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Do Lean and Green Manufacturing Practices Lead to Sustainability? A Systematic Literature

Review and Bibliometric Analysis

Abstract

Despite the extensive literature on lean and green manufacturing separately, there is a gap in
understanding their combined effect on firms’ sustainability. To address this gap, performance
analysis, science mapping, and network analysis were conducted on 1566 publications from
the Scopus and Web of Science Databases using the Package for R and VOS Viewer. The
performance analyses revealed steady growth in the field since 2006, with a 22.84% growth
rate. Thematic exploration identified prominent clusters, establishing that the underlying
themes of the publications on lean and green manufacturing practices are strongly connected
with sustainability. This is further supported by a systematic literature review of 112
documents. Drawing insights from the literature review, this research also proposes a
framework for integrating lean and green manufacturing practices. Managerially, the findings,
as well as the framework, offer insights and a roadmap to facilitate transitions toward a
sustainable economy. Academically, this study contributes to knowledge extraction, identifies

research directions, and justifies future studies.
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practices; green practices.
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1 Introduction

Integrating lean techniques and green practices in manufacturing is crucial for enhancing
competitiveness and overall environmental performance (Oliveira et al., 2022; Punj et al.,
2023). According to Benkhati et al. (2023), lean manufacturing has been widely regarded as
one of the most influential manufacturing paradigms. It focuses on increasing productivity,
efficiency, quality, and customer satisfaction while reducing waste. However, the surge in
product demand has led to increased pollution and waste generation (Oliveira et al., 2022; Pun;j

et al., 2023), prompting firms to transition towards sustainable manufacturing practices.

Recent research has explored the growth and challenges of lean and green manufacturing. For
instance, Oliveira et al. (2022) investigated how lean and cleaner production practices improve
firm performance, and Citybabu and Yamini (2022) synthesized Lean Six Sigma in the Indian
context. Punj et al. (2023) conducted a bibliometric examination of green manufacturing
technologies, emphasizing sustainability, Industry 4.0, and innovative technologies. Garza-
Reyes (2015) reviewed articles on lean and green manufacturing compatibility and their impact
on organizational performance. Despite the abundant literature on lean and green
manufacturing, a gap exists in comprehending how both paradigms can be effectively

implemented to enhance firms’ sustainability (Carvalho et al., 2011; Jum’a et al., 2022).

Although both approaches contribute to sustainability (Singh et al., 2022), they require
significant organizational changes for implementation (Lartey et al., 2020). Due to this change,
organizations may approach sustainability differently. Numerous studies have identified
several factors that determine how lean and green manufacturing are implemented within a
firm (Jum’a et al., 2022; Punj et al., 2023). Some of these factors facilitate (e.g., leadership
commitment, culture, and consumer demand). At the same time, some inhibit (e.g., high initial

cost, lack of awareness, and inadequate metrics) the implementation of lean and green



manufacturing, leading to extensive positive and negative effects on sustainable performance
(Barth & Melin, 2018; Hussain et al., 2019; Singh et al., 2022). In other words, several factors

influence the implementation of lean and green practices to achieve sustainability.

On one hand, we found that firms adopt lean practices to improve efficiency and productivity,
which is reflected in their economic performance (Augusto de Oliveira et al., 2019). However,
a high initial investment in lean and green practices or a higher employee turnover evidently
can result in inferior performance (Aibar-Guzman & Frias-Aceituno, 2021). Conversely,
investment in lean and green technologies is likely to be more highly valued by investors,
potentially increasing market value (Afum et al., 2023). This is counterintuitive because, on
one hand, fulfilling customer demand may lead to increased pollution and waste generation
(Oliveira et al., 2022; Punj et al., 2023), on the other hand, the higher prices of green products
may cause a demand slump. Hence, two research questions surface: RQI: How do lean and
green manufacturing impact sustainability? RQ2: What are the barriers and drivers to

implementing lean and green manufacturing to achieve sustainability?

To gain a comprehensive understanding of lean and green manufacturing and sustainability, it
is essential to explore the factors that explain why some firms can implement lean and green
manufacturing under certain conditions while others cannot. Previous studies have outlined
that these conditions vary between manufacturing and service industries (e.g., de Jong & van
Blokland, 2016; Gandhi et al., 2018). Besides, these conditions can have positive and negative
impacts (Jum’a et al., 2022; Singh et al., 2022). This leads us to the third research question:
RQ3: Are there any factors that condition the impact of lean and green manufacturing on

sustainability?



As the research questions indicate, the objectives of this study are to examine the impact of
lean and green manufacturing on sustainability, identify the barriers and drivers influencing
their implementation, explore the factors that determine their success, and map the progression,
current spread, and breadth of research in this area. The existing literature on lean and green
manufacturing and sustainability remains fragmented, lacking a comprehensive framework that
integrates scattered empirical findings into a unified model. While earlier reviews have
highlighted important trends and emerging topics (Kumar et al., 2024; Punj et al., 2023;
Teixeira et al., 2021), none have offered a holistic synthesis that combines both quantitative
evidence from bibliometric analysis and qualitative insights from content analysis. Our study
addresses this gap through a dual methodological approach that examines the
interdependencies among inhibiting, facilitating, and conditioning factors influencing lean—
green manufacturing practices in the pursuit of sustainability. The novelty of this approach lies
in bridging bibliometric and content analyses, methods that are typically applied in isolation,

thereby providing a more nuanced understanding of how research in this field has evolved.

This research makes three main contributions to the literature on lean—green manufacturing
and sustainability. First, by integrating bibliometric analysis with a systematic literature review,
we offer a comprehensive mapping of the field’s evolution, identifying influential works,
thematic clusters, and emerging research directions. Second, we advance beyond descriptive
synthesis by proposing a Lean—Green Integration Model for Sustainability. This novel
conceptual framework brings together strategic enablers, organizational practices, and
contextual moderators to explain how, and under what conditions, lean and green practices lead
to sustainable performance outcomes. In doing so, the framework consolidates fragmented
insights while also generating testable propositions that can guide future empirical research
across both manufacturing and service sectors. Third, our study provides practical and policy-

oriented contributions: we highlight key barriers and drivers of implementation and establish a



structured foundation for managers and policymakers to design strategies that align lean—green
practices with broader sustainability agendas, including the UN Sustainable Development
Goals. Finally, tracking these developments, we point to future research avenues that integrate
multiple perspectives (i.e., organizations, economy, and society) across different levels (i.e.,

individual and collective).

The remainder of this paper is organized as follows. In the following section, we describe the
research methods. We adopted bibliometric techniques along with a systematic literature
review. We then present our findings. Before concluding, we discuss the main trends and

patterns derived from our analysis and present the future research agenda.

2 Methodology

2.1 Bibliometric Analysis

The bibliometric analysis conducted for this research utilized all three progressive stages of
analytical capabilities and techniques recommended by Donthu et al. (2021). First, the
performance analysis revealed publication and citation trends, as well as other metrics related
to publication. This analysis revealed the most prominent and impactful scholarly works,
authors and other constituents. Second, bibliographic coupling, co-citation analysis, co-
authorship analysis, and co-word analysis provided an insight into the relationship between
published documents and thematic maps. This set of science mapping tools allowed the
conceptualization of major development patterns and focuses. Finally, the simple centers
algorithm was applied as a network analysis tool for clustering the keywords. These clusters
are necessary to determine the research topics and areas that are evolving in the associated
scholarly domains (Lopez Pérez et al., 2023). More specifically, this research employs cluster-
based content analysis to systematically identify and evaluate themes and patterns within

published documents on lean and green manufacturing practices. This method is particularly



relevant in the present research context as it enables the extraction of multifaceted insights from
a large volume of related documents with an emphasis on a comprehensive and objective

understanding of the interconnected dynamics (Saheb et al., 2021).

Moreover, bibliometric analysis assesses the strength and direction of specific relationships
(e.g., lean green manufacturing and sustainable performance) between variables (Donthu et al.,
2021). It also makes a large volume of data accessible, which can lead to a significant research
impact. Hence, bibliometric analysis is suited for the present study as it helps to identify current
and emerging research trends and performance (Anand et al., 2021; Donthu et al., 2021).

To analyse these articles, we used VOS Viewer and Bibliometrix. Recently, there has been a
surge in the use of VOS Viewer (Anand et al., 2021; Campobasso & Boscia, 2023). Because
of its ability to analyze sizable databases practically, Bibliometrix is an open-source program
based on R statistical software used by data scientists for data analysis and visualization.

However, we integrated Bibliometrix with VOS Viewer to analyse the data.

2.2 Data Collection

To identify emerging patterns, publication trends, and knowledge gaps, literature reviews are
important (Tranfield et al., 2003). A systematic literature review is a methodical process aimed
at identifying, evaluating, and summarizing primary studies on a specific topic using
established and replicable methods (Cerchione & Esposito, 2016). This method is particularly
valuable for consolidating research endeavors on emerging topics and pinpointing
opportunities for future studies. Hence, to perform a systematic literature review of lean-green
manufacturing practices and sustainability, we follow a five-step process, suggested by Lopez

Pérez et al. (2023).

First, to systematically analyze the research field, it is important to define the research

questions. This work is motivated to answer three research questions outlined in the earlier



section. Second, we conducted a comprehensive search using Elsevier’s Scopus and Web of
Science (WoS) Databases, widely recognized for their reliability and extensive inclusion of
journals, which allow various sorting, ranking, and refining options (Anand et al., 2021; Teran-
Yépez et al., 2020). We chose these two databases as they were deemed the most suitable in
similar prior studies (Parmar & Desai, 2020). Third, to identify the articles necessary for the
literature review, it is important to define the keywords. This allowed us to locate studies
relevant to this research (Anand et al., 2021). We searched for the terms “Lean *” and
“Sustainability” or “Green Manufacturing” and “Sustainability” or “eco-efficiency” and
“Sustainability” or “circular manufacturing” and “Sustainability” or “digital lean” and
“Sustainability” in the title, abstract and keywords. We used an asterisk for our search to ensure
we did not leave out any articles of interest (Anand et al., 2021). The articles were published
between 1997 and 2025. The data was extracted on 12 July 2025. However, the databases

mentioned get updated regularly. Therefore, the number will likely differ in the future search.

Fourth, after searching these keywords in the Scopus database, we found 5288 documents.
After considering several Scopus categories, we narrowed the number of articles to 1599 (i.e.,
Business, Management, and Accounting; Economics; Econometrics; and Finance) as
recommended by Bartolacci et al. (2020) and Donthu et al. (2021). When we included only
articles and reviews, excluding publications such as conference proceedings, book chapters,
editorials, book reviews, and data reports, our sample was reduced to 1192. We also filtered
English-language articles, obtaining 1176 documents. We applied the same process in WoS,
where we found 4689 documents. When we used the subject filter, we identified 1151
documents. With further filtering of document types and language, we got 901 and 892

documents, respectively. Figure 1 depicts the whole process.



However, we have merged the datasets and removed the duplicates. Subsequently, 1566
documents with complete bibliographic metadata were considered for the bibliometric review,
and this number is sufficient for conducting a bibliometric analysis (Donthu et al., 2021). After
finalizing the data, we conducted Correspondence Analysis (CA) and Multiple Correspondence
Analysis (MCA), as well as studied the titles and abstracts to identify key themes within the
documents, aligning with the procedures of Anand et al. (2021). Ultimately, 112 documents
were identified to conduct a systematic literature review and address the research questions of
the present study, while maintaining diverse perspectives and contextual differences. These
documents were selected based on their substantial connection to both preceding and
subsequent research in the field, recognized through the mentioned citation network
assessment. Lim and Kumar (2024) and Mejia et al. (2021) argue that this intertextual
connectivity ensures that the chosen articles are relevant to the central ongoing academic
discourse. Their suggestions also allowed the selection process, which involved a detailed
assessment of each document’s relevance to the core themes of lean and green manufacturing
and its contribution to advancing the understanding of sustainability in this context. To further
ensure the integrity and depth of our review, we incorporated both foundational texts and recent
studies, creating a dialogue between established knowledge and innovative research findings.
These documents were then read in full text, and key insights were extracted using content
analysis techniques, following the guidelines provided by Finfgeld-Connett (2014). Previous
research by Goyal and Kumar (2021) and Gurzki and Woisetschldger (2017) followed a similar

cluster-based systematic literature review technique.



How do lean and green manufacturing impact sustainability? What are the
barriers and drivers for companies to implement lean and green manufacturing?
Are there any factors that condition the impact of lean and green manufacturing

on firm performance?

Scopus and WoS Databases

<

“Lean *” and “Sustainability” or “Green Manufacturing” and “Sustainability”
or “eco-efficiency” and “Sustainability” or “circular manufacturing” and
“Sustainability” or “digital lean” and “Sustainability”

i

Initial Search — WoS # 4689 and Scopus # 5288

Subject Area — Business, Management, Accounting, Economics, Econometrics,
and Finance — WoS # 1151 and Scopus # 1599

Only Journal Articles and Review Articles — WoS # 901 and Scopus # 1192
English — WoS # 892 and Scopus # 1176

Record after duplicates removed — 1566, Duplicates - 502

Publication extracted date: 12™ July 2025

U

Auvailability of bibliographic metadata — 1566 documents extracted
Extensive Full-Text Reading —
1. Top 20 articles based on Global Citations
2. Top 20 articles based on normalized citations
3. Top 20 articles from each co-citation network clusters
(less duplicates = 13)

Setting research
questions

Selecting
Database

Identification
of keywords

Inclusion and
exclusion criteria

Data extraction
and evaluation

Figure 1: Flowchart of the search strategy as adapted from Moher et al. (2016)

The bibliometric analysis conducted for this research provided a basic overview of the
documents (Table 2). As mentioned, the search and filtering process identified 1566 documents,
primarily comprising research articles and reviews. A total of 395 sources contributed to the
field’s development. The average age of the document is 5.27, indicating a relatively nascent
state of the related fields. Furthermore, the average citation per document is 47.63, which is
higher than other comparable research topics (Bahuguna et al., 2023). With the first publication
in 1997, the research areas grew by an average of 19.42% yearly. As of 12th July 2025, 4,150

individuals contributed to the area, among whom only 122 authors published 129 single-



authored documents. Moreover, the analysis revealed a rich spectrum of 4,617 keywords
(including synonyms) associated with these documents, highlighting the diverse and intricate
landscape of topics within the research domains. Additionally, there were 4,217 author

keywords, showcasing diversity in the authors’ perspectives.

The performance of a scholarly field can be evaluated by its annual publication trend (Donthu
et al., 2021). The performance analysis, applied using Zipf's Law of Scientific Production
(Fedorowicz, 1982), revealed the annual publication trend in the associated scientific fields.
Figure 2 shows that the yearly publication numbers have gradually increased since 2014, while
the citations started decreasing from 2005. Despite the first publication in 1997, the field's
growth in publications did not begin until after 2017. Altogether, around 80% of the documents
in the associated fields were published after 2018. Therefore, the scientific areas related to lean

green manufacturing practices and sustainability are relatively juvenile.

Table 1: An overview of the data

Description Results
MAIN INFORMATION ABOUT DATA

Timespan 1997:2025
Sources (Journals, Books, etc) 395
Documents 1566
Annual Growth Rate (%) 19.42
Document Average Age 5.27
Average citations per doc 47.63
DOCUMENT CONTENTS

Keywords Plus (ID) 4617
Author's Keywords (DE) 4217
AUTHORS

Authors 4150
Authors of single-authored docs 122
AUTHORS COLLABORATION

Single-authored docs 129
Co-Authors per Doc 3.56
International co-authorships (%) 23.95
DOCUMENT TYPES

Article 1370

Article; early access 57



Review 124
Review; early access 5
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Figure 2: Annual publication trend

As mentioned, the analysis identified 395 notable sources. The contribution of the sources was
evaluated using Bradford's Law (Bookstein, 1980). Figure 3 illustrates the top ten most
impactful sources considered based on total production numbers, and Figure 4 presents the
publication trend of the top six sources. Until 12th July 2025, the Journal of Cleaner Production
has published 251 documents, the highest among the sources. The International Journal of Lean
Six Sigma has the second-highest number (82) of publications. The Journal of Manufacturing
Technology Management secured the third position by publishing 49 documents. Other
journals, such as Production Planning & Control (48), Business Strategy and the Environment
(44), TQM Journal (44), International Journal of Production Research (41), International
Journal of Production Economics (36), Benchmarking - An International Journal (35), and

Ecological Economics (32) have been ranked in the top ten list.
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Figure 3: Most relevant sources of publications
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Figure 4 indicates that both the Journal of Cleaner Production and the International Journal of

Lean Six Sigma started publishing since 2005. However, the Journal of Cleaner Production

steadily increased its annual publications compared to other sources. Additionally, all other

sources significantly increased their annual publication numbers in these areas since 2017.
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In this study, researchers employed bibliographic data concerning authors’ nationalities to
assess the impact and contributions of various countries. Moreover, co-occurrence and co-
authorship analyses were conducted to discern collaboration patterns among authors of diverse
national origins. Table 2 provides insights into the publication counts by authors from different

countries and the prevalence of international collaboration.

Table 2: Countries’ scientific production and collaboration

Publication Collaboration
Country Frequency | From To Frequency
India 559 | India United Kingdom 45
United Kingdom 425 | India United Arab Emirates 26
China 338 | United Kingdom United Arab Emirates 21
USA 279 | United Kingdom USA 18
Brazil 205 | United Kingdom Australia 17
Italy 163 | United Kingdom China 16
Spain 139 | Australia United Arab Emirates 12
Australia 115 | China USA 11
Malaysia 102 | India USA 11
France 95 | USA United Arab Emirates 10
Portugal 88 | China Pakistan 9
Canada 86 | United Kingdom Brazil 9
Sweden 77 | United Kingdom Italy 9
Netherlands 64 | Brazil Australia 8
Pakistan 62 | China Malaysia 8
Germany 60 | India Australia 8
Iran 55 | United Arab Emirates Ireland 8
Norway 53 | United Kingdom France 8
Finland 48 | United Kingdom Sweden 8
Morocco 48 | United Kingdom Malaysia 7

During the period under review, individuals from India have been the most prolific,
contributing to 559 as either single-authored or co-authored documents. The United Kingdom
holds the second position with 425 publications, followed by China with 338 authored
documents. Notably, authors from the United States and Brazil have contributed to 279 and
205 documents, respectively, illustrating meaningful participation from developing and

developed nations. This international collaboration is visually represented in Figure 5.
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Figure 5: Country collaboration map

The bibliometric analysis conducted for this research also allowed the identification of the top
20 most cited documents. Based on the global citations of the publications, Table 3 ranks these
documents. The document authored by BOCKEN N in 2014, published by the Journal of

Cleaner Production, accumulated the maximum number of citations with 224.50 citations every

year.

Table 3: Most cited documents

Paper DOI TC TYC NTC
BOCKEN N, 2014, ] CLEAN PROD 10.1016/j.jclepro.2013.11.039 2694 22450 17.21
DYLLICK T, 2002, BUS STRATEGY ENVIRON 10.1002/bse.323 2446 10192 4.8
KORHONEN J, 2018, ECOL ECON 10.1016/j.ecolecon.2017.06.041 1900 237.50 25.53
KLEINDORFER P, 2005, PROD OPER MANAG NA 1127 53.67 2.52
SHARMA 8§, 2005, STRATEG MANAGE J 10.1002/sm;j.439 815  38.81 1.82
IVANOV D, 2022, ANN OPER RES 10.1007/s10479-020-03640-6 753 18825 23.13
D'AMATO D, 2017, J CLEAN PROD 10.1016/j.jclepro.2017.09.053 748  83.11 9.37
GENGY, 2012, CLEAN PROD 10.1016/j.jclepro.2011.07.005 684 4886  8.13
ESMAEILIAN B, 2020, RESOUR CONSERV RECYCL  10.1016/j.resconrec.2020.105064 640 106.67  9.86
MATTOS N D, 2019, ] MANUF TECHNOL MANAG 10.1108/IMTM-03-2018-0071 554 79.14  9.80
DUES C, 2013, ] CLEAN PROD 10.1016/j.jclepro.2011.12.023 548 42115 452
GARZA-REYES J, 2015, ] CLEAN PROD 10.1016/j.jclepro.2015.04.064 531 4827  8.09
BOS-BROUWERS H, 2010, BUS STRATEG ENVIRON  10.1002/bse.652 517 3231 6.41
GOLICIC S, 2013, J SUPPLY CHAIN MANAG 10.1111/jscm.12006 514 3954 424
YADAYV G, 2020, J CLEAN PROD 10.1016/j.jclepro.2020.120112 475  79.17 132
GOSSLING S, 2005, ECOL ECON 10.1016/j.ecolecon.2004.10.006 475  22.62 1.06



MARTINEZ-JURADO P, 2014, ] CLEAN PROD 10.1016/j.jclepro.2013.09.042 465  38.75 297

CHERRAFT A, 2016, ] CLEAN PROD 10.1016/j.jclepro.2016.08.101 408  40.80  8.36
TSENG M, 2013, ] CLEAN PROD 10.1016/j.jclepro.2012.07.015 401 30.85 331
ZHANG B, 2008, ECOL ECON 10.1016/j.ecolecon.2008.03.009 393 2183 595

Note: DOI = Digital Object Identifier, TC = Total Citation, TYC = Total Yearly Citation, NTC
= Normalized Total Citation

Table 4 shows the top ten contributing authors who published most documents. To reveal the
contribution of the authors, Lotka's Law was applied to the data (Nicholls, 1989). The findings
revealed that within the mentioned data extraction period, Antony J published the highest
number (51) of documents on lean green manufacturing practices and sustainability. Garza
Reyes J has been listed as the second most contributory author. The rest of the top ten authors

published at least 10 documents each.

Table 4: Top ten authors based on the number of published documents

Author Articles
Antony J 51
Garza-Reyes J 39
Rathi R 19
Kaswan M 17
Cherrafi A 15
Kumar A 14
Tortorella G 14
Kumar V 12
Sony M 11
Agrawal R 10

The researchers conducted a three-field analysis of the authors, the authors’ country, and the
authors’ keywords. The result indicates that the authors from India who made the most
prominent contributions are Antony J and Garza-Rayes J (See Figure 6). The figure illustrates
that the keyword “sustainability”” has been utilized by most previous researchers. The analysis
reveals a consistent pattern: researchers who use the “sustainability” keyword tend to also use
keywords such as “lean” and “green.” This demonstrates a strong connection and focuses on

these related concepts. Additionally, authors from countries such as India, the UK, China, and



the USA frequently use a combination of keywords—*‘sustainability,” “lean,” and “green”—

underscoring a possible interdependency among them.
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Figure 6: Three-field analysis (AU_CO, Authors' Country; AU, Authors; DE, Keywords)

We identified eight (8) themes through bibliometric analysis. Figure 7 presents these themes
into four classifications (i.e., niche themes, emerging or declining themes, motor themes, and
basic themes). The largest theme identified through the analysis is ‘“‘sustainability-eco-
efficiency-circular economy”. This theme has been identified as a basic theme and illustrates
the fundamental linkage between lean green practices and sustainability. These aspects are also
present in the second, third and fourth largest themes with a focus on adopting lean green
manufacturing to improve performance. These themes act as the drivers of the development of
the associated fields. The themes of “lean production-industry 4.0-quality management” have
been identified as emerging or declining themes. Considering the juvenile state of the
associated fields, these themes can be considered only as emerging ones. “Environmental

performance-sustainability performance — lean practices” is the niche theme.



1

performance ‘
environmental sustainability

environmental E

sustainable !
systematic literature review

o sustainability
lean thinking

eco-efficiency
circular economy
sustainable development
supply chain management

environmental performance X
data envelopment analysis

sustainability performance
lean practices
social performance
structural equation modeling

energy efficiency lean six sigma

six sigma
green
manufacturing
industry 4.0

Development degree
(Density)

lean manufacturing
1 green manufacturing
sustainable manufacturing
! lean management
Iruralue stream mapping
smes

lean production
o]
industry 4
quality management
integration
quality improvement

Relevance degree
(Centrality)

Figure 7: Thematic map

We conducted a bibliometric coupling to illustrate the thematic evolution within the related
fields. The objective was to investigate how existing literature supports or influences the most
current research. We categorized the publications into three distinct sections or cut periods for
analysis. The first section, displayed in the left column of Figure 8, covers publications from
1997 to 2019. The second section, located in the middle column, spans the years 2020 to 2023.
The third section, located in the right column, spans the years 2024 to 2025. This analysis
illustrates the transformation of early themes into new or modified versions over time. During
the 1997-2019 period, foundational topics included life cycle assessment, eco-efficiency, lean
and green, sustainability, environmental sustainability, lean production, supply chain
management, lean practices, barriers to implementation, and continuous improvement. During
2020-2023, themes such as sustainability, Six Sigma, eco-efficiency, value stream mapping,
literature review, corporate social responsibility, agriculture, environmental performance,

innovation, lean construction, and environmental sustainability have evolved. Finally, in 2024-



2025, the focus shifted to sustainability, lean production, lean thinking, eco-efficiency, the
triple bottom line, lean sustainability performance, environmental sustainability, SMEs, lean
construction, case studies, lean management, critical success factors, green innovation, and
waste management. It appears that the earlier theme of “lean and green” has evolved into the
more specialized “lean production” and “lean thinking.” At the same time, ‘“sustainability”
remains central, spawning newer topics like ‘“‘sustainability performance” and “green
innovation.” This recurring linkage between lean-related themes and sustainability suggests a

persistent interconnection between these two core threads in the scholarly discourse.
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Figure 8: Thematic Evolution

We conducted correspondence analysis (CA) and multiple correspondence analysis (MCA) to
identify patterns among the keywords. These two analyses revealed two distinguishable
themes. Figure 9 presents the results from CA. As indicated, the large theme (red colored)
comprises keywords such as integration, industry, system, strategies, innovation, barriers,
critical success factors, supply chain management, model, and design. The small theme (blue
colored) comprises three keywords: environmental management, business performance, and

financial performance.



Dim 2 (10.11%)

Figure 9: Conceptual structure map (from CA)

With MCA, the analysis revealed two themes (Figure 10). The major theme (red colored)
contains keywords such as supply chain management, strategy, operations, green practices,
environmental management, and innovation. Here, the second theme is larger than that of CA.

It includes keywords such as barriers, drivers, and critical success factors.

The smaller clusters in CA and MCA demonstrate a lack of research attention on critical success

factors, drivers, and barriers within the broad associated fields of sustainability and lean-green

manufacturing.

Figure 10: Conceptual structure map (from MCA)



We also conducted a co-occurrence analysis of keywords using bibliometric coupling in Vos
Viewer. Table 5 shows the top ten co-occurring keywords. It is observed that in the fields of
lean-green manufacturing and sustainability, the keywords "Sustainability," "Lean
Manufacturing," "Supply Chain Management," "Six Sigma," and "Environmental

Management" have the highest link strengths and occurrence frequencies.

Table 5: Co-Occurrence Analysis

Order Keywords Occurrences Total Link Strength
1 Sustainability 66 96
2 Lean 40 92
3 Lean Manufacturing 30 53
4 Green 19 51
5 Environmental Sustainability 15 22
6 Supply Chain Management 12 15
7 Green Manufacturing 11 25
8 Six Sigma 10 29
9 Lean Practices 10 16

10 Environmental Management 9 18

We conducted a co-occurrence analysis of 490 keywords from published documents, yielding
Figure 11. This analysis revealed distinct themes, prominently featuring keywords like lean
manufacturing, green, lean, supply chain management, and Six Sigma. Among these,
“Sustainability” emerged as the most dominant, showing the highest degree of association with
other keywords. Notably, all these keywords, including lean manufacturing, green, and lean,

are closely linked to “Sustainability.”

Additionally, the network in Figure 11 identifies four distinct clusters. Cluster 1 (red) focuses
on sustainable performance strategies. Cluster 2 (green) covers research on the impact of lean-
green manufacturing practices on sustainability and resilience. Cluster 3 (blue) examines
barriers to lean-green manufacturing practices. Cluster 4 (yellow) emphasizes Industry 4.0
strategies. This analysis indicates that sustainability is a key outcome of lean-green

manufacturing practices, with connections to all major clusters.
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Figure 11: Thematic Clustering

Table 6 summarizes the clusters mentioned earlier. Each cluster contains related keywords,
from which three dominant keywords are derived. According to Gan et al. (2022), these
keywords help establish research areas or themes. The four identified clusters offer insights
into distinct research themes and suggest potential future research avenues, as determined
through content analysis. The CA and MCA revealed a lack of scientific focus on several key
areas, including environmental management, business performance, financial performance,
barriers, drivers, and critical success factors of lean and green manufacturing practices. Further,
we conducted a content analysis to contemplate the identified themes in clusters. This matching
allows us to identify and gather more specific information on the most significant research
needs. Table 8 also summarizes the future research avenues based on the evolving themes in

the existing literature.



Table 6: Clusters obtained from co-occurrence analysis and extracted future research avenues

Clusters  Items Keywords Co- Themes Future Research Avenues Exemplary Studies
Occurrence
e Inclusion of quantitative measures of the interaction of lean and
Sustainability 66 green paradigms and sustainable performance measures using
analytical methods such as structural equation modeling. )
Impact of Lean e Assess the effect of lean and supply management activities on (Diaz-Reza et al., 2024;
Cluster 1 1 Lean 40 and Green . firms’ social and safety performance. le?ste etal., 2019;
(Red) ;?;Itl;fl?guﬂriing °" e Evaluation of lean management soft-tools and JIT methods Hajmohammad et al.,
Y o Assessment of lean tools for identifying their isolated effectiveness 2013; Kovilage, 2021)
Green 19 in environmental performance.
Envi e Development of a framework for implementing smart, green,
nvironmental . .
Sustainability 15 resilient, and lean manufacturing systems.
Achieving e Integration of risk management factors for assessing lean (Carvalho et al., 2011;
sustainability management performance and its resilience. Chen et al., 2022;
Cluster 2 Lean h h effici 4 . ; ; o . .. .
(Blue) 11 Management 8 through etficient o Establish consistency in measuring and conceptualizing metrics OhV?lra et a~l., 2022;
utf1hzat10n and indicators of Lean Green performance and resilience. Ramirez-Pefia et al,,
o Of resources e Consider human-related factors in studying lean-green-resilience- ~ 2020; Touriki et al., 2021)
Lean thinking 4 smart manufacturing.
Lean 30 Strategic o Identification of context-specific barriers (e.g., Sub-Saharan Africa,
Manufacturin developing countries
& management of pIng ) . . (Elemure et al., 2023;
Green lean green e How do the SMEs manage lean manufacturing to achieve . )
Cluster 3 11 . . Singh et al., 2022; Tanco
10 Manufacturin manufacturing sustainable development?
(Green) g e . . . etal., 2021; Trabucco &
] and identification ¢ Impacts of different barriers on organizational performance and De Giovanni, 2021)
SuSta‘Fable_ 7 Ef drivers and lean management effectiveness. ’
Manufacturing armers o Identification of pandemic crisis-driven barrier
i ¢ Integration of environmental sustainability and lean green
Lean Practices 7 management for achieving sustainability. .
Sustainable Impact of Lean ¢ Development of lean practices and Industry 4.0 integration (Lobo Mesquita et al.,
Cluster 4 7 Supply Chain 5 Green Practices framework. 2022; Maldonado-
(Yellow) Management (};I;r];(l);mnance e Investigate the moderating and mediating roles of Industry 4.0 Guzman et al., 2023;
Firm technologies in the relationship between lean-green practices and Varela et al., 2019)
5

Performance

sustainable performance.




The largest cluster (red cluster) highlights the importance of lean and green manufacturing in
achieving sustainability. This cluster encompasses several key elements, including
manufacturing, Six Sigma, climate change, and environmental issues. The focus is on the firm's
adoption of lean and green manufacturing to achieve economic, social and environmental
sustainability. Moreover, extant literature suggests that adopting a holistic lean green
manufacturing enhances firms' sustainable performance (Diaz-Reza et al., 2024). In a similar
vein, in this cluster, some keywords exhibit small occurrences, such as resilience, green lean

Six Sigma, and climate change, which indicate opportunities for future studies.

Cluster two (the blue cluster) on sustainability highlights the importance of efficient decision-
making, addressing various elements such as lean management, lean thinking, environmental
sustainability, lean and green, green supply chain management, and fuzzy set theory. To achieve
environmental sustainability, firms must adopt lean and green manufacturing practices, along
with lean thinking. Recent studies identified that reducing the environmental impact of
industrial activities leads to sustainable outcomes (Elemure et al., 2023). Moreover, firms’
adoption of green manufacturing and lean manufacturing helps attain functional excellence
(Yadav et al., 2023). This cluster manifests topics with only three (3) occurrences, which are
the least, such as lean thinking, fuzzy set theory, and sustainable supply chain management.
These topics highlight the importance of utilizing human resources and supply chains to

achieve environmental sustainability.

The green cluster reveals the importance of managing lean green manufacturing. This cluster
highlights diverse elements, including barriers, critical success factors, SMEs, sustainable
manufacturing, resource efficiency, and the circular economy. Previous studies suggest that the
cost of investment, IT infrastructure, and training, as well as trade-offs in terms of CO;
emissions and resource use, are the major factors hindering firms from obtaining success in

lean green manufacturing (Yilmaz et al., 2022). However, they have identified that top



management support and leadership, employee participation, expertise and knowledge of
employees, and transparency of leaders in explaining the process to employees are the drivers
for lean green manufacturing. Although this cluster describes the barriers and success factors
for implementing lean green manufacturing, efficient utilization of resources is essential for
the management of lean green manufacturing. In a similar vein, supply chain sustainability,
resource efficiency, circular economy and sustainable lean manufacturing have four (4)
occurrences within this cluster, which indicates the future research direction to achieve
sustainability. Also, future studies can attempt to quantify the impact of these barriers on

sustainable production (Elemure et al., 2023; Tanco et al., 2021).

Centered around the influence of lean green practices and firm performance, the last cluster
(yellow cluster) manifests the evolving nature of firms' focus on gaining competitiveness.
Firms utilize lean green practices to manage their operations and supply chains, thereby
enhancing performance. The prominent keywords are lean production, supply chain
management, environmental management, operational performance, sustainable performance,
and lean practices. This orientation towards improving processes and performance leads firms
to cultivate sustainable business strategies and practices (Khan et al., 2023). Some keywords
in this cluster, such as environmental management, the automotive industry, and green

practices, exhibit limited occurrences and thus indicate opportunities for future studies.

The keywords within each cluster, along with the respective documents, were assessed to
uncover the underlying themes. These themes are primarily derived from the relationships
between frequently co-occurring keywords. This approach allowed us to group the documents
based on shared thematic elements, with each cluster reflecting a significant focus in the
literature. The clusters acted as the screen for isolating relevant documents that could answer

the research questions presented in the initial section.



3 Literature Review

3.1 Impact of Lean and Green Practices on Sustainability

Extant literature drew a robust theoretical association between lean green practices and
sustainability (Bateman, 2005; Ho, 2010; Kurdve et al., 2014). Several empirical works have
also reinforced this conceptualized relationship (Caiado et al., 2018; Cherrafi et al., 2017).
From a theoretical stance, on the one hand, lean manufacturing techniques have capabilities
that can reduce waste while maximizing productivity (Souza & Alves, 2018). On the other
hand, the primary aim of green manufacturing is to minimize the negative environmental
impacts (Rusinko, 2007). Though the relationship between lean and green practices and
sustainability has been conceptualized recently, the articles reviewed for the present research
corroborate the practical efficacy of integrating lean and green principles to achieve sustainable

outcomes.

First, the implementation of lean manufacturing techniques in Indian micro, small, and medium
enterprises can significantly reduce waste, thereby directly supporting environmental
management (Babber & Mittal, 2023). Similarly, a study conducted on Canadian
manufacturing plants also highlighted the direct impact of lean management on environmental
performance (Hajmohammad et al., 2013). However, their study also established the mediating
role of environmental practices. A similar role of organizational culture has also been identified
by Sahoo (2022). In this regard, Cherrafi et al. (2018) inferred that lean implementation can
dictate organizational practices and culture due to the consistent priorities on minimizing waste
and increasing efficiency set by the top management. Moreover, lean manufacturing techniques
can reduce energy usage. Practices, such as Just-in-Time, Value Stream Mapping, and Total
Productive Maintenance, can significantly reduce energy consumption (Fontoura et al., 2023;
Ho, 2010; Shokri & Li, 2020). Hence, the evidence suggests that lean techniques can positively

influence several environmental sustainability benchmarks. Second, from an economic



standpoint, this management approach can lead to greater cost savings and improved
performance (Alves & Alves, 2015). It can also lead to achieving competitive advantage
(Antony et al., 2018; Tiwari et al., 2020). Finally, Longoni and Cagliano (2015) suggested that
certain lean practices, especially those involving employee engagement and training, lead to
improved working conditions and job satisfaction. These practices can also motivate
responsible treatment of society (Alves, 2022; Barth & Melin, 2018). Thus, extant literature

substantiates the positive impact of lean practices on all three pillars of sustainability.

As already stated, green manufacturing predominantly targets environmental sustainability
through the reduction of wastage and the reduction of electricity consumption (Khan et al.,
2023). However, Gupta et al. (2021) argued that environmentally friendly practices can also be
economical. Similar arguments have also been presented by Piyathanavong et al. (2019). They
found that one of the reasons behind the Thai manufacturers’ preference for a greener approach
is the cost savings. Extant literature suggests that the minimized consumption of electricity,
water, and other resources, as well as the reduction of waste, also directly contributes to
financial benefits in developing economies like India (Shankar et al., 2017) and China (Garza-
Reyes et al., 2018). From a social point of view, the extant literature suggests that green
initiatives can enhance job satisfaction and performance because employees perceive these
organizations as more progressive and socially responsible (Kosasih et al., 2023; Kovilage,
2021). Additionally, employees working in environmentally responsible companies tend to
exhibit higher levels of commitment and motivation due to the alignment of corporate practices
with their values (Ming et al., 2021; Shokri & Li, 2020). A green organization also prioritizes
the health and safety of the organizational members, as well as the society and ecology in which
it operates (Jiskani et al., 2020; Wang et al., 2015). Hence, the articles reviewed for this research

confirm the positive relationship between green manufacturing techniques and sustainability.



Beyond these postulations, recent literature has also documented how and when lean-green
practices deliver sustainability. Evidence from developing-economy contexts indicates positive
effects on production and broader performance outcomes, especially when lean and green
practices are jointly deployed (Ahsan, 2024, Opoku, 2024). Mechanistically, capability- and
people-focused levers appear central, as an environmental performance function is shown to
mediate the lean-green-sustainability relationship, which is also observed in green training
within labor-intensive sectors, such as apparel (Jain et al., 2024, Machingura et al., 2025).
Again, external institutional forces can further condition these relationships; specifically,
stricter environmental regulation strengthens the association between firm practices and
environmental outcomes (Nazir et al., 2024). On implementation, prescriptive roadmaps are
reported for Green Lean Six Sigma and sustainable-lean deployments, including SME-oriented
and project-based methodologies and single-firm case applications (Javed, 2025, Khanapure &
Shastri, 2024, Siegel et al., 2024, Singh and Rathi, 2024). The measurement and readiness
studies by Gatell and Avella (2024), Gopi and Pg (2024) advance existing understanding
through Digital Green Lean leadership/culture maturity models, fuzzy-logic effectiveness
indices, and lean product-development approaches aligned with sustainable operational
performance. Cross-sector analyses, for instance, the studies conducted by Ferrazzi et al.
(2025) and Nadeem et al. (2025) also highlight synergistic configurations of lean tools
associated with enhanced environmental performance, as well as complementary frameworks

for circular economy deployment in SMEs.

As previously noted, the integration of lean manufacturing and green practices has been
consolidated into a unified methodological approach for production and management in general
(Lartey et al., 2020; Teixeira et al., 2021). This specific area has garnered considerable research
attention in recent years, primarily because of its potential to enhance both operational

efficiencies and environmental performance simultaneously (Fiorello et al., 2023; Hussain et



al., 2019). Garza-Reyes (2015), for example, conducted a systematic review of 59 articles and
concluded that the compatibility of lean and green practices can result in favorable financial,
social, and environmental outcomes across manufacturing, supply chain, and operational
sectors. To further strengthen the connection between lean-green practices and sustainability,
Cherrafi et al. (2017, 2018, 2019) proposed lean-green integrated frameworks for improving
sustainability performance. These studies have particularly established that the mentioned
integration substantially reduces energy consumption, water usage, and material waste in
manufacturing processes. Again, there is an overlapping emphasis of lean and green practices
(Caiado et al., 2018; Elemure et al., 2023; Kurdve & Bellgran, 2021), which facilitates the
integration and argues that the combined positive effect on the organization and its outcome is

more profound and more sustainable than their mutually exclusive application.

3.2 Critical success factors and barriers to lean and green manufacturing

The research area concerning the critical success factors and barriers to lean and green
manufacturing has received sufficient scholarly attention (Kumar et al., 2016; Mohan et al.,
2024). Several frameworks have also been proposed to eliminate the barriers and facilitate the
adoption (Vallejo et al., 2020; Luthra et al., 2015). The empirical perspective on critical success

factors and barriers is discussed in the following section.

Critical success factors are the crucial features that allow the successful implementation of a
particular practice or strategy (Glover et al., 2011). In other words, these factors are the
antecedents for any new technique or approach to thrive (Lam et al., 2024). Given their
compatibility and the potential for simultaneous implementation, the efforts towards
implementing lean and green manufacturing complement each other (Choudhary et al., 2019;
Hussain et al., 2019). Recent studies reinforce that successful lean-green adoption depends on

aligned governance and front-end integration. For instance, Lam et al. (2024) presented case



evidence from high-rise construction and argued that design-phase critical factors shape
implementation quality. In a longitudinal study on sustaining lean, Szwejczewski et al. (2024)
highlighted change-sustainability factors that maintain improvements beyond initial successes.
Cross-sector analyses further indicate that bundling complementary lean tools is associated
with stronger environmental outcomes than isolated practices, which implies configuration as

a success factor (Ferrazzi et al., 2025).

Specific critical success factors include top management commitment (Hariyani & Mishra,
2023; Parmar & Desai, 2020), strong leadership (Kosasih et al., 2023; Saabye, 2023), employee
involvement (Alhuraish et al., 2017; Yuik et al., 2020), strategically aligned organizational
culture (Shafiq & Soratana, 2020) and vision (Aldnge & Steiber, 2009; Mazzocato et al., 2014),
efficient and coherent communication (Yilmaz et al., 2022), performance measurement, and
monitoring system (Douglas et al., 2017; Walter et al., 2023), supplier engagement (Shah &
Naghi Ganji, 2017), customer focus (Hariyani & Mishra, 2023; Jum’a et al., 2022), cross-
functional collaboration (Longoni & Cagliano, 2015), stakeholder engagement (Shah & Naghi
Ganji, 2017; Sreenivasan & Suresh, 2023), a positive mindset towards technology adoption
(Diaz-Reza et al., 2024), and most importantly, knowledge management (Antony et al., 2024;
Henrique et al., 2021). Other environmental factors, such as access to technologies and strong
national infrastructure, also support the implementation of lean green management techniques
(Gupta et al., 2021; Ibidunni et al., 2022). People- and capability-oriented enablers recur across
contexts. For instance, green training is reported as a mechanism that links green manufacturing
to performance in labor-intensive settings (Jain et al., 2024). Again, organizational culture
aligned with quality and environmental priorities is described as catalytic for translating
practices into green innovation (Al-Hakimi et al., 2025). On the systems side, Digital Green
Lean maturity models emphasize leadership and culture readiness as prerequisites for execution

and scaling (Gatell and Avella, 2024). Studies on emerging-economy SMEs also associate the



lean-green bundle with improvements in production and performance, suggesting that
managerial accounting and performance-measurement routines support implementation

discipline (Ahsan, 2024).

The existing literature has also explored the barriers to implementing lean green manufacturing.
For instance, resistance to change, initiated by the application, has been observed in both
developing and developed countries (Antony et al., 2022, 2024), primarily due to a lack of
knowledge and cultural misalignment (Grigg et al., 2020). Again, short-term focus (Barnes &
Wagner, 2023; Rodgers et al., 2019), mainly caused by agency issues (Aldnge & Steiber, 2009),
can directly impose financial and non-financial constraints on lean-green implementation
(Abbas & Liu, 2022; Tanco et al., 2021; Yadav & Gahlot, 2022). Moreover, environmental
factors, including the lack of infrastructure (e.g., transportation and telecommunication) (Gupta
et al., 2021) and customer demand (Hariyani & Mishra, 2023), limited access to technology
and financing (Mazzocato et al., 2014; Pornparnomchai & Rajchamaha, 2021), regulatory
constraints (Goyal et al., 2022; Huang et al., 2021), and market volatility, can negatively impact
the utilization of lean green manufacturing (Alves & Alves, 2015; Shokri & Li, 2020). A
complex supply chain can also restrict the capacity of lean green management techniques
(Ugarte et al., 2016). Barriers found through recent studies extend beyond generic resistance
and resource constraints. For instance, Shokri et al. (2025) prioritized interacting barriers to the
green deployment of operational-excellence projects. Their findings indicate that obstacles do
not act independently and may amplify one another. Sectoral analyses reveal institutional and
political-cultural frictions, including baronies, tribalism, and skepticism, during lean journeys
in healthcare (Leite et al., 2024). Qualitative work in Malaysian food and beverage SMEs by
Zain et al. (2024) details context-specific barriers and drivers of green manufacturing adoption.

Their study highlighted the importance of sectoral tailoring. In transitions from green to



broader sustainable manufacturing, studies report transition conflicts that require strategic,

staged change rather than ad-hoc initiatives (Rehman & Seth, 2024).

Though several frameworks were proposed for implementing lean green techniques in the
manufacturing and service sectors (Cherrafi et al., 2017; Fiorello et al., 2023; Jin et al., 2024;
Kaswan et al., 2023; Singh et al., 2022). The strategies to mitigate the barriers and develop the
background that would nurture the changes imposed by the application require a tailored
approach that can significantly differ from organization to organization (Hariyani & Mishra,
2023; Leong et al., 2020; Roy et al., 2020). For instance, comprehensive education and training
programs, as well as cultural transformation, can depict instantaneous positive attitudes
towards changes (Barth & Melin, 2018). Furthermore, successful implementation requires
long-term strategic plans that address the possible financial constraints (Singh & Rathi, 2024);
Tanco et al., 2021; Yadav et al., 2023) and supply chain-related complexities and changes (Orji
& Wei, 2015; Ramirez-Pefia et al., 2020; Ugarte et al., 2016). Finally, organizational leaders
should foster a culture that focuses on the customers and continuous improvement through
cross-functional integration and stakeholder engagement (Al Hammadi & Hussain, 2019;

Gamad, 2019).

3.3 Lean-Green-Sustainability Integration Framework

From the cluster analysis and the succeeding literature review conducted for the present study,
the researchers also developed a framework for integrating lean-green practices within an
organization to achieve sustainability. Figure 12 illustrates this framework. As it highlights, the
implementation process starts with strategic foundations (i.e., vision and organizational
culture) and top management commitment. Existing literature establishes that these two factors
directly and positively affect the enablers of lean management and green practices (Hariyani

& Mishra, 2023; Parmar & Desai, 2020; Aldnge & Steiber, 2009). These enablers, including



but not limited to employee empowerment, knowledge management, organizational readiness,
and supplier engagement, as argued by Alhuraish et al. (2017), Yuik et al. (2020), and Antony
et al. (2024), are also critical for sustainability-oriented practices, including lean and green
initiatives. However, these relationships between the strategic elements and the adoption of
lean management and green practices can be affected by external factors. Previous research has
identified the exogenous impact of market demand, industry trends, and regulatory policies in
this particular relationship array (Hariyani & Mishra, 2023; Maldonado-Guzman et al., 2023;
Goyal etal., 2022; Huang et al., 2021). However, as argued by Gandhi et al. (2018) and
Fiorello et al. (2023), though lean and green practices share similar objectives, the integration
is not involuntary. These authors further reasoned that to apply or integrate the two mentioned
paradigms of management; a deliberate and formalized mechanism is needed. Extant studies
suggest that organizational practices, such as cross-functional collaboration, metrics alignment,
digital integration, and continuous improvement policies, can synchronize and integrate the
efforts and ultimately lead to sustainability for the organizations (Longoni & Cagliano, 2015;
Douglas etal.,2017; Maldonado-Guzmén et al., 2023; Al Hammadi & Hussain, 2019).
However, existing studies have also identified several barriers, including high initial costs,
resistance to change, inadequate infrastructure, and shorter financial pressures, that can impede
integration (Yilmaz et al., 2022; Antony et al., 2022; Gupta et al., 2021). The empirical studies
also unanimously agree on the contribution of the combined application of lean and green
practices to achieving superior operational and environmental outcomes (Cherrafi et al., 2017,
Garza-Reyes, 2015; Fiorello et al., 2023). Building on the framework developed (Figure 12),

we offer the following propositions to guide future empirical testing:

Proposition 1: Strategic enablers, such as top management commitment and a sustainability-

oriented culture, positively influence the successful integration of lean and green practices.
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Figure 12: Lean-Green Integration Model for Sustainability
Proposition 2: Market demand, industry trend, and regulatory policy positively moderate the
relationship between lean-green integration and sustainable performance outcomes.

Proposition 3: Implementation barriers, such as high initial costs, employee resistance, and
infrastructure inadequacy, negatively moderate the impact of lean-green integration on

sustainability outcomes.

Proposition 4: Firms with higher levels of knowledge management capability will achieve
greater alignment between lean and green practices, resulting in more significant improvements

in environmental and social performance.

4 Discussion

The present study examined the integrated link between Lean and Green Manufacturing and
sustainable performance via a bibliometric systematic review. The researchers applied
performance analysis, science mapping, and network analysis tools to 1566 documents on lean

and green practices and sustainability retrieved from the Scopus and WoS Databases. The



performance analysis revealed that the first document on the field was published in 1997. As
of 12th July 2025, 4,150 scholars have published 1,566 scientific documents, with an annual
growth rate of 19.42%. On average, each document accumulated 47.63 citations. A significant
growth in the publication and citation patterns has appeared since 2017. Furthermore, the
Journal of Cleaner Production, the International Journal of Lean Six Sigma, and the Journal of
Manufacturing Technology Management are the top three most impactful sources, with the
highest number of publications. Again, the associated fields exhibit a higher tendency for
international collaboration than other comparable areas (Lopez Pérez et al., 2023; Nobanee et
al., 2021). Antony J and Garza-Reyes J are the most influential authors in lean green

manufacturing research within the specified time.

The network developed by applying a simple centers algorithm revealed that sustainability is
at the center. This analysis led to the identification of four core research themes: Cluster 1
directly evidences the relationship between lean green manufacturing and sustainability;
Cluster 2 focuses on issues related to achieving sustainability through efficient utilization of
resources; the third cluster encompasses the strategic management of lean green manufacturing
and identification of drivers and barriers; and the fourth cluster explores the issues pertaining
to the impact of lean green manufacturing on firm performance. These themes shed light on
how lean green manufacturing intersects with sustainability, environmental impact, resource
efficiency, and operational performance. Results from the co-occurrence analysis confirm that
key themes, such as sustainable performance strategies, digital tools, lean-green
manufacturing, and barriers, contribute to a deeper understanding of sustainability and its

various dimensions.

The co-word analysis utilized VOS Viewer to generate both a co-word cloud and a network
visualization illustrating the occurrence of keywords. Furthermore, for the co-occurrence

analysis, the main keywords with the highest frequency of occurrence are sustainability, lean,



lean manufacturing, green, environmental sustainability, supply chain management, and green
manufacturing. The country publications and collaboration map analyze the scenario of
collaborative studies on lean green manufacturing and sustainability performance. The results
show that India and the United Kingdom are at the top of the list in terms of articles and
collaborations with various regions. However, our analysis revealed that contributions and
collaborations from least-developed countries in Asia and Africa—such as Bangladesh,
Cambodia, Ethiopia, and Sudan—remain very limited. This underrepresentation points to a
significant knowledge gap, particularly since these countries play a central role in labor-
intensive global manufacturing supply chains and face profound environmental challenges.
One explanation for the dominance of Asia (especially emerging economies like China and
India) and Europe in the literature lies in their stronger research infrastructure, availability of
funding, and institutional emphasis on sustainability policies, which facilitate academic
engagement in this area. By contrast, least-developed countries often lack comparable research
capacity and policy support, despite being disproportionately affected by sustainability issues.
This imbalance underscores the need for greater inclusion of diverse geographical and sectoral

contexts in future research on lean—green manufacturing and sustainability.

The thematic map for lean green manufacturing and sustainable performance research shows
the frequency of the key terms. The analysis revealed that specific themes are underdeveloped
and peripheral, suggesting either emerging or declining concepts, such as “lean thinking” and
“environmental performance,” which appear to be gaining prominence due to their critical role.
Moreover, other themes that are not developed well and need elaboration include “Industry 4”
and “environmental sustainability”. The thematic analysis shows the importance of merging

“performance” with lean green manufacturing.



4.1 Theoretical Contributions

This study makes several theoretical contributions to the literature on lean—green
manufacturing and sustainability. First, by integrating bibliometric and systematic review
approaches, we provide a comprehensive overview of how scholarships in this field have
developed, identifying the most influential authors, documents, and journals, and revealing the
thematic clusters that underpin current knowledge. This mapping enriches an understanding of

the intellectual structure in the field.

Second, and more importantly, we advance the literature by proposing the Lean—Green
Integration Model for Sustainability. This novel conceptual framework explains the
mechanisms through which lean and green practices can be synergistically deployed to generate
sustainable outcomes. The framework integrates strategic enablers (e.g., top management
commitment, organizational culture), operational enablers (e.g., employee involvement,
knowledge management, supplier engagement), and contextual moderators (e.g., market
demand, regulatory pressures, and implementation barriers). By articulating testable
propositions, the framework moves beyond descriptive synthesis to provide an explanatory and
predictive lens for understanding the linkages between lean green manufacturing and

sustainability.

Third, the framework positions lean—green integration within broader theoretical perspectives.
Its focus on strategic resources and organizational capabilities is consistent with the Resource-
Based View (RBV) (Barney, 1991), while its attention to external pressures reflects the logic
of Institutional Theory (DiMaggio & Powell, 1983). By bridging these perspectives, our model
enriches existing theory by showing how internal capabilities and external drivers jointly
condition sustainability, directly addressing recent calls for theoretical enrichment in this

domain (Kumar et al., 2024; Punj et al., 2023; Teixeria et al., 2021).



Fourth, our dual-database review, which combined the Scopus and Web of Science databases,
allowed us to identify four key thematic clusters and outline research gaps. This synthesis not
only consolidates fragmented insights but also pinpoints potential avenues for advancing

scholarly work on lean—green manufacturing and sustainability.

Finally, our review and framework identify underexplored areas—such as the role of human
factors, digital integration, and context-specific barriers—that warrant further empirical
testing. In doing so, we set out a clear research agenda for future studies and provide a
theoretical foundation for cross-sectoral and cross-country investigations of lean—green

integration.

4.2 Managerial and Policy Implications

This research offers several implications for managers and policymakers to achieve sustainable
performance by adopting lean green manufacturing. First, managers can learn how to enhance
sustainability and green growth by focusing on lean green manufacturing in developed and
developing countries. This is because managers would benefit from the influential countries,
institutions and authors fostering knowledge transfer and collaboration. Second, in the case of
policy formulation, governments of least developed countries need to emphasize scientific
evaluation of their contexts, as the prevailing may not be sufficient, if not extraneous, for them.
This evidence will directly contribute to the attainment of the United Nations’ Sustainable

Development Goal 12 (responsible consumption and production).

Again, as “barriers” and “success factors” have received visible research interest in the
associated scholarly fields, it indicates a frequent practical confrontation of issues and
challenges surrounding lean and green manufacturing practices. Therefore, managers and
practitioners can observe successful companies and understand how they implement lean-green

manufacturing practices to overcome the challenges specific to their settings. In addition,



managers may also notice how academics help companies by understanding different
phenomena associated with lean green manufacturing and sustainable performance by gaining
insights into several existing research trends. Moreover, this research provides an overview of
the current and emerging trends in the lean green manufacturing and sustainability field, which
may orient managers with future practices to design a sustainable and resilient manufacturing

architecture.

The research provides actionable insights for managers seeking to enhance sustainability
through lean-green manufacturing practices. It highlights the importance of collaboration
between countries, institutions, and researchers to accelerate knowledge sharing and
innovation. For policymakers, especially in developing regions, it highlights the need for
tailored approaches that consider local contexts and challenges. By addressing the barriers and
success factors highlighted in the research, the study offers practical recommendations that
managers can implement to optimize sustainability efforts and achieve long-term business
growth. Additionally, the lean-green integration model for sustainability (Figure 12) will
provide the managers and practitioners with practical guidelines or a structured roadmap for

achieving sustainability through the mentioned integration.

4.3 Limitations and Future Research Avenues

This research highlights the common limitations of bibliometric and meta-analysis research,
encompassing issues such as database selection and subjective interpretation. This study
utilized the Scopus and WoS databases, which are highly regarded and accepted for
bibliometric explorations on the business research spectrum (Archambault et al., 2009).
Nonetheless, data retrieval only from two databases reduced the number of documents
available for identifying the bibliographic linkage. Furthermore, the researchers employed a
limited number of keywords in the search query, which should result in the exclusion of

research that has synonymous words as keywords, titles, or abstracts. Additionally, this



research applied a particular set of bibliometric analysis tools. The application of these tools
may have shaped the interpretation. For example, hierarchical clustering and island algorithms
for network analysis may have provided different insights regarding the key themes and
clusters (Kim et al., 2024). Finally, an in-depth literature review could have provided more
detailed information regarding the relationship between lean-green manufacturing practices
and sustainability (Snyder, 2019). Future scholars should acknowledge these limitations and
design more robust research utilizing other bibliometric techniques and literature review

methodologies.

S CONCLUSION

Despite a growing body of research on lean manufacturing techniques and green practices, a
critical gap remains in understanding their relationship with sustainability. Through a
systematic bibliometric analysis of 1,566 documents extracted from Scopus and WoS
databases, we identified key trends, influential authors, and core research themes that highlight
the increasing importance of integrating lean and green practices in modern manufacturing,
ascribing to their subsequent impacts on sustainability. Bibliometric techniques, including
performance evaluation, science mapping, and network analysis, were applied to identify the
most impactful sources of evidence and key contributors. One of the key insights of this study

nn

is the strong interconnection between the keywords "lean," "green," and "sustainability," as
evidenced by the patterns found in the keyword co-occurrence analysis. This connection
reflects a broad consensus in the literature that achieving sustainability in manufacturing
requires a holistic approach that integrates lean principles with green practices. This research
also revealed the evolving clusters and niche research needs. The findings collectively led to

the following conclusions: although a significant number of scientific works have been

conducted to evaluate the impact of lean and green practices, research on the drivers, barriers,



and critical success factors of such practices has garnered negligible attention. Research on

these sub-areas is evolving without significant depth and connection with other sub-areas.

Again, a very limited number of studies have focused on Industry 4.0 — the future of industry -
necessitating a combination of hard and soft tools that can bring a paradigmatic shift to the
implications of lean and green practices (Lobo Mesquita et al., 2022; Yilmaz et al., 2022).
Moreover, the items in the clusters outline a lack of context-specific research. Similarly, lean
and green tools also failed to attract research interest. However, our analysis revealed that
contributions and collaborations from least-developed countries in Asia and Africa—such as
Bangladesh, Cambodia, Ethiopia, and Sudan—remain very limited. This underrepresentation
points to a significant knowledge gap, particularly since these countries play a central role in
labor-intensive global manufacturing supply chains and face profound environmental
challenges. One explanation for the dominance of Asia (especially emerging economies like
China and India) and Europe in the literature lies in their stronger research infrastructure,
availability of funding, and institutional emphasis on sustainability policies, which facilitate
academic engagement in this area. By contrast, least-developed countries often lack
comparable research capacity and policy support, despite being disproportionately affected by
sustainability issues. Furthermore, much of the existing scholarship is concentrated in
manufacturing sectors, with relatively little attention given to other high-impact domains such
as services, logistics, and agriculture, where lean—green practices could also play a critical role.
This imbalance underscores the need for greater inclusion of diverse geographical regions and

sectoral contexts in future research on lean—green manufacturing and sustainability.
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