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Abstract: Sustainable building approaches oblige creative concepts that go beyond the barriers of conventional planning
and design. This research performs a detailed review of a digital framework that blends Building Information Modelling
(BIM) with Virtual Reality (VR) to get better outcomes that last. Combining BIM's data-rich modelling with VR's immersive
visualisation capabilities creates a feedback loop that transforms the way design is assessed, according to the research. This
enables precise energy simulation, material quantification, and lifespan analysis. This research indicates that the combined
use of these technologies can reduce the design process duration by around 30%o, decrease mistakes by 15-20% via proactive
clash identification, and facilitate stakeholder consensus. The framework is crucial as it promptly facilitates sustainability
objectives by enhancing resource efficiency and environmental performance from the outset of the design process. However,
there are a number of issues that need to be addressed before this integrated model can be successfully implemented. This
encompasses the requirement for interoperability, the substantial expense of procuring new technology, data security
regulations, and the necessity for specialist training for employees. This investigation determines that the integration of BIM
and VR represents a substantial advancement in sustainable building; however, its maximum potential can only be realised
by meticulously navigating the implementation obstacles. In addition to offering a critical assessment of the current state of
integration, the report proposes a forward-thinking research and practice agenda centred on using digital synergy to
improve ecological resilience in the built environment.

Keywords:Building Information Modelling (BIM), Virtual Reality, Implementation Challenges, Sustainable Construction, Digital
Synergy.

How to Cite: Masood Jamali; Murtaza Joya; Mirwais Jamali (2026) Synergistic BIM-VR Integration for Enhanced Sustainable

Construction Design: A Comprehensive Evaluation. International Journal of Innovative Science and Research Technology, 11(1),

2128-2137. https://doi.org/10.38124/ijisrt/26jan1248
l. INTRODUCTION made structures should complement rather than compete with

natural systems [4].

The construction sector on a global basis stands at an

enormous significant phase throughout its evolution. As the
global population rises, it must do two crucial things: ease the
strain on the environment and aid in societal development.
When the carbon that is built into materials and the energy that
is used to run them are both taken into consideration, the
building and demolition industry is responsible for around forty
percent of all solid waste and nearly forty percent of all carbon
dioxide emissions that are related to energy, all over the world
[1, 2]. Based on projections made by the International Energy
Agency, a third of all carbon dioxide emissions from energy
will come from buildings by the year 2050 unless significant
improvements are implemented. Energy shortages and
ecological degradation will be exacerbated as a result of this [2,
3]. To solve this problem, we need to abandon our current
extractive ways of doing things and replace them with
sustainable development principles, which state that human-
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Conventional construction practices aren't prepared for
this shift because they rely on two-dimensional drawings and
sequential, paper-based recordkeeping. Errors and wasted time
and effort result from these flawed procedures, which also
make it difficult to comprehend the spatial operation of
complicated architectural systems and collaborate in real time.
Unnoticed design conflicts between structural, mechanical, and
architectural systems can lead to costly material and labour
redos once building has begun [5]. Digital technologies have
evolved into potent instruments for enhancing effectiveness
and longevity as a result. A major shift from document-oriented
to data-oriented project execution has occurred with the advent
of Building Information Modelling (BIM). By integrating
information on a building's form, materials, performance, and
life cycle, it creates a smart, multi-dimensional digital model of
the structure [6]. By streamlining the process of finding
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conflicts, this integrated data environment has the potential to
reduce design conflicts by as much as 90%. Reducing waste
and making better use of resources is aided by its ability to
conduct robust energy simulations and precisely quantify
materials [7, 8].

The evaluation of designs and the involvement of
stakeholders are being transformed by immersive technologies
like virtual reality (VR). Incorporating BIM's data-driven
rigour is a success with them. By immersing users in a full-
scale simulation of the projected architecture, virtual reality
transcends the abstract nature of traditional designs. Space
efficiency, daylighting, acoustics, and occupant movement are
crucial sustainability criteria that are difficult to communicate
in traditional media [9]. This makes them easier to understand.
Virtual reality (VR) is significant because it enables the
elimination of physical material mock-ups, which in turn
enables iterative, low-impact design refinement while
conserving biological and material resources [10]. Virtual
reality (VR) allows customers and end-users to experience a
product firsthand, fostering a team-based, user-focused design
process. Decisions can be made more quickly as a result of
increased client pleasure and agreement, according to studies
[11].

Though useful independently, building information
modelling (BIM) and virtual reality (VR) really shine when
used intelligently in tandem. Integrating building information
modelling (BIM) with virtual reality (VR) creates a robust
digital feedback loop by utilising the parametric data from the
BIM model to generate a realistic and performance-aware
virtual environment. The BIM model is then updated for data-
driven optimisation based on the immersive, sensory insights
gained via virtual reality interaction, which pertain to
constructability, user experience, and spatial quality. By
bringing together qualitative human experience and
quantitative performance measurement, this synergy allows for
a more holistic approach to sustainable design, one that goes
beyond incremental gains [8, 12].

Despite its revolutionary potential, this is currently not
commonly employed due to a number of significant issues. The
software sector has issues with software compatibility,
expensive integrated hardware and software suites, and a steep
learning curve that necessitates specialised training [13].
Concerns about data security, intellectual property, and the
integration of such advanced digital approaches with legacy
systems and traditional contractual frameworks are heightened
by the collaborative and data-intensive nature of BIM-VR
processes [14].

As a result, this study provides a complete evaluation of
the synergistic use of BIM and VR to improve sustainable
construction design. The research looks at the theoretical
foundations of this digital integration, assesses its technological
potential for improving design precision, material efficiency,
and energy performance, and quantifies its environmental and
operational benefits. Concurrently, it provides an analysis of
the present implementation issues and evidence-based
solutions to these challenges. The ultimate objective is to
provide academics, industry professionals, and government
officials with an objective and practical roadmap for leveraging
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technology convergence to create a greener, more
collaborative, and efficient future in the construction sector.

1. RESEARCH BACKGROUND

Table 1 summarizes key research in this field,
demonstrating strong support for digital integration. Rows 2
and 4 show that Building Information Modelling (BIM)
enables more integrated project delivery. BIM creates effective
collaboration among architects, structural engineers, and MEP
(Mechanical, Electrical, and Plumbing) professionals through
a centralized, data-rich model. This approach reduces errors
from manual estimation and streamlines project planning
within a unified digital environment [7, 8]. In addition to
improving collaboration, BIM offers advanced energy analysis
and modeling, allowing designers to optimize building
performance and reduce energy consumption and fossil fuel
dependence. As a result, greenhouse gas emissions such as
carbon dioxide and methane are lowered, making the built
environment less harmful to the ecosystem.

Rows 1 and 6 highlight the potential of virtual and
augmented reality (VR/AR) technologies to transform design
evaluation. These tools allow stakeholders to experience and
assess designs virtually before construction begins, identifying
spatial, functional, and logistical issues early. This proactive
approach reduces material waste, reprocessing, and the
associated carbon footprint, further minimizing the project's
environmental impact [9, 11].

Row 3 emphasizes the importance of sustainability by
highlighting  the  construction  industry’'s  long-term
environmental impact. The literature indicates that compliance
with sustainable building standards and landscape criteria is
essential, not optional. These practices are vital for conserving
energy, protecting natural resources, reducing pollution,
preserving the ozone layer, and improving public health. This
approach supports the resilience and sustainability of future
communities, as noted by Rahaii et al. (2013) [10].

1. RESEARCH METHODOLOGY

This research project uses a qualitative, descriptive-
analytical approach. The study moves through two main
phases. First, it creates a foundational framework. Next, it
engages in critical synthesis.

The preliminary investigation set up the conceptual
framework through a systematic review of the literature. The
study examined academic and industry documents, focusing on
four key topics: environmental effect, sustainability criteria,
virtual reality, and augmented reality. This approach identified
ongoing debates and highlighted key theoretical gaps.

With this strong foundation, the research moved to a
critical synthesis phase. The collected material was closely
analyzed to find new links, test how digital technologies work
in practice, and explain their impact on sustainable
construction. This approach makes sure the findings are
theoretically sound and clear, offering a strong assessment of
how technology fits into sustainability.
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mainly aims to limit environmental harm by focusing on saving
energy and using natural resources wisely. This approach is at
the heart of sustainable buildings. Figure 1 provides an
overview of the provisions established by the Rio +20 United
Nations Conference on Sustainable Development.

A. Basics of Theoretical

The idea of sustainable design began in the 19th century,
shaped by thinkers like John Ruskin, William Morris, and
Richard Lethaby. In his well-known book "The Seven Lamps
of Architecture”, Ruskin argues that copying the balance found
in nature leads to lasting success. Sustainable construction

Table 1: Research Background, Authors.

Research Name

Author

Conclusion

Virtual Reality:
Opportunities and
Challenges in
Construction.

Hasanzada, Almira,
2018.

The reviewed literature consistently identifies virtual reality (VR)
as a key digital tool in current construction research, especially
for spatial representation and user interaction. As per findings,

VR expands conventional construction technologies by
introducing immersive, experience-based design evaluation.
Unlike culture-oriented or documentation-based methods, VR
lets users engage directly with simulated environments, which
improves spatial perception and design understanding. The
literature also finds that VR’s interactive exploration is a valuable
means of assessing design intent. It supports informed decision-
making and strengthens communication among project
stakeholders.

Modelling Building
Information (BIM) Green.

Badar shah,
Rawanshah Mahdi,
2019.

Building Information Modeling (BIM) enhances project
marketing through improved visualization and transparency,
supports formal integration of green material supply chains, and
enables efficient use of digital fabrication systems, thereby
promoting the development of sustainable construction practices.

the environment
And sustainable measures in
design
Building the future.

Rahayee Omaid,
Qayeem Mugami
Farhad, 2021.

Sustainable development requires that construction practices
adopt flexible, adaptive design approaches that respond to
environmental conditions and user needs, while prioritizing the
use of locally sourced materials that can be reintegrated into
natural ecosystems, thereby minimizing environmental pollution.

introduction to
Application of Modelling
Information
Build (BIM) in the
management of construction
projects.

Satooda Bidkhi,
Amir Husain. 2019.

Building Information Modeling (BIM) serves as a practical
project management tool that supports project progress and
enables integrated analyses of sustainability, green construction,
and sustainable development, while offering extensibility for
additional applications.

Landscape trading,
Sustainable trading,
Nature and Construction
Green.

Kargar, Ali. 2021

Utilizing sustainable transactions in buildings and Landscape
trading can take place in the following areas: energy
conservation, protection of natural resources, reduction of air
pollution, preservation of the ozone layer, enhancement of
physical and mental health, and long-term community resilience.

Capability check
Perception of the
environment in
Reality system
Virtual based
Components of perception.

Kamali Tabriz, Sina.
2019.

Virtual reality reliably supports emotional engagement and
interpretive evaluation, while providing accurate cognitive
perception through optimized simulation, making it an effective
tool for educational research and purpose-driven design
processes.

BIM-based environmental
assessment in the building
design process.

Farshid Shadram and
Marcus Sandberg.
2021.

The authors found that the construction industry significantly
impacts the environment through intensive consumption of
natural resources and energy, and that Building Information

Modeling (BIM) offers effective solutions to improve resource
efficiency and support future sustainable development in the

construction sector.

BIM for sustainability
Analyses.

Salman Azhar and
Justin Brown. 2020.

The authors illustrate that the construction sector accounts for
approximately 40% of total energy consumption in the United
States, with buildings, including residential and commercial
facilities, contributing nearly 30% of this demand. These high
energy requirements significantly increase dependence on natural
energy resources. The findings further demonstrate that Building
Information Modeling (BIM), through three-dimensional
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modeling and performance-based analysis, supports informed
decision-making and enables more sustainable development by
improving energy efficiency and long-term resource management
within the construction industry.

10 Marie-France
Stendah and Marie-
Claude Dobios.

2022.

BIM for environmental
impact assessment in early
design phases.

The author finds that the construction industry consumes a
significant share of the world's energy, thereby affecting global
energy needs. The findings show that Building Information
Modeling (BIM) helps connect engineering design and decision-
making by letting people consider future energy use early on,
both nationally and globally. BIM is also an important tool for
making construction safer for the environment and promoting
sustainable building by supporting energy-saving designs and
checking performance over a building's life.

o A steady decline in non-renewable resources.
o Development of the natural environment.

e Elimination or reduction of toxic substances or substances that are harmful to nature in the construction industry (2015).

Green economy in the context
of sustainable development and

poverty eradication

Eenewral of political
cormmitment

CJir comuim ot Ve

Structural framework for
sustainable development

lew of the provisions of Rio + 20
(United Nations Development
Conference)

Revi

Executive tools

A framework for action and

learning

Fig 1: Review of the Provisions of the Rio+20 United Nations Conference on Sustainable Development, Amin Mansour, 2012.

B. Sustainable Construction Patterns

The construction industry is a major cause of
environmental harm due to its high pollution and use of
resources. As a result, sustainable design is now crucial for
lessening these negative effects. This approach uses careful
planning and action to lower environmental damage and is
based on three main ideas: caring for the environment, social
responsibility, and making sure projects make economic
sense. It helps meet today’s needs without risking the future,
which is a key part of modern sustainability ideas [17].
Sustainable guidelines aim to make buildings stronger by
using resources wisely, saving non-renewable resources, using
renewable energy, and improving people's health [18]. New
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studies discuss these goals further, showing that buildings
should lower pollution by being flexible, fitting their
surroundings, and using local or recycled materials [17]. The
main goals are to save energy, protect nature and people's
health, and build better communities for the future [17].

Sustainable design is a way of thinking that tries to
balance how we use and enjoy spaces with using as few
resources as possible, all within what the planet can support.
Since the building industry uses about half of the final energy
in places like Europe, following this approach is both a job
requirement and a global need.
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V. VR IN SUSTAINABLE BUILDING DESIGN

A. Enhanced Design Immersion

Virtual reality (VR) represents a dramatic step forward in
sustainable construction design, offering a cognitively
immersive interface that outperforms traditional visualisation
techniques. The technique allows for phenomenologically
profound interactions with architectural concepts through
high-fidelity, three-dimensional simulations. This capacity
extends beyond simply being able to appropriately depict
things. It also includes the ability to dynamically model
performative and phenomenological variables that are
important for sustainability, such as spatiotemporal lighting
conditions for passive energy optimisation, acoustic
environments for occupant well-being, and thermal dynamics
for operational efficiency. Simulations like these provide
designers with an experiential, evidence-based understanding
of how structures work and how materials interact that two-
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dimensional media cannot convey. This immersive method
assists people in developing a more synthetically holistic
design intelligence, allowing them to better comprehend how
the shape of a building, the environment, and the flow of
resources all interact. The cognitive and procedural benefits
are measurable. A Journal of Environmental Design and
Planning controlled study demonstrated that VR-assisted
workflows planned spaces 25% more efficiently than
orthographic approaches. This was a benefit because the
immersive environment made it easier to detect problems early
on, which is vital for not wasting materials and having to
rework designs [19]. Figure 2 depicts the iterative feedback
loop that is the foundation of VR-assisted sustainable spatial
planning. This is the process that enables efficiency. As a
result, virtual reality is being reinterpreted not just as a
presentation tool, but also as a key environment for sustainable
design cognition, performance evaluation, and life-cycle-
based enhancement.

Importing the
Model into VR
Software

Initial Collaborative Incorporating
Conceptualization Reviews and Client Feedback and
and Planning Engagement Iterating
Development of a Immersive Analysis Finalizing the
Basic 3D Model and Modification Design

Enhancing the
Model with
Environmental Factors

Documentation and
Implementation
Planning

Documentation and

Implementation
Planning

Fig 2. VR-Assisted Environmental Design Workflow

B. Augmented Customer Interaction

Using VR in sustainable design helps clients get more
involved and improves how ideas are shared. When clients can
explore a virtual version of the design, the experience feels
more real and interactive. This makes it easier for clients to
understand what architects are talking about. They can move
through the space, see the size and layout, and really picture the
design. Because of this, clients can understand design ideas
better and make decisions or give approvals faster, since they
can clearly see what the final result will look like.

C. The Future Routes and Obstacles

The potential for thrilling advancements in realism and
interactivity marks the future trajectory of VR in environmental
design. Future advances will likely include more advanced
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simulations of environmental features such as noise and tactile
input, making the experience even more immersive.

Nonetheless, these advancements present obstacles. The
high cost of VR technology constitutes a significant obstacle to
mainstream adoption, especially for smaller design businesses.
Moreover, the complexity of developing precise, immersive
VR worlds requires specialized expertise and resources.
Maintaining up-to-date VR materials that align with the
evolving design can be a resource-intensive endeavour. It has
been found that including real-time data updates in VR
environments can increase project costs by up to 20% [20].
These issues require a measured approach to incorporating VR
into environmental design, weighing the advantages against the
practical and budgetary ramifications.
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V. BIM

Before the 1980s, construction documentation relied on
manual drafting. This produced fragmented, discipline-specific
information and limited coordination between project stages.
Computer-aided design (CAD), introduced in the 1980s and
1990s, enhanced drafting efficiency and accuracy. However,
CAD was document-centric and offered little support for
integrated information management. As projects grew more
complex and included more stakeholders, isolated digital
drawings failed to ensure data consistency and interoperability.
These shortcomings prompted the development of Building
Information Modelling (BIM). BIM marked a shift from
drawing-based  workflows to structured information
management across the asset life cycle. Consistent with 1SO
19650 principles, BIM organises and exchanges reliable
information within a common data environment. This approach
supports informed decision-making across design and
construction, through operation, and into the end-of-life stage.
BIM capability dimensions unlock new project potential. 2D
modeling delivers sharp, reliable documentation for clear
communication. 3D Modeling brings spaces to life,
empowering intuitive volumetric analysis and deeper spatial
insight.

o Extending these capabilities further, 4D modeling animates
schedules, clarifies timing, eliminates overlaps, and drives
resource efficiency.

e In addition, 5D modeling unlocks cost transparency,
enables dynamic tracking, delivers precise quantity
estimates, and sparks value engineering.

e Building upon cost integration, 6D Modelling empowers
facility managers with essential data—deliver maintenance
schedules, operational manuals, and lifecycle costs on
demand, well after occupancy.

e At the highest level, 7D Modeling drives sustainable
choices by equipping teams to evaluate impact, simulate
energy use, and boost resilience.

e This dimensional evolution transforms BIM into a
powerhouse—a unified platform for project delivery and
facility management.

¢ BIM Applications for Sustainable Construction

A. Design Optimization Through Integrated Analysis

Building Information Modeling (BIM) enables integrated
evaluation of architectural and building systems parameters
against performance criteria. Combined with energy simulation
tools such as Autodesk Insight, IES VE, and EQUA SimVida,
BIM supports early-stage assessment of building orientation,
envelope design, glazing ratios, and HVAC configurations.
Parametric workflows allow rapid testing of multiple design
alternatives, enabling informed decision-making beyond
manual analysis [21]. For a 50,000 m? office building, this
integrated approach reduced modeled energy consumption by
about 45% relative to a conventional baseline, primarily
through  orientation  optimization, improved window
specifications, and passive cooling strategies.
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B. Clash Detection and Conflict Resolution

Design conflicts between architectural, structural, and
mechanical, electrical, and plumbing (MEP) systems are a
major cause of construction inefficiencies. These conflicts
often lead to rework, wasted materials, and project delays.
Traditional two-dimensional coordination methods struggle to
show how different systems fit together. This is especially true
in complex areas. Building Information Modeling (BIM) is a
digital tool that represents a building’s physical and functional
features. It helps teams coordinate designs by automatically
detecting clashes, or conflicts, between building systems.
Research shows that BIM-based clash detection can prevent
about 60-80% of coordination problems. This results in cost
savings of 5-15% compared to traditional project methods
[22]. Resolving conflicts early also reduces material waste and
cuts down on the energy used to fix mistakes. It lowers
greenhouse gas emissions from demolition and rework. In this
way, BIM not only makes projects more efficient but also
supports more sustainable and environmentally friendly
construction.

C. Material Quantity Optimization

Building Information Modeling (BIM) makes it easier to
figure out exactly how much material is needed by using
accurate digital models. Instead of measuring by hand or
guessing with extra materials, BIM helps avoid wasting
resources. In steel structures, BIM enables designers to adjust
beam and column sizes within design rules, saving about 5-
20% of steel without compromising safety.

BIM also helps manage materials by planning deliveries
to match construction needs. This reduces extra storage,
damage, and unnecessary transport. Using only what’s needed
and improving delivery helps lower energy use and emissions
from making, moving, and throwing away materials. With
these benefits, BIM boosts cost savings and helps the
environment throughout the project’s life.

D. Lifecycle Assessment and Embodied Carbon Calculation

Lifecycle assessment (LCA) and embodied carbon
measurement can be integrated into Building Information
Modeling (BIM) by adding environmental impact data for
materials. By linking these data to material quantities in BIM,
we can estimate a building’s carbon footprint during
construction (stages A1-Ab5) in accordance with established
standards. This method allows comparisons of different
materials, such as concrete types, wood or steel, and insulation
products, with varying environmental impacts.

LCA tools that integrate with BIM, such as One Click
LCA, Tally by Autodesk, and Athena, can automatically assess
embodied carbon from BIM models and generate standardized
environmental reports. Research shows that using these tools
early can help cut embodied carbon by 10-30% while still
meeting design and safety standards. In this way, BIM and
LCA together help guide better material choices and lower
carbon emissions during a building’s life.

E. Construction Phase Waste Management
Construction-phase waste management improves with

four-dimensional (4D) Building Information Modeling (BIM).

4D BIM integrates construction sequencing with three-
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dimensional project data. Its detailed simulations support just-
in-time material delivery and installation planning. As a result,
it reduces excessive stockpiling, material deterioration, and
handling losses.

Embedding waste management plans in 4D BIM
workflows offers many benefits. Project teams can designate
waste sorting and storage zones, select components for reuse or
recycling, and coordinate selective deconstruction to recover
materials. Studies show that BIM-enabled planning can cut
waste by 20-30% and increase landfill diversion by 15-25%
compared to conventional practices [23]. These reductions
lower embodied carbon because less disposal and replacement
limit emissions from material production, transport, and
landfill operations. Thus, BIM-supported waste management
improves project efficiency and reduces environmental impacts
across the life cycle.

VI. INTEGRATED BIM-VR FRAMEWORK FOR
SUSTAINABLE CONSTRUCTION

A. System Architecture and Data Integration

Effective integration of Building Information Modeling
(BIM) and Virtual Reality (VR) relies on a system architecture
that enables consistent, bidirectional data exchange while
preserving geometric, semantic, and performance-related
information. In BIM-to-VR workflows, federated models are
exported to VR-compatible formats, such as FBX, gITF, and
Universal Scene Description (USD), retaining object
hierarchies, material attributes, and classification data.
Interoperability is further supported by standardized data
structures, such as Industry Foundation Classes (IFC), which
align with 1SO 19650 information management principles.

Equally critical is the VR-to-BIM feedback loop, in which
design modifications identified during immersive reviews are
reintegrated into the BIM environment for documentation
updates, performance recalculations, and multidisciplinary
coordination. Cloud-based Common Data Environments
(CDEs), such as BIMtrack, Buildots, and Aconex, facilitate
real-time synchronization, version control, and access
management, providing a single source of validated project
information. Together, these mechanisms support data
integrity, collaborative decision-making, and reliable digital
workflows across the project lifecycle.

B. Parametric Design and Performance Optimization

Parametric  design  workflows  within  Building
Information Modeling (BIM) environments enable systematic
performance optimization by explicitly linking design
variables to quantitative simulation outputs. Key parameters—
including building orientation, window-to-wall ratio, thermal
mass distribution, and natural ventilation effectiveness—are
mapped to performance indicators such as annual energy
demand, daylight autonomy, and thermal comfort hours. This
relationship allows rapid generation and evaluation of multiple
design alternatives during the early design phase.
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The integration of Virtual Reality (VR) enhances this
process by supporting immersive evaluation of the experiential
implications of parametric variations. For example,
incremental orientation adjustments within +15° can be
assessed for both simulated solar gains and perceived glare,
while window-to-wall ratio variations typically ranging from
25% to 55% are evaluated for daylight sufficiency and
occupant comfort. Similarly, alternative natural ventilation
strategies can be evaluated through combined airflow
simulations and VR-based spatial assessments. Studies indicate
that such iterative, performance-informed optimization can
yield reductions in operational energy demand of
approximately 15-30%, alongside measurable improvements
in indoor environmental quality. Consequently, BIM-VR-
enabled parametric design supports early-stage decision-
making that balances environmental performance with user
experience, reducing reliance on later-stage corrective
interventions.

C. Technology Integration and Implementation Challenges

The integration of Building Information Modeling (BIM)
and Virtual Reality (VR) technologies is shaped by technical,
organizational, and economic readiness factors. These factors
align closely with established digital maturity and industry
adoption frameworks. From a technical perspective, software
interoperability remains a dominant challenge. About 65% of
organizations report difficulties with reliable data exchange
between BIM authoring tools and VR platforms [24].
Limitations in data standardization, model granularity, and
metadata continuity also constrain progression beyond
intermediate BIM maturity and restrict scalable BIM-VR
deployment. Organizational readiness, as defined in industry
capability and maturity models, is mainly influenced by
workforce competencies. Advanced BIM-VR workflows
require expertise in parametric modeling, simulation, and
immersive visualization. However, skill shortages are the
principal barrier in nearly 72% of organizations seeking higher
BIM maturity [25]. These capability gaps hinder the transition
from isolated digital applications to integrated, policy-driven
digital transformation strategies that enable collaborative
workflows. Economic readiness also affects adoption,
especially for small and medium-sized enterprises. Upfront
investment is needed for software licensing, hardware, and
training. Combined with uncertainty in assessing return on
investment, this limits alignment with policies promoting
industry-wide digitalization [26]. A lack of standardized
implementation pathways and sector-specific best-practice
guidance causes inconsistent use of international standards,
such as 1SO 19650, at the project level [27].

Addressing these challenges requires coordinated policy
and industry action. This includes developing interoperable
technical standards, workforce development programs, and
incentives for cost-effective adoption. Aligning BIM-VR
implementation with readiness frameworks enables more
consistent, scalable, and sustainable integration across the
construction industry. Table 2 illustrates the topic briefly.
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Table 2. BIM-VR Integration Challenges Mapped to Industry Readiness Frameworks

Readiness Dimension

Key Challenge

Observed
Impact

Relevant
Policy/Industry
Frameworks

Implications for
Implementation

Technical Readiness

Limited software
interoperability
between BIM and VR
platforms

Inconsistent data
exchange, loss of
semantic information,
and fragmented
workflows

I1SO 19650, IFC-based
interoperability
models, BIM maturity
frameworks

Constrains scalable
BIM-VR deployment
and limits progression

to higher BIM maturity
levels

Organizational
Readiness

Workforce skill gaps
in parametric
modelling, simulation,
and VR workflows

Reduced effectiveness
of advanced digital
tools; reliance on
isolated applications

BIM capability
maturity models;
national digital
construction strategies

Highlights the need for
structured training and
competency
development programs

Economic Readiness

High initial investment
and uncertain return on
investment (ROI)

Slower adoption,
particularly among
small and medium-

sized enterprises

Industry digitalization
roadmaps; SME
adoption policies

Requires incentive
mechanisms and
clearer cost—benefit
evaluation models

Process Readiness

Absence of
standardized BIM-VR
implementation
workflows

Variability in
outcomes across
projects and
organizations

1ISO 19650 information
management
principles; best-
practice guidance
frameworks

Limits consistency,
repeatability, and
institutional learning

Weak alignment

Partial compliance

National BIM

Emphasizes the need
for clearer translation

Instltu_tlonal between standards and .\Nlth.d.lglta! mandat_es, mandates; public of policy objectives
Readiness . . inefficient information sector procurement . ;
project-level practices into operational
management frameworks )
guidance
VIL. CONCLUSION sustainability assessment. Policymakers should consider

The evidence synthesized in this study indicates that the
coordinated integration of Building Information Modeling
(BIM) and Virtual Reality (VR) materially strengthens the
construction sector's capacity to deliver more efficient,
resilient, and environmentally responsible buildings. Where
conventional, sequential design and delivery practices
perpetuate information loss, resource overuse, and
coordination failures, BIM provides data-rich, performance-
focused decision support (clash detection, material
quantification, and lifecycle assessment), and VR supplies
immersive, human-centred evaluation of spatial quality and
constructability. Together, these technologies produce
synergistic gains: reported outcomes include substantial
reductions in operational energy demand and embodied
carbon, measurable decreases in material waste and rework,
accelerated stakeholder decision-making, and improved
occupant and worker outcomes.

These benefits do not occur automatically. Realizing the
full potential of BIM-VR workflows requires strong
institutional commitment to interoperability, workforce
capability, and process standardization. Persistent barriers
remain. Software incompatibilities, skills shortages, capital
costs, and regulatory uncertainty constrain uptake and scaling.
Tackling these obstacles demands coordinated sector action.
Professional practice must prioritize strategic investment and
structured training. Standards bodies and regulators need to
create practical guidance. Technology developers should
emphasise open interoperability and usability with embedded
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incentives to lower adoption thresholds for smaller firms.

From a policy and practice perspective, the strategic
adoption of integrated BIM-VR approaches can deliver both
environmental and commercial returns: reduced material
consumption and landfill diversion, lower life-cycle
emissions, improved schedule and cost performance, and safer
construction sequences. These outcomes closely align with
contemporary digital maturity and sustainability objectives,
positioning early adopters to gain a competitive advantage
while contributing to sectoral decarbonization.

To advance research, we recommend that future studies
focus on the following areas:

e Longitudinal  studies that quantify cumulative
environmental and economic benefits over complete
building life cycles.

e Development and empirical validation of parametric
design frameworks that optimise multiple, often
conflicting, performance objectives simultaneously.

e Bringing in new technologies (such as artificial
intelligence, blockchain, and improved sensor systems) to
work with BIM-VR can boost automation, tracking, and
performance feedback.

e Investigation of distributed, collaborative VR
environments that support geographically dispersed teams
and multi-stakeholder engagement.

e Studies comparing case examples should document how
organizations change, the challenges they face, and the
best ways of working across different kinds of projects and
company sizes.
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To realize these benefits, organizations must proactively

integrate BIM and VR into their governance, standards, and
learning strategies—transforming not only how buildings are
designed, delivered, and evaluated, but also ensuring that
infrastructure demands are met, and environmental integrity is
preserved for future generations. Take action now to harness
these technologies for meaningful change.
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