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Abstract: The construction industry in Kuwait is experiencing a transformative shift with
the adoption of Building Information Modeling (BIM) technologies, particularly BIM 6D
for sustainability analysis and 7D for facility management. This study investigates the inte-
gration of these dimensions to address sustainability challenges in Kuwait’s construction
sector, aligning practices with the United Nations’ Sustainable Development Goals (SDGs).
Through qualitative interviews with 15 stakeholders—including architects, engineers, and
contractors—and analysis of industry reports, policies, and case studies, the research iden-
tifies both opportunities for and barriers to BIM adoption. While BIM offers significant
potential for lifecycle analysis, waste reduction, and energy efficiency, its adoption remains
limited, with only 27% of construction waste recycled. Challenges include high initial costs,
a shortage of skilled personnel, and resistance to change. The study highlights actionable
strategies, including enhanced regulatory frameworks, university curriculum integration,
and professional training programs led by the Kuwait Society of Engineers, to address these
barriers. It also emphasizes the critical role of collaboration among government bodies,
industry leaders, and institutions like the Kuwait Institute for Scientific Research. Drawing
from successful international BIM projects, the findings offer a practical framework for
improving sustainability in arid regions, positioning Kuwait’s experience as a model for
other Middle Eastern and North African countries. This research underscores the transfor-
mative role of BIM technologies in advancing global sustainable construction practices and
achieving a more efficient and eco-friendly future.

Keywords: sustainable transformation; Kuwaiti construction; facility management; BIM
6D; BIM 7D; construction waste

1. Introduction

The construction industry is a key driver of global environmental impact, accounting
for up to 42% of energy consumption and 35% of greenhouse gas emissions, particularly in
regions like North America, over the last decade [1]. These figures highlight the urgency of
adopting innovative technologies to address the sector’s sustainability challenges. While
integral to the industry, traditional Computer-Aided Design (CAD) approaches have proven
insufficient in meeting contemporary sustainability demands [2,3]. A comparative analysis
of construction methods reveals that integrating low-carbon materials significantly reduces
emissions compared with conventional practices [4]. This underscores the potential of
advanced digital tools to support sustainability in construction. Moreover, research from
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Norway [5] demonstrates that digital governance platforms are vital in meeting the United
Nations” Sustainable Development Goals (SDGs), fostering the development of smart,
sustainable cities. Globally, many nations, including Kuwait, are aligning their construction
industries with the UN’s 2030 SDGs. Since its endorsement in 2015, Kuwait has sought
to harmonize these goals with its Vision 2035 and the Kuwait National Development
Plan (KNDP) [6-8]. Kuwait’s Vision 2035 emphasizes the development of innovative and
sustainable infrastructure, directly aligning with BIM’s 6D and 7D dimensions, which focus
on sustainability and facility management. By incorporating these advanced technologies,
the construction sector can meet the vision’s goals of resource optimization and reduced
environmental impacts [9].

However, despite these ambitions, the Kuwaiti construction sector continues to en-
counter obstacles in achieving these sustainability objectives. A key solution lies in adopting
advanced technologies such as Building Information Modeling (BIM), particularly its 6D
and 7D dimensions, which offer a pathway to reducing the environmental footprint of
construction and advancing sustainability in Kuwait. BIM has evolved from a tool that
offers 3D visualizations of architectural assets into a comprehensive digital framework
that integrates multiple dimensions of information. These dimensions extend from the
traditional 3D geometric representations to 4D (time), 5D (cost), 6D (sustainability), and
7D (facility management) models [10,11]. This evolution has transformed how the ar-
chitecture, engineering, and construction (AEC) industry plans, builds, and maintains
assets, incorporating data from the entire lifecycle of a project [12,13]. Each BIM dimension
enhances decision-making, from the design phase to construction, and through to facility
management, offering a more holistic approach to sustainability [14,15].

These dimensions are defined by the level of information they provide and the project
stage in which they are applied [16]. BIM 6D focuses on integrating sustainability into
construction projects, enabling energy-efficient designs, waste reduction, and the adoption
of sustainable materials throughout a building’s lifecycle. BIM 7D enhances the manage-
ment of facilities, promoting efficient resource use and energy conservation, and optimized
maintenance strategies. By leveraging these dimensions, Kuwait’s construction sector could
significantly improve its environmental performance and operational efficiency [17,18].
Kuwait presents a compelling case study due to its ongoing urban expansion and chal-
lenges in waste management and resource efficiency. Despite its alignment with the UN
SDGs and Vision 2035, the country faces barriers to adopting advanced digital tools like
BIM, making this study both timely and necessary for driving sustainable construction
practices. For instance, the harsh environmental conditions, including high temperatures
and arid climates, demand resilient and energy-efficient infrastructure. BIM’s ability to
enable lifecycle analysis, waste reduction, and resource optimization positions it as a vital
tool for addressing these challenges and aligning Kuwait’s construction practices with its
national and global sustainability goals

However, the Kuwaiti industry faces significant barriers to fully realizing the benefits
of BIM, particularly in areas like data standardization, cybersecurity concerns, and incon-
sistent data management practices. Overcoming these challenges is critical for advancing
BIM'’s role in fostering sustainable development [19]. Global studies indicate that, while
awareness of BIM is growing, a significant gap remains between awareness and adoption.
For instance, although 94% of UK construction professionals are familiar with BIM, only
39% report active implementation [20]. This highlights the need for strategic frameworks
that support BIM's integration into construction workflows [21].

This study aims to contribute to the broader discourse on sustainable construction by
exploring the role of the implementation of BIM 6D and 7D within the Kuwaiti context. The
study aligns BIM practices with UN SDG 12 (responsible consumption and production) and
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SDG 9 (industry, innovation, and infrastructure). BIM’s alignment with SDG 9 is evident
in its potential to drive innovation and improve construction workflows, while SDG 12 is
supported through BIM’s emphasis on waste reduction and resource efficiency.

Through qualitative research, including interviews with 15 key stakeholders from
government officials, policymakers, construction company executives, architects, engineers,
and facility managers, and government document analysis, this research seeks to provide
actionable insights for enhancing sustainability in Kuwait’s construction sector. Although
the subjective nature of qualitative interviews may introduce bias, these expert perspectives
offer crucial industry insights.

While this research underscores the promise of BIM 6D and 7D in addressing sustain-
ability goals, it acknowledges the limitations of existing studies in fully examining their
applicability. Specifically, prior research lacks comprehensive investigations into how these
dimensions can be practically implemented and integrated with Kuwait’s construction
workflows. Moreover, there is limited quantifiable evidence demonstrating the environ-
mental and economic benefits of BIM 6D and 7D in real-world projects. Future work
should prioritize addressing these gaps by focusing on practical implementation strategies,
quantifying environmental benefits, and developing stakeholder-specific frameworks to
overcome adoption barriers.

Integrating BIM Dimensions in Construction Practices

BIM dimensions offer a collaborative framework that significantly enhances com-
munication, coordination, and operational efficiency across the entire project lifecycle.
By enabling stakeholders to work within a unified digital environment, BIM supports
real-time data sharing and decision-making [22]. BIM integrates multiple dimensions
ranging from 3D to 10D that facilitate the holistic management of construction projects,
from design through to operations [23]. Each dimension contributes uniquely to improving
sustainability and efficiency in construction:

3D BIM: enables clash detection, reduces rework, minimizes waste, lowers initial costs,
and supports prefabrication efforts, enhancing overall construction efficiency.

4D BIM: aids in construction planning and management, promotes early stakeholder
involvement, shortens schedules, saves costs, and encourages the use of sustainable materials.

5D BIM: focuses on whole-life costing and lifecycle cost (LCC) analysis, ensuring better
financial management over the asset’s lifetime.

6D BIM: facilitates early-stage energy analysis, reduces LCC, offers sustainable de-
sign alternatives, conducts lifecycle analyses, and minimizes waste, water, and material
usage [16].

7D BIM: improves space and maintenance management, ensures energy-efficient oper-
ations, supports economical renovations, and enhances lifecycle management of assets [17].

8D BIM: emphasizes health and safety management, ensuring compliance with safety
standards and minimizing risks during construction and operation phases.

9D BIM: focuses on lean construction principles, optimizing resource use and reducing
waste in construction processes.

10D BIM: centers on industrialized construction, promoting automation, prefabrica-
tion, and modular construction techniques for greater efficiency and sustainability.

The adoption of BIM software, particularly in the context of 6D for dynamic energy
analysis and simulation, offers notable advantages, including rapid assessment of design
alternatives, and detailed financial and operational insights across the project lifecycle. The
integration of 7D BIM further enhances facility management by providing comprehensive
data on building components, specifications, maintenance, and warranties, supporting effi-
cient asset management [17]. In addition to modern applications, BIM’s potential extends to
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preserving cultural heritage. For instance, Historic Building Information Modeling (HBIM)
has been instrumental in documenting, restoring, and managing historic transportation
infrastructures, ensuring that modernization efforts align with the conservation of these
critical assets [9].

One study [23] identifies the practical benefits of big BIM data in the AEC sector, partic-
ularly emphasizing advancements in post-construction phases due to mature technologies
like sensor networks and IoT devices. BIM has demonstrated significant economic benefits,
including a substantial return on investment (ROI) [24]. Research consistently shows that
BIM helps prevent scheduling delays and reduces rework, contributing to cost savings. For
instance, a case study of a USD 35 million academic building at Emory University, Atlanta,
Georgia, revealed that BIM’s clash detection capabilities reduced design errors, resulting in
approximately USD 259,000 in savings [25,26] This study emphasizes the critical role of
integrating lean construction (LC), BIM, and sustainability in addressing key challenges in
construction projects, such as collaboration, productivity, and quality, while highlighting
the importance of prioritizing human development alongside processes and technology.

A review of the literature from 2015 to mid-2021 identified two primary themes in
the intersection of BIM and sustainability: green buildings and rating systems. Integrating
facilities management information enables a holistic and sustainable approach to asset
management, extending BIM’s benefits beyond the construction phase and into the op-
erational lifespan of buildings [25-29]. The development of a multi-dimensional BIM
framework serves as both a research tool and a practical guide for industry stakeholders.
This framework seeks to standardize BIM terminology, processes, and practices, facilitating
clearer communication and effective implementation across the construction industry [30]
Integrating BIM 6D and 7D during the design phase can streamline construction operations
and maintenance, presenting opportunities for enhanced energy efficiency and resource
optimization [31]. Addressing information gaps in the transition from construction to oper-
ations and maintenance through integrated knowledge-sharing models further emphasizes
the importance of generating comprehensive information within BIM models [32]. This
comprehensive approach, which leverages BIM's various dimensions, optimizes construc-
tion processes and facility management, thereby contributing to a more sustainable built
environment [33]. Additionally, a proposed BIM framework aligned with national sustain-
ability agendas highlights the strategic integration of BIM 6D and 7D dimensions within
broader sustainability initiatives. This framework is consistent with Kuwait’s Vision 2035
for sustainable buildings and the United Nations’ Sustainable Development Goals (SDGs),
underscoring the global importance of BIM in driving sustainable development [34].

2. Methodology

This study employed a qualitative approach to investigate the integration of BIM
6D (sustainability) and 7D (facilities management) into the Kuwaiti construction sector,
with a focus on sustainable waste management and lifecycle optimization. Expert in-
sights were gathered through a series of in-depth interviews with document analysis. The
methodological steps are outlined in Figure 1.

2.1. Literature Review

An extensive literature review was conducted to establish a theoretical foundation
on BIM 6D, 7D, sustainability in construction, and their integration. This review identi-
fied key knowledge gaps and areas requiring further investigation, which informed the
study’s direction. An extensive literature review was conducted to establish a theoret-
ical foundation and identify research gaps. The literature review was conducted using
a systematic approach to ensure the comprehensiveness and reliability of the research.
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Key databases, including Scopus, Web of Science, and Google Scholar, were consulted to
identify peer-reviewed articles, government reports, and industry guidelines related to
BIM 6D and 7D implementation. The search strategy involved using Boolean operators
and specific keywords such as “BIM 6D”, “BIM 7D”, “construction sustainability”, and
“waste management in Kuwait”. Inclusion criteria focused on studies published in the last
15 years, written in English, and directly relevant to BIM in sustainability and construction.
Exclusion criteria included duplicate studies, non-peer-reviewed sources, and articles with-
out sufficient relevance to Kuwait’s construction context. The review also incorporated
cross-references from selected studies to expand the dataset. This systematic approach
ensured a robust foundation for understanding BIM’s role in sustainable construction.

Case study approach to explore challenges and opportunities in BIM 6D/7D
integration

l 4 i

Literature Review Qualitative Data Collection Document Review
1. Theoretical frameworks 1. Semi-structured interviews 1. Organizational
2. Global and regional case with 15 key stakeholders: websites and
studies (with emphasis a) Government officials. independent reports.
on Kuwait or similar b) Architects.
contexts). c) Engineers.
d) Construction
3. Outcome: Identification professionals.
of gaps, challenges, and
transformative potential 2. Outcome: Stakeholder
of BIM. perspectives on BIM 6D and
7D adoption, challenges, and
opportunities.

Data Analysis

1. Transcription & Familiarization

Interviews transcribed verbatim and thoroughly reviewed.

2. Thematic Coding

Recurring stories, patterns, and themes identified using narrative analysis.

3. Synthesis
1. Themes contextualized within theoretical frameworks from the literature.
2. Insights on challenges, opportunities, and strategies synthesized.

4. Validation
Findings reviewed through team discussions and cross-referenced with literature

.

1. Actionable insights for enhancing BIM dimensions adoption in Kuwait for
government construction projects.
2. Contributions to achieving UN SDG 12 and 9.

Figure 1. Research methodology.
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BIM 6D and 7D frameworks and global applications.

Studies addressing sustainability challenges in Kuwait and comparable regional
contexts.

The review highlighted critical gaps, particularly regarding the integration of
BIM for sustainability and waste management, and informed the development of the
interview protocol.

2.2. Document Analysis

To complement the qualitative data from interviews, a systematic document analysis
was conducted. This method involved reviewing policy documents, government reports,
project case studies, and industry guidelines related to BIM 6D and 7D implementation
in Kuwait’s construction sector. The selection of policy documents, government reports,
project case studies, and industry guidelines was guided by specific inclusion criteria to
ensure a comprehensive and unbiased analysis. Documents were chosen based on their
relevance to BIM 6D and 7D applications, publication recency (within the last 10 years), and
their focus on Kuwait’s construction sector or comparable contexts. Sources from credible
institutions, including government agencies, academic research, and industry leaders, were
prioritized to maintain validity. To further reduce bias, documents were cross-referenced
across multiple sources, and contrasting perspectives were considered when available

National and regional policies on construction waste management and sustainability.

BIM-related frameworks and technical documentation from industry stakeholders.

Document analysis provided contextual data to corroborate and enrich interview
findings, offering insights into existing practices, regulatory challenges, and the institu-
tional landscape.

Key documents were identified based on their relevance to the research aims. These
documents were analyzed systematically to extract themes and align findings with the
theoretical framework established through the literature review.

2.3. Interview Protocol Development

A semi-structured interview protocol was developed, tailored to extract expert in-
sights on the integration of BIM 6D and 7D in the context of sustainability challenges and
opportunities in Kuwait’s construction sector. The protocol ensured consistency across
interviews and focused on three key areas:

1.  The contribution of BIM 6D to sustainability and waste reduction in construction
projects.

2. The role of BIM 7D in facilities management for lifecycle sustainability.

3. The challenges and transformative potential of integrating BIM for sustainable
construction.

The interview protocol was developed based on insights gained from the literature
review and document analysis, focusing on sustainability, waste management, and collab-
oration among industry stakeholders. All participants were provided with an informed
consent form and a plain language statement, both of which were approved by Brunel
University’s ethics committee.

2.4. Participant Selection

A purposive sampling technique was utilized to select 15 industry professionals,
ensuring a diverse range of perspectives. The participants included BIM consultants,
sustainability experts, architects, construction managers, and facilities management pro-
fessionals, representing key stakeholders in Kuwait’s construction sector. This diversity
enriched the data by capturing a wide variety of insights and providing a holistic per-
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spective on the research topic. The sample size of 15 participants is sufficient, given the
qualitative nature of this study, as it ensures depth of inquiry while maintaining manage-
able data analysis. Furthermore, the diverse professional backgrounds of the participants
enhance the reliability and validity of the findings, aligning with the research goals of
understanding multifaceted challenges and opportunities within the sector. Table 1 outlines
the participants’ professional backgrounds.

Table 1. Participant positions and experience.

Professional Year:s of Position
Experience
(A) The Municipality Director 30+ Director of the design department
Engineer (Government) in government ministries.
(B) BIM Consultant/Specialist 22+ Man'agmg dlr.e ctor of
virtual projects.
(C) Construction ) )
Manager,/Contractor 32+ Manager of construction projects.
(D) Architect 20+ Sustainability manager.

2.5. Data Collection

In-depth, semi-structured interviews were conducted with selected experts. The con-
versational interviews allowed participants to elaborate on their experiences and provide
nuanced insights. Probing questions were used to explore specific topics further.

Additionally, insights from the document analysis were cross-referenced during inter-
views to explore how participants’ views aligned with or differed from documented policies
and practices. The semi-structured interview questions (outlined in Table 2) were designed
to elicit detailed responses on the integration of BIM 6D and 7D, sustainability challenges,
and potential transformations in Kuwait’s construction industry. These questions facilitated
focused discussions, ensuring the collection of rich, actionable insights.

Table 2. Key interview questions (semi-structured interview questions).

Number Key Questions for Interviews
1 What are the prevailing challenges and gaps related to sustainability and waste management in the
Kuwaiti construction industry?
’ How does the integration of BIM 6D enhance sustainability and reduce construction waste in the
Kuwaiti construction process?
3 What role does BIM 7D play in facilities management, and how does it contribute to maintaining
sustainability throughout the lifecycle of constructed assets?
4 To what extent can the integration of BIM 6D and 7D transform traditional construction practices in
Kuwait, enhancing efficiency and reducing environmental impacts, including waste reduction?
What challenges are encountered during the integration of BIM 6D and 7D in Kuwaiti construction,
5 particularly in relation to waste management, and what recommendations can be proposed to overcome
these challenges?
6 How can BIM 6D and 7D be leveraged to optimize resource utilization and minimize material wastage
during the construction phase in Kuwait?
7 What are the potential benefits and drawbacks of implementing BIM 6D and 7D specifically for waste
management practices in Kuwaiti construction projects?
3 How can industry stakeholders, including government agencies and private sector companies,

collaborate to promote the use of BIM 6D and 7D to reduce construction waste?
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2.6. Data Analysis

Narrative analysis, as recommended by [35], was used to interpret the textual re-
sponses in the context of the respondents’ industrial experiences. Figure 1 illustrates the
research methodology. The narrative data obtained from the interviews, along with the
findings from the document analysis, were analyzed using thematic analysis. This approach
allowed for the identification of patterns, themes, and key insights across both datasets.

e  Familiarization with data: the transcripts from interviews and findings from document
analysis were thoroughly reviewed to develop a deep understanding of the data.

e Thematic coding: data were coded and categorized into themes, integrating insights
from interviews and document analysis. Key phrases and ideas were systematically
coded and categorized. This process involved grouping related codes into categories
to capture recurring patterns and concepts.

e  Analytical rigor was maintained through constant comparison and validation
of findings.

e  Synthesis: themes from the interviews were contextualized with data from document
analysis, ensuring a comprehensive understanding of BIM integration in Kuwait.

e  Validation: to ensure analytical rigor, findings were reviewed through iterative discus-
sions among the research team and cross-referenced with existing literature.

e Justification: thematic analysis was selected due to its flexibility and effectiveness
in managing qualitative data. Compared with alternative methods, it allowed for a
nuanced interpretation of the narratives and document findings while aligning with
the study’s focus on exploring stakeholder perspectives and contextual challenges in
BIM adoption.

3. Results and Discussion

The insights gathered from participating professionals reflect a diverse range of ex-
pertise in BIM implementation and sustainability management, offering a comprehensive
examination of the transformative potential of integrating BIM dimensions 6D and 7D.
Experts highlighted how these advanced functionalities can drive sustainable practices
throughout the construction lifecycle by optimizing resource utilization and enhancing
operational efficiency. However, they also pointed out significant challenges hindering
widespread adoption, including technological barriers, organizational resistance, and cul-
tural inertia.

Stakeholders, including Participants (A, B, C, and D), identified the limited availability
and awareness of sustainable construction materials as a major issue, which was raised by
approximately 70% of interviewees. Participant A emphasized the importance of effective
construction waste management, noting that the sector generates around 60% of total
waste in Kuwait, yet only 27% of this waste is currently recycled. This situation exacer-
bates environmental pollution and undermines efforts to promote sustainable practices in
the industry.

3.1. Analyzing Policy and Industry Documents on BIM and Waste Management

To provide a foundational understanding of the current state of waste management and
BIM adoption in Kuwait, a detailed document analysis was conducted. This analysis focused
on policy documents, project reports, and industry publications to identify trends, gaps, and
opportunities in integrating BIM 6D /7D technologies for sustainable construction.

3.1.1. Waste Management Policies and Practices

The document analysis revealed significant gaps in Kuwait’'s CDW management
framework. While national policies acknowledge the importance of sustainability, there
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is limited enforcement of waste segregation and recycling practices. For instance, a re-
port by the Kuwait Municipality (2019) indicates that only 27% of construction waste is
recycled, compared with rates exceeding 70% in developed countries [36]. This disparity
highlights a lack of infrastructure and regulatory enforcement for effective waste diversion.
Additionally, key government documents such as Environmental Protection [37] emphasize
sustainable development but fail to provide detailed guidelines for the construction in-
dustry. This regulatory gap hinders the effective implementation of sustainable practices,
including the integration of BIM for waste management.

Table 3 presents data on construction waste quantities and recycling rates in Kuwait
from 2021 to 2023, as reported from municipality documents. The table highlights incre-
mental improvements in waste recycling, while also underscoring the persistent challenges
in reducing landfill waste. Despite gradual increases in recycling rates, a significant propor-
tion of construction waste still ends up in landfills. This situation calls for more effective
waste management strategies and stricter regulations. For instance, mandating the use of
recycled materials in new construction projects, implementing stricter penalties for non-
compliance with waste management standards, and providing incentives for companies
that significantly reduce their landfill contributions are potential solutions. One major
contributing factor is the absence of on-site recycling machinery in construction projects,
particularly in large-scale developments, which exacerbates the waste management issue.

Table 3. Municipal statistics data document on construction waste in Kuwait [37] (2021-2023).

Year Environment Preservation Arab International Industrial Waste Sent to
Industrial Company (EPIC) Project (AIIP) Landfills (%)
Total . Waste Total . Waste
Construction Recycled (%) Construction Recycled (%)
Waste (tons) y ¢ Waste (tons) Y ¢
2021 884,248.5 27% 901,942 22% 16%
2022 656,429 27% 635,592 23% 12%
2023 60,310 26% 45,277 27% 21%

Additionally, the regulatory frameworks and the industry-wide adoption of sustain-
able practices remain in their nascent stages. Only around 30% of stakeholders expressed
confidence in existing regulations. Earlier research indicated that awareness of BIM’s role
in the construction sector is limited, with only 26% of surveyed participants recognizing its
potential. Furthermore, 80% of stakeholders stressed the need for more comprehensive and
robust regulations to effectively guide sustainable practices in construction projects [38].

3.1.2. BIM Adoption and Technological Readiness

Analysis of industry publications suggests that BIM awareness in Kuwait is growing
but remains limited to large-scale infrastructure projects. Notably, projects like the Sheikh
Jaber Al-Ahmad Cultural Centre and the new Kuwait International Airport have success-
fully adopted BIM 6D and 7D for sustainability and lifecycle management. However,
smaller construction firms lack access to the technical expertise and financial resources
needed for BIM adoption. A survey conducted by the Kuwait Environment Public Author-
ity (2019) reported that only 22% of local construction firms actively use BIM technologies,
and, among these, integration of sustainability-focused dimensions (6D and 7D) is min-
imal. This low adoption rate underscores the need for targeted training programs and
government incentives to bridge the technological readiness gap [39].
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3.1.3. Alignment with Global Best Practices

Comparing Kuwait’s policies and practices with global leaders such as the UK and
Finland reveals a stark contrast. For instance, both of the latter countries have national
BIM mandates and standardized protocols that streamline the integration of sustainability
in construction projects [40]. In Kuwait, the absence of such frameworks has created
fragmentation in how BIM is understood and implemented [8].

3.2. Challenges in BIM 6D/7D Integration

The construction industry in Kuwait is encountering critical challenges in adopting
sustainable practices and effectively managing waste. Addressing these challenges is
essential for enhancing the sustainability of construction operations and aligning with
global trends. Stakeholder interviews have revealed several pressing issues hindering
progress in this area.

3.2.1. Lack of Awareness and Understanding

A recurring theme from stakeholder interviews was the limited awareness of sus-
tainable practices among contractors and developers. As Participant D noted, “Many
contractors prioritize cost over sustainability, leading to excessive waste. Additionally,
there is a significant gap in the availability of sustainable materials locally”. This lack of
awareness is compounded by a limited understanding of how BIM 6D and 7D can drive
sustainability. These challenges are not unique to Kuwait, as similar issues have been
noted in other developing construction markets, where short-term cost savings often take
precedence over long-term sustainability goals [41]. Despite the growing global aware-
ness of BIM, particularly in countries like the UK, Canada, Finland, and New Zealand,
there remains a substantial gap between awareness and implementation [20]. Another
key barrier identified is the inadequacy of regulatory frameworks. Participant C, a project
manager, highlighted the lack of stringent enforcement of waste management regulations:
“Regulatory frameworks are not stringent enough to enforce waste management practices
effectively. There is also a lack of standardized processes for waste segregation and recy-
cling, which exacerbates the problem”. This finding is consistent with the global literature
on the role of regulation in driving sustainability in construction [42]. Effective regulations,
coupled with clear guidelines, are essential for promoting the adoption of BIM as a tool for
sustainability in Kuwait.

3.2.2. Resistance and Initial Investment Costs

Resistance to change emerged as a critical challenge. As Participant A stated, “Resis-
tance to change from traditional construction practices is a significant barrier. The initial
investment required for sustainable materials and technologies is another hurdle”. The
financial burden of adopting BIM 6D and 7D, particularly for smaller firms, is significant.
The literature supports the notion that high upfront costs can deter adoption, despite
long-term benefits [43]. This resistance is further exacerbated by limited access to training
programs focused on sustainability.

3.3. Proposed Solutions to Overcome Challenges

To address the challenges identified in BIM integration, several strategic solutions
are proposed.

e  Cost-benefit analysis for BIM integration: a key strategy to overcome resistance is
the use of comprehensive cost-benefit analyses. These analyses can demonstrate
the long-term financial and operational benefits of BIM integration, showcasing po-
tential cost savings over the lifecycle of a project. Advocacy for the incorporation
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of such analyses at the project inception stage is crucial. By highlighting reduced
waste, optimized resource use, and improved project efficiency, stakeholders can be
more readily convinced of the return on investment (ROI) [44]. Tailored workshops
and training sessions, emphasizing successful case studies and quantifiable metrics
like energy savings and lifecycle cost efficiency, can further support stakeholder en-
gagement. Visual tools such as BIM-based simulations and dashboards, along with
pilot projects, can effectively showcase the comparative benefits of traditional versus
BIM-enabled approaches.

Additionally, according to Participant D, BIM 6D and 7D models can address re-
source constraints such as water scarcity and energy consumption, which are crucial
in Kuwait’s context. Integrating BIM in infrastructure projects also mitigates environ-
mental and economic burdens by enabling better fund allocation and sustainability
strategies [45]. By promoting cost-benefit analyses supported by government incen-
tives, Kuwait can enhance its commitment to sustainable construction while aligning
with global best practices.

Specialized training and upskilling: the need for specialized skills to operate BIM
technologies was a significant concern for most participants. Upskilling staff or hiring
new professionals is often seen as resource intensive [46]. To address this, collaboration
with BIM consultancy services, such as those offered by Autodesk, could support the
development of tailored training programs. Additionally, continuous professional
development through certification programs can help build the necessary expertise
within the workforce, reducing reliance on external specialists [47].

Change management and awareness initiatives: resistance to change is a common
challenge in adopting new technologies. Effective change management strategies
are essential, including clear communication about the benefits of BIM integration,
engagement with all stakeholders, and the gradual introduction of new processes [48].
Industry conferences, such as the Gulf BIM & Digital Construction Conference, can
play a pivotal role in raising awareness and building momentum for change. As
the literature suggests, involving employees in the decision-making process and
addressing their concerns early can foster a more accepting environment for digital
transformation [49].

Standardization of processes and guidelines: a significant barrier to BIM integration
is the lack of standardized processes across the industry. Standardization is critical
for ensuring consistency in project execution and sustainability outcomes [46]. Col-
laboration with industry stakeholders and regulatory bodies is essential to develop
industry-wide guidelines that facilitate seamless BIM integration. Research indicates
that countries with well-established BIM guidelines tend to have higher rates of BIM
adoption and more successful project outcomes [50].

Governmental support and policy incentives: governmental support is a key enabler of
BIM adoption. Policies that incentivize the use of BIM, such as tax incentives for green
building projects or subsidies for training programs, can significantly reduce barriers
to entry. Participant E emphasized the need for active government involvement:
“Supportive policies and incentives would encourage the wider adoption of BIM
technologies”. This finding aligns with global research that highlights the role of
government intervention in accelerating the adoption of sustainable practices [51].
Continuous assessment and feedback loops: continuous assessment and feedback
loops are essential for the successful integration of BIM [34]. Without ongoing evalua-
tion, there is a risk of stagnation and missed opportunities for improvement. Estab-
lishing mechanisms for regular reviews of the integration process can help identify
areas for improvement and implement refinements that enhance project efficiency and
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sustainability outcomes [52]. This study proposes solutions that include cost-benefit
analysis, specialized training, regulatory reform, and change management strategies.
For instance, a review board could be established to ensure the continuous updating
of regulations and standards, aligning them with technological advancements and
material science [53]. By addressing these challenges, Kuwait can leverage BIM to
significantly enhance its sustainability outcomes, aligning with both global construc-
tion trends SDGs and the country’s Vision 2035 goals. The Kuwaiti construction
industry faces significant challenges in adopting BIM 6D and 7D for sustainability
and waste management, which align with issues highlighted in the existing literature.
The integration of BIM in construction introduces a range of obstacles that hinder its
widespread adoption. These challenges are deeply rooted in the industry’s technical
limitations, organizational structures, and financial constraints [54]. Despite these
barriers, they can be addressed through strategic planning, stakeholder collaboration,
and government support. This study proposes solutions such as cost-benefit analysis,
specialized training programs, regulatory reforms, and change management strategies.
By tackling these issues, Kuwait can harness BIM's potential to significantly improve
sustainability outcomes, aligning with global construction trends, the Sustainable
Development Goals (SDGs), and the country’s Vision 2035 objective.

3.4. Opportunities for Sustainable Construction

Industry experts in Kuwait recognize the substantial potential for advancing sustain-
able construction practices through the integration of BIM technologies, particularly 6D
and 7D. Participant A highlighted that the rapid growth of Kuwait’s construction industry
presents a unique opportunity to embed sustainability into projects from their inception.
With urbanization and infrastructure development accelerating, adopting BIM technologies
can improve efficiency and minimize environmental impact, aligning with Kuwait’s Vision
2035 and the New Kuwait Development Plan. However, despite this potential, awareness
of sustainable construction methods remains limited. Government initiatives are essential
to effectively promote green practices and drive their adoption. Furthermore, ongoing
research is critical to ensure the safe, efficient, and large-scale implementation of these
technologies, maximizing their impact on Kuwait’s construction sector [55]. Participant B
emphasized Kuwait’s critical challenge of limited resources, particularly water scarcity and
high energy consumption. The integration of BIM 6D and 7D offers a potential solution by
optimizing resource utilization, reducing waste, and improving energy efficiency in con-
struction projects. Leveraging these technologies strategically can help Kuwait mitigate its
environmental impact and align with global sustainable development standards. Over the
past few decades, increasing environmental awareness has also driven significant scientific
interest in renewable energy sources [56].

3.4.1. Exploring the Role of BIM 6D Integration in Kuwait’s Construction Industry

Participant D emphasized that integrating BIM 6D signifies a paradigm shift in the
construction industry’s sustainability approach. This advanced dimension enriches the
geometric model with essential sustainability information, providing a comprehensive
and dynamic view of the entire project lifecycle. A key benefit of BIM 6D is its profound
impact on minimizing construction waste, extending property lifecycles, and reducing
maintenance costs. Supporting this view, recent research [57] underscores how BIM 6D
integrates environmental and sustainability data into building design and construction
processes, leading to significant reductions in waste generation and operational costs
over the lifecycle of a building. Further studies have demonstrated the potential of BIM
6D to enhance resource utilization and energy efficiency through lifecycle cost analysis,
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operations and maintenance optimization, and efficient energy use [58]. Participant C
noted that the Kuwait Green Building Council (KGBC), a nonprofit NGO, plays a pivotal
role in promoting sustainable building practices in Kuwait through advocacy, education,
and collaboration. By leveraging BIM 6D, resource optimization and energy efficiency
can be enhanced at every stage of the construction process. This technology empowers
informed decision-making that aligns with global environmental standards. Sustainability
is no longer viewed as a standalone consideration but as an integral part of the design
and construction philosophy. The integration of BIM 6D enables a proactive approach to
sustainability, allowing for early identification and mitigation of potential environmental
impacts throughout the project lifecycle. A notable example of this application is the Sheikh
Jaber Al-Ahmad Cultural Centre in Kuwait. The project team employed 6D BIM to conduct
a comprehensive lifecycle analysis, evaluating the long-term environmental implications of
design choices, materials, and operational strategies, ensuring the building’s sustainability
throughout its lifespan. Similarly, the implementation of 6D BIM in the construction
of the new airport in Kuwait extends beyond the construction phase, offering a holistic
solution for efficient facility management and long-term sustainability. Research [59]
further emphasizes that BIM capabilities—such as lifecycle cost analysis, operations and
maintenance optimization, energy efficiency, daylight analysis, thermal design, and cost
transparency—significantly contribute to sustainability in construction. Essentially, the
integration of BIM 6D is not just a technological upgrade; it is a transformative force
that aligns construction projects with the principles of sustainable development. At the
University of Kuwait, the adoption of BIM 6D has the potential to play a pivotal role in
advancing sustainability goals for construction projects. This not only improves current
project outcomes but also positions the institution as a leader in environmentally conscious
and resilient construction practices.

3.4.2. The Role of BIM 7D in Maintaining Sustainability

BIM 7D extends the capabilities of traditional BIM by integrating advanced aspects
such as facility management and asset performance. This expanded dimensionality holds
significant promise for maintaining sustainability throughout the entire lifecycle of con-
struction projects. Participant A emphasized the importance of BIM 7D in government
ministries” design departments, particularly for facilities management, stating, “BIM 7D
represents a vital advancement for us, offering a new level of sophistication in how we
oversee and sustain our assets throughout their entire lifecycle”. A study conducted in
Islamabad, Pakistan, demonstrated that using BIM in conjunction with life-cycle assessment
(LCA) and geographic information systems (GIS) can substantially reduce greenhouse gas
emissions. Specifically, the materialization stage saw a 29.35% reduction, the operational
stage a 16.04% reduction, and the end-of-life phase a 21.14% reduction in GHG emission.
Recent studies [60,61] underscore the transformative potential of BIM 7D in enhancing
sustainability practices within the construction industry. By incorporating facility man-
agement data and performance analytics into the BIM model, stakeholders gain valuable
insights into building operations and maintenance, enabling proactive decision-making to
optimize resource utilization and minimize environmental impact. One key area where
BIM 7D contributes to sustainability is reducing construction waste. Research highlights
that BIM-based approaches, particularly those incorporating 7D dimensions, facilitate the
identification and mitigation of waste throughout the construction process. By provid-
ing real-time data on material usage, resource allocation, and project progress, BIM 7D
empowers stakeholders to implement lean construction principles and minimize waste
generation [62]. Moreover, integrating predictive maintenance and lifecycle analysis ca-
pabilities in BIM 7D models allows stakeholders to identify opportunities for extending
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the lifespan of built assets and optimizing their performance over time. This proactive
approach enhances sustainability, reduces long-term operational costs, and strengthens
the resilience of infrastructure against environmental challenges. Participant D, involved
in the Kuwait Oil Company (KOC) project, highlighted the enhanced design capabilities
offered by BIM 7D. He noted, “BIM 7D has revolutionized our approach to design by
integrating detailed sustainability data. This allows us to make more informed decisions
early in the design phase, ultimately reducing construction waste and improving energy
efficiency”. Participant D also reported significant improvements in lifecycle management
and maintenance planning, further stating, “With BIM 7D, we have a comprehensive
view of the building’s lifecycle, enabling proactive maintenance and reducing long-term
operational costs. This level of detail was not possible with traditional 3D or 4D models.
By integrating BIM 7D, the KOC project has achieved substantial improvements in both
sustainability and operational efficiency, setting a new standard for future construction
projects”. Research [11,60] confirms that BIM 7D is an essential lifecycle management
technology that significantly impacts the lifespan and sustainability of building projects.

3.5. Stakeholder Strategies and Recommendations

To effectively enhance stakeholder engagement in sustainable construction practices,
exploring the potential of integrating advanced technologies such as BIM 6D and 7D
is crucial. This integration fosters efficiency and aligns with sustainability objectives,
providing a framework for informed decision-making among stakeholders.

The Integration Potential of BIM 6D and 7D

Participant B underscored the pivotal role of strategically integrating BIM 6D and 7D,
signaling a significant evolution in construction methodology. He noted that he perceives
this integration as transformative, transcending traditional boundaries and heralding
a comprehensive redefinition of our industry approach. BIM 7D, with its pronounced
emphasis on sustainability, introduces a critical dimension to the construction process,
extending beyond conventional design and construction phases to encompass the entire
project lifecycle. This integration seamlessly integrates sustainability considerations into
decision-making, from initial design to ongoing maintenance, reflecting a paradigm shift
rather than just a technological upgrade. Ref. [63] highlights the transformative potential of
BIM 7D, emphasizing its ability to integrate sustainability principles into every phase of a
construction project. Furthermore, [64] demonstrates how incorporating BIM technologies
like 6D and 7D leads to improved project efficiency and reduced environmental impact. An
experienced architect emphasizes that BIM 6D and 7D redefine the construction approach
beyond mere efficiency. Beyond mere efficiency gains, the combined utilization of BIM 6D
and 7D offers a unified and holistic perspective of projects, treating them as interconnected
systems rather than discrete stages. This holistic view ensures that sustainability is not an
addendum but an integral aspect throughout every phase, from inception to maintenance.
A notable example of this integration’s efficacy can be observed in the construction of the
new airport in Kuwait. By employing BIM 6D and 7D methodologies, the project aimed
to enhance operational efficiency and significantly reduce construction waste. The project
achieved remarkable success in minimizing waste generation and optimizing resource
utilization through real-time tracking of resources and material utilization, coupled with
predictive maintenance insights. Another example from the private sector, Silicon Engi-
neering Consultants Pvt. Ltd., has used BIM 6D and 7D in many projects in Kuwait. The
“Al-Faisal Tower” project is one significant example, where the sustainability and energy
efficiency of the structure were evaluated using BIM 6D. The facility management data were
tracked using BIM 7D, ensuring the building’s technical specifications and maintenance
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schedules were accurately recorded to minimize the generation of waste and optimize the
consumption of energy. The transformative potential of this integration lies in its alignment
with sustainability objectives, facilitating efficiency enhancements across the entire project
lifecycle. It empowers stakeholders to make informed decisions aligned with environmen-
tal stewardship, inherently reducing the environmental impact and contributing to a more
sustainable construction industry.

3.6. Future Recommendations from the Participants’ Perspective

The strategic integration of BIM 6D and 7D represents a paradigm shift in construc-
tion methodology, underscoring a mindset that acknowledges the interconnectedness of
project phases This shift towards sustainability-driven decision-making fosters improved
efficiency and reduced environmental footprints, shaping the trajectory of sustainable
construction practices beyond individual projects. The possibility of attracting investments
in green technologies and sustainable infrastructure was also noted by participants. With
sustainability becoming a global priority, Kuwait has the chance to showcase its commit-
ment to innovative, environmentally responsible construction practices. The adoption
of BIM 6D and 7D could position the country as a regional hub for sustainable develop-
ment. Education was another recurring theme in the discussions. Several participants
emphasized the importance of preparing future professionals with the necessary skills to
implement BIM technology and promote sustainable construction practices. Investment in
educational programs can foster a sustainability-driven culture within the industry and
ensure its long-term success and resilience. Furthermore, participants stressed the need
for international collaboration to accelerate the adoption of BIM 6D and 7D. By working
with global experts and organizations, Kuwait can gain access to cutting-edge technologies
and foster knowledge exchange. This approach could help solidify Kuwait’s role as a
leader in sustainable development at the regional and international levels. Table 4 outlines
future recommendations from participants to enhance the adoption of BIM technologies
and sustainable practices in Kuwait.

Table 4. Future recommendations from the participants’ perspective.

Recommendations

Description

Policy Recommendations

e  Establish robust regulatory frameworks mandating BIM technology.

o  Task the Kuwait Institute for Scientific Research (KISR) with developing BIM standards
and guidelines.

e  Provide incentives (e.g., tax subsidies) for sustainable practices.
Increase government support for research and development in BIM for sustainability

Professional Development

e  Invest in training programs to enhance proficiency in BIM technologies among
professionals.

e Support the Kuwait Society of Engineers (KSE) in offering BIM training to
construction professionals.

e  Prioritize workforce upskilling to better leverage BIM tools.

Promote knowledge sharing and collaboration across the industry

Education Integration

Integrate BIM and sustainability principles into educational curricula.

Encourage universities to offer BIM-related courses and degree programs.

Equip students with the skills to drive sustainable transformations within the industry.
Foster partnerships between educational institutions and industry stakeholders.

Collaboration and Knowledge
Exchange

Create platforms for ongoing dialogue and collaboration between stakeholders.
Facilitate the exchange of ideas and best practices to address shared challenges.
e  Promote public—private partnerships to accelerate BIM adoption.
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4. Conclusions

This study investigated the integration of BIM 6D (sustainability analysis) and 7D
(facility management) dimensions to address sustainability challenges within Kuwait’s
construction industry, a critical yet underexplored area in the regional context. The research
highlights how these advanced BIM dimensions optimize resource utilization, minimize
material waste, and support data-driven decision-making, aligning construction practices
with international environmental standards. By embedding sustainability principles across
the lifecycle phases of design, construction, and maintenance, the findings demonstrate
a significant paradigm shift toward more sustainable and efficient practices in Kuwait’s
construction sector. The proposed framework offers actionable strategies to overcome
barriers such as high initial investment costs, a shortage of specialized personnel, and
resistance to technological change. These include targeted training programs, awareness
campaigns, government incentives, and enhanced regulatory measures. Furthermore, the
study underscores the alignment of BIM adoption with the United Nations’ Sustainable
Development Goals, particularly SDG 9 (Industry, Innovation, and Infrastructure) and
SDG 12 (Responsible Consumption and Production), emphasizing the potential for BIM to
contribute to global sustainability objectives. Collaboration among government entities,
industry stakeholders, and academic institutions is identified as critical for maximizing
the impact of BIM technologies. While this study provides a foundational framework for
advancing sustainable construction practices in Kuwait, future research should investigate
the economic implications of BIM adoption and its long-term cost-benefit dynamics to
support widespread implementation. This work contributes to the global discourse on
sustainable development by offering insights that can be adapted to regions with similar
environmental and industrial challenges.
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