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Abstract: The emerging demand for sustainable development and the need for efficient use of
resources across the built environment have stirred research efforts globally. The construction
sector is often regarded as one of the major world consumers of resources, so many international
establishments are trying to create a sustainable environment through adaptive reuse of existing
building stocks, a concept which has been receiving momentous recognition by reason of its richly
diversified applicability for circular economy. Thus, profound knowledge of the topic and research
trends is requisite to promote scholarship. For this analysis, the global research developments
in adaptive reuse are assessed according to published documents, co-authorship, geographical
distribution and keyword- co-occurrences. From the Scopus directory, 227 journal articles published
from 2006 to 2021 were retrieved. Results showed that from 2006, published documents rose by
221 articles. About 29% of the publications were from Italy and the United Kingdom. Among the
articles, 110 were from the subject area of environmental science (48.5%), while the subject area of
engineering represents 104 publications (45.8%). Recent progress in adaptive reuse in building and
construction includes, but not limited to: (i) component and materials reuse and technology, (ii) life
cycle assessment, (iii) economic assessment and multi-criteria decision making and (iv) regulatory
policies and stakeholders” analysis. The findings are important to furnish all relevant personnel in
the academic and industries with a broad perception of the status and potential emerging trends on
the adaptive reuse of buildings.

Keywords: adaptive reuse; bibliometrics; building reuse; sustainable development; heritage reuse;
re-purposing

1. Introduction

From the perspective of a more sustainable development, the building and construc-
tion industry is facing significant challenges regarding the adaptability of buildings. These
challenges include reduction in cost of construction management, cutting down of new
constructions, efficient use of resources, socio-environmental impact [1]. These challenges
related to the sustainable use of buildings, call for discourse in response to the United
Nations SDGs, SDG 11 (Sustainable Cities and Communities) on the built environment and
communities recognized as advantaged places for revolution and technical development, to
initiate probable measures and resolutions in the direction of greater inclusiveness, safety,
resilience and sustainability [2]. Further, the achievement of the SDG 11 targets can be
facilitated through the sustainability protocols [3].

Change is inevitable throughout the lifecycle of a building, in terms of the socio-
economic condition, physical environment and the requirements and prospects of occu-
pants [4]. Socio-spatial segmentation and radical decline in value are characteristic reasons
prompting the vulnerabilities of existing buildings alongside the forfeiture of functionalities
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and abandonment [5]. The ability of structures to be subjectable to significant transforma-
tion which can imply flexibility or allowing slight shifts in space design through conversion,
or by permitting alterations of use within the building for an extension.

Ultimately, adaptive reuse offers an improved resolution to a myriad of existing
concerns and challenges in the built environment against demolition and new structures.
When a structure cannot survive with contemporary style and requirements while lacking
efficiency in technical and economical facets, such structure signifies a “maladaptive
building” [6], bearing in mind that the built environments represent significant evidence of
the culture, economy and social layering of settlements [7]. Thus, the responsibility to reuse
is receiving an important role within theoretical debates [8], which is more necessitated by
the current environmental crisis and emerging societal and economic challenges.

The benefits of adaptive use of buildings transcend the benefits attached to climate
mitigation and efficient resource utilization but include constructive contribution to the
social and economic plan motivated by heritage and communal benefits, increasing the
commercial viability of buildings and decreasing their cost of maintenance [9]. These
benefits also extend to heritage buildings such as serving well the needs of the local
community and leads to sustainable economic, social and environmental development [10];
plays a pivotal role in regenerating the built environment [11,12]; and a means to achieving
sustainability [13].

Researchers have worked on the adaptive reuse of buildings in many aspects. A
study [14] proposed physical, economical, functional, technological, social and legal obso-
lescence criteria to understand the issue; [15] explored the Adaptive reuse of office buildings
into housing by investigating the opportunities and risks; [16] addressed the need to re-use
the spaces based on the lack of ability of urban space to meet daily needs, economic factors
and environmental factors in particular. On their part, [17] explored the potential of the
adaptive re-use by examining the differences between urban and non-urban projects; [18]
explored and assessed the adaptive reuse practices through user experiences; [19] exam-
ined the implementation challenges to the adaptive reuse of heritage buildings; while [20]
reviewed the literature to collect pertinent information in a single place and to critically
examine whether adaptive reuse incorporates the three Es of sustainability.

This study conducts further research by providing an integrated bibliometric analy-
sis of published research on adaptive reuse of buildings through a bibliometric analysis
adopting multiple methods such as evolution analysis, citation network and co-occurrence
network of keywords. The contributions of this study differ from previous studies as
example of the work of [21], which presented the bibliometric analysis of multi-criteria
decision-making methods in heritage buildings as it represents an extensive range of sys-
tematically selected literature to reflect the current research status on the subject. The
findings from the bibliometrics can potentially provide researchers and industry practition-
ers with a comprehensive insight into intellectual status-quo, and potential research areas
on adaptive reuse in the construction industry and built environment.

The remaining sections of the paper are structured as follows: An overview of adap-
tive reuse and the contribution of this bibliometric research are presented in the succeeding
sub-sections. Section 2 presents the materials and methods adopted including the param-
eters employed choice of database and selection of document types. The results of the
bibliometric analysis in line with the objectives of the paper are presented in Section 3. The
study presents a comprehensive evaluation and discussion of the results of each research
step with implications in Section 4. This section further recognized and highlighted the
gaps in research and the limitation of the study by suggesting further potential research
areas. Finally, in Section 5, the paper presents a concluding part to provide a summary of
the previous sections and how the research questions of the study have been answered.

1.1. Brief Overview—Adaptive Reuse of Buildings

Unanticipated forces and emerging circumstances have compelled change in construc-
tion for ages and the reuse of different types of buildings for new purposes has been an
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age-long response to these unanticipated changes. Since history, in many societies, old
buildings are rarely pulled down but instead; they are adapted to meet the needs of a
succession of users through expansion, conversion, restructuring and other processes of
physical change [22].

Around the world, the conservation and re-use of buildings are regarded as vital to
the preservation of legacy resources and environmental sustainability. Through building
adaptation, existing public infrastructures are efficiently reused, cost reduced, energy
and resources conserved and time saved, compared to the construction of new buildings.
Furthermore, well-managed and preserved buildings could lower the number of vacant
buildings; create workable business localities and employment, as well as attracting vis-
itors [23]. A number of applications for adaptive reuse of buildings have also emerged
in both developed and developing countries. These have ranged from preserving global
architectural heritage [24]; cultural heritage [25-27]; and transitioning to the circular econ-
omy [28,29].

The adaptive reuse of buildings for new purposes is categorized into two uses, the
active and the passive use. Active use represents a new activity that produces enough
income to encompass the cost of restoration and maintenance in the adaptive reuse program,
such as hospitality (eateries, resorts) and commercial (stores and other retails) business.
The passive use does not produce significant revenue to cover the cost of restoration as
well as the maintenance, however, it offers social benefits to the society through libraries,
museums, welfare housing, amongst others. [30].

A successful adaptive reuse building takes into consideration the building’s heritage
significance through the inclusion of a contemporary development that guarantees long-
term value. Many organizations are coming to the awareness that building adaptation
signifies a key part of a renewal system [31]. However, a lot of freeholders, developers and
construction professionals perceive the adaptability and reuse of heritage buildings as an
unattractive decision based on various challenges such as restrictive policies, planning and
zoning regulations.

The research questions for the study were formulated using the neglect gap-spotting
mode defined in [32]. Such an approach has been used previously by [33] in off-site
construction-related research. Our study builds on that and is supported by the approach
undertaken by [34] in generating research questions in educational artificial intelligence
research development. Our emphasis however is on adaptive reuse of buildings, and the
following research questions emerge:

What is the current state of adaptive reuse of building publication outputs globally?
What are the cooperation trends among countries over the last 15 years?

What constitutes as recent progress of adaptive reuse of buildings research?

How has adaptive reuse of buildings research evolved from 2006 to 20217

Nowadays, many scientific papers are committed to studying the practicability of
adaptive reuse of vacant, obsolete and underused buildings as a stratagem for preserving
both the legacy of the urban fabric and finding solutions to their implementation challenges,
through the transformation and adaptation to new uses as per their architecture style and
construction properties. It is imperative to provide a comprehensive review of building
reuse and adaptability by assessing research activity on the subject and identifying the
global research on this field, the trending themes discussed by researchers and knowledge
gaps in the field evidence from the literature.

1.2. Contribution of the Research

This study contributes to the ongoing discourse and demand for sustainable develop-
ment in the built environment by focusing on the efficient and sustainable use of resources.
This is in line with sustainable development goals on sustainable cities and communities
(SDG 11). The study has practical implications for the adaptability of existing building
stocks (through reuse) by providing the state of research and development in this field
over the past 15 years. This evolutional analysis is highly resourceful and contributes to
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empirical knowledge by conceptualizing the emerging areas of research and identifying
the research gap in the field. It contributes to the education and awareness of professionals
in the built environment on the status quo on building reuse and further research oppor-
tunities. It further contributes to knowledge and societal needs by bringing into light the
evolutionary needs of our cities to adaptively reuse the underused and unused spaces as
forced by the pandemic and environmental transitions. This prompts a review of strategies
and support needed from the policymakers for more practical-based actions and methods.

2. Methods

Analysis by bibliometrics is widely employed in quantitatively analyzing of academic
works to illustrate the hotspots, developments and contributions of researchers, journals
and globally /territories [35]. Bibliometrics is a statistical analysis tool of publication that
provides quantitative awareness into academic literature [36]. The bibliometric analysis
technique has also been used to study areas such as wastewater treatment costs [37];
sustainable and responsible tourism (SRT) [38], and Reverse logistics with a focus on
collection systems [39]. Co-word analysis, devised in the late 1970s [40] as an essential
bibliometric technique, can detect the most important themes, explore hot-spots and
identify knowledge gaps in research. It has also been used in sustainable supply chain
management (SSCM) related research [41]. Therefore, bibliometrics can give substantial
insight by tracking and examining the evolution and pattern of academic reports [42] and
can be used to accurately analyze a wider depth of information within a period of time.

2.1. Publication Search and Indexing Strategy

The Scopus database is reputably known for its depth and extensive exposure and
hence the selected choice of database for the study [43]. It is regarded as an eminent
research database and considered as a fast-growing repository based on its efficiency
in offering researchers knowledge on the very renowned academic publications in any
scientific domain [44]. A search of “keywords” was carried out to identify all related
publications from the Scopus database from the period of 2006 to 2021. The following
keywords—"Adaptive reuse” OR “Building reuse” OR “Heritage reuse” OR “Repurposing
were used for the search. The literature selection focused on published works related to the
specific research string (keywords). The search for relevant publications was initialized
with no period boundaries. However, after entering the search key words and applying the
inclusion criteria to English language only, the results of the search produced publications
from 2006 and thus influenced the period of search to start from 2006 to 2021. The search
produced a result of 1776 documents published within this period. Further screening of the
title, abstract and keywords was conducted from all the publications to choose the studies
relevant to this study and objectives. After the screening, a total of 227 publications met
the criteria, which included 148 journal articles (65.1%) and 62 conference papers (27.3%).

2.2. Selection of Tools for Analysis

Several tools for visualization such as VOSviewer, Cite-Space, Gephi, Hite-Space and
Bib-Excel exist for data visualization [45]. However, to analyze statistical data retrieved
from the data source for this study, the VOSviewer software was utilized. VOSviewer is an
application utilized for the technical construction and imaging of pictorial and bibliometric
charts which has gained popularity in the review of construction literature and is very
much adopted in bibliometrics study due to its accessibility and user-friendly interface [46].
The application offers the functionality necessary for displaying significant bibliometric
systems in an understandable way [47]. In comparison to several other similar software,
the VOSviewer is easier to use, readily accessible and offers distinct attributes such as
network plotting and normalization [47].
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2.3. The Bibliometric Maps Citation

References of authors and associated keywords of 227 publications was exported to
VOSviewer for the visualization and bibliometric mapping. Maps comprise items created
with the VOSviewer. The items could be a link between any pair of items connection or
affiliation connecting two items. Each connection has a strength that signifies a positive
value of numbers. The greater the value, then the greater the level of relationship [48].
The minimum number of keyword occurrences analysis is five in VOSviewer which is as
utilized for the study. The study selected the overlay mode of visualization in illustrating
the keywords and the count of occurrences. Figure 1 below shows the research framework
detailing the bibliometric procedure employed for the study.

phases of the

Process
research

- The research provides an integrated
PHASE 1 bibliometric analysis on Adaptive reuse of
: buildings via

Search purpose 5]
and basis forthe « Bibliometric Mapping
study
* Evolution analysis
* Search data base: Scopus
* Inclusion criteria:
Year2006-2021
Document type: Article, conference paper,
review, book chapter, note, editorial,
ny erratum
PHASE 2 Open access
Saarch and % * Exclusion criteria:

collaction of All languages except English

documents Search string: ("Adaptive reuse” OR
“Building reuse” OR “Heritage reuse” OR
“"Repurposing”)

#* Screening criteria: Title, abstract and
keywords

* Selected dataset: (n=227)

PHASE 3 = =T =
* Vosviewer software: Bibliometric network
Software and analysis and maps
data
extraction

& The evolvement of adaptive reuse studies
from 2006 to 2021

® The current state of adaptive reuse of
building publication outputs globally

X * The cooperation trends among countries
Analysis of over the last 15 years

results and #* Recent progress of adaptive reuse of
trends

" Phased

buildings research /

Figure 1. The research framework.

3. Results of Data Analysis

This section presents the result of the Bibliometric analysis. The first phase presents
the analysis of the yearly publication, types of publication and the most prolific journals
with the most cited articles. This displays the evolutionary field of the research topic, to
answer the research question on “What is the current state of adaptive reuse of building
publication outputs globally”? It was thus possible to perform an interpretation of the
conceptual evolution. In the second phase (Period I), the analysis presents the bibliometrics
of the Institutional affiliation of the authors, the Co-Authorship citation, Distribution by
region and the most prolific authors in the field of Adaptive reuse research to answer the
objective on “What are the cooperation trends among countries over the last 15 years”.
The third phase responds to the third objective by focusing on “what constitutes as recent
progress of adaptive reuse of buildings research”? through the analysis of the Subject
area of published documents, the Keyword clusters and keyword trends, thus making it
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possible to establish the status quo and emerging trends. Finally, the fourth phase presents
a discussion to consolidate the findings and results of the previous phases on “How has
adaptive reuse of buildings research evolved from 2006 to 2021”? The implications of the
findings were discussed with the limitations of the study highlighted and schema for future
research suggested. The analysis is as presented below:

3.1. Evolution Analysis of Yearly Publications

The yearly publications from 2006 to 2021 are presented in Figure 2. Before the year
2016, the output of related publications annually was in the range of 5 publications. A
substantial growth is apparent from the year 2016 with 13 publications which is an increase
of 8 publications compared to the preceding year. In 2016, 13 publications were registered
with 8 publications higher than in 2015. The number of publications for subsequent
years rose steadily, but a little decline was experienced in 2018, however, the publication
grew more than double the number of the previous year in 2019 with 36 publications
and an increasing trend has been recorded in the following year also, with the total
publications documented for 2020, and 2021 being 60 (26.4%) and 49 (21.6%), respectively.
The 49 publications recorded for 2021 is based on the time of this study which is July 2021
(mid-year), therefore a lot more publication is expected to be added to the database by the
end of the year. Previous studies suggested that with sustainable development gathering
a great deal of recognition over the past years, there is an expected upsurge in studies
concerted on circular economy and the application of adaptive reuse in the building and
construction industry [49,50].

Year

2021 2020 2019 2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2006

u Year

Figure 2. Annual publication.

3.2. Type of Publication and Source Analysis

Figure 3 presents a break-down of the 227 documents published within 2006 to 2021,
which includes 148 journal articles and 62 conference papers. There are lesser published
book reviews and editorial articles on this subject. This could be due to the longer time
involved in publishing books. Table 1 presents the 10 most prevalent journals in adaptive
reuse alongside the number of publications and most cited publications. Sustainability
journal (MDPI) and the IOP Conference Series (Earth and Environmental Science) represent
the most popular journals with the highest publications of 51 and 24, respectively, while
sustainability and International Journal of Strategic Property Management have the most
cited document of 35 and 26 citations, respectively.
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Document type

| e
ARTICLE CONFERENCE REVIEW BOOK NOTE EDITORIAL ERRATUM
PAPER CHAPTER
m Article Conference Paper m Review Book Chapter m Note m Editorial m Erratum

Figure 3. Document type.

Table 1. The top 10 most productive journals on adaptive reuse with their most cited article.

Journal Source Number of Cite Score Most Cited Article Tl.m es
Documents Cited

10

“Ranking of adaptive reuse strategies
for abandoned industrial heritage in

Sustainability o1 39 vulnerable contexts: A multiple criteria 35
decision aiding approach”
IOP Conference Series Earth The Centrum—?andung A.dap tive
and Environmental Science 24 0.5 Reuse at Heritage B.ulldmg”as 3
Sustainable Architecture
IOP Conference Series “The application, benefits, and
Materials Science and 9 0.7 challenges of retrofitting the existing 8
Engineering buildings”
“Adaptive reuse as an effort to preserve
Wit Transactions on Ecology 8 06 a historical district: A case study of the 2
and The Environment ’ Braga corridor in the city Centre of
Bandung, Indonesia”
“Technical detailing principles for the
Wit Transactions on The Built 3 06 design of adaptable and reusable 3
Environment ' construction elements in temporary
dwellings”
“Sustainable building assessment of
Buildings 6 4.2 colonial shophouses after adaptive 15
reuse in Kuala Lumpur”
International Journal of " .. .
Building Pathology and 5 2.4 A crlt%call)re?ﬁ(.ew ijthe ds‘\fe 10}) ments 21
Adaptation in building adaptability
International Journal of “A fuzzy approach for adaptive reuse
Strategic Property 4 3.6 selection of industrial buildings in 26
Management Hong Kong”
“The Criteria for Decision Making in
Matec Web of Conferences 4 Adaptive Reuse Towards Sustainable 9
Development”
Procedia Engineering 4 40 “Regenerative Design of Existing 2

Buildings for Net-Zero Energy Use”

Table 1 presents the 10 most prevalent journals in adaptive reuse alongside the number
of publications and most cited publications.
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As regards institutional affiliations, the subject of adaptive reuse has also been affili-
ated with key institutions. The Universita Degli Studi di Napoli Federico II ranked highest
with 10 publications affiliated to it. It is a public university in Naples, Italy specifically
prominent for research; was ranked in 2015 among the topmost hundred institutions in the
world based on citations per paper and one of the best universities in Italy globally [51].
This is followed closely by the Delft University in the Netherlands, which is steadily ranked
as one of the best universities in the Netherlands, and as of 2020 ranked by QS World
University Rankings among the top 15 engineering and technology universities in the
world [52]. The Politecnico de Milano is the largest technical university in Italy and is
ranked in 2020 as the 20th best globally according to the ranking by the QS World for the
field ‘Engineering & Technology’ [52]. Analysis showed that the authors’ institutional
affiliations are mostly from universities compared to polytechnics and others. This could
be due to research publication emphasized as a prerequisite for major Universities. Further
analysis on the co-citation links between authors showed the strongest for the citations of
Foster [49] and Wilkinson [53].

3.3. Distribution by Region

The distribution of publications across countries globally is presented in Figure 4 on
the subject of adaptive reuse and its contribution to the growth of research activity in build-
ing and construction. Countries were recognized alongside the number of publications.
The analysis shows that Italy represents the leading country, contributing about 19.8%
of the global publications with 45 publications, followed by the UK with 22 publications
(9.6%). On the other hand, Jordan, Mexico and Brazil represent the countries with the
lowest number of publications with just a single publication each in the database.

X B
e

.IO

20

A m-

TRy
|

! 14

14

Figure 4. Geographical distribution of publications.

The European countries are well represented in terms of publication distribution, for
example, Italy, UK and the Netherlands with 45, 17 and 14 publications, respectively. This is
attributed to their various programs targeted at fast-tracking the sustainability agenda [49].
Particularly after the European year of cultural heritage 2018 (EYCH), adaptive heritage
reuse has gained more prominence in the respective countries’ agenda [54]. Furthermore,
the commitment of the European funding on adaptive heritage reuse projects is strong, and
more importantly, reuse projects could profit from a wide range of funds, for example, the
EU-social fund, cohesion fund and the regional development fund, which co-funds related
projects [55].
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In Italy, the high number of studies in adaptive reuse is a reflection of the country’s
duty to take care of heritage as part of its Constitution. During the last two decades, some
programs have been launched, partly to accelerate interventions in urban areas and to
support initiatives of urban redevelopment. Thus, heritage is afterward realized as a blend
between landscape and historical heritage and is recognized as a vital ingredient of democ-
racy, fairness and independence [56]. Historical building preservation is listed among the
social responsibilities to be engaged by the government. In the UK, the large research
interest in the field of adaptive reuse is prompted by the supporting national planning
policy on conservation, accessibility of building regulations, flexible requirements, financial
incentives and disincentives that influence the adaptive reuse of heritage buildings [55].

Australia’s high publication record in the field is largely influenced by its legislation
which inspires mutual government and public coalition in issues concerning heritage
preservation. The present legislation gives flexibility to the local planning authorities as
regards the building specifications to encourage the adaptive reuse of heritage for example,
through the transfer of development rights. There are also many tax concession planning
incentives provided by the government to encourage heritage conservation. In addition,
the dynamic involvement of the private sector is required for investment in adaptive
projects [57]. Results also reflected that Africa is still lagging in the field of adaptive reuse
and circularity in building and construction as only Ghana was found with one publication.
This finding is hardly surprising as relatively little attention has been given to the concept
of circular economy in many low-income and middle-income countries [58].

3.4. Prolific Authors and Subject Area

The identified top prolific authors in adaptive reuse were Langston CA, Gunce K
and Pintossi N. Out of the 10 most prolific authors, three are from Italy and two are
from Australia. Italy also represents the country with the highest publication as earlier
mentioned in the analysis. Figure 5 presents the subject area of the published documents.

Subject Area

NURSING
MULTIDISCIPLINARY
AGRICULTURAL AND BIOLOGICAL SCIENCES
CHEMISTRY |«
MEDICINE |sra
COMPUTER SCIENCE  fm - e
BUSINESS, MANAGEMENT AND ACCOUNTING s 12 |
EARTH AND PLANETARY SCIENCES | s e | ‘ i
ENGINEERING : ; j'“= e gm

0w
ENVIRONMENTAL SCIENCE ; ; : ; ety
0 20 40 60 80 100 120

Figure 5. The subject area of published documents.

The most publication was found in the subject area of Environmental science with a
total publication of 110 documents (48.4%), followed by Engineering having a publication
of 104 (45.8%). Publications on adaptive reuse in the field of medicine and nursing are also
springing up, with Medicine having 7 publications (3%). This is expected to increase more
given that the increasing awareness and need to adaptively reuse buildings for hospitals,
especially in recent times where there is a shortage of spaces in clinics and hospitals during
the pandemic.
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3.5. Keyword Clusters and Keyword Trends

To determine the basic structure and clusters from the retrieved documents, a keyword
co-occurrence analysis was performed. A co-occurrence network was obtained from an
aggregate of 1577 keywords through the VOSviewer software. Set at a minimum number of
5 co-occurrences of keywords; 76 keywords co-occurred and 4 significant keyword clusters
were found. Results revealed that the most associated keyword with adaptive reuse are
“sustainable development” and “cultural heritage” with a strength link of 295 and 240
and occurrences of 55 and 40, respectively. The analysis also identified some character-
istics, substratum, Process and configuration used to name “adaptive reuse”. Examples
of substrate/mechanism related were ‘repurposing’ (5 occurrences), ‘refurbishment’ (6),
‘retrofitting (8)’. Similarly, heritage conservation (17), historic preservation (27) and other
multiple words were used. Figure 6 presents the keyword clusters.

herit Id
et ag’q:un "8 invesment
environmeptal imp’ct

i - economig system
literatud@ reviews)  / mig sy
i R

AN

| economiagonditions
greenhalse gases, Wz KA \ 7
Wultural(fieritages.\ | . Biras 7
& Theritagelbuildings - :
. Y5 ~_circulaggeonom
H L7 3 “ﬁ 5 ; /e y

life@cle

urbanq]anningv e multicritegia analysis
\ /" assessment method -~ Z
energy fficiency ST X PR e
constructigh industry : akin _uIturwentage stakefjolder
e’ X 7 - Urbapjarea
human demdltlpﬂ»ﬁ bin‘gs.v Z7 A
ecor@mics built enyigonment, e mianagement
office plildings historic p@e?v Ao’ = K|
repurposing 7 T ONT S 305 S
8Bl a3 t@i’ SarAy  historic building
s\l ) P CUSE W 1 builthgritage
pe housing ; L0 heritage conservation
design e yil‘i\’l‘dusb"'d heritage recycling urban renewal
rt architec@l design

sustainable urban development

\ environmentalsustainability
adaptgbility ~ conservation
preservation  urban growth

architectural heritage
| heritage

old b\}ildmgs
& VOSviewer

Figure 6. A bibliometric chart created according to author key-words co-occurrence with overlay
visualization mode. The least occurrences of a keyword were set at 5.

The first cluster (red) comprised 25 items and concentrated on these themes arranged
chronologically which includes but is not limited to adaptability, building, construction
industry, demolition, energy efficiency, greenhouse gases, housing, reuse, repurposing,
urban planning. The second cluster (green) contained 15 terms and concentrated on these
topics listed alphabetically which include, Architectural design, built heritage, conserva-
tion, historic building, multi-criteria analysis. The third cluster (blue) consists of 11 items
and is centered on the following subjects which include but are not limited to assessment
methods, circular economy, economic systems, economic conditions, decision making,
investment and stakeholder. The fourth cluster (yellow) included 11 terms which include:
adaptive management, conservation, environmental sustainability, heritage, heritage con-
servation, industrial heritage, historic building, preservation, recycling, sustainable urban
development, urban growth, urban renewal.

Drawing on the results of the cluster analysis, the keywords in adaptive reuse articles
can be classified into four broad research themes. Keywords are crucial subjects of articles,
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playing a key role in uncovering the development of research subjects. The clusters are
Cluster (1) Adaptability to mitigate the environmental impacts of construction activities;
Cluster (2) Multi-criteria decision tool for sustainable reuse of buildings; Cluster (3) Theo-
retical frameworks, stakeholder study and assessment techniques in the adaptive reuse of
buildings, and Cluster (4) Sustainable urban development and neighborhood revitalization.

Cluster (1): Adaptability to mitigate the environmental impacts of construction activities

The first cluster is associated with the environmental impacts of construction activities
and the importance of adaptive reuse which received substantial awareness from the
built environment, and environmental discipline. According to the keywords identified
in the cluster analysis (Figure 6), studies in this cluster attempted to resolve three main
questions: (1) what are the environmental implications of construction and demolition
activities? (2) how does the issues of greenhouse gases, energy efficiency and resource
depletion impact the built environment? and (3) what are the sustainable mitigation of the
environmental impacts of construction activities obtainable through adaptive reuse?

The studies identified that construction and demolition activities generate lots of waste
which contains multiple pollutant compositions such as greenhouse gases. Adaptive reuse
signifies an alternative to traditional demolition and reconstruction; it is innately sustain-
able as it entails less energy and waste [59]. Adaptive reuse is recommended to be relevant
to the current climate change adaptation agenda due to its ability to recycle resources
in place. The studies identified existing buildings that have been upgraded to achieve
substantial cuts in greenhouse gas emissions (GGE) as those buildings are considered a
more climate-friendly strategy than producing new energy-efficient buildings [60].

Cluster (2): Multi-criteria decision tool for sustainable reuse of buildings

The second cluster is structured around the discussion on decision tools for sustain-
able reuse of buildings mostly conducted from the perspective of heritage conservation.
Following the keywords associated with the cluster analysis (Figure 6), studies under this
cluster are directed on the following problems: (1) what decision tools can be made for the
conservation of heritage buildings? (2) what situations are the tools applicable for adaptive
reuse? and (3) how to test the performance of the decision tools on reuse projects?

Studies in this cluster identified the need and development of criteria decision-making
tools to guide investment choices which is advantageous in lowering the risk associated
with investing in building adaptation. The studies were important in supporting several
building re-use cases that rejuvenate economic development and recognized the value
of sustainable urban development. Some aspects of models focused on by the studies
regarding this theme are (1) PAAM—"The Preliminary Adaptation Assessment Model”
used by a non-professional in making a preliminary valuation of a building’s overall
appropriateness for modifications and extensions for adaptations [61], (2) AHP multicrite-
ria decision-making technique (3) DFAHP method (Delphi-Fuzzy-AHP) risk assessment
model for restoring derelict public buildings [62], (4) Fuzzy logic theory which is suitable
for evaluating complex and cumbersome decision-making problems [63]. The studies
identified the need for and proposed some evidence-based decision-making tools essential
for managing the reuse of built properties.

Cluster 3: Theoretical frameworks, stakeholder study and assessment techniques in
the adaptive reuse of buildings

The third cluster is about the theoretical frameworks, assessment factors and models
in the adaptive reuse of buildings. Given the keywords associated with the cluster analysis
(Figure 6), studies within this cluster were pertinent about these concerns: (1) what are the
theoretical frameworks underpinning adaptive reuse studies, (2) what factors inform the
adaptive reuse projects and 3) how can adaptive reuse projects be improved through the
collaboration of various stakeholders?

The clusters on the theoretical frameworks of adaptive reuse identified that the fi-
nancial, material, governmental and utilitarian criteria can have a positive impact on
adaptation if properly monitored [64,65]. However, it was reported that contributions
of these criteria to achieving viable solutions can be disproportionate and it is, therefore,
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important to run through a multi-criteria framework and examine the overall picture
constantly to ensure success of the heritage [66]. The studies under this cluster propose
a combined evaluation model, established on multi-criteria analysis, with an economic
model to strengthen the decision of alternative reuse of the building and the engagement
of stakeholders. Amongst these include the (PESTEL-CA) framework for the allocation
and classification of factors and related policy tools for adaptive reuse [67], the use of a
multi-procedural approach founded on decision tests and social multi-criteria assessment
in adaptive reuse [68], multi-stakeholder decision analysis (M-SDA) developed to support
stakeholders in selecting appropriate use to activate circularity developments [69,70].

Cluster 4: Sustainable urban development and neighborhood revitalization

The fourth cluster is about adaptive reuse from the standpoint of urban development
and renewal. According to the characterization of the keywords, studies in the cluster
made effort to respond to the questions of (1) what are the insights to revitalize an obsolete
building? (2) what is the role of adaptive reuse in urban heritage reconstruction?

The clusters addressed possible issues that can arise in the adaptation of the historic
building to a new use from a broader perspective, as a significant element in the course of
the reconstruction of community identity, rejuvenation of urban fragments and develop-
ment in the quality of living. The clusters identified, sustainable urban development using
adaptive reuse is not only a tool that appeals to external personnel while increasing their
financial and social benefits, but it is also an instrument for expansion and management of
the urban area [22]. Furthermore, due to the physical environmental heritage, considera-
tion is given to the construction of spatial events relying on indigenous knowledge and
properties of the urban cores [4,49]. The studies under the clusters evidenced the adaptive
reuse of historic buildings as a sustainable resource over time which advances the four
pillars of sustainable urban growth [22,31].

Emerging areas of the sustainable revitalization of the historic areas include identifying
the role of stakeholders in adaptive reuse of spaces; interdisciplinary collaboration; and
indigenous social models in sustainable revitalization of urban cores.

4. Discussion
4.1. Summary of Findings

This section presents a summary of the discussion on the findings on the evolvement
of adaptive reuse from 2006 to 2021 according to each objective, with implications, and
highlights the possible research areas for future studies as follows:

4.1.1. The Current State of Adaptive Reuse of Building Publication Outputs Globally

Based on the findings, adaptive reuse studies have gained momentum in both scientific
and popular discourse since 2016, the prime cause being that adaptation could be less
costly than new constructions and usually results in quicker project completion times [53]
and the drive for sustainable development is another important motivation. Recent studies
have also highlighted among the advantages of adaptive reuse of vacant buildings as
that of bringing environmental, social and economic benefits towards an urban strategy
based on circular economy principles by generating useful values to support innovative
development dynamics [29].

In terms of the progression of scientific knowledge in the adaptive reuse of buildings,
the findings of this study revealed that the field of adaptive reuse exhibits an exponential
knowledge advancement process. The 227 documents archived at the Scopus database on
the topic of study database are more concentrated in the Sustainability-MDPI journal and
also are largely from the countries—Italy, United Kingdom, Australia, China, the US and
the Netherlands.

4.1.2. The Cooperation Trends among Countries over the Last 15 Years

In terms of geographical distribution, broadly, the study indicates that the field has
evolved considerably in different regions of the world over time; in addition, there is an
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established cooperation trend among different countries over the years, however, there is
considerable low research on the field emanating from the developing countries. Overall,
the field has maintained an interdisciplinary orientation from the perspective of the envi-
ronmental sciences, engineering, arts and humanities, social sciences, earth and planetary,
business and management, computer science and health sciences.

4.1.3. Recent Progress of Adaptive Reuse of Buildings Research

Concerning the trends on knowledge creation through adaptive reuse literature, topics
in the first period of scholarly work begin with a focus on assessment of building reuse and
principles of adaptive reuse such as principles for the design of adaptable and reusable
construction elements in temporary dwellings, building reuse assessment for sustainable
urban reconstruction, adaptive reuse potential and evaluation of designs for reuse [71,72].
At this point, the concept of adaptive reuse models started to emerge in the literature such as
the ARP model using icon CUR, AdaptSTAR model, DFAHP multicriteria risk assessment
model, fuzzy approach [62,63]. In the most current period, the evolution of adaptive reuse
has shifted its focus to design for sustainability and innovative technologies [49,73]; and
also, the considerable amount of policy-driven studies in the field has been progressively
growing and the policy sciences have gained greater traction. Scholars are more interested
in understanding how governmental policies, government priorities and actions impact
the dynamics of adaptive reuse and its effects on adaptive projects [4,25].

Finally, this study is not without its limitations, thus the limitations are highlighted
as follows: First, the study made use of a single database which is Scopus and did not
consider other databases that are used in the research world such as the Web of Science
(WOS). However, the study presents a detailed methodology for the selected documents
and the choice of a database regarded reliable among researchers globally. Secondly, only
the documents published in English were selected and analyzed, given that the English
language is universal and widely extensive in scope. However, some publications are
published in the field of adaptive reuse outside the English language which if considered
would also be a great contribution to the perspective of the study. Therefore, based on
the foregoing, this study draws suggestions for potential research in adaptive reuse as
presented in the section below.

4.2. Schema for Future Research

Despite recent advancements in literature, much more research is needed about adapt-
ability on the scale of existing buildings. Considering the current universal challenges
presented by the pandemic amidst other social, economic and environmental problems,
there is the need to direct future research to the potential of reuse of abandoned or un-
derused buildings or infrastructures, as direct changes in use could set off opportunities
for innovation, urban contribution and redevelopment by pursuing novel and innovative
solutions.

It is expected that exploring and co-building the shared spaces that have been left un-
derused during this pandemic will take a different role in the cities in the future. Moreover,
the opportunity is presented to increase research into policies, regulations and stakeholder’s
involvement in the industry to explore the possibility for adaptation across all the lifecycle
of the building because sometimes intentions to building reuse for new purposes might be
challenged by local building regulations, zoning and codes with other legal requirements
which might obstruct the reuse potential [74].

Moreover, the choice of repurposing a building requires a logical framework to evalu-
ate the diverse viable options and ample information to detect the best solution, or the most
outstanding negotiated solution [75]. Therefore, given the difficulties and constraints in
the application of adaptive reuse, there is a need to review policies and supportive systems
need to be well applied into practical-based actions and approaches.

Hence, it is imperative to evaluate the operation of adaptive reuse practices according
to sustainability values to induce forthcoming policies. However, the evaluation procedure
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has to deal with the dilemma compositely by viewing from diverse perceptions, objectives,
participants and values in an extensive approach as such a procedure might enhance
the value of public decisions [76]. Further, there is a need for more research into the
technologies and design of adaptable buildings pre-construction as it is established that
the design of an adaptive reuse or reconstruction project entails all the typical or more
architectural design deliberations for the new construction [77].

The disproportionate distribution in the global distribution of publications signifies a
great need for further, comprehensively, cross-sectorial and multi-disciplinary research that
would reveal the influence of cultural heritage on various spheres of life across countries,
particularly collaboration in middle and low-income countries due to the relatively low
research with limited scope in the African context. Finally, there is a need to strengthen col-
laboration between the developed and the developing countries on the subject of adaptive
reuse to foster and develop more research from the developing regions.

5. Conclusions

This study presented bibliometrics of the research progress in adaptive reuse through
a comprehensive review of 227 related publications from the Scopus repository during
the period of 2006-2021. Visualization analysis and interpretation were carried out using
227 literature. Given that framework, the following conclusions are drawn.

Globally, the concept of adaptive reuse is gaining rapt attention. Frequency and
co-occurrence analyses were performed to characterize publication trends based on ge-
ographical distribution, yearly publications, type and source. The evolution of research
subjects was presented through a cluster of keywords offering researchers with a trend of
current study directions to drive potential research about adaptive reuse in building and
construction. The findings revealed that over the past five years, publication progress has
been impressive and further advancement is anticipated.

It is apparent from the study that research on the application of adaptive reuse in
Africa is under-represented in comparison with other regions which connotes that research
is infantry at this time. The potential area for further research is established. Given that
research is an incessant process, then the citation network map, co-word network map
and the evolution chart are not static but subject to changes over time, therefore future
studies are recommended to trail the changes that take place. Considering that the Scopus
directory was utilized as the source of data for this study and only the documents published
in English were retrieved and analyzed, further studies are therefore recommended using
a mix of other databases including documents that are not only published in English.
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