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Trends in Sustainable Manufacturing: A Systematic Analysis Based on Time
and the Triple Bottom Line

Enis Higyilmaz!, Hatice Calipinar?

Abstract

The sustainable manufacturing literature has experienced remarkable quantitative growth in recent years; however, mapping the
thematic and methodological dimensions of this growth remains of considerable importance. To address this gap, the present study
examines 79 empirical articles compiled from the Web of Science, Scopus, DergiPark, TrDizin, and Sobiad databases in accordance with
the PRISMA protocol, using MAXQDA 24 software and a systematic literature review (SLR) methodology. The study traces the 15-year
evolution of the literature (2010-2024) through both a time-based perspective and the environmental, economic, and social dimensions
of the Triple Bottom Line (TBL) framework. The findings indicate that academic interest has increased markedly after 2020, while also
revealing a striking asymmetry among sustainability dimensions. The analysis shows that economically focused studies outnumber
socially focused ones by a factor of 25, and environmentally focused studies outnumber socially focused ones by a factor of 14.
Regarding methodological preferences, case study (f=28) and scale/survey (f=27) designs account for approximately 70% of all research.
In contrast, the interview method was employed only three times over the entire 15-year period. The study advocates for the adoption
of a "human-centered" research perspective that places social sustainability at the core of inquiry, as a means of addressing this
structural imbalance in the literature.

Keywords: Sustainable Manufacturing, Systematic Literature Review, Social Sustainability, Triple Bottom Line, Time-Based Analysis.

Sirdiiriilebilir Uretimde Egilimler: Zaman ve “Uglii Bilango” Temelli

Sistematik Bir Analiz

0z

Surdurilebilir tretim literatiird son yillarda niceliksel agidan 6nemli bir bliyime sergilemis olsa da bu biiyiimenin iceriksel ve metodolojik
boyutlarinin haritalandiriimasi halen bliyik 6nem tasimaktadir. Bu galisma, s6z konusu boslugu doldurmak amaciyla Web of Science,
Scopus, DergiPark, TrDizin ve Sobiad veri tabanlarindan PRISMA protokoli gergevesinde derlenen 79 ampirik makaleyi, MAXQDA 24
yazilimi araciligiyla ve sistematik literatlr taramasi (SLR) yontemiyle incelemektedir. Arastirma, literattiriin 2010-2024 yillari arasindaki
15 yillik gelisimini hem zaman temelli bir perspektifle hem de Uglii Bilango (TBL) gercevesinin gevresel, ekonomik ve sosyal boyutlari
ekseninde ele almaktadir. Bulgular, akademik ilginin 2020 sonrasinda belirgin bicimde arttigini géstermekle birlikte, strdirilebilirlik
boyutlari arasinda dikkat cekici bir asimetriye de isaret etmektedir. incelenen calismalarda; ekonomik odakli arastirmalarin sosyal odakli
olanlardan 25 kat, cevresel odakli aragtirmalarin ise sosyal odakli olanlardan 14 kat daha fazla oldugu saptanmistir. Yontemsel tercihler
agisindan incelendiginde, 6rnek olay (f=28) ve anket (f=27) galismalarinin arastirmalarin yaklasik %70'ini olusturdugu gorilmektedir.
Buna karsin goriisme yontemi 15 yillik stiregte yalnizca Ug kez kullanilmistir. Galisma, literatlrdeki bu yapisal dengesizligin giderilmesi
icin sosyal stirdiralebilirligi de arastirmanin merkezine alan "insan odakh" bir perspektifin benimsenmesini énermektedir.
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INTRODUCTION

The concept of sustainability — defined as "meeting the needs of the present without
compromising the ability of future generations to meet their own needs" (World Commission on
Environment and Development -WCED, 1987) — has gained increasing importance under the
influence of factors such as the overexploitation of resources, global warming, and climate change.
The concept gained global recognition through the 1987 Brundtland Report and was further
reinforced by the 1997 Kyoto Protocol. The reflection of this vision in business science is directly
related to the production activities of organizations, and sustainable manufacturing has rapidly
evolved into a growing academic discipline within the manufacturing/operations management
literature (Moldavska & Welo, 2017; Yip et al., 2023). This developmental process has reached an
even more significant stage with the "Triple Bottom Line" (TBL) perspective (Elkington, 1994;
Norman & MacDonald, 2004; Kiziltan & Dogan, 2021), which also focuses on the environmental,
economic, and social impacts of production management. Sustainable manufacturing is most
commonly addressed in the literature alongside Industry 4.0/5.0 (Alazab & Alhyari, 2024; Ching et
al., 2022; Cirkin & Ozdagoglu, 2021; Harikannan et al., 2025; Martin-Gémez et al., 2024; Narkhede
et al., 2024; Ozenir & Nakiboglu, 2019; Skalli et al., 2024; Stock & Seliger, 2016) and green
manufacturing approaches (Akbal, 2022; Gupta & Khanna, 2024; Khang & Akhai, 2024; Madzik et
al., 2024; Mathiyazhagan et al., 2019; Rashid et al., 2025; Vangeri et al., 2024). The subject has also
been mapped through various systematic review studies (Dacre et al., 2024; Gbededo et al., 2018;
Malek & Desai, 2020; Taghavi, 2015) and bibliometric analyses (Cevik Aka, 2023; Jamwal et al.,
2022; Yip et al., 2023;).

However, the existing mappings contain three significant limitations. First, the most recent
analyses (Cevik Aka, 2023; Dacre et al., 2024; Yip et al., 2023) cover only the period up to the
beginning of 2023, thereby excluding 2023 - which was identified as the most productive year
within the scope of this study. Second, while existing studies present general bibliometric
overviews, they do not provide detailed year-by-year trend analyses that treat each year as an
independent unit of analysis. Third, to date, no study has comprehensively and systematically
examined the sustainable manufacturing literature in a manner that is both TBL-focused and
temporally disaggregated, leaving the question of "which sustainability dimensions came to the
fore in which years" unanswered. Furthermore, the absence of a systematic review study on
"sustainable manufacturing" within the national literature represents a notable gap.

Based on these observations, the primary aim of this study is to evaluate empirical studies
on sustainable manufacturing published in English and Turkish within the framework of a
systematic literature review procedure, to apply year-based trend analyses to the publications, and
to associate the development of the field with the TBL perspective. The study makes three original
contributions to the literature. First, it conducts the most up-to-date and temporally
comprehensive analysis of sustainable manufacturing, covering the first three quarters of 2024.
Second, it employs a year-based heat map technique that enables the identification of annual
changes in journal productivity, country contributions, research objectives, data collection
methods, and sustainability dimensions. Finally, it reveals a striking structural asymmetry within
the TBL framework: economically focused studies outnumber socially focused ones by a factor of
25, and environmentally focused studies outnumber socially focused ones by a factor of 14. This
finding carries direct implications for both the field of sustainable manufacturing and industry
practitioners.
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1. LITERATURE REVIEW ON SUSTAINABLE MANUFACTURING

The conceptual framework of sustainable manufacturing is shaped by the fundamental
components of sustainability (Kumar et al., 2024). These components, also referred to as the
"Triple Bottom Line" (Haapala et al., 2013; Korga & Aslanoglu, 2024; Martin & Schouten, 2014),
encompass economic, social, and environmental elements. These components represent: (i)
economic growth achieved as a result of the production activities carried out by enterprises, (ii)
initiatives aimed at preserving natural resources in environmentally oriented activities, and (iii) a
social structure closely related to societal issues such as equality, justice, and human rights
(Haladu, 2018).

While the production activities of enterprises serve as a driving force of the global economy,
they are simultaneously one of the primary causes of natural resource consumption (Garetti &
Taisch, 2012). In this respect, sustainable manufacturing is defined as the integration of processes
and systems that aim to reduce the environmental and social impacts of production by using either
more sustainable resources or fewer unsustainable resources in manufacturing activities
(Machado et al., 2020). The key dimensions of sustainable manufacturing are addressed by
Bonvoisin et al. (2017) within four fundamental frameworks. These dimensions are: (i)
manufacturing technologies focusing on the production activities of the enterprise, (ii) product life
cycles focusing on product design processes, (iii) value creation networks reflecting the
organizational context, and (iv) global manufacturing impact related to the development of
standards (Bonvoisin et al., 2017). This multidimensional structure of sustainable manufacturing is
generally expressed in terms of the reduction of emissions and waste, and the improvement of
energy, water, and material use (Ceptureanu et al., 2018; Despeisse et al., 2012). This represents
a circular system shaped by the 6R approach (Holgado et al., 2020; Jawahir & Bradley, 2016; Sayan
& Taskin, 2024). The key concepts of the 6R approach are as follows (Abubakr et al., 2020;
Hernandez et al., 2019):

e Reduce: Reducing the resources used in production activities,

e Reuse: Re-evaluating products for another purpose,

Recycle: Converting used materials into different products,

Recover: Recovering used materials for reuse,

e Redesign: Orienting product design toward the use of recovered materials,
e Remanufacture: Remanufacturing and repairing products.

There are various systematic review studies (Dacre et al., 2024; Gbededo et al., 2018; Malek
& Desai, 2020; Mathiyazhagan et al., 2019; Taghavi, 2015) focusing on sustainable manufacturing,
which has gained prominence in the literature since the early 2000s (Moldavska & Welo, 2017).
Taghavi (2015) states that the most frequently used data collection instrument is the survey, and
that in the study where environmental and social dimensions were analyzed, environmental
sustainability is the most emphasized dimension. Gbededo et al. (2018) indicate that studies were
concentrated between 2010 and 2013, and that the most emphasized sustainability dimensions
were environmental, economic, and social elements. Mathiyazhagan et al. (2019) found that
interest in the topic was concentrated in 2012 and 2016, and that the most active countries in
these studies were China, European countries, and Malaysia, respectively. Malek and Desai (2020)
state that studies, which have shown an increase since 2011, were most frequently published in
the Journal of Cleaner Production. According to the authors, studies are generally published in
developed countries such as the United States, the United Kingdom, and Italy, and these studies
focus on the economic, environmental, and social dimensions of sustainable manufacturing,
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respectively. Dacre et al. (2024) indicate that interest in the topic increased between 2020 and
2022, that the studies were generally conceptual in nature, and that these were followed by studies
prepared using case study and survey techniques.

Various bibliometric studies (Cevik Aka, 2023; Jamwal et al., 2022; Yip et al., 2023) on
sustainable manufacturing were also identified within the scope of the research. Jamwal et al.
(2022) state that the number of publications has increased since 2014 and that authors from 31
different countries have contributed to the subject. These countries include China (f=37), the USA
(f=21), the United Kingdom (f=13), and India (f=10); and the journals with the highest number of
publications are the Journal of Cleaner Production (f=13), Procedia Manufacturing (f=7), and
Sustainability (f=7). Yip et al. (2023) state that the number of studies intensified from 2018
onwards. According to the authors, these studies generally focused on environmental and
economic dimensions. The findings of the research conducted by Cevik Aka (2023) show that the
number of studies gained momentum after 2017, and that the most influential journals are the
Journal of Cleaner Production (f=101) and Sustainability (f=71), respectively.

As a result, the existing literature clearly demonstrates that sustainable manufacturing is "a
research discipline that has developed in recent years" (Cevik Aka, 2023; Jamwal et al., 2022; Yip
et al., 2023). The countries leading the development of the field are generally developed nations
such as China, the United Kingdom, and the USA (Jamwal vd., 2022; Malek & Desai, 2020;
Mathiyazhagan et al., 2019). In terms of methodological preferences, survey and case study
approaches stand out (Malek & Desai, 2020; Taghavi, 2015). In addition to all of these, "the social
dimension of sustainability" is noted as an area that has not been thoroughly analyzed (Gbededo
et al., 2018; Malek & Desai, 2020; Yip et al., 2023). While this current state of affairs yields
important findings, the preference of studies for "large datasets, bibliometric parameters, and five-
or ten-year time intervals" maps the general landscape of the field. However, the relevant research
designs do not allow for each year to be treated as an independent unit of analysis, nor for TBL
dimensions to be examined together with research objectives and methods. This study deliberately
diverges from these methodological preferences by analyzing 79 empirical articles through year-
based heat maps and a Triple Bottom Line (TBL)-focused coding framework using the PRISMA
protocol and MAXQDA 24 software.

2. METHODOLOGY

This study employed a systematic literature review (SLR) methodology. This technique is
defined as research based on the unbiased evaluation of empirical studies prepared on a selected
topic in order to answer research questions formulated by the researcher (Strech & Sofaer, 2012).
The overall design of the study was constructed within the framework of the guidelines
recommended by Page et al. (2021) and the specific steps proposed by Chandler et al. (2019) and
Newman and Gough (2020).

2.1. Research Objective and Research Questions

The primary objective of this study is to evaluate empirical research conducted in English
and Turkish within the framework of a systematic literature review procedure, to apply year-based
trend analyses to these publications, and to correlate the evolution of the field with the TBL
perspective.

In line with this primary objective, the formulated research questions are gathered under
four main groups:
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Group 1: Descriptive Profile

e RQ 1: What is the distribution of the analyzed studies according to their languages
and publication years?
e RQ 2: What are the most frequently used keywords in the studies?

Group 2: Temporal Evolution

¢ RQ 3: How has the publication frequency of the journals in which the studies were
published changed over the years?

eRQ 4: What is the distribution and annual trend of the most productive countries
on this subject?

Group 3: Triple Bottom Line (TBL) Focus Analysis

¢ RQ 5: Which dimension of sustainability did the analyzed research focus on?
¢ RQ 6: How has the annual evolution of sustainability dimensions been shaped, and
which dimensions gained priority in which years?

Group 4: Cross-Dimensional Relationships

oRQ 7 (Objective x Time): What kind of relationship exists between research
objectives and publication years? (e.g., Which objectives experienced a rise in which
years?)

*RQ 8 (Objective x TBL): What kind of conceptual matching exists between research
objectives and sustainability dimensions?

*RQ 9 (Method x Time): What kind of interaction exists between the use of data
collection tools and publication years?

oRQ 10 (Method x TBL): What kind of relationship exists between the data
collection tools used and sustainability dimensions? (e.g., How dominant is the survey
method in social dimension studies?)

The data collection process of this study was completed on November 29, 2024. The
fundamental motivation behind designing this research stems from the fact that no systematic
analysis prepared in line with the study's primary objective could be found in the analyzed
databases (WoS, Scopus, DergiPark, TrDizin, Sobiad Citation Index) up to the specified date.

2.2. Research Scope and Study Set

The scope of the research is defined as a broad universe representing the sustainable
manufacturing literature across the Web of Science (WoS), Scopus, DergiPark, Sobiad Citation
Index, and TR Dizin databases. Since systematic literature studies rely on establishing a study set
based on specific criteria rather than traditional sampling approaches, a rigorous "inclusion and
exclusion" protocol was followed in this research. A total of 182 publications were retrieved from
the relevant databases. These publications were evaluated within the framework of criteria such
as possessing an empirical nature, having direct production processes as the main focus of
sustainable manufacturing, being peer-reviewed journal articles, and providing full-text
accessibility. Following the exclusion of studies that did not meet the inclusion criteria, the 79
empirical articles included in the analysis phase constituted the final study set of the research.
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2.3. Data Collection Process and Search Strategy

Document analysis was adopted as the data collection technique in the research, and a
standardized search protocol was followed across the databases. The searches were carried out
between November 17 and 29, 2024, and were limited to the "title" field in order to capture the
direct focus of the publications. While constructing the query strategy, Boolean (logical) operators
(Page et al., 2021) were utilized to ensure conceptual integrity. Within this scope, the keyword
"slirdlrilebilir Gretim" was used in national databases (DergiPark, TR Dizin, and Sobiad), while
"sustainable manufacturing” was utilized in international databases (WoS and Scopus). A fixed
phrase strategy ("sustainable manufacturing") was preferred in the search mechanism. In addition
to the fixed phrase, the intersection point of the concepts was targeted using the "AND" logical
operator (identifying "sustainable" and "manufacturing" together). This preference aimed to
determine whether the concept was at the very center of the study.

e In the query performed via DergiPark, the "advanced search" option was selected,
and "surdurulebilir Gretim" was scanned exclusively in the title section.

eThrough the Sobiad Citation Index, "slrdurulebilir Gretim" was searched only
within the work title. The search was finalized by selecting publications in the article format
as the document type.

e On TR Dizin, advanced search was selected; the phrase “sirdirilebilir Gretim” was
added to the title section, and the “article” filter was applied to the publication type
section.

eIn the query conducted on Web of Science, the keyword “sustainable
manufacturing” was searched in titles. Only publications in the article type were selected,
the “manufacturing” and “management” categories were checked, the open access filter
was applied, and only articles prepared in the English language were included in the
process.

o On Scopus, the search phrase “sustainable manufacturing” was searched within
article titles. Queries were limited to “business & management & accounting” as the
subject, “article” as the document type, and “English” as the publication language.
Subsequently, the filter for open access documents was applied.

2.4. Inclusion and Exclusion Criteria

To ensure the objectivity of the study set, the search results were passed through a four-
stage filter. The inclusion criteria used in this process required that the publication type be a "peer-
reviewed article," the language be Turkish or English, the study present empirical findings directly
related to the "Production-Operations Management" discipline, and the research objectives of the
studies be clearly defined within the texts. Studies that did not meet the inclusion criteria were
excluded from the analysis phase. Within this scope, the exclusion criteria applied in a specific
hierarchy are as follows:

e Duplicate Records: Identical records originating from different databases were
removed.

e Publication Type Constraint: Books, book chapters, and conference proceedings
were excluded from the scope.

e Methodological Limit: Theoretical studies that were merely in the nature of a
document review or literature review and did not present original empirical data/findings
were eliminated.
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e Data Insufficiency: Records for which publication year information could not be
accessed or whose bibliographic data were methodologically incomplete for MAXQDA
analysis were excluded from the analysis.

2.5. Selection Process and PRISMA Protocol

The process of determining the study set was carried out with a numerical hierarchy in
accordance with the internationally recognized PRISMA protocol (Page et al., 2021; Chandler et
al.,, 2019). The stages of the screening process and all these steps regarding the process are
visualized with methodological transparency in the PRISMA flow chart presented in Figure 1.

e ldentification: As a result of the searches conducted across five different
databases, a total of 182 potential publications were retrieved.

e Screening: In the first stage, duplicate records (f=46) were removed; the titles and
abstracts of the remaining 136 studies were examined.

o Eligibility: The 136 full-text articles were subjected to content analysis in line with
the inclusion and exclusion criteria. At this stage; studies that were not directly related to
sustainable manufacturing (f=8), those in the type of a book or book chapter (f=2), and
those with missing publication year information (f=1) were excluded. Additionally,
theoretical studies in the nature of a document analysis/literature review that did not
present empirical findings (f=43), scale development-oriented publications (f=1), and
studies focusing on agriculture/farming rather than the manufacturing sector (f=2) were
excluded from the analysis.

eIncluded: The 79 articles that fully met all the criteria constituted the final study
set of the research.

2.6. Data Analysis and Coding Process

The analysis of the data collected within the scope of the research was conducted via
MAXQDA 2024, a qualitative data analysis software. In order to answer the research questions,
various analysis tools offered by the software were utilized. "Code Frequencies" was utilized to
determine the demographic profile of the articles and the distribution of TBL components, while
"Word Cloud" and "Word Combinations" analyses were applied to visualize the conceptual word
density. The "Code Trends" and "Code Matrix Browser" tools were employed to reveal the
publication frequency of the journals, the productivity of the countries, and the annual evolution
of the sustainability dimensions. In this way, each year was treated as an independent unit of
analysis, and thematic orientations were tracked via "heatmaps". To determine the intersections
among research objectives, methods, and sustainability dimensions, which constitutes the most
unique layer of the study, the “Code Relations Browser" was utilized.

In order to test the reliability of the coding process, an inter-coder reliability analysis was
performed on "Research Question 5: Which dimension of sustainability did the analyzed research
focus on?", which is one of the coding categories most open to interpretation. Two coders analyzed
the 79 studies independently of each other; when the independent codings were compared, the
agreement rate was calculated as 77% (61/79). The coders negotiated on the articles where
discrepancies existed, and the final agreed-upon coding rate rose to 96% (76/79). This rate is
significantly above the reliability threshold accepted in qualitative research. The relevant
consensus file, along with the documents included and excluded within the scope of the research,
is provided in APPENDIX-1 in accordance with methodological transparency.
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Figure 1: PRISMA Flow Diagram Used in the Study
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Reference: Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, |., Hoffmann, T. C., Mulrow, C. D., & Moher, D. (2021).
The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Bmj, 1-9.
https://doi.org/10.1136/bmj.n71

3. FINDINGS

As a result of the systematic search process conducted across the Web of Science (WoS),
Scopus, DergiPark, Sobiad Citation Index, and TR Dizin databases, 79 empirical articles meeting the
specified criteria constituted the final analysis set of the research. While evaluating the presented
findings, it should be borne in mind that these data do not represent the literature as a whole, but
rather a subset reached as a result of specific filters. Therefore, all findings presented below must
be interpreted within the framework of the defined process explained in detail in the methodology
section.

RQ 1: What is the distribution of the analyzed studies according to their languages and
publication years?

The distribution of the articles constituting the study set regarding their publication
languages is shown in Table 1. When the distribution is analyzed, the findings indicate that the vast
majority (92.4) of the studies in the sustainable manufacturing literature were produced in the
English language. It is noteworthy that a small number of studies (f=6) were conducted in Turkish.
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Table 1: Findings Regarding the Languages in Which the Studies Were Published

Publication Language Frequency (f) Percentage (%)
English 73 92.4
Turkish 6 7.6
¥ (Total) 79 100

The distribution of the studies over the years is presented in Figure 2. When the findings are
analyzed, the timeline of sustainable manufacturing studies can be divided into two main periods.
Between the years 2010-2017, which can be termed the "Initial and Stagnant Period," the
literature followed a highly stagnant course. In the second period, the "Development Period"
(2020-2024), a significant increase was experienced in the number of studies. The most productive
years in the field are 2023 with 16 publications, and 2022 with 14 publications. The data for the
year 2024 (up to November, when the searches were conducted) indicate that the interest in this
topic remains high.

Figure 2: Distribution of the Studies by Years
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RQ 2: What are the most frequently used keywords in the studies?

Excluding hyperlinks, email addresses, hashtags, numbers, and text within curly braces and
square brackets, the 79 analyzed articles represent a structure of 405,757 words in total. The figure
below displays the 100 most frequently used keywords in the studies. These words were used a
total of 31,145 times within the articles, constituting approximately 7.67% (31,145/405,757) of all
the texts. In other words, one out of every 13 words in the analyzed studies corresponds to one of
the 100 words shown in the figure below. This specific ratio (7.67%) indicates that the sustainable
manufacturing literature for the analyzed studies relies on a consistent terminology and has
reached a certain level of maturity.

Among these words visualized in Figure 3, the concepts of "production”, "sustainable", and
"sustainability", which form the basis of the search strategy, are the most frequently used words
within the scope of the studies and are featured in large fonts in the word cloud. This situation
demonstrates the high capacity of the selected 79 articles to represent the subject. Following these

three most frequently used words, the common use of terms such as "management", "process",

"performance", "environmental", and "energy" in the analyzed articles attracts attention.

432



Higyllmaz, E., Calipinar, H. / Hacettepe Universitesi Iktisadi ve idari Bilimler Fakiiltesi Dergisi, 2026, 44(2), 424-452

Figure 3: Word Cloud Analysis
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In addition to the word cloud analysis, word phrases (n-gram) analysis was also utilized
within the scope of the research. In this analysis, 100 phrases were reached by filtering out
hyperlinks, email addresses, hashtags, numbers, texts in curly and square brackets, and word
combinations specific only to sentence segments. The primary purposes of using n-gram analysis
in this study are to measure the capacity of the analyzed studies to represent the subject and to
reveal the contextual depth between words. It is observed that the phrase “sustainable
manufacturing”, which is the most frequently used within the scope of the research, takes place
as a key collocate in 75 out of the 79 analyzed articles (94.94%) (Table 2). Considering that 6 articles
within the scope of the research were prepared in the Turkish language, this ratio is evaluated to
be even more meaningful. The high representation rate in question corresponds to a highly
sufficient threshold for a systematic literature review (SLR) protocol and confirms the accuracy of
the strategic filters designed in the methodology section of the research.

When single words and word combinations are evaluated together, two striking findings
have been reached. The first of these relates to the social dimension of the sustainable
manufacturing literature. Within the 100 n-gram combinations, the number of expressions that
can directly represent the "human" pillar of the TBL is only 3: employee management (f = 107, rank:
54), continuous improvement (f = 84, rank: 83), and human resource (f = 77, rank: 94). The total
frequency of these three expressions constitutes only 1.7% of the entire n-gram frequency. This
finding points out that the social dimension of the TBL lags considerably behind the economic and
environmental dimensions in the analyzed literature. The second finding is that environmentally
themed words acquire an economic focus at the n-gram level. In the single word analysis,
expressions such as energy (f = 2550, rank: 4), environmental (f = 2108, rank: 8), and green (f =
1215, rank: 16) indicate that environmental sustainability is at the forefront. However, when these
words are examined at the n-gram level, the picture changes: compound expressions such as
energy consumption (f = 642), energy efficiency (f = 202), green manufacturing (f = 158),
environmental performance (f = 128), and waste management (f = 77) reveal that these words are
handled in the literature predominantly within the context of production efficiency, cost reduction,
and operational performance. This finding implies that the environmental discourse is largely
intertwined with economic concerns and that a truly environment-oriented approach has not yet
found its full equivalent in the literature.
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Table 2: Findings Regarding Word Phrases (n-gram) Analysis

No. Word f  Documents % No. Combinations f  Document
1 manufacturing 5687 96.20 1 sustainable manufacturing 1599 94.94
2 sustainable 3566 100.00 2 supply chain 798 65.82
3 sustainability 2992 93.67 3 energy consumption 642 56.96
4 energy 2550 87.34 4 surface roughness 353 21.52
5 process 2306 96.20 5 circular economy 319 34.18
6 performance 2229 92.41 6 cleaner production 300 55.70
7 production 2223 98.73 7 manufacturing practices 277 44.30
8 environmental 2108 93.67 8 sustainable development 242 54.43
9 management 2043 87.34 9 feedrate 220 18.99

10 cutting 1569 41.77 10 manufacturing industry 205 49.37
11 practices 1564 69.62 11 energy efficiency 202 35.44
12 industry 1472 91.14 12 chain management 199 53.16
13 tool 1315 77.22 13 sustainable manufacturing practices 198 37.97
14 machining 1264 40.51 14 magnetic field 196 3.80
15 consumption 1216 74.68 14 manufacturing performance 196 24.05
16 green 1215 81.01 16 sustainable practices 195 39.24
17 lean 1194 62.03 17 manufacturing processes 188 59.49
18 system 1175 92.41 18 manufacturing process 183 50.63
19 supply 1148 82.28 19 supply chain management 173 49.37
20 using 1123 93.67 20 lean manufacturing 172 41.77
21 product 1078 86.08 21 titanium alloys 166 8.86
22 development 1066 92.41 22 life cycle 162 49.37
23 table 1045 89.87 23 tool wear 161 16.46
24 used 1041 93.67 24 green manufacturing 158 44.30
25 processes 1033 92.41 25 machining process 157 24.05
26 value 1020 87.34 26 sustainability performance 156 44.30
27 chain 1019 70.89 27 spindle speed 155 12.66
28 time 981 86.08 28 material removal 153 20.25
29 technology 926 91.14 29 manufacturing companies 140 44.30
30 based 923 92.41 30 manufacturing firms 137 37.97
31 social 921 73.42 31 decision making 133 44.30
32 approach 919 91.14 32 environmental sustainability 132 45.57
33 material 905 87.34 33 machine tool 130 18.99
34 company 895 63.29 33 sirdurdlebilir Gretim 130 7.59
35 cost 869 78.48 35 environmental impact 128 48.10
36 quality 862 91.14 35 environmental performance 128 49.37
37 case 857 89.87 37 supply chains 126 40.51
38 business 854 79.75 38 environmental management 125 39.24
39 power 848 58.23 39 cycle time 124 16.46
40 surface 843 34.18 39 sustainable performance 124 27.85
41 information 800 82.28 41 production system 123 3291
42 impact 795 87.34 42 manufacturing system 122 46.84
43 waste 792 81.01 43 sustainable manufacturing performance 120 15.19
44 framework 743 81.01 44 manufacturing flexibility 119 3.80
45 review 736 94.94 45 cutting parameters 118 18.99
46 efficiency 726 79.75 45 firm performance 118 17.72
47 implementation 723 73.42 47 value stream 117 24.05
48 use 717 93.67 48 sustainability assessment 115 29.11
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No. Word (Cont...) f  Documents % No. Combinations (Cont...) f  Document
49 |level 715 88.61 49 sustainable production 111 41.77
50 systems 689 89.87 50 manufacturing technology 110 35.44
51 operations 685 81.01 51 competitive advantage 109 39.24
52 design 676 92.41 51 cutting speed 109 20.25
53 companies 675 69.62 51 machine tools 109 18.99
54 different 669 92.41 54 carbon emissions 107 26.58
55 parameters 656 54.43 54 dfe principles 107 1.27
56 new 655 97.47 54 employee management 107 1.27
57 products 650 88.61 57 cutting tool 106 15.19
58 economic 636 84.81 57 management support 106 8.86
59 machine 625 58.23 57 manufacturing sector 106 45.57
60 assessment 621 73.42 60 blockchain technology 105 5.06
61 barriers 618 46.84 60 sc members 105 1.27
62 factors 613 75.95 62 cutting edge 104 13.92
63 work 605 92.41 63 cutting force 101 13.92
64 tools 603 82.28 63 sustainable supply 101 34.18
64 total 603 86.08 65 peer review 100 21.52
66 resources 600 88.61 66 value chain 99 18.99
67 firms 599 49.37 67 blockchain enabled 97 1.27
68 materials 596 86.08 67 manufacturing systems 97 49.37
69 international 590 83.54 69 available online 93 43.04
70 improvement 586 82.28 69 management practices 93 35.44
71 optimization 585 64.56 71 cf pekk 91 1.27
72 smes 582 43.04 71 cutting forces 91 8.86
73 effect 578 77.22 73 stream mapping 90 24.05
74 environment 571 92.41 74 cf epoxy 89 1.27
75 firm 554 45.57 74 raw materials 89 39.24
76 studies 552 87.34 76 sustainable supply chain 88 31.65
77 there 543 87.34 77 competitive priorities 87 2.53
78 high 535 86.08 78 green procurement 86 3.80
79 industrial 530 86.08 78 surface finish 86 10.13
80 maintenance 529 39.24 80 Igchem 85 1.27
81 engineering 520 83.54 80 miniature-sized ratchet 85 1.27
82 prod 519 56.96 80 tool life 85 16.46
83 reduce 518 84.81 83 continuous improvement 84 37.97
84 improve 517 84.81 84 green supply 83 29.11
85 proposed 516 74.68 84 production process 83 43.04
86 significant 509 77.22 84 textile industry 83 8.86
87 capabilities 501 44.30 87 process parameters 82 18.99
88 rate 492 72.15 87 sustainability practices 82 22.78
89 reduction 486 79.75 87 total energy 82 26.58
89 relationship 486 68.35 90 structural equation 81 25.32
89 support 486 79.75 91 natural resources 80 48.10
92 turning 474 31.65 92 carbon emission 79 11.39
93 knowledge 471 68.35 92 compressed air 79 6.33
94 number 465 83.54 94 human resource 77 17.72
95 resource 461 69.62 94 waste management 77 3291
96 economy 456 59.49 96 cutting conditions 76 11.39
97 important 450 92.41 96 environmental impacts 76 46.84
97 indicators 450 64.56 96 raw material 76 25.32
97 innovation 450 67.09 99 industrial engineering 75 29.11

100 competitive 449 58.23 99 manufacturing sustainability 75 25.32
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RQ 3: How has the publication frequency of the journals in which the studies were
published changed over the years?

The findings regarding the journals in which the studies were published are presented in
Table 3. The 79 articles within the scope of the screening were published in 50 different journals.
This distribution demonstrates that the subject of sustainable manufacturing is not limited to a
specific journal or publishing platform; on the contrary, it has found acceptance across a wide
academic community.

The journal with the highest number of publications is Sustainability, with 15 articles.
Sustainability is followed by the Journal of Cleaner Production with 9 articles. It is observed that
the remaining 77 articles, excluding these journals, are distributed across 48 different journals. The
most critical implication of this table is that sustainable manufacturing research falls within the
field of interest of many disciplines. Indeed, when Table 3 is analyzed, production and engineering-
oriented journals such as the International Journal of Production Research, Journal of
Manufacturing Science and Engineering, and Journal of Industrial Engineering and Management
are listed alongside business and economics-oriented journals such as the Journal of Business
Research and International Journal of Production Economics.

When all these findings are evaluated together, it is understood that sustainable
manufacturing research exhibits an interdisciplinary and multidimensional structure. Moving
beyond the boundaries of production/operations management and manufacturing engineering,
the subject is also studied in various other fields such as environmental sciences, business,
economics, and social sciences.

RQ 4: What is the distribution and annual trend of the most productive countries on this
subject?

In order to display the geographical distribution of the research, the location (country) of
the first authors of the studies was determined first. The findings regarding the relevant countries,
along with data on their evolution over time, are presented in Table 4. Studies based in the UK (f =
11) exhibit a consistent pattern throughout all periods, standing out as the strongest pioneer of
the literature. When looking at the more recent years of 2021-2024, the academic progress
achieved by China (f = 6) and India (f = 7) is remarkable. These countries produced approximately
75% of their total publications within the last three to four years.
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Table 3: Journals in Which the Studies Were Published

O 4 N M T M ON®XOOO = &N M
Acta logistica . 1
Advances in Production Engineering & 1
Management

Applied Computing and Informatics 1
Applied Sciences 1
Business Strategy and the Environment . 2
BSEU Fen Bilimleri Dergisi . 1
CIRP Annals - Manufacturing Technology . 1
Cleaner Engineering and Technology 1
Cleaner Logistics and Supply Chain 2
Composites Part A 1
Dumlupinar Universitesi Sosyal Bilimler Dergisi . 1
Dokuz Eyliil Universitesi Sosyal Bilimler Enstitiisii I 1
Dergisi

Economic Research - Ekonomska Istrazivanjia . 1
Environmental Science and Pollution Research 1
Frontiers in Mechanical Engineering 1
Heliyon 1
IEEE Access 1
Humanities and Social Sciences Letters . 1
International Journal of Advanced and Applied 1
Sciences

International Journal of Business and Society . 1
International Journal of Manufacturing 1
Technology and Management

International Journal of Mathematical, 2
Engineering and Management Sciences

International Journal of Production Economics . 1
International Journal of Production Research . 2
International Journal of Recent Technology and 1
Engineering

International Journal of Simulation Modelling . 1
International Journal of Sustainable Engineering . 1
International Journal of Technology . 1
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S Spssssgassags
Journal Name (Continued) ©O ©O ©O O ©O O O O ©O © © © © © 62
N & NN & &N NN & N & N NN N N N
Isik University Journal of Art, Design and 1
Architecture
Journal of Asian Finance, Economics and Business 1
Journal of Business Research 1

Journal of Cleaner Production . . . 9

Journal of Industrial Engineering and

Management 2
Journal of Manufacturing Science and 1
Engineering

Journal of Manufacturing Systems 1
Machines 1
Management and Production Engineering Review 1
Marmara Cografya Dergisi . 1

Metals . 1
Micromachines . 1
Ormancilik Dergisi . 1
Plos One . 1

Processes

Pruduction Planning Control

Revista Brasileira de Gestdo de Negdcios 1
Sustainability - . 15
Sustainable Futures 1

Sustainable Materials and Technologies 1
Technological Forecasting & Social Change 1
The International Journal of Advanced 1
Manufacturing Technology

Y (Total) 1 1 3 2 1 3 2 2 5 6 9 7 13 15 9 79

In addition, not only the ranking of productivity but also the timing of the countries'
involvement in the field presents a remarkable overview. Countries such as Poland, Morocco,
Slovenia, Sudan, Thailand, and Greece were not represented at all in the field of sustainable
manufacturing during the 2010-2022 period, entering this field only in the years 2023—-2024. This
state indicates that the interest of the specified countries in sustainable manufacturing research
began at a very recent date. On the other hand, studies in Tiirkiye (f = 6) exhibit a balanced pattern
between the years 2015-2024. However, considering the recent momentum of countries with high
production capacities such as China and India, there is a need to increase the number of empirical
studies in Tirkiye.
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Table 4: Location of the First Author

Ulkeler

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
™M

Australia -

Brazil

Canada -

China

Denmark

Greece

India -
Indonesia

Iran

Korea

Lithuania

Malaysia -
Morocco

Norway

Pakistan

Poland

Qatar

Romania

S. Africa

Slovenia

Spain

Sudan

Sweden

Thailand

Tunusia
Tirkiye

=

UK 11
Not clear
Y (Total) 1 1 3 2 1 3 2 2 5 6 9 7 13 15 9 79

* The blue highlighted expressions in the table indicate that the studies do not show a concentration over the years, the dark red colors
indicate a high concentration, and the light red colors indicate that the concentration is present as of those years.
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RQ 5: Which dimension of sustainability did the analyzed research focus on?

The distribution of the analyzed research according to sustainability dimensions
(economic, environmental, social) is presented in Table 5. According to the findings, 25 of the
articles (31.64%) are directly focused on the economic dimension. This is followed by studies
addressing all three dimensions together with 25 articles (31.69%), and studies covering the
environmental dimension with 14 articles (17.72%).

In order to reveal the actual weight of the dimensions within studies covering multiple
dimensions, the fractional counting method was utilized (Gauffriau, 2021; Perianes-Rodriguez et
al., 2016). In this method, equal credit (1/n) is granted to each dimension based on how many
dimensions a study covers. Accordingly; full credit (1/1 = 1.00) was assigned to studies addressing
only a single dimension, half credit (1/2 = 0.50) to studies addressing two dimensions, and one-
third credit (1/3 = 0.33) to studies addressing all three dimensions. When the weighted distribution
obtained through this method is analyzed, it is observed that the economic dimension
encompasses nearly half of all credits (49.79%) with a total of 39.33 credits. It is seen that the
environmental dimension constitutes 36.50% with 28.83 credits, while the social dimension
constitutes only 13.71% with 13.71 credits.

At this point, the most striking finding relates to the visibility of the social dimension. On
the basis of the number of articles, economically focused studies are 25 times more prevalent than
socially focused ones. Similarly, environmentally focused studies are 14 times more prevalent than
socially focused ones. Although this gap is relatively narrowed by the fractional counting method,
the economic dimension still receives approximately 4 times more credit compared to the social
dimension. Moreover, a major part of the social dimension's 13.71 credits (8.33 credits) is included
in the models not as an independent focus, but as a dimension required by the overall design of
studies that generally utilize survey or case study methodologies (Table 10). All these findings
indicate that the analyzed literature diverges significantly from the "Triple Bottom Line" (TBL)
structure.

Table 5: Sustainability Dimensions Focused on in the Studies

f Percentage Dimension Economic Environmental Social

Economic 25 31.64 1 25.00

Environmental 14 17.72 1 14.00

Social 1 1.27 1 1.00

Economic + Environmental 11 13.92 2 5.50 5.50

Environmental + Social 2 2.53 2 1.00 1.00

Economic + Social 1 1.27 2 0.50 0.50

All Three (TBL) 25 31.69 3 8.33 8.33 8.33

2 (Total) 79 100.00 39.33 28.83 10.83
Total % 49.79 % 36.50 % 13,71 %
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RQ 6: How has the annual evolution of sustainability dimensions been shaped, and which
dimensions gained priority in which years?

The timeline of the analyzed 79 articles is presented in Table 6. While preparing the table,
the “dominant focus” within the research was taken as a reference. The findings indicate that the
imbalance between the dimensions of sustainability increased significantly, particularly after the
year 2020.

On the axis of the findings in the table, the annual distribution of the literature based on
sustainability dimensions is divided into three main phases. In the initial period covering the years
2010-2018, it is observed that studies were shaped predominantly around the economic and
environmental dimensions. Between 2019 and 2021, along with a marked increase in the number
of publications, interest in TBL-oriented research intensified, and holistic studies found a larger
place in the literature. In the 2022—-2024 period, academic production reached its highest level (a
total of 37 publications); however, the dominance of the economic dimension in research became
pronounced once again. As a matter of fact, it is observed that nearly half of the publications in
2023 were directly structured with an economic focus. The social dimension, on the other hand,
was addressed as an independent focus only in the year 2019 (Park et al., 2019) throughout the
15-year period.

Table 6. Annual Distribution of Sustainability Dimensions

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
™M

. 2010

Economic 25
Environmental 14
Social 1
Economic + Environmental . 11
Environmental + Social 2
Economic + Social 1
All Three (TBL) . 25

Y (Total) 11 3 2 1 3 2 2 5 6 9 71315 9 79

RQ 7 (Objective x Time): What kind of relationship exists between research objectives and
publication years?

The analysis regarding the research objectives and publication years of the 79 analyzed
empirical studies clearly reveals the dominant objectives of the literature (Table 7). Within the
scope of the study, the most dominant research objective in the literature was identified as
"Presenting a proposal/model/framework" (f = 22). The second group closely following this is on
the "Determination of influencing factors" (f = 18). These two main categories constitute more
than 50% of all studies, demonstrating that the literature is still at the stage of determining the
conceptual framework and defining the elements that shape the current situation.

441



Higyilmaz, E., Calipinar, H. / Hacettepe University Journal of Economics and Administrative Sciences, 2026, 44(2), 424-452

Table 7: Evaluation of Research Objectives on the Basis of Publication Years

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
™M

Presenting a proposal/model/framework
Determining the influencing factors

Identifying quality/improvement opportunities
Determining the awareness/level

Achieving optimization

Sustainable performance/competitiveness

Identifying encountered barriers

N & O N O ©

Operational and resource efficiency .
The impact of sustainable manufacturing 1
Product redesign and remanufacturing . 1

3 (Total) 11 3 2 1 3 2 2 5 6 9 71315 979

Although academic production on the subject has gained a distinct momentum since 2018,
the scarcity of outcome-oriented studies such as "the impact of sustainable manufacturing" and
"product redesign" stands out. This situation indicates that a wide area is available for research to
evolve from theoretical modeling toward practical application outcomes.

RQ 8 (Objective x TBL): What kind of conceptual mapping exists between research
objectives and sustainability dimensions?

The intersection of research objectives and sustainability dimensions (Table 8) displays
which dimension the literature "instrumentalizes" for which objective. The findings indicate that
66.7% of the studies (6 out of 9 studies) that set out with the objective of "identifying quality and
improvement opportunities" directly map to the “economic dimension.” Similarly, a large majority
of the studies prepared with the objective of "achieving optimization" (4 out of 7 studies) are again
solely “economically” focused. This mapping demonstrates that for these objectives, the
counterpart of sustainability is interpreted as "cost and efficiency."

The area where the mapping between objectives and dimensions appears to be most
balanced is the objective of "determining the awareness and level of sustainable manufacturing."
Out of the 9 studies focusing on this objective, 8 mapped with the "All Three Together" (TBL) code.
However, it was concluded that this mapping might stem from the obligation to apply the
theoretical TBL structure in scales designed to determine the current state, rather than being a
deliberate preference. The only objective with which the social dimension maps is the
"determination of influencing factors" (the relevant table has been prepared within the framework
of the data in Table 5).
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Table 8: Evaluation of Research Objectives on the Basis of Sustainability Dimensions

EC* EN SO EC+EN EN+SO EC+SO AllThree 2

Presenting a proposal/model/framework 5 6 5 1 5 22
Determining the influencing factors 5 2 1 3 7 18
Identifying quality/improvement 6 3 9
Determining the awareness/level 1 8 9
Achieving optimization 4 2 1 7
Sustainable performance/competitiveness 2 2 1 1 6
Identifying encountered barriers 1 3 4
Operational and resource efficiency 2 2
The impact of sustainable manufacturing 1 1
Product redesign and remanufacturing 1 1

5 (Total) 36 5 1 10 2 1 24 79

* Ec: Economic, En: Environmental, So: Social, All Three: Economic+Environmental+Social.

RQ 9 (Method x Time): What kind of interaction exists between the use of data collection
tools and publication years?

The method-based evolution of the 79 analyzed empirical studies is presented in Table 9.
Between the years 2010 and 2017, the most frequently utilized method was the "Case Study".
Researchers during this period generally conducted field studies. The year 2018, however,
represents a virtual turning point. The use of "Scale (Survey)" gained significant momentum during
this period. The literature expanded from "a single factory" toward "the sector at large." In
particular, the year 2023 represents the peak of this method with 7 scale/survey studies.

Table 9: Evaluation of Data Collection Tools on the Basis of Publication Years

o (] o~ o < n (- ~N -] )] o - o~ o <

-l - - - -l - - -l -l [ (] (o] o~ o~ o
o o o o o [=] [=] o o [=] [=] o o o o Z

o~ o~ o~ o~ o~ o~ o~ ~ o~ o~ o~ o~ o~ o~ o~
Case Study 28
Scale (Survey) 27
Experimental research 9
Modeling 8
Interview 3
3

Simulation .

Balanced scorecard (BSC)

2 (Total) 11 3 2 1 3 2 2 5 6 9 7 13 15 9 79

Note: In mixed-method studies where multiple techniques were used together during the data collection process (e.g.,
Ivascu, 2020; Ramanathan et al., 2023), only the primary method forming the core focus of the research was recorded
in the table in order to avoid duplicate coding.
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The two most striking findings relate to "interview" and the "balanced scorecard (BSC)."
The fact that the interview method found a place for itself in the years 2022 and 2023
demonstrates that the focus of the subject has expanded toward the "human" factor. On the other
hand, the BSC (2024) indicates that the subject has now begun to be examined at the strategic
management level as well.

RQ 10 (Method x TBL): What kind of relationship exists between the data collection tools
used and sustainability dimensions?

The relationship between the used data collection tools and sustainability dimensions is
presented in Table 10. The most striking finding relates to "Experimental Research." Out of 9
experimental studies, 6 are directly focused on the economic dimension. In these studies, the
experimental method appears to be structured not with the intention of increasing employee well-
being or focusing on ecological improvement, but entirely with the intent to manage "money and
efficiency." Similarly, 62.5% of the "modeling" studies (5 out of 8 studies) are environment-
oriented. In addition, the findings demonstrate that in studies focusing on all three sustainability
dimensions, data were generally collected through the "case study" or "scale/survey" technique.

Table 10: Evaluation of Data Collection Tools on the Basis of Sustainability Dimensions

EC* EN SO EC+EN EN+SO EC+SO All Three )

Case Study 8 5 5 1 9 28
Scale (Survey) 6 2 1 5 0 1 12 27
Experimental research 6 2 1 9
Modeling 2 5 1 8
Interview 1 2 3
Simulation 2 1 3
Balanced scorecard (BSC) 1 1
2 (Total) 25 14 1 11 2 1 25 79

* Ec: Economic, En: Environmental, So: Social, All Three: Economic+Environmental+Social.

4. DISCUSSION AND CONCLUSION

In this study, the development in the field of sustainable manufacturing between the years
2010 and 2024 was examined through 79 empirical articles from a time-based perspective, taking
each year as a unit of analysis, and focusing on the dimensions of sustainability (economic,
environmental, social). The obtained results consist of the findings from publications in the article
format scanned using the keyword "sustainable manufacturing" across the Web of Science (WoS),
Scopus, DergiPark, TrDizin, and Sobiad databases. The findings confirm that the literature exhibits
anincrease after the year 2020 (Cevik Aka, 2023; Dacre et al., 2024; Jamwal et al., 2022). However,
this increase did not occur in parallel across every dimension of sustainable manufacturing. The
conclusions drawn from the study are discussed below.

4.1. General Overview of the Literature

The sustainable manufacturing literature has exhibited a quantitatively remarkable growth
over the analyzed 15-year period. Following a rather stagnant course between the years 2010 and
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2017, the number of publications increased significantly after the year 2020. The years 2022 (f =
14) and 2023 (f = 16) stood out as the most productive periods of the field. In terms of geographical
distribution, the UK (f = 11), China (f = 9), India (f = 8), Malaysia (f = 6), and Turkey (f = 6) were
identified as the most productive countries. This finding heavily supports previous studies (Jamwal
et al., 2022; Malek & Desai, 2020; Mathiyazhagan et al., 2019). The articles were published across
50 different journals. Sustainability (f = 15) and Journal of Cleaner Production (f = 9) are the journals
with the highest publication frequency. This finding regarding journal preferences supports Cevik
Aka (2023). The n-gram analysis revealed that the phrase “sustainable manufacturing” was
included in 75 of the 79 analyzed articles (94.94%). This rate confirms the high representation
power of the generated study corpus for the subject matter.

4.2. Imbalance Between TBL Dimensions

An important finding of the analyzed literature is the systematic neglect of the social
dimension of sustainability. When the distribution of articles is analyzed, it is observed that
economically focused studies are 25 times more prevalent than socially focused ones, and
environmentally focused studies are 14 times more prevalent than socially focused ones. It is
observed that this imbalance persists in the weighted distribution obtained through the fractional
counting method as well. The economic dimension received nearly half of the total credits
(49.79%), the environmental dimension received 36.50%, and the social dimension received only
13.71%. This low credit rate of the social dimension reflects that it is included in the models not as
an independent focus, but as a structural necessity of the research method used. While confirming
the determinations of previous review studies, these findings regarding social sustainability
present them in a quantified manner. As a matter of fact, Gbededo et al. (2018), Malek and Desai
(2020), and Yip et al. (2023) emphasize in their studies that the social dimension is neglected.

The N-gram analyses conducted within the scope of the research offer similar inferences.
Only three phrases corresponding to social sustainability were encountered in the analyzed
studies. The share of these phrases —employee management, human resource, continuous
improvement— within the top 100 phrases remains at a mere 1.7% level; no phrase corresponding
to the core components of social sustainability, such as "work safety, employee well-being, or
social equity," is included in the high-frequency list. On the other hand, it was determined that the
environmental dimension is also positioned as an economic tool rather than a truly ecological
concern. N-gram phrases such as energy consumption, energy efficiency, and green manufacturing
reveal that the environmental discourse is shaped largely within the context of cost reduction and
operational efficiency.

4.3. Methodological Preferences of Studies and the Scarcity of the Interview Method

The methodological preferences of the analyzed studies indicate that the literature exhibits
an imbalanced structure at the methodological level as well. The case study (f = 28), which was the
dominant method during the 2010-2017 period, represents an era where researchers examined
individual cases in depth. Following 2018, with the rise of the scale/survey technique (f = 27), the
literature shifted away from in-depth cases toward generalizable quantitative data.

Concurrently, interview, which is one of the most appropriate methods focused on exploring
the attitudes, perceptions, and experiences of individuals, was used in only 3 of the 79 analyzed
studies (3.8%). Moreover, all of these studies belong to the years 2022—-2023. It is observed that
the interview method was never utilized during the 12-year period covering the 2010-2021 era.
This finding indicates that research is designed predominantly as measurement-oriented studies
and generally neglects the subjective evaluations and motivations of participants.
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4.4. Early Appearance of Methodological Diversity: Balanced Scorecard (BSC)

The BSC approach, which entered the literature in 2024 (Chourasiya, 2024), is an indicator
of methodological diversification in the field. The BSC provides an integrated framework that
addresses sustainable manufacturing performance from multiple perspectives. With the first use
of the interview method in 2022 and the introduction of the BSC to the literature in 2024, it is
observed that sustainable manufacturing research is shifting —albeit slowly— from a quantitatively
dominated structure toward a human-centered understanding. However, this trend is still quite
limited; within the 79 studies, interview was used only 3 times and the BSC only 1 time. Future
research adopting human-centered methods such as interviews and the BSC may play a decisive
role in enabling the literature to reach the true balance envisioned by the TBL framework.

When all these findings are evaluated together, it is seen that the field has expanded both
quantitatively and geographically; however, this expansion does not always coincide with
contextual depth. Social sustainability is the least emphasized sustainability component in the
sustainable manufacturing literature. Consequently, all these findings reveal that sustainable
manufacturing is examined methodologically from a "calculable" (economic) and "improvable"
(environmental) perspective, whereas “the voice of the employee, which is the strongest
determinant of the manufacturing process, is not desired to be heard” (social).

5. RECOMMENDATIONS AND LIMITATIONS

The findings obtained from this study provide critical roadmaps for both researchers and
practitioners aimed at filling the current gaps in the sustainable manufacturing literature. Of the
following recommendations, the first four are tailored for researchers, while the last one is
prepared for practitioners.

e Focusing on the Social Dimension: The fact that the rate of articles directly
focusing on the social dimension is only 1.3% among the 79 analyzed articles proves a
serious "gap" in the literature. Future studies should address sustainable manufacturing
with an approach that centers human values such as employee well-being, occupational
health and safety, and social equity.

e Methodological Diversity: The dominance of case studies and modeling in the
literature hinders an in-depth understanding of sustainability. The fact that the "interview"
method was used only 3 times during the 15-year period is the greatest methodological
deficiency in the field. Future research should focus on qualitative or mixed designs
capable of analyzing employee emotions and attitudes.

e Sample-Oriented Analyses: Although the current literature review reveals the
general trends of studies, it has not focused on the current state of different sample
structures. Future research should compare the sustainable manufacturing levels of SMEs
and large-scale enterprises, or conduct sample analyses on a sectoral basis such as textiles,
automotive, and food.

e Strategic Frameworks (e.g., BSC): The use of strategic tools like the Balanced
Scorecard (BSC), which entered the literature as of 2024, should be expanded. However,
while utilizing these tools, new frameworks must be developed to adapt social dimension-
oriented performances (employee satisfaction, social contribution, etc.) into these models.

e Transition to True Sustainability: Business managers should stop viewing
environmental investments (energy savings, etc.) merely as a "cost reduction tool" and
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instead structure these processes as a long-term corporate reputation and ethical
responsibility. Sustainability must become a corporate culture.

As in any research, there are certain limitations that must be taken into consideration for
the interpretation of the findings in this study as well.

e Database and Language Limitation: The scope of the research is limited to the
Web of Science, Scopus, DergiPark, TrDizin, and Sobiad databases, and publications
available on other digital platforms were excluded from the scope of analysis. Additionally,
only articles published in Turkish and English languages were examined within the scope
of the study.

e Search Strategy Limitation: The scanning process was restricted solely to studies
where the keyword phrase "sustainable manufacturing" appeared in the article titles. This
situation may have led to the exclusion of potential articles where the relevant concept
was located in the abstract or keywords sections.

e Methodological Limitation: The coding and ongoing systematization processes
conducted via the MAXQDA software during the content analysis process are directly
related to the academic perspective and interpretation capability of the researcher. This
subjectivity factor, which isinherent in the nature of qualitative analysis, is an element that
must be considered in generalizing the findings. Nevertheless, in order to minimize the
impact of the said limitation, the research process was documented within the framework
of the principle of methodological transparency. In this regard, the data of the 79 articles
included in the analysis, all studies excluded along with their reasons for exclusion, and the
inter-coder consensus file are provided in APPENDIX-1. Thus, any stage of the research
carries a nature that can be retraced and audited by independent researchers.

e Time Limitation: In this research covering the years 2010-2024, the data for the
year 2024 are limited to the studies published up until November 29, 2024.

APPENDICES
APPENDIX-1. Included and Excluded Studies, Inter-Coder Consensus File
https://drive.google.com/drive/u/0/folders/1uffDIPACtScK8Y9t5yLnZLVvOXMBjYIPA
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