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Abstract: The promotion of uptake of building information modelling (BIM) and circular
economy (CE) in the UK and Turkiye construction sectors can be enhanced with the
addition of Al Thus, Al-enabled BIM and CE must be addressed from the viewpoint of
current practices and capabilities. This study conducted a comparative study of capability
maturity modelling (CMM) backed by a state-of-the-art (SOTA) review of 24 peer-reviewed
publications via a validatory approach using a focus group webinar of eight experts in the
UK and Turkiye. The findings, as extracted through a validated CMM framework of seven
dimensions, were used to identify the position of the UK and Turkiye in terms of Al in BIM
and CE. It was discovered that the UK is in a position regarding adoption, government
policies and incentives at a defined level. Al growth is required in terms of technological
advancement, education and training, industry readiness, cultural attitudes and resistance
because they are in a managed phase. It was confirmed that Turkiye is at the initial stage
of Al adoption, education, training, incentives, policies, technology and cultural attitudes.
The originality of this study lies in the recommendations for a 10-year CMM adoption
timeframe towards an optimised level. The conclusions of this manuscript will influence
government, education, research and technological policies in the UK and Turkiye.

Keywords: Al BIM; construction sector; circular economy; UK; Turkiye

1. Introduction

The construction industry has benefited from the paradigm shift from the traditional
approach to working to new digital transformations such as artificial intelligence (AI)
and building information modelling (BIM), which have improved productivity, accuracy,
reliability, and efficiency globally [1,2]. Al, BIM, and circular economy adoption present
both prospects and obstacles for the UK and Turkiye. Studies have reported that the
UK leads in digital innovations and sustainable practices [3]; on the other hand, Turkiye
demonstrates significant potential for technological advancements but lagging behind the
UK [4]. Consequently, barriers such as technological infrastructure limitations, skill gaps,
and institutional resistance exist in both countries [5].

Abdirad and Mathur [6] state that BIM involves digital objects that drive graphics, ge-
ometry, spatial relationships, quantities, material properties, cost estimates and information

Buildings 2025, 15, 1224

https://doi.org/10.3390 /buildings15081224


https://doi.org/10.3390/buildings15081224
https://doi.org/10.3390/buildings15081224
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/buildings
https://www.mdpi.com
https://orcid.org/0000-0001-5280-3946
https://orcid.org/0000-0001-5888-4265
https://orcid.org/0000-0001-9680-9901
https://doi.org/10.3390/buildings15081224
https://www.mdpi.com/article/10.3390/buildings15081224?type=check_update&version=1

Buildings 2025, 15, 1224

20f21

for concepts and products relevant to the AEC industry, as their flexible and usable tem-
plates are conducive for production designs and engineering tasks. Current technologies
have advanced and are incorporating Al into BIM. Bassir et al. [7] define Al as the study
of “intelligent agents”, which are systems that understand and sense their surroundings
and aim at achieving success. Al encompasses various techniques, methodologies, and
technologies to enable machines to simulate human-like intelligence. Furthermore, the
industry is moving towards a circular economy (CE), which is an economic system or
model that promotes a more appropriate and environmentally sound use of resources
that is aimed at eliminating urban and industrial waste and increasing the efficiency of
resource use to achieve harmony and a better balance between environment, economy, and
society [7]. In a circular economy, resources are used more efficiently, waste and emissions
are minimised, and the value of products and materials is maximised throughout their
lifecycle. The interplay between Al, BIM and CE presents a lever for furthering digital
innovation and sustainable construction practices. Adopting large language models in BIM
and CE can resolve uptake issues in small- and medium-scale enterprises (SMEs) through
prompt engineering for design, construction and management applications.

This study uses theoretical cases to develop a validated capability maturity model to
drive the tripartite acceptance of Al and BIM through circularity in the UK and Turkiye
construction sectors. The following section justifies the choice of the UK and Turkiye for
this study and establishes and critiques the attributes of Al, BIM, and circular economy.

2. Materials and Methods

A phenomenological approach, where expert opinions validated the events, was ap-
plied in this study through a focus group approach [8]. The expert validation approach
was selected to ensure the practicality of the research outcomes for policy development and
improvements for construction research, education and industry application. The research
method employed a combination of state-of-the-art review (SOTA) and comparative analy-
sis. A SOTA review was chosen for this study instead of systematic or PRISMA reviews
because it provides contemporary and valid opinions on a phenomenon [8,9]. This study
used significant keywords, exclusion and inclusion criteria and a 10-year time frame of 2014
to 2024 within the contexts of the UK and Turkiye. The keyword search using Scopus in-
cluded the following terms: “adoption” OR “integration” OR “implementation”, “BIM” OR

a7

“Building Information Modeling”, “Artificial Intelligence”, “technological advancements”
OR “technology development” OR “innovation”, “government policies” OR “public policy”
OR “regulations” OR “policy framework” OR “legislation” OR “government support”,
“education” OR “training” OR “capacity building” OR “skill development” OR “workforce
training” OR “higher education” OR “professional training”, “industry readiness” OR
“technology adoption” OR “organisational readiness” OR “digital transformation” OR
“industry preparedness”, “incentives” OR “government incentives” OR “financial support”
OR “funding” OR “subsidies” OR “tax incentives”, “cultural attitudes” OR “organisational
culture” OR “perception”.

Scopus is the largest database of peer-reviewed publications with over 100 million
outputs globally. Unlike Google Scholar, which may have unreviewed publications, Sco-
pus provides researchers with higher-quality and transparent document selection criteria.
Clarivate (Web of Science) has a limited range of publications when compared with Scopus.
Hence, Scopus was selected because it offers academic integrity, risk reduction in terms of
non-peer-reviewed publications and standardised indexing.

The data extraction process produced 54 relevant publications on the contexts of the
UK and Turkiye. However, upon manual review, only 24 publications were relevant to

add to the SOTA review. The SOTA review was applied by extracting existing knowledge
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on Al, BIM, and circular economy applications. Therefore, the SOTA review included
Al BIM and circular economy applications in the construction sectors of the UK and
Turkiye. The data analysis following SOTA review used the qualitative content analysis
approach in identifying significant texts associated with Al, BIM and CE in the UK and
Turkiye. A qualitative approach to presenting the findings of the SOTA review was adopted
to ensure readability of the output. The UK and Turkiye were selected for this study
because of their diverse economic models in Europe, demographic contracts, geographical
positioning and institutional diversity in terms of Al, BIM and CE. According to Ghisellini
et al. [10] and Dellermann et al. [11], the UK has a Gross Domestic Product (GDP) of USD
3.1 trillion, while Turkiye has a GDP of USD 906 billion. Further, the UK is an EU and
global financial hub, while Turkiye is close to Europe and the Middle East [10,11]. This
provides a compelling and unique framework approach to the comparison. The findings,
presented in tables and figures, led to the creating of a capability maturity model (CMM)
for the UK and Turkiye, which was validated using expert opinions. A final CMM diagram
was produced to recommend further research and policy applications. Eight experts in the
construction industry were selected from the UK and Turkiye. The limitations in selecting
more experts were due to the data extraction timeframe, availability and the application of
purpose sampling in identifying key stakeholders in both countries. During the focus group
webinar, saturation and consensus were reached regarding the responses. The respondents
were selected for validation based on the purpose sampling approach and a benchmark of
15 years of experience in IT, construction leadership and academia (please refer to Section 5
for profile of the experts). An equal number of respondents were selected from the UK and
Turkiye with the justification of saturation points. A focus group webinar was conducted
separately for the UK and Turkiye to extract validation opinions from the respondents.

Figure 1 illustrates the data extraction from Scopus, SOTA review process, validation
using the expert opinions of 8 samples the CMM with 5 maturity levels and 7 dimensions
to compare the UK and Turkiye and the outputs.

Data Extraction \ SOTA Review N
Source: Scopus
Range: 2014-2024 Analysis: Content analysis of Al,
Approach: Keywords on Al, BIM and CE regulations, policies,
BIM and CE in UK and > uptake, adoption, education,
Turkey, policies and incentives and acceptance
government Presentation: Description and
Publications: 24 visual texts
Validation of CMM CMM A\
Sampling approach:
Purposive Levels: Initial, managed, defined,
Sample size: 8 measured and optimsied.
Justification: Saturation and Dimensions to Level: 7
balance Comparison: The UK and Turkiye
Approach: Focus group
webinar
Output X

UK- Managed level of Al
technology, education, training,
industry readiness and acceptance.
Measured level for adoption,
integration, and government
incentives
Turkiye- Initial level for all
dimensions

Figure 1. Research structure.
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3. Results
3.1. State-of-the-Art (SOTA) Review

This SOTA review demonstrate the current state of Al in BIM within the UK and
Turkiye’s construction industry with implications for the circular economy, government,
policies, incentives, education, regulations and training requirements. As indicated in
Figure 2 below, the qualitative findings present Al in BIM and CE in terms of Turkiye’s
perspective, Al, fostering CE in the UK, status quo of AI-BIM integration in Turkiye, Al in
BIM within the UK, legislative frameworks, and government policies on Al and BIM in
Turkiye. These will be explained in the following sections.

Al'in BIM & Circular Economy: Turkey's challenges

Al fostering circular economy in UK

Status quo of AI-BIM integration in Turkey

"~ Alin BIM within UK's construction industry

Legislative frameworks guiding Al & BIM in UK

Government policies & incentives for Al & BIM in Turkey

Figure 2. Result of the SOTA analysis.

3.1.1. The Current State of Al in BIM Within the UK’s Construction Industry

The United Kingdom's construction sector is increasingly embracing the integration of
Al within building information modelling (BIM) processes. Current researchers state that
several construction firms in the UK are advancing Al-driven BIM solutions to enhance
project efficiency and sustainability [12]. These software platforms utilise Al algorithms
for design optimisation, clash detection, and scheduling, streamlining project workflows
and improving outcomes. Al is being used to optimise design and construction processes
within the BIM framework. Al can analyse project data to produce results on trends, thus
fostering improved decision-making [13]. Al-powered BIM platforms enable predictive
analytics for project management, allowing construction companies to forecast project time-
lines, budgetary requirements, and resource allocations more accurately. Al-driven BIM
tools enhance communication among project stakeholders, including architects, engineers,
contractors, and clients [13,14]. Al is playing a significant role in promoting sustainability
and energy efficiency within the construction sector. Al-driven BIM software can produce
building performance under different environmental conditions, allowing designers to
optimise energy usage and reduce environmental impact [15]. Additionally, AI algorithms
can analyse material properties and lifecycle data to identify opportunities for using re-
cycled or sustainable materials in construction projects [16]. Al-powered BIM platforms
offer advanced visualisation and simulation capabilities, allowing stakeholders to visualise
project designs in 3D and simulate various scenarios before construction begins [17]. This
enables better understanding of project requirements, early identification of design flaws,
and building performance optimisation. The adoption of Al in BIM is driving the need
for specialised skills and training within the construction sector. According to Aliu and
Aigbavboa [18], UK educational institutions and training providers offer courses and certifi-
cations in Al-driven BIM technologies to train construction professionals with the necessary
knowledge and skills. The UK’s construction sector is witnessing a rapid evolution with the
integration of Al within BIM processes. As technology advances and adoption increases,
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Al is expected to be more significant in driving innovation, efficiency, and sustainability
across the construction lifecycle.

3.1.2. Alin Fostering the Circular Economy in the UK

The United Kingdom embraces Al technologies to foster a circular economy across
various sectors. Al is contributing to the advancement of circular economy principles in the
UK through the following ways: 1. Waste management and recycling, where Al optimises
waste management and recycling processes, enabling better sorting and separating materi-
als [19]. Al-powered systems can identify and sort different types of waste more efficiently,
increasing recycling rates and reducing waste sent to landfills. 2. Resource optimisation,
where Al algorithms are helping businesses optimise the use of resources by predicting
demand, reducing waste, and improving efficiency in production processes [20]. By using
data on resource consumption and production, Al can identify opportunities for resource
conservation and circularity [21]. Al is facilitating the design of products that are more
sustainable and circular. By analysing data on product usage and lifecycle, Al algorithms
can provide insights to designers for creating durable, repairable, and recyclable [22]. AI-
powered supply chain management systems enable real-time tracking, monitoring and of
goods throughout their lifecycle [23]. This helps in transportation costs, reducing emissions,
and facilitating the reuse and recycling of products. 3. Smart manufacturing, where Al
technologies are transforming manufacturing processes to be more sustainable and circular.
Al-driven systems can improve production processes, reduce energy consumption, and
minimise waste generation, leading to a more efficient use of resources. Al is being used
to engage consumers in sustainable behaviors and circular economy practices [24]. Al-
powered applications can provide personalised recommendations for sustainable products
and services, encourage recycling, and reuse, and raise awareness about environmental
issues. Al analytics can support policymakers and regulators in implementing and mon-
itoring circular economy initiatives. By analysing data on resource consumption, waste
generation, and environmental impact, Al can provide insights to inform policy decisions
and track progress towards sustainability goals [25,26]. According to Bag and Pretorius [26],
adopting Al in fostering the circular economy in the UK is helping to drive innovation,
increase efficiency, and accelerate the transition towards a more sustainable and resource-
efficient future. However, it is important to address challenges such as data privacy, ethical
considerations, and equitable access to technology to ensure that Al contributes positively
to the goals of the circular economy.

3.1.3. Al'in BIM and Circular Economy: Turkiye’s Challenges and Practices

Like many countries, Turkiye faces challenges and opportunities in integrating Al into
building information modelling (BIM) practices within the circular economy framework.
According to Karaca et al. [27], lack of awareness and education is one of the primary
challenges regarding the potential of Al in BIM and its role in fostering a circular economy.
Initiatives to educate professionals, policymakers, and the public about these technologies
and their benefits are crucial. Turkiye may need to develop or update regulations and stan-
dards to ensure the effective integration of Al in BIM processes while adhering to principles
of sustainability and circularity [28]. This involves creating guidelines for Al-powered
BIM tools and ensuring compliance with environmental standards. Access to high-quality
data is essential for training Al algorithms used in BIM applications. Turkiye, just like
the UK, may need to invest in data infrastructure and management systems to ensure
the availability and quality of data for Al-driven BIM projects [29]. Turkiye can benefit
from fostering collaboration between government, industry, academia, and international
partners to drive investment in Al research and development for BIM applications [29,30].
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Public—private partnerships can accelerate innovation and the adoption of sustainable
practices. Encouraging the adoption of Al-enabled BIM technologies among construction
firms and professionals is critical. This may involve providing incentives, subsidies, or
training programs to facilitate the transition to Al-driven workflows. Like other countries,
Turkiye can leverage Al in BIM to optimise resource utilisation, reduce waste, and design
buildings with a lifecycle perspective [31]. Al algorithms can help identify opportunities for
material reuse, recycling, and repurposing throughout the building lifecycle, contributing
to the principles of a circular economy. Sharing case studies and best practices from other
countries or regions where Al in BIM is successfully integrated into circular economy prin-
ciples can provide valuable insights for Turkiye. Learning from these examples can inform
policy decisions and implementation strategies. Tailoring Al-enabled BIM solutions to the
specific needs and challenges of Turkiye’s construction industry and built environment is
essential. This may involve adapting existing technologies to local contexts or developing
custom solutions that address unique requirements.

3.1.4. The Status Quo of AI-BIM Integration in Turkiye’s Construction Sector

Integrating Al into BIM practices within Turkiye’s construction sector is still emerging,
though with significant potential and interest. Awareness of Al and BIM technologies
is growing within Turkiye’s construction industry, driven by recognising the potential
benefits of efficiency, cost savings, and sustainability [32,33]. However, widespread adop-
tion of Al-powered BIM solutions is still early. Universities, research institutions, and
some forward-thinking companies in Turkiye are conducting research and development
initiatives focused on Al applications in BIM [34]. These efforts aim to develop innovative
solutions tailored to the local context and address the construction sector’s specific chal-
lenges. Some pilot projects and initiatives across Turkiye showcase the potential of AI-BIM
integration in construction. These projects often demonstrate how Al algorithms can opti-
mise design processes, improve construction scheduling, and enhance project management.
The Turkish government has shown interest in promoting digitalisation and innovation
in the construction sector, which includes Al and BIM technologies [35]. Policies and
initiatives to support the adoption of digital tools and foster collaboration between industry
stakeholders can create an enabling environment for AI-BIM integration. Collaboration
between construction companies, technology providers, and research institutions is key to
advancing AI-BIM integration in Turkiye. Partnerships and knowledge-sharing initiatives
help accelerate the development and adoption of Al-powered solutions tailored to the
needs of the local construction industry. Despite the growing interest and momentum,
several challenges hinder the widespread adoption of AI-BIM integration in Turkiye. These
challenges include limited awareness among industry stakeholders, concerns about data
privacy and security, the need for skilled professionals proficient in both Al and BIM, and
the upfront investment required for implementing new technologies. Turkiye’s construc-
tion sector is influenced by global trends and best practices in Al and BIM. Collaboration
with international partners, participation in conferences and workshops, and knowledge ex-
change with leading experts contribute to the adoption and adaptation of Al-powered BIM
solutions within the country. In summary, while the integration of Al into BIM practices is
still evolving in Turkiye’s construction sector, there is growing awareness, research activity,
and collaboration aimed at harnessing the potential of these technologies. Overcoming
challenges and fostering a supportive ecosystem will be crucial for realising the full benefits
of AI-BIM integration in Turkiye. Generally, the BIM has become a data source for AL
The question of interoperability in data transfer, which was resolved through industry
foundation class (IFC) files, has been enhanced through Al For instance, Autodesk has
developed an Al-generated design application that eases interoperability-related issues.



Buildings 2025, 15, 1224

7 of 21

3.1.5. Legislative and Regulatory Frameworks Guiding Al and BIM in the UK

The UK does not have specific legislation dedicated to Al and BIM; several existing
laws and regulations govern aspects of these technologies. Some of the regulations include
the General Data Protection Regulation (GDPR) governs the processing of personal data in
the UK and the EU [36,37]. When Al and BIM systems handle personal data, they must
comply with GDPR requirements, including ensuring data security, transparency, and
obtaining appropriate consent [38]. The UK has various health and safety regulations for
construction projects, such as the Health and Safety at Work Act. While these regulations
may not directly address Al and BIM, they influence building regulations in the UK and
set standards for the design and construction of buildings to ensure safety, accessibility,
and energy efficiency. Al and BIM technologies can help comply with these regulations by
facilitating design optimisation, energy performance analysis, and regulatory compliance
checks regarding how these technologies are implemented to ensure worker safety and
mitigate risks [39]. According to Shojaei et al. [40], the UK government has a Digital Con-
struction Strategy to promote digital technologies, including BIM, across the construction
sector. While not legally binding, this strategy provides guidance and support for adopting
digital tools and processes in construction projects. Various organisations in the UK, such
as the British Standards Institution (BSI) and the UK BIM Alliance, develop guidelines and
standards for the ethical use of Al and BIM. These guidelines address data privacy, trans-
parency, fairness, and accountability in Al-driven processes. Government procurement
guidelines may require the use of BIM in public construction projects [37,39]. For example,
the UK government mandates using BIM Level 2 in all centrally procured public projects to
improve efficiency and collaboration [41]. Industry organisations and professional bodies
in the UK, such as the Royal Institution of Chartered Surveyors (RICS) and the Institution
of Civil Engineers (ICE), develop standards and best practices for using Al and BIM in
construction and engineering projects. While the UK currently relies on a combination of
existing laws, regulations, and industry standards to govern Al and BIM, there is ongoing
discussion about the need for more specific legislation to address emerging challenges
and opportunities in these areas. As technology continues to evolve, policymakers are
likely to consider updates to the regulatory framework to ensure that Al and BIM are used
responsibly and ethically across various sectors, including construction.

3.1.6. Government Policies and Incentives for Al and BIM in Turkiye

Turkiye has been showing increasing interest in promoting the adoption of digital
technologies, including Al and BIM, across various sectors, including construction. While
specific policies and incentives targeting Al and BIM integration may not have been exten-
sively detailed, several broader initiatives and measures have been undertaken to support
digital transformation and innovation in Turkiye’s economy. Some government policies
and incentives that indirectly support the adoption of Al and BIM in the construction
sector include a digital transformation strategy: Turkiye has been developing a national
digital transformation strategy to modernise various economic sectors, including con-
struction. This strategy emphasises adopting digital technologies such as Al and BIM to
improve efficiency, productivity, and competitiveness. The Turkish government has been
promoting Industry 4.0 principles, which advocate for integrating digital technologies into
manufacturing and other industries [42]. While initially focused on manufacturing, these
initiatives also have implications for the construction sector, encouraging the adoption
of Al, BIM, and other digital tools. The government provides funding and support for
research and development (R&D) activities in various sectors, including construction and
technology [43]. Companies and research institutions engaged in Al and BIM research may
benefit from these funding opportunities to develop innovative solutions and technologies.
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Companies investing in Al and BIM technologies, such as purchasing software or training
employees, may be eligible for tax credits or deductions. The Turkish government can
influence the adoption of Al and BIM in the construction sector through public procure-
ment policies [44]. The government can incentivise contractors and firms to adopt Al
and BIM solutions by including requirements or preferences for digital technologies in
public construction projects. The government supports initiatives to enhance digital skills
and education among the workforce [45]. Training programs and educational initiatives
focused on Al, BIM, and other digital technologies can help build the talent pool needed to
drive innovation in the construction sector. The government may collaborate with private
sector companies and industry associations to promote the adoption of Al and BIM in
construction through PPPs [46]. These partnerships can involve joint initiatives, funding
schemes, and knowledge-sharing efforts to support technology adoption and innovation.
While these policies and incentives may not explicitly target Al and BIM integration in
the construction sector, they create a supportive environment for digital transformation
and innovation, which can indirectly benefit from adopting these technologies. As the
importance of Al and BIM continues to grow, policymakers may develop more targeted
measures to accelerate their adoption in Turkiye’s construction industry.

4. Capability Maturity Modelling

Capability maturity modelling (CMM) is utilised in built environment research and
decision-making to assess and enhance abilities, project outcomes and the transformation
process [47]. Initially created for software development purposes, the CMM framework has
been adjusted for construction and infrastructure management to gauge maturity levels
regarding implementation, sustainability practices and integration within the supply chain.
The model consists of five maturity stages in progression: the first stage with ad hoc and
unstructured processes; the managed stage, where basic project management practices
are set up; the defined stage featuring organization-wide standardised processes; the
quantitatively managed stage, where performance metrics guide decision-making; and the
optimizing phase, where continuous improvement becomes ingrained in the organisational
culture. Construction organisations use CMM to compare their abilities and create plans for
enhancement in fields like building information modelling (BIM) construction practices and
transitioning towards a circular economy. It supports decision-makers and stakeholders in
allocating resources for risk management and promoting standardisation initiatives. By
incorporating CMM into decision-making processes, the construction industry can improve
project efficiency and lower risks while achieving sustainability objectives.

Based on the output of Figures 3 and 4, the UK is currently in the managed phase,
while Turkiye is in the initial phase of adopting Al in BIM and CE, respectively. Table 1
explains and compares the positions of both countries. The explanations of Figures 3 and 4
are provided below.

Table 1. Comparative study of AI-BIM maturity levels in the UK and Turkiye.

S/IN Dimensions UK Turkiye Sources
High Adoption Rate: The UK has been a global Emgrging A.d.o pti'or}: BIM adoption in Turkiye is
leader in BIM adoption, driven by government growing, but it is 5?1“ mn the early stages c'or?pared to
mandates requiring BIM Level 2 for public sector . the UI.(' Adopt'.lon 18 more prevalent n a}rger.
projects since 2016. Industry Integration: Many UK mternatlone_ll projects. Lmuted Integration: While
construction firms have integrated BIM into their some leading firms are integrating Al and BIM,
Adoption and & overall industry integration is less widespread. The

Integration

predictive analytics, design optimisation, and
project management. Standards and Guidelines:
The UK has established comprehensive standards

workflows, leveraging Al for tasks such as focus is primarily on 3D modelling with less

emphasis on advanced BIM uses involving AL
Developing Standards: Turkiye is working towards
developing national BIM standards, though these
are not as established or widely enforced as in
the UK.

to support BIM implementation, facilitating a
higher maturity level.
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Table 1. Cont.

S/N

Dimensions

UK

Turkiye

Sources

Technological
Advancements

Advanced Tools and Platforms: The UK market has
access to a wide range of advanced BIM tools and
Al platforms, supported by a robust tech industry.

Innovative Practices: There is a strong culture of
innovation, with significant investments in R&D
leading to advancements in Al applications within

BIM, such as automated clash detection, generative
design, and smart building management systems.

Growing Access to Tools: Turkish firms are
increasingly gaining access to global BIM and Al
tools, but the penetration is not as deep as in the UK.
Innovation Gap: While there are pockets of
innovation, the overall investment in R&D specific
to AI-BIM is lower, leading to slower
technological advancements.

[32,37,54-59]

Governmental
Policies and
Support

Strong Government Mandates: The UK
government’s mandates and support for BIM
adoption have driven maturity levels. Policies such
as the Government Construction Strategy have laid
a clear roadmap. Funding and Incentives: Various
funding programs and incentives support BIM and
Al research and implementation.

Evolving Policies: The Turkish government is
increasingly recognising the importance of BIM and
Al with recent initiatives aimed at promoting digital
transformation in the construction industry. Support

Mechanisms: Support mechanisms are still
developing, with ongoing efforts to provide more
structured incentives and funding opportunities.

[39,53,56-60]

Educational and
Training Initiatives

Comprehensive Education Programs: The UK
boasts numerous universities and institutions
offering specialised BIM and Al programs,
contributing to a well-educated workforce.
Continuous professional development programs
and certifications (e.g., RICS, CIOB) help maintain
high skill levels.

Expanding Education Efforts: Turkish universities
are starting to incorporate BIM and Al into their
curricula, though the scope and depth are not as

extensive as in the UK. Need for Professional
Training: There is a growing need for more
structured professional development programs to
enhance the current workforce’s skills.

[61-65]

Aland BIM
Incentives

Government Mandates: Since 2016, the UK
government has mandated the use of BIM Level 2
for public sector projects, which indirectly
promotes the use of Al'to achieve higher efficiency
and compliance with BIM standards. The adoption
of ISO 19650, which encompasses standards for
information management using BIM, promotes
consistency and reliability in BIM practices,
facilitating Al integration. Digital Construction and
Al Strategy: The UK has comprehensive digital
construction strategies, including Al adoption in
construction processes, with policies designed to
promote innovation and efficiency.

Developing Regulations: Turkiye is developing
regulations and standards for BIM, though there is
currently no national mandate as strong as the UK’s.
The focus is on encouraging BIM adoption through
guidelines and industry collaboration. Public Sector
Projects: Some large public projects are beginning to
require BIM, which may include Al components for
project management and efficiency.

[66-70]

Industry
Readiness and
Skill Level

A skilled workforce, supported by comprehensive
educational programs and professional
development initiatives, is well-prepared to
implement Al and BIM.

There is a shortage of skilled professionals, and more
structured training programs are needed to upskill
the existing workforce.

[50,52,53,56,57,65-69]

Cultural Attitudes
ad Resistance to
Change

Technological Optimism vs. Scepticism: Societies
with high technological optimism, such as those in
the UK. Conversely, cultures that are more skeptical

or cautious about new technologies may exhibit
slower adoption rates.

Trust in ALt Trust in Al systems varies across cultures.
Al adoption is more straightforward in countries
with high trust in institutions and technology. In

contrast, low-trust societies like Turkiye might resist

Al due to fears of job displacement, privacy invasion,

or ethical concerns.

[71-75]
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Figure 3. CMM for UK’s position on Al in BIM and CE.
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Figure 4. Turkiye’s position on Al in BIM and CE.

4.1. Comparative Study of AI-BIM Maturity Levels in the UK and Turkiye

Comparative study of AI-BIM maturity levels in the UK and Turkiye involves
analysing several aspects, including the adoption rates, technological advancements, indus-
try standards, governmental policies, and educational initiatives in both countries. Table 1
below shows a comparative study of AI-BIM maturity levels in the UK and Turkiye.

4.1.1. Adoption and Integration

The adoption of BIM has been increasing worldwide because building information
modelling has become essential for efficient project management, communication, better
coordination, and visualisation. Cheng and Lu [46] state that the strong and early commit-
ment of the UK government to BIM makes the UK the world leader in BIM adoption. The
government-driven approach, where the UK government took a leading role in mandating
BIM Level 2 use in 2016, has led to high involvement of BIM in the AEC industry and other
sectors [48-51]. In addition, BIM has developed into a backbone of the AEC industry in
leveraging Al in BIM-AI integration to improve project management [49]. Comprehen-
sive standards such as ISO 19650 have been developed to support BIM implementation
and facilitate a higher maturity level [58-63]. Recently, BIM systems, frequently used in
many developed countries such as the UK, have increased in Turkiye [50,51]. However,
lack of knowledge in this regard, lack of expertise and experience limit the use of BIM
in Turkiye [51-53]. Despite this, some projects are adopting BIM, several universities are
teaching BIM, and certificate programs and BIM specialists are being worked on. There is
no legal regulation regarding the use of BIM; the Turkish industry is in its infancy, and it is
foreseen that BIM will be mandatory [33,49].

4.1.2. Technological Advancements

Adopting digital information advanced tools in the UK construction sector has also
led to the growth of companies that specialise in applications of technologies to design
and construction [54]. Digital construction innovations, with significant R&D investments,
are leading to advancements in Al applications within BIM, such as automated clash
detection, generative design, and smart building management systems [57]. Turkish firms
are increasingly gaining access to global BIM and Al tools. Still, the access is not as deep as
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in the UK, and the overall investment in R&D specific to AI-BIM is lower, leading to slower
technological advancements [55].

4.1.3. Governmental Policies and Support

The UK government’s mandates and support for BIM adoption have driven matu-
rity levels [58]. Policies such as the Government Construction Strategy have laid a clear
roadmap. The Turkish government increasingly recognises the importance of BIM and
Al, with recent initiatives aimed at promoting digital transformation in the construction
industry [60].

4.1.4. Educational and Training Initiatives

Discussions around construction education (CE) and engineering education (EE) have
continued to stimulate the interest of higher education institutions (HEIs), policymakers, re-
searchers, parents, educators, and even students alike. Several universities and institutions
offer specialised BIM and Al programs, contributing to a well-educated workforce [61].
Turkish universities are trying to incorporate BIM and Al into their curricula, though the
scope and depth are less extensive than in the UK [63-65].

The UK leads in AI-BIM maturity levels, with widespread adoption, advanced tech-
nological integration, strong governmental support, and comprehensive educational ini-
tiatives. While making significant strides, Turkiye remains at an earlier stage of maturity,
with ongoing efforts to develop standards, policies, and educational frameworks to catch
up with global leaders like the UK. Turkiye should implement and enforce national BIM
standards and mandates. There is a need for Turkiye to increase R&D Investment by en-
couraging investment in AI-BIM research and development. Furthermore, Turkiye should
expand Educational Programs to develop and expand BIM and Al courses in universities
and vocational training. There is a need to promote Industry Collaboration and foster part-
nerships between academia, government, and the construction industry to drive innovation
and knowledge sharing. By focusing on these areas, Turkiye can accelerate its AI-BIM
maturity and leverage the full potential of these technologies in the construction industry.

5. Construction Industry Validation of CMMs

The expert validation focus group webinars were conducted for UK and Turkish
CMMs of Figures 3 and 4 to address the level of maturity within a space of 1 h each. Table 2
shows that the minimum years of experience for each participant was 15 years. This was
purposely selected to explore their subject-matter expertise in Al, BIM and CE. The CMMs
were presented to the validation participants in PowerPoint presentations, and the experts
were asked to comment on the state of Al in their construction sectors. The final and revised
CMMs are presented in Figures 5 and 6.

Table 2. Summary of the expert profile involved in the validation webinar.

S/IN Role Country Code Years of Experience
1 Director UK UK1 >15
2 IT in construction expert UK UK2 >20
3 Director UK UK3 >15
4 BIM expert UK UK4 >20
5 Team lead manager Turkiye T1 >25
6 BIM expert Turkiye T2 >20
7 Head of IT in Construction Turkiye T3 >20
8 BIM specialist Turkiye T4 >15




Buildings 2025, 15, 1224

12 of 21

Dimensions

"Adoption/integration }
.__rates & standards

! Technological

advancements

! & support

Dimensions

=
[V
)
[0}
2]
*d
[}
Py
(V)
=
Q
9
ot
[

Technological
advancements

Educaton and

Training

i Alin BIM & Circular }
i_economy incentive:

! Cultural attitudes and }
sistance to change |

! Government policies

Initial
(Limited / no capabilities)

Managed
(Basic capabiliti

Minimal adoption; little or
| nostandards in use

Isolated adoption;
developing standards
with limited integration

Structured adoption;
growing standards;
emerging formal
processes

Measured |
(Quantifiable capabilities)

General implementation;
measurable impact;
comprehensive standards

Al-BIM & CE

Fully ir ibilities

Fully integrated Al-BIM;
extensive global standards

'
Innovation Benchmark \.
1

Basic technology;

Growing access to Al-

Growing use of Al-based

Advanced BIM tools; high

Innovative Al tools;

i| minimal Al integration; | BIM tools; earl. stage tools; targeted R&D Al-BIM integration; integrated circularity-focused
! low innovation implementation efforts significant R&D efforts solutions

| Limited or no Al-BIM Gaps in evolving Emerging policies; partial| Policies promoting Al-BIM | Mature policies; focused Al-

supporting policies; policies; limited support alignment with best growth; funding streams | BIM regulatory frameworks;

! limited govt. focus. mechanisms. practices availability; clear roadmap strong govt incentives

economic incentives

scope

pelim funding incentives

monitoring for impacts

Limited Al-BIM Growing awareness; Expanded educational | Advanced programmes; Entrenched Al-BIM
education; no structured |  expanding need for drives; emerging extensive professional programmes; continuous
programmes bespoke training. certifications devt. and certifications learning & certifications
No legislative & ISome g(_)vt man_de}tes _bu Clear_legislative & Applicatioq of legislative & | Fully inte_)grateq mandates;
sporadic and limited in |[ economic frameworks; economic mandates; robust incentives; global

leadership in Al in BIM & CE

Limited awareness of Al
: & BIM; no skill devt; lack
of expertise

Basic understanding;
informal training;
nconsistent engagemen

Established training
programmes; standard
I guidelines for Al & BIM
skills; skills investment

High resistance to
change; non-acceptance
of the benefits of Al, BIM,

Some awareness of the
benefits of change;
cautious, but sporadic

Recognised shift in
cultural attitudes;
growing openness to Al,

reqular skills evaluation

Widespread systematic
training programmes;
tracking & benchmarking;

Widespread trust in Al;
active monitoring of
cultural change initiatives;

Advanced and agile
workforce; continuous
training & upskilling;

sustained leadership

Highly adaptive, innovation-
driven culture; proactive
engagement & openness;

&CE adoption of new BIM, & CE; early feedback inform actively seeking continuous
practices adopters improvements improvement.
O - - -2024-2026- - -~ - - - 2027-2030 - - - - - -2031-2034~ - - -O)
Figure 5. Validated CMM for the UK.
Turkey o
S s O P Al-BIM & CE Innovation gap -=--=--=========-=--------=-=-~ >
1
i 1
5 vels: 1
: y Maturity L€ ABIM&CE
1
1

Initial
(Limited / no capabilities)

\-B

Defined
(Established capabilities)

1 & GE Capadit

Measured |
(Quantifiable capabilities)

" ELETT
(Basic capabilities)

Minimal adoption; little or|
no standards in use

Isolated adoption;
developing standards
with limited integration

Structured adoption;
growing standards;
emerging formal
processes

General implementation;
measurable impact;
comprehensive standards

Innovation Benchmark

Optimised

lly integrated

Fully integrated Al-BIM;
extensive global standards

apabilities

Basic technology;
minimal Al integration;
low innovation

Growing access to Al-
BIM tools; early-stage
implementation

Growing use of Al-based
tools; targeted R&D
efforts

Advanced BIM tools; high
AI-BIM integration;
significant R&D efforts

Innovative Al tools;

integrated circularity-focused

solutions

Limited or no Al-BIM
supporting policies;
limited govt. focus.

Gaps in evolving
policies; limited support
mechanisms.

Emerging policies; partial
alignment with best
practices

Policies promoting Al-BIM
growth; funding streams
availability; clear roadmap

Mature policies; focused Al-
BIM regulatory frameworks;

strong govt incentives

Limited Al-BIM
education; no structured
programmes

Growing awareness;
expanding need for
bespoke training.

Expanded educational
drives; emerging
certifications

Advanced programmes;
extensive professional
devt. and certifications

Entrenched Al-BIM
programmes; continuous
learning & certifications

No legislative &
economic incentives

[Some govt mandates but
sporadic and limited in
scope

Clear legislative &
economic frameworks;
pelim funding incentives

Application of legislative &
economic mandates;
monitoring for impacts

Fully integrated mandates;

robust incentives; global

leadership in Al in BIM & CE

Limited awareness of Al
& BIM; no skill devt; lack
of expertise

Basic understanding;
informal training;
inconsistent engagement|

Established training
programmes; standard
guidelines for Al & BIM
skills; skills investment

High resistance to
change; non-acceptance

| of the benefits of Al, BIM,

& CE

Some awareness of the
benefits of change;
cautious, but sporadic
adoption of new
practices

Recognised shift in
cultural attitudes;
growing openness to Al,
BIM, & CE; early
adopters

Widespread systematic
training programmes;
tracking & benchmarking;
| reqular skills evaluation |
Widespread trust in Al;
active monitoring of
cultural change initiatives;
feedback inform

improvements

Advanced and agile
workforce; continuous
training & upskilling;

sustained leadership
Highly adaptive, innovation-

driven culture; proactive
engagement & openness;

actively seeking continuous

improvement.

O- - - 20242025 - - O - - -2026-2029 - — -~ - - -2030-2033- - - -O

Figure 6. Validated CMM for Turkiye.

The summary of Table 3, which aligns with the output of Figures 4 and 5 in a com-

parative approach, presented the UK as more open to Al inclusion in BIM and CE with a

confirmation of Turkiye’s position as same of Figure 3 where the initial phase of adoption,

technological advancement, government policies and support, education and training, Al

in BIM and CE incentives, industry readiness and skill level along with cultural attitudes

are still limited. In the UK, the respondents confirmed that Al adoption and integration
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into construction businesses, processes and projects have established capabilities. New UK
government policies such as the National Al strategy, the CE packaged deal, Digital Built
Britain and emerging investment in Al position the UK’s policies and incentives in a much
stronger position when compared with Turkiye and other EU countries. Additional efforts
are required in Al technologies, education and training, industry readiness and cultural
attitudes in the construction sector towards Al The next section explains the implications
of the findings for practical application.

Table 3. Summary of responses.

S/N Dimension Expert Codes Response: UK CMM Response: Turkiye CMM
“The UK has been adopting
Al-enabled BIM platforms, but not
U RSMES D S Compred with ot
Adoption and UK1; UK2; UK3; UK4; pab L : Y industries, such as defense,
1 . to mid-stage in using Al in BIM L S
Integration T1;, T2, T3; T4 there is minimal adoption in
frameworks that enhance CE Turkive and worldwide”
principles. As for BIM Level 2 and Y ’
the movement towards Digital
Built Britain”.
“The UK construction sector has .We arem the early stage.s of
L . including AI through digital
made significant technological twins. a new technology that
Technological UK1; UK2; UK3; T1; advancements in using Al in BIM . ’ gy
2 will change how operations are
Advancements T2; T3 frameworks for CE, although the .
. . handled. Design at least
overall maturity level is in a growth .
hase” awareness of Al, especially on
P ’ the academic side”.
Th.e construction sector “Normally, in the paper, the
modernisation initiatives, such as .
. . . - . government uses Al and this
Digital Built Britain and the wider . .
Net Zero agenda, are considered technology in the construction
Governmental UK2; UK3; UK4; T1; . .g ! . sector. But I think it is on paper.
3 . strategic intent. These policies . . .
Policies and Support T2, T3; T4 ) This is our latest discussion
promote data-driven . .
.. . . . with our team. We are in the
decision-making and sustainability,
" . . way of a governmental Al
critical to integrating Al and BIM V
. . model to the government”.
for a circular economy”.
“The UK construction sector is
increasingly realising the
importance of education and
training incentives in successfully
integrating Al, BIM, and circular “I believe it is very limited, no.
economy practices. Encouraging Maybe it is just in the initial
4 Fdutonaland  UKLUKZUKgT;  SERSOTREBERSEVIBle e e ok eduation
Training Initiatives T2; T3; T4 P Y & :

government-supported and
industry-academic initiatives;
however, substantial gaps remain
in curriculum development,
integration of interdisciplinary
approaches, and the scalability of
access to training”.

and training have the most
scope. Without it, there cannot
be good results”.
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Table 3. Cont.

S/N Dimension Expert Codes Response: UK CMM Response: Turkiye CMM
“The UK government has also
designed several funding streams
and tax incentives to encourage
digital innovation in construcflon “T think it depends on
further. Necessary technologies, -
. . government policies. The
such as the integration of advanced ..
. . .1 . construction industry would
digital technologies like Al in . .
. be interested if the government
BIM-based projects, are granted . . .
and lent with low-interest loans. A defined some incentive
Al and BIM UK1; UK2; UK3; UK4; e policies. For other industries in
5 . shared ecosystem for digital . -
Incentives T1;T2; T3; T4 . . Turkiye, such as automobiles
innovation has been created . .
) . or electric vehicles,
through public-private .
. - unreasonable taxes are applied.
partnerships. For instance, L.
. . The construction industry
collaborative platforms facilitate .. .
. similarly suffers from this lack
the co-development of Al-driven of incentives”
BIM applications that can enhance ’
efficiency and sustainability by
construction firms, tech companies
and academic institutions.
“Larger firms and forward-thinking
contractors have embraced digital
. . > In the company, people are
transformation. They invest in . .
. . curious about using Al tools.
advanced analytics and data-driven .
. So, we started using
processes, but many SMEs still fossi .
struggle to meet digital professional Al tools in the
Industry Readiness UK2; UKS3; UK4; T1; . .. company. I agree, but it is
6 . benchmarks. Foundational digital . i .
and Skill Level T2, T3 . .. limited to special companies
infrastructure is in place, but the )
.. . like ours. Most other
next phase of digital maturity .
. . . , companies have heard but
hinges on scaling up the industry’s h . .
. . ave not applied. I think it is
readiness and skill levels to fully s o ”
. , . L still in the initial stage”.
exploit Al and BIM’s synergistic
benefits”.
“If we consider the project’s
“People are especially concerned  construction phase, it is the left
with questions of the return on edge of the initial, where there
investment (ROI) and the long-term is a super-high resistance to
benefits of integrating Al into BIM applications of Al For the
for CE purposes. The cultural design stage, for Turkiye, the
Culturali Attitudes UK1; UK2; UK3; UK4: landsc.ape in the UK Fons.tructlon stage is managed for Al and
7 and resistance to T1: T2 T3: T4 sector is now at a critical juncture. CE. On average, the dashed
Change o However, because of the traditional line shows the exact place of

approaches and risk-avoiding
attitude, existing approaches are
difficult to challenge, but a distinct
shift is taking place in the
progressive firms”.

Turkiye in the drawing. Our
company is in the managed
stage. Cultural stage barriers
make encouraging widespread
acceptance of new
technologies like this difficult”.

[UK1 = director; UK2 = IT in construction expert; UK3 = director; UK4 = BIM expert; T1 = team lead manager from
Turkiye; T2 = BIM expert from Turkiye; T3 = head of IT in construction from Turkiye; T4 = BIM specialist from Turkiye].

Figure 5 illustrates the CMM for the UK with the green headings as the levels from ini-
tial to optimised. The dimensions are in the left brown colour and in yellow, the dimension
of adoption and integration and standards was confirmed to be defined with established
capabilities. Technological advancement has basic capabilities under the managed phase.
Government policies and support in the UK, along with Al in BIM and CE incentives, are
also defined. Education, training, industry readiness and cultural attitudes towards Al are
colour coded yellow under managed CMM level. Figure 6 has the same arrangement as
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Figure 5, however, all the dimensions with the blue colour coding are at the initial phase.
Hence, it was confirmed by the experts that Turkiye is at the initial phases of adoption,
technology advancement in terms of Al, government policies, education and training, Al in
BIM and CE incentives, industry readiness and skill level, cultural attitudes and resistance
to change.

6. Discussion: Implications of Findings

According to Bassir et al. [7], the concept of BIM was first introduced in the 1960s,
whereas Al came into existence around the 1950s. However, the processes have improved
recently as many industries have realised the opportunities such technologies offer instead
of traditional methodologies. Currently, most structures are built digitally, and building
materials and structural components can be visualised, bought, and sold using such
technologies. Driven by global trends, the AEC industry is in a time of transformation to
deliver projects more efficiently and design better buildings, hence the need for a powerful
solution such as Al in enhancing BIM for sustainable development. Al greatly impacts BIM
by studying and developing algorithms to learn and predict data without being explicitly
programmed. Furthermore, Al coordinates effectively calculate and accurately process
the information humans provide to machines, which is the core of BIM [9]. Al has been
considered the science and technology of developing intelligent machines with reasoning,
knowledge, thinking, perception, learning, communicating, planning and the capacity to
manipulate and move things just like humans [17]. Applying Al techniques to process large
amounts of data is considered a necessity and not a luxury within the construction business
practices and other industries, as it studies and develops algorithms that learn and predict
data without being explicitly programmed [38]. The construction industry is fragmented
and complex. However, the cost-effective and streamlined processes of BIM have proven
to save cost and enhance quality when assisted by AI [27]. Furthermore, Al positively
impacts decision-making applications such as algorithmic, deep learning, artificial neural
networks, deep neural networks, decision support systems, expert and learning systems [1].
Al uses Machine Learning (ML) as its subfield when a computer observes a given dataset
and generates a model based on the input data to solve problems. In contrast, ML uses
Deep Learning (DL) as its subfield. Due to long computational paths, DL studies artificial
neural networks that are useful with higher-dimensional data, such as videos, audio, and
images [14-16].

Substantial technological development has succeeded in the manual processes and
tasks humans complete in various intellectual, industrial, and social applications. Schliiter
et al. [21] state that Al offers several opportunities for productivity improvements through
an accurate analysis of large volumes of data, tackling nonlinear, complex practical prob-
lems, and undertaking predictions and generalisations when trained. Furthermore, Al
uses sophisticated deep learning algorithms to learn from large datasets and uses the
knowledge acquired to assist the industry. Additionally, Al can acquire historical data,
real-time data, and geospatial data for facility management, and it can also be used in
scheduling and planning using the infrastructure and landscape in BIM. Most of all, Al
aids decision-making, planning and predictions through the collaborating views of all
stakeholders, including the owner [15]. The industry is experiencing significant benefits as
these technologies have improved productivity and effectiveness by identifying potential
design and construction issues, enabling collaboration among stakeholders and enhancing
the integration of processes, context, and people within the industry.
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6.1. The Role of Al in Advancing Circular Economy Principles

In recent decades, the CE development has received increasing attention from poli-
cymakers, academicians, and industry stakeholders. CE takes resource conservation and
cleaner production at its core; it entails an integrated approach to designing processes,
products or services, and business models, harmonising environmental protection and eco-
nomic growth [20-23]. The CE aims to enhance sustainable production and consumption
diffusion through restorative and regenerative eco-design principles of products. Accord-
ing to Oluleye et al. [23], data-driven technologies such as Al are considered an essential
enabler of CE in the building product lifecycle in areas such as material selection, design
for waste prevention, deconstruction/disassembly, hazardous material prediction, the
technical and economical circularity of material prediction; operation of circular business
models; estimation of building construction demolition waste generation; onsite waste re-
cycling; pre-demolition auditing in CE; material strength prediction for reuse and recycling;
demolition waste sorting; composition and segmentation; missing building construction
demolition waste data management and analysis; and optimisation of waste collection
and site selection for building construction demolition waste recycling plants and reverse
logistics in the building construction industry (BCI).

6.2. The Convergence of Al with Circular Economy Practices

The convergence of Al with circular economy practices represents a powerful opportu-
nity to address sustainability challenges and optimise resource use [19-22]. By leveraging
Al technologies, businesses, governments, and other stakeholders can enhance circular
economy initiatives’ efficiency, effectiveness, and impact. Al algorithms can analyse vast
amounts of data to identify inefficiencies and opportunities for improvement in resource
management. By optimising production, distribution, and consumption processes, Al can
help minimise waste, reduce resource consumption, and maximise the value extracted from
materials and resources. Al-powered technologies such as robotics, computer vision, and
machine learning can revolutionise waste management processes. For example, Al-enabled
sorting systems can accurately identify and sort different types of materials, increasing
recycling rates and reducing contamination. Additionally, Al algorithms can optimise
waste collection routes, leading to more efficient and cost-effective waste management
practices. Al can inform product design decisions to align with circular economy principles.
By analysing consumer preferences, usage patterns, and product lifecycles, Al algorithms
can help design products that are easier to repair, reuse, and recycle. Additionally, Al can
facilitate the tracking and management of products throughout their lifecycle, enabling
better resource management and end-of-life strategies. Al can enable innovative circular
business models such as product-as-a-service and sharing platforms [23-26]. For example,
Al algorithms can optimise asset utilisation and facilitate matchmaking between supply
and demand in sharing economy platforms. These business models promote resource
efficiency, extend product lifecycles, and reduce waste generation. Al can optimise supply
chain operations to minimise environmental impact and promote circularity. By analysing
supply chain data, Al algorithms can identify opportunities to reduce waste, optimise trans-
portation routes, and improve inventory management. Additionally, Al can help businesses
track and trace materials throughout the supply chain, ensuring transparency and account-
ability. Al-powered predictive maintenance systems can anticipate equipment failures and
schedule maintenance activities proactively. By preventing breakdowns and extending
the lifespan of machinery and equipment, predictive maintenance can reduce downtime,
minimise resource use, and promote circularity. Al can drive innovation in circular econ-
omy practices by enabling the discovery of new materials, processes, and technologies.
For example, Al algorithms can analyse scientific research and experimentation data to
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identify novel materials with desirable properties for circular applications. Additionally,
Al can simulate and optimise processes such as material recycling and remanufacturing,
accelerating the development and adoption of circular solutions. By harnessing the power
of Al to optimise resource use, improve efficiency, and foster innovation, stakeholders can
create a more prosperous and resilient future for both people and the planet [24-28].

6.3. Implications for Al in BIM and CE for Construction Government Policies, Industry and
Research in the UK and Turkiye

The findings of this study portend consistent implications for government policies on
Al in the UK and Turkiye in terms of additional investments into Al research and education.
Both countries are yet to have an optimised level of adoption and industry readiness.
Additional research and incentives for using Al in CE to foster sustainable practices will
bolster positive cultural attitudes towards Al The UK and Turkiye’s construction sectors
are behind in educational training. The UK has the National Al strategy, which can be
adapted for Turkiye. Hence, the construction sector will adopt an Al-driven system through
education in the next 10 years. Additionally, research and development (R&D) into how
BIM can be transformed into a multimodal data source for Al development is essential.
This will support SMEs not just in the UK but globally. The focal areas of research are Al-
driven decision support in procurement, cost management, health and safety, industrialised
construction, and decarbonisation will be gamechangers in the next few years.

7. Conclusions

The UK can move adoption and integration of Al, education and training and con-
struction industry readiness through new more specific policies on Al adoption for SMEs.
The existing National Al strategy is more generic and only considers the construction
section as a business and not a system within a system. The Turkish construction section
needs an Al and CE roadmap for the integration that will leverage existing BIM policies.
The UK BIM framework for 2030 and the General Data Protection Regulation Act must
be revised to implement Al adoption. In Turkiye, the National Digital Transformation
Strategy and material passport integration in construction are new policies that may be
enacted to support the adoption of Al. New education policies and programmes on Al
in both countries are essential. The Turkish construction industry actively seeks to adopt
international best practices and standards in BIM and Al Participating in global industry
forums and partnerships can facilitate knowledge transfer and the adoption of proven
methodologies. Additionally, accessible Al and BIM tools can be used to improve project
efficiency and sustainability. The government and leading construction organisations must
collaborate with technology providers and industry leaders to gain access to advanced
tools and platforms. Furthermore, companies can invest in training programs to upskill
their workforce in Al and BIM technologies and encourage continuous learning and pro-
fessional development. The UK also needs increased investment in digital infrastructure,
particularly in underserved areas, to facilitate the deployment of Al and BIM technolo-
gies. Enhancing internet connectivity and cloud computing capabilities is crucial. The UK
government must continue to support and expand existing educational and professional
development programs, ensuring that the workforce remains at the cutting edge of Al and
BIM technologies. More extensive educational programs focused on Al, BIM, and digital
construction technologies must be developed, along with the establishment of partnerships
with universities and vocational training centres to create a skilled workforce. To promote
cultural change and acceptance, dialogue between stakeholders to address ethical concerns
and build trust in Al applications is crucial. Before 2034, the UK may become a leader in
the Al digital space for the construction sector. Turkiye has immense potential to attain a
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quantifiable phase of digitalising construction activities and waste minimisation measures.
The limitations of this study are the small sample size in the expert focus group webinar. A
larger sample size may have provided alternate opinions. However, these were justified
in terms of the saturation of recurring responses by the experts. The limitation in the
cross-sectional time horizon of the study may have affected the results. A longitudinal
study will provide a more detailed reflection of Al adoption in BIM and CE practices.
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