the environment can be costly.

Interoperability between different software, databases, and
systems is an important challenge. Material Passports,
which store data about the origins and lifecycle of
materials, are an integral part of circular construction.
Therefore, the ability to share and access data between
different software, databases, and systems is essential in
order to effectively leverage the advantages of BIM and
VR for Circular Construction.

There is also the challenge of identifying which
information is required, when it is required, and who is
authorized to access it.
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