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OZET

Yeniden islevlendirme, tarihi binalarin
stirdiiriilebilir kentsel gelisimi icin 6nemli bir rol
oynamaktadir. Bu yaklasim, kiiltiirel mirasin
korunmasini, ¢evresel etkilerin azaltilmasini ve
¢agdas ihtiyaclarin karsilanmasini miimkiin
kilmaktadir. Bu ¢alisma, yapay zeka (Al), makine
o6grenimi (ML) ve karar agaclar1 gibi ileri
teknolojilerin yeniden islevlendirme siirecine
nasil entegre edilebilecegini incelemektedir. Bu
teknolojilerin karar alma siireglerini iyilestirme,
tasarim ¢éziimlerini gelistirme ve strdiirtilebilir
yOnetimi
potansiyelleri vurgulanmaktadir. Calismanin
temel amaci, yapay zeka ve makine 6grenimi gibi
teknolojilerin, tarihi binalarin yeniden
islevlendirilmesinde siirecin iyilestirebilecegini
ve kentsel gelisimde siirdiriilebilirligi lizerine
etkileri arastirmaktir. Bulgular, bu teknolojilerin
mimarlik, koruma ve insaat kavramlarinda
onemli dontlisiimler yaratma potansiyeline sahip
oldugunu ve miras ile yenilik arasinda denge
saglamak icin bilingli ve etik bir sekilde

destekleme konusundaki

uygulanmasi gerektigini ortaya koymaktadir.

Anahtar Kelimeler:Yeniden Islevlendirme, Yapay
Zeka (Al), Makine Ogrenimi (ML), Endiistriyel Miras,
Surdirilebilir Kentsel Gelisim

ABSTRACT
The adaptive reuse of historical buildings is

pivotal for sustainable urban development. This
also enables preserving cultural heritage,
minimizing  environmental impact, and
addressing contemporary needs. This paper
examines how advanced technologies such as
artificial intelligence (AI), machine learning
(ML) and decision trees, can be integrated into
the adaptive reuse process. Their ability to
improve  decision-making, refine design
solutions, and support sustainable management
is emphasized. The main aim of the paper is to
explore how advanced technologies like artificial
intelligence and machine learning can improve
the adaptive reuse of historical buildings while
promoting sustainability in urban development.
The findings highlight the potential of these
technologies to bring about significant
transformations in architecture, conservation
and construction sectors, advocating for their
conscientious and ethical implementation to
strike a balance between tradition and
innovation.

Key words: Adaptive Reuse, Artificial Intelligence (Al),
Machine  Learning (ML), Industrial Heritage,
Sustainable Urban Development
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1. INTRODUCTION

In the modern era, the preservation and adaptive reuse of historical buildings have become
critical components of sustainable urban development. As societies evolve and cities expand, the
need for adaptive reuse of existing structures to meet contemporary demands while preserving
cultural heritage has garnered increasing attention. The process of adaptive reuse not only
extends the life of buildings, but also contributes to environmental sustainability by reducing the
need for new constructions and minimizing waste (Fufa, Flyen, & Flyen, 2021). This approach

aligns with global sustainability goals, has economic, environmental, and social dimensions.

Adaptive reuse, particularly of historical buildings, offers unique challenges and opportunities
to society. These structures are often the landmarks of a city’s industrial past and require careful
consideration to balance historical preservation with functional modernization. The integration
of advanced technologies, such as artificial intelligence (Al) and especially machine learning
(ML), into the architecture like adaptive reuse process represents an innovative opportunity
(Hegazy & Saleh, 2023). These technologies can provide unlimited design ideas and alternatives
for applying green architectural principles, contributing to the development of environmentally

friendly design (Abd El- Maksoud & Ahmed, 2024)

Artificial intelligence (Al) and machine learning (ML) have brought revolutionary advancements
across diverse domains, including their significant impact on architecture and construction. The
ability of Al to analyze vast datasets and generate predictive models can significantly improve
the efficiency and effectiveness of adaptive reuse projects (Baduge et al.,, 2022). Sustainable
urban planning requires sustainable land use planning as well as sustainable strategies of urban
planning and sustainable urban development planning (UN Habitat, 2007). Urban areas will
always be important for sustainable growth. Urban planners and decision-makers prioritize
ensuring the sustainability of cities (Eren, 2021). Therefore, Al techniques like machine learning
can identify the suitable functions for refunctioned buildings, optimizing structural

modifications, and ensuring that these projects align with sustainability goals.

This paper explores the intersection of adaptive reuse, Al, ML, and decision trees, providing a
comprehensive overview of their applications and benefits in the context of sustainable urban
development through the literature. Adaptive reuse is seen as a practical solution for sustainable
urban development in terms of economic, environmental, socio-cultural, political aspects
(Vardopoulos et al.,, 2021). It also highlights the importance of maintaining the cultural identity

of vacant buildings while adapting them to new uses, and it addresses the technological
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advancements that facilitate this process. Additionally, this paper aims to explore how Al and
ML can support the adaptive reuse of industrial heritage buildings, offering insights into their
potential to ensure the sustainable management of the built. Especially industrial heritage
buildings have been highlighted due to their large scale and expansive footprint within urban
areas once they lose their original functions. The substantial spaces they occupy in inner cities

can become significant challenges when left unused, often resulting in extensive vacant areas.

The adaptive reuse of buildings and structures, is a good strategy for sustainable development
(Mohamed & Alauddin, 2016). The integration of Al and ML into this process may present
innovative solutions to the challenges of preserving historical integrity while meeting modern
functional requirements. This paper also aims to contribute to the ongoing discourse on
sustainable architecture by examining the role of advanced technologies in adaptive reuse,
ultimately advocating for a balanced integration of tradition and innovation in the built

environment.

The target of the paper is to demonstrate the contemporary relevance of adaptive reuse,
particularly its integration with developing technologies such as artificial intelligence (Al) and
its subsets, through a comprehensive literature review focused on historical changes . According
to study content, in the material and method section, the paper will delve into literature review
details and results according to date intervals and keywords. In the “Adaptive reuse and Artificial

Intelligence” section, the paper will discover the, explanations and researches about keywords.
2. MATERIAL AND METHOD

As part of the study, keywords were researched in different combinations, and 2 main sources
were examined accordingly. The research was conducted through two different databases:
"Google Scholar" (Table 1) and "Scopus” (Table 2) under the terms "Adaptive Reuse of
Buildings", "Adaptive Reuse of Industrial Heritage Structures”, "Adaptive Reuse of Industrial
Heritage Structures and Sustainability”, "Adaptive Reuse and Artificial Intelligence" and "
Adaptive Reuse and Machine Learning". Considering the relevance of the concepts, the periods
1960-1980, 1980-2000, 2000-2010, 2010-2020, and 2020-2024 were searched for. The first two

search periods were set at twenty-year intervals, the next two at ten-year intervals, and the last

search period covered the last four years. The number of studies in each interval is stated.

Itis found that although studies on the adaptive reuse industrial structures and related concepts
began between 1960 and 2000, the number of studies increased significantly from 2000 to 2010.

This rate of increase accelerated further between 2010 and 2020. From 2020 to the present
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(2024), the number of studies has continued to grow, suggesting that research on industrial

heritage has gained increasing importance.

According to the graph obtained from the research conducted between 1960 and 2024, there are
2 breaking points in the graph. Those points refer to important dates and agreements. The first
was in 2000 and the second was in the 2010s. Considering the reasons for these in 2000,
International Council on Monuments and Sites (ICOMOS) and The International Committee for
the Conservation of the Industrial Heritage (TICCIH) signed an agreement that established the
concept of industrial heritage globally. Another important date is 2003, the Nizhny Tagil Charter,
which clearly defined the concept of industrial heritage, was published. Similarly, the Dublin
Principles focusing entirely on industrial heritage issues, played an active role in shifting the
research focus in this direction in 2011. As previously mentioned, between 2020 and 2024,
studies on both adaptive reuse and artificial intelligence increased significantly compared to the

previous decade, indicating that the chosen topic is gaining importance as a major research field.

Table 1: Number of studies in Google Scholar within the specified date ranges

1960- 1980- 2000- 2010- 2020-
1980 2000 2010 2020 2024
"Adaptive Reuse of Buildings" 6 49 163 651 635
"Adaptive Reuse of Industrial Heritage | O 1 17 248 334
Structures”
"Adaptive Reuse of Industrial Heritage | O 1 6 145 283
Structures” “and” “Sustainability"
"Adaptive  Reuse”  “and”  “Artificial | O 0 57 299 851
Intelligence™
"Adaptive Reuse” “and” “Machine Learning" | 1 6 19 139 515
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Graph 1. Number of searches in Google Scholar of keywords between specified dates

Table 2. Number of studies in Scopus within the specified date ranges

"Adaptive Reuse of Buildings" 0 2 6 97 257
"Adaptive Reuse of Industrial Heritage | O 0 6 49 135
Structures”

"Adaptive Reuse of Industrial Heritage | O 0 0 7 33

Structures” and “Sustainability”

"Adaptive ~ Reuse” and  “Artificial | O 1 14 139 384
Intelligence”

"Adaptive Reuse” and “Machine Learning" | 0 1 5 22 159
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Graph 2. Number of studies in Scopus within the specified date ranges

In conclusion, the comprehensive literature review conducted from 1960 to 2024 reveals
significant trends in the study of adaptive reuse and its intersection with artificial intelligence.
The analysis highlights important dates and events such as the establishment of global
frameworks for industrial heritage conservation and the increasing integration of advanced
technologies in adaptive reuse practices. The observed surge in research from 2020 onwards
underscores the growing importance of this interdisciplinary field, emphasizing the need for
further exploration. Based on these insights, the subsequent sections of this paper will delve into
specific case studies and theoretical frameworks, aiming to provide deeper insights into the

evolving landscape of adaptive reuse and its technological advancements.
3. Adaptive Reuse and Artificial Intelligence (AI)

3.1 Adaptive Reuse Buildings, Adaptive Reuse Industrial Heritage Structures, and

Sustainability

The restoration process of historical buildings should be carried carefully to preserve the
cultural identity as these buildings are a part of urban memory. Maintenance and repairs are
required to preserve characteristics forming the identity and ensure the continuity of cultural

assets.
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The aim of restoration is to preserve historical documents, cultural heritage, and social identity
with minimum intervention as possible to historical buildings. There are many methods for
interventions in buildings in this way. These can be listed as consolidation, integration, renewal,
adaptive reuse (renovation-rehabilitation), reconstruction, cleaning, and relocation (Kocabiyik,

2014).

Adaptive reuse involves modifying and adapting existing buildings to suit new requirements,
thereby extending the life cycle of historic buildings while giving them new functions (Othman
& Elsaay, 2018). By transforming heritage buildings into accessible and usable spaces, adaptive
reuse not only conserves historical significance but also revitalizes urban areas in a sustainable
manner (Bullen & Love, 2011) In the realm of sustainability, adaptive reuse is seen as a key

approach to achieving sustainable urban development (Vardopoulos et al., 2021).

As defined in the previous section on literature survey, adaptive reuse in architecture is gaining
global interest as a strategy for sustainable development and heritage conservation. Industrial
building demolition damages the environment and the economy while also producing more
structural waste. Reusing industrial buildings is a crucial strategy for both making use of
available resources and preserving historical assets (Oral Aydin & Comlek¢ioglu Kartal, 2010).
This practice involves redesigning existing buildings for new functions, thereby extending their
lifespan and reducing environmental impacts. Studies have shown that adaptive reuse not only
aligns with United Nations’ (UN) sustainability goals but also contributes to economic
development, environmental protection, and social welfare (Langston, Wong, Hui, & Shen,
2008). Besides these impacts, buildings preserved and reintegrated into society through
adaptive reuse help society to maintain urban memory and cultural heritage along with their
surroundings. This process ensures that historical buildings continue to serve as tangible
reminders of societal evolution and cultural continuity, enriching the fabric of communities and
fostering a sense of identity rooted in shared history and heritage. Therefore, adaptive reuse
buildings are important for preserving architectural heritage and supporting sustainability

(Bullen & Love 2009).

Architects, developers, and decision-making units play significant roles in the implementation
of adaptive reuse projects (Hassanain & Hamida, 2023). The experiences and perspectives of
those involved in these projects are crucial for understanding the challenges and opportunities
related to the reuse of heritage buildings (P. A. Bullen & Love, 2011). The decision-making

process in adaptive reuse projects and function selection is guided by criteria prioritizing
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sustainability, continuous building life cycles, and the prevention of building demolition

(Mohamed & Alauddin, 2016).

Adaptive reuse is a versatile strategy applicable to buildings of different sizes and scales, with
various building typologies. It has been applied in historic buildings in different regions, proving
its effectiveness in creating sustainable environments (Gewirtzman, 2017). The flexibility in
reusing buildings through adaptive reuse allows the transformation of old buildings without
significant structural changes, making it a suitable option for the preservation of historic
buildings (Farooq & Qureshi, 2020). The restoration and adaptive reuse in architecture provide
a balance between preservation and innovation, acting as a bridge between past traditions and

future needs (Kersting, 2006)-

While adaptive reuse of buildings, their spatial configurations should be considered. Significant
differences between the previous and new spatial configurations of the building may lead to
negative outcomes. For example, a building previously functioning as a hotel may not be suitable
for use as a cinema but could become a modern accommodation facility. Similarly, a church with
a single spatial feature cannot be converted into a school by dividing it into classrooms but can
easily be transformed into a car showroom or cinema with less spatial or structural intervention.
If buildings are refunctioned with functions that do not fit their former uses, they will largely

lose their identity (Altinoluk, 1998).

The adaptive reuse process should consider not only the building’s interior but also its
environmental and locational features. Environmental requirements are crucial at this point. For
functional interaction, considering a bank function for structures worth preserving in
commercial areas may be more effective than a library function (Kash, 2008). It involves
repurposing existing spaces for functions different from their original design, contributing to
sustainability by preserving historical value and bringing social, economic, and environmental

benefits (Lemos & Donoso, 2023).

Adaptive reuse is an important concept in urban design especially for industrial buildings. With
the advancement of technology, machines have replaced human labor in production. Over time,
changes in production methods and production areas have highlighted the need for change in
industrial buildings. This also demonstrates how industrial structures lose their function over
time (Mengilisoglu & Boyacioglu, 2013). In addition to changes in production methods, as
population density increases in cities, other uses needed for industrial buildings in significant
locations have become more important. At this point, renewing buildings serves to protect old

buildings from demolition (Ahunbay, 2010).
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Adaptive reuse in industrial heritage structures involve redesigning these buildings for new
functions while preserving their historical and architectural significance. This process generally
requires making minimal changes to the original urban fabric which may have an authentic
texture of the city to preserve the building’s cultural value (Prihatmanti & Susan, 2017). When
evaluating function selections in adaptive reuse, ensuring the building’s sustainability over time
is one of the most important considerations. Sustainability of industrial heritage plays a
significant role in facilitating adaptive reuse projects for heritage buildings, allowing these
buildings to adapt to changing built environments while preserving their historical integrity

(Balta, 2022).

Adaptive reuse helps preserve heritage buildings and contributes to sustainable development
by providing eco-friendly solutions and creating usable spaces that benefit society (Giinge and
Misirlisoy, 2019). The reuse of industrial heritage buildings can contribute to sustainably, giving
new life to these structures and their surroundings (Giinge & Misirlisoy, 2015). Additionally,
using buildings with a new function can be a valuable preservation approach for heritage
structures, ensuring their conservation for future generations with efficient and suitable

functions (Farjami & Tiirker, 2021).

3.2. Adaptive reuse, Artificial Intelligence (AI), Machine Learning (ML), and Decision

Trees

The artificial intelligence (AI) -based adaptive reuse process offers numerous advantages to
restoration experts and all related units (Li, Zhao, Huang, & Law, 2021a). These advantages
include determining the most suitable potential functions, creating optimized designs,
improving marketing strategies, and supporting sustainable management. According to
literature review, from the graphs given in section 2, it is seen that, the integration of Al into
adaptive reuse and usage applications is an area of increasing interest. Al technologies, such as
computer vision, machine learning, deep learning, and decision trees have the potential to

revolutionize the fields of architecture and construction (Yonder, Dogan, & Cavka, 2021).

By refunctioning underutilized historical buildings and abandoned urban areas, adaptive reuse
contributes to urban regeneration, and sustainable development (Aigwi et al., 2019). However,
with today’s technology, different strategies are no longer necessary with the aid of AL
Technologies like Generative Adversarial Networks (GAN), Easy DL, and Natural Language
Processing (NLP) can provide technical support in the redesign, adaptive reuse, restoration, and
conservation processes of defunct structures and areas, from design to operation (Baduge et al,,

2022).In a study, Duan et al. (2022) evaluated ten representative urban ruins in Guangzhou first

9



AKYOL, G. and SIMSEK, S./ ECOLOGICAL PERSPECTIVE

with the Analytic Hierarchy Process and then combined Al methods such as generative
adversarial networks and big data applications for a study on the reuse design of urban decays

(Duan, Qi, Cao, & Si, 2022).

There are many subsets and application methods of Al, one of which is machine learning (ML).
Machine learning is a sub-discipline of Al that enhances computer systems’ capabilities to
analyze data, identify patterns, make predictions, and make decisions (Mitchell, 1997). Al,
particularly in the context of machine learning and Python language, has the potential to be used
for adaptive reuse. Machine learning, a subset of Al, has been identified as a leading tool in
various fields (Greenspan, Van Ginneken, & Summers, 2016). Python, one of the programming
languages, has been emphasized in the context of adaptive reuse. It provides open access to
Python applications, ensuring the accessibility and reproducibility of models. (Noroozbabaee,

Blanco, Safaei, & Nickerson, 2023).

Al, machine learning, and Python’s use in adaptive reuse present distinct differences from other
applications. For example, Al-based systems present unique challenges such as the increasing
importance of data quality and management, boundaries for complex models, and challenges in
customizing and reusing Al/machine learning components (Bogner, Verdecchia, &
Gerostathopoulos, 2021). In the field of machine learning, Python stands out as a prominent
programming language. This is because Python’s versatility, ease of handling, and
comprehensive libraries makes it a preferred language among people (Virtanen et al,, 2020).
Similarly, Python’s integration with machine learning infrastructures has been crucial for its

dissemination.

The ease of use and extensive library support of the Python language offer significant advantages
in the development and implementation of machine learning projects. Decision trees are
algorithms that proceed in a tree structure in decision-making systems, following the branches
of a tree (Mondal et al.,, 2023). In decision trees, decision-making is based on data characteristics.
The decision tree model includes intermediate nodes, branches, and terminal nodes (Lee & Ham,

2022).

To sum up, artificial intelligence and machine learning has been increasingly integrated into
architectural practices, with researchers exploring innovative applications of machine learning
in architectural design and adaptive reuse (Dai, 2023). This method can facilitate many aspects,
from optimizing building selection for adaptive reuse to project management. However,

recognizing the challenges and considerations related to the use of these technologies in

10
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adaptive reuse is crucial. It has to be ensure that the design and implementation align with the

specific requirements of the adaptive reuse context (Li, Zhao, Huang, & Law, 2021b).

Abandoned Buildings | Useless and Functionless
¢ ; : l ; ! To Choose the
| | | Best Function

i Function Selection Culture and Heritage

Problem e Result ==  Solution

Graph 3: Definition of the problem and offered solution chart

Adaptive Reuse i E May Demolish . ; l
Inappropriate Losing Al - Machine Learning

In summary, adaptive reuse is often the best solution for abandoned buildings if a suitable new
function can be identified. However, if the chosen function is inappropriate, the building may
become obsolete and ultimately be demolished. This can result in the loss of cultural and
historical heritage. Therefore, selecting the most appropriate function for each abandoned
building is crucial. Artificial Intelligence (AI) can help by suggesting the most viable new uses for

these structures with minimal intervention (Graph 3).
4. CONCLUSION

Adaptive reuse contributes to sustainable development, preservation of cultural heritage, and
the revitalization of society by reusing existing buildings, making it a valuable practice in
contemporary architectural discourse (Ullah, Shah, & Nazir, 2022). The adaptive reuse of
historical and industrial buildings is a pivotal strategy for achieving sustainable urban
development. This approach not only preserves cultural heritage and architectural identity but
also addresses environmental concerns by reducing the need for new construction and
minimizing waste. As cities continue to grow and evolve, the adaptive reuse of existing
structures becomes increasingly important in maintaining a balance between preserving the

past and meeting contemporary needs.

The integration of advanced technologies, particularly artificial intelligence (AI) and machine
learning (ML) and decision trees, into the adaptive reuse process offers significant potential to
enhance efficiency, effectiveness, and sustainability. Al and ML can analyze extensive datasets,
predict optimal design solutions, and support informed decision-making. Technologies such as

computer vision, deep learning, and decision trees can identify suitable functions for

11
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refunctioned buildings, optimize structural modifications, and ensure alignment with

sustainability objectives.

The findings of this paper discuss the transformative potential of Al and ML in the field of
architecture and construction. In recent years, the number of studies on these technologies has
increased, and their application is becoming more evident. These technologies can play a crucial
role in the adaptive reuse of industrial heritage buildings. With the assistance of Al, optimal new
functional offerings can be systematically determined, thereby potentially saving time for
designers. Al-supported adaptive reuse strategies can effectively align with the specific

requirements of physical environments and facilitate sustainable development.

In contrast to conventional approaches to adaptive reuse decision-making, Al can propose
superior alternatives, thereby potentially sustainable heritage protection beneficial outcomes
through the selection of the most suitable and viable functional options. Evidently,
contemporary discussions and graphical representations highlight Al and new technologies as
burgeoning subjects with profound implications across various domains. This study investigates

the contemporary impact of artificial intelligence in adaptive reuse.

In conclusion, the adaptive reuse of buildings, particularly industrial heritage structures,
represents a critical intersection with the development and application of Al in the field of
adaptive reuse. The incorporation of Al and ML into this process not only enhances its feasibility
and sustainability but also opens new avenues for preserving cultural heritage in a rapidly
changing world as stated. As we move forward, embracing these advanced technologies in the
adaptive reuse of buildings will be essential for creating resilient, sustainable, and vibrant urban

environments.

Considering conservation concerns, digitalization was initially adopted in cases where accessing
information and documents with traditional methods was challenging. With this digitalization
and new technologies, much faster documentation, measurement, and other necessary research
for conservation became easier. Today, the concept of protection has moved a step further
beyond traditional and digital protection concepts, adopting a preservation approach entirely

based on automation with Al.

According to the related literature given, the historical process should be tackled from the very
beginning, starting with the history of architecture. This approach relates to sustainability
because understanding historical contexts helps preserve architectural heritage while adapting

it for modern use. Integrating Al and machine learning (ML) can enhance sustainability by

12



AKYOL, G. and SIMSEK, S./ ECOLOGICAL PERSPECTIVE

optimizing the adaptive reuse practices of historical buildings, improving resource usability with
new and the most proper function, and minimizing environmental impact. Al and ML can analyze
historical data to propose viable new functions, predict long-term impacts, and ensure that

adaptations align with sustainability goals.
Declaration of Generative Al and Al-Assisted Technologies in the Writing Process

During the preparation of this work the author used Grammarly GO Al Writing Assistant and
Chat GPT to improve proofreading like language and readability. After using this tool, the author
reviewed and edited the content as needed and take full responsibility for the content of the

publication.
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