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ABSTRACT

The integration of Lean Manufacturing (LM) and the Circular Economy (CE) represents a promising strategy to foster more
sustainable production systems aligned with the principles of cleaner production. This study conducts an integrative systematic
literature review, based on the PRISMA protocol, with the aim of mapping, organizing, and consolidating existing knowledge on
the convergence between LM and CE. A total of 51 articles indexed in the Scopus and Web of Science databases were analyzed.
The results reveal that lean practices support the adoption of circular principles by promoting waste elimination, resource effi-
ciency, and environmental impact reduction, with positive effects on organizations' operational, economic, and environmental
performance. However, significant gaps remain, particularly concerning the scarcity of empirical studies, the limited diversity
of geographic and sectorial contexts, and the lack of assessments regarding the social and organizational impacts of LM-CE
integration. In response to these gaps, the study presents 10 recommendations to guide future research and practice, including
the adoption of mixed-methods approaches, the exploration of under-investigated sectors (such as agriculture, construction, re-
manufacturing, and textiles), and the incorporation of socio-environmental performance metrics. Moreover, this study proposes,
innovatively, an integrative conceptual framework grounded in the Resource-Based View (RBV), which positions the LM-CE
synergy as a strategic, valuable, and hard-to-imitate organizational capability, capable of generating sustainable competitive
advantage. The proposed model offers theoretical contributions by expanding the understanding of sustainable value creation
mechanisms and provides relevant managerial and practical implications, offering robust guidance for managers, policymakers,
and researchers committed to the transition toward circular production models.

1 | Introduction

Organizations face an increasing need for flexibility, whether
in response to external market forces or the demands of a
modern, progressive society. This increasingly attentive and
critical society expects companies not only to deliver high-
quality products and services but also to adopt socially and

environmentally responsible practices (Litvinova et al. 2024).
In other words, while quality and productivity remain fun-
damental for organizational competitiveness and profitabil-
ity, companies must also prioritize sustainability by adopting
practices that reduce waste, conserve resources, and min-
imize environmental impacts from production processes
(Skalli et al. 2024), as outlined by the United Nations' 2030
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Agenda, particularly Sustainable Development Goal (SDG) 12,
which emphasizes responsible production and consumption to
enhance resource efficiency and reduce environmental degra-
dation (Panchal et al. 2021).

One approach to addressing these organizational and societal
demands for quality, flexibility, and productivity while reduc-
ing waste and enhancing sustainability is the integration of
Lean Manufacturing (LM) and Circular Economy (CE) princi-
ples (Sehnem et al. 2025; Salman et al. 2025; Sasso et al. 2025;
Kalemkerian et al. 2024).

Lean Manufacturing has been extensively studied as a dominant
management paradigm in industry (Frank et al. 2024). Authors
such as Razali and Chi (2021) and Singh et al. (2021) emphasize
that by optimizing resource efficiency, LM becomes essential
for waste reduction across production chains. Furthermore, LM
focuses on enhancing customer value creation, leading to im-
proved performance (Marodin et al. 2023).

Studies have documented LM implementation benefits.
Badhotiya et al. (2024), for instance, reviewed 78 case studies
from the last decade (2010-2020) and found that LM adoption
improved manufacturing capabilities across sectors, with re-
ported gains in productivity, quality, delivery, flexibility, and
cost reduction.

Tardio et al. (2023) surveyed 110 Brazilian manufacturing
managers to analyze LM and Industry 4.0 (I4.0) impacts on
product development and market performance. Results in-
dicate that manufacturers require LM implementation in
product development for a balanced approach, while LM-14.0
integration enhances both product development and market
outcomes.

LM also benefits employee well-being. Bento and Tontini (2024)
surveyed 520 workers across 23 Brazilian industrial sectors to
evaluate LM's relationship with employee well-being through
job characteristics. Findings reveal that LM independently in-
fluences satisfaction, commitment, and engagement, thereby
improving worker welfare.

LM's contributions to sustainability are also evident. Costa
et al. (2024) developed an I14.0-LM integration model for sus-
tainability through a systematic literature review and case
validation. The proposed model demonstrated enhanced envi-
ronmental sustainability, process optimization, and waste re-
duction, underscoring the importance of circular strategies.

Diaz-Reza et al. (2024) highlighted LM's sustainability benefits
through waste reduction, production efficiency, and quality im-
provement. Tools like 5S, TPM, Quick Changeover, and One-
Piece Flow positively impact worker health/safety, workplace
organization, and operational flow, elevating employee well-
being, strengthening engagement, and thereby promoting social
sustainability in labor-intensive industries.

The Circular Economy (CE) aims to replace the traditional so-
called linear production model, questioned due to its various
negative environmental impacts (Congiu et al. 2025). According
to Hossain et al. (2024), CE is a regenerative paradigm that

replaces “end-of-life” concepts with material reduction, reuse,
recycling, and recovery across production chains. Its goals in-
clude preserving resource value, fostering sustainable develop-
ment, and balancing environmental quality, economic growth,
and social equity for current and future generations. CE has
gained significant academic and professional recognition as an
evolving model combining economic development and sustain-
ability (Kirchherr et al. 2023) and as a critical research field for
building a sustainable future (Hossain et al. 2024).

In practice, studies indicate that Lean Manufacturing (LM)
practices significantly impact the advancement of the Circular
Economy (CE) (Farrukh et al. 2023, Ghaithan et al. 2023; de
Mattos Nascimento et al. 2022). This occurs through the elim-
ination of various types of waste (Sehnem et al. 2025; Deng
et al. 2022), resource optimization, significant raw material
savings, and improved environmental performance (Sasso
et al. 2025). Additionally, LM enhances processes and worker
empowerment (Sehnem et al. 2025), reduces costs, improves
energy efficiency, and customer satisfaction (Ferlito 2024), and
fosters greater sustainability (Skalli et al. 2022).

Maldonado-Guzman and Garza-Reyes (2023) empirically exam-
ined LM, sustainable development, and CE relationships among
460 Mexican automotive managers. Results suggest LM imple-
mentation positively affects sustainable performance, with CE
mediating stronger outcomes.

Sehnem et al. (2025) conducted an agri-tech case study on in-
tegrating CE and 14.0 via LM and human-centric approaches.
Findings show that this integration reduces waste, optimizes
resources, empowers workers, and boosts operational effi-
ciency while reinforcing sustainability through continuous
improvement.

Both LM and CE facilitate transitions toward sustainable, circu-
larbusiness models (Farrukh et al. 2023), potentially contributing
to global sustainability (Salman et al. 2025). However, research
on LM-CE intersections remains limited (Nadeem 2019; Kurdve
and Bellgran 2021; Hedlund et al. 2020; E Silva et al. (2024)), and
while some studies support their synergy, none have proposed a
clear, integrative framework connecting these fields.

This systematic integrative review analyzes relevant literature
to investigate research trends and connections, exploring how
LM-CE synergies can address global environmental challenges
like climate change, waste mismanagement, and global warm-
ing (Hossain et al. 2024).

Thus, this study aims to bridge this gap by proposing a theoret-
ically grounded, systematic framework integrating LM and CE.
The central research questions (RQ) are:

RQ1. Which Lean Manufacturing practices most significantly
contribute to Circular Economy?

RQ2. What is currently known about Lean Manufacturing and
Circular Economy synergies?

RQ3. What are future research trends for Lean Manufacturing
and Circular Economy?
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RQ4. How does LM-CE synergy positively affect organizational
performance?

RQ5. Isit possible to create an integrative LM-CE framework?

The Resource-Based View (RBV) theory (Barney 1991) under-
pins this study, highlighting how integrating organizational
resources and capabilities generates competitive advantages
(Sasso et al. 2025; Yadav et al. 2020; Caldera et al. 2019).

This work's originality lies in employing RBV theory alongside
an integrative systematic review to identify, synthesize, expand,
and integrate understanding of how lean and circular strategies
complement each other in mitigating environmental impacts
and optimizing production processes. It proposes a relational
framework for empirical testing in future research.

2 | Theoretical Foundation
2.1 | Circular Economy

The first study mentioning the Circular Economy (CE) on the
Scopus platform dates back to 2001, but the first article to sub-
stantively address the topic was published in 2004. In this work,
Dajian (2004) highlights the emergence of CE as a groundbreak-
ing methodology in developed markets such as Germany and
Japan. The author argues that CE could enable the construction
of a sustainable society, contrasting with the prevailing consum-
erist model of the time.

According to the Ellen MacArthur Foundation, a global refer-
ence institution in the promotion of CE among decision-makers,
governments, and academia, the three principles that guide CE
are: (a) regeneration of natural capital, balancing the consump-
tion of renewable and non-renewable resources; (b) increasing
the useful life of products and materials through biological
and technical cycles; and (c) eliminating negative impacts of
production systems, such as waste and pollution (MacArthur
et al. 2015).

In this context, CE can be defined as:

A regenerative economic system which necessitates a paradigm
shift to replace the end-of-life concept with reducing, alterna-
tively reusing, recycling, and recovering materials throughout
the supply chain, with the aim to promote value maintenance
and sustainable development, creating environmental qual-
ity, economic prosperity, and social equity, to the benefit of
current and future generations. It is enabled by an alliance of
stakeholders (industry, consumers, policymakers, academia)
and their technological innovations and capabilities (Kirchherr
et al. 2023, p. 4).

In recent years, a significant volume of research has been
published, 36,146 documents (keyword: “Circular Economy,”
database: Scopus, filter: Title/Keywords/Abstract, period:
2020-2025, date: March 28, 2025). Many studies seek to
identify CE's benefits and interfaces with other themes.
Winkler (2011) emphasizes its relationship with sustainable
supply chain networks, which can enhance organizations'

environmental and economic performance. Mathews (2011)
suggests that CE could refine capitalism to benefit society. Su
et al. (2013) note that CE practices are applicable at micro and
macro levels, requiring support from non-governmental or-
ganizations (NGOs) and governments. Ghisellini et al. (2016)
assert that decoupling environmental pressure from economic
growth is a core objective of CE.

Schroeder et al. (2019) identify CE as a driver for implement-
ing the Sustainable Development Goals (SDGs), while Bag
et al. (2021) highlight how artificial intelligence, powered by big
data analytics, positively impacts sustainable manufacturing
and CE.

Vanapalli et al. (2021) underscore challenges posed by the
COVID-19 pandemic to effective plastic waste management.
The authors emphasize that transitioning to green materials and
developing sustainable technologies are critical to mitigating fu-
ture crises. During the pandemic, single-use plastic consump-
tion surged; though temporary, this trend may alter consumer
perceptions and hinder CE transition goals.

The literature analysis reveals CE's thematic evolution.
However, studies remain concentrated in Europe, China, and
the United States, indicating the need for research in other con-
texts. Moreover, CE's interdisciplinary nature underscores its
analytical complexity. Few studies explore its application to pro-
duction and operations management (Lim et al. 2022a), where
CE emerges as a viable alternative to linear production models,
fostering a more sustainable society.

2.2 | Lean Manufacturing

Although itis a well-established topic, Lean Manufacturing (LM)
continues to attract the attention of the international scientific
community. Between 2020 and 2025, 2315 documents related to
the theme were published, according to a survey conducted in
the Scopus database (keyword: “Lean Manufacturing”; filters
applied: title, keywords, and abstract; search date: February 4,
2025). Among this total, approximately 338 publications exhibit
some interface with the theme of sustainability, indicating po-
tential contributions of lean practices to sustainability.

Moreover, many of these studies converge in defining Lean
Manufacturing as a set of managerial principles and practices
aimed at waste elimination, customer value enhancement, and
continuous process improvement (Alshammari et al. 2025;
Carrijoetal. 2024; Ferrazzietal. 2025; Gama and Bonamigo 2025;
Halim-Lim et al. 2025; Reza et al. 2025; Songkhwan et al. 2025;
Yang et al. 2025). Therefore, LM focuses on eliminating waste
throughout the production chain while simultaneously increas-
ing the value perceived by customers through the optimized use
of resources (Razali and Chi 2021; Singh et al. 2021), aligning
production with organizations' strategic objectives through the
application of tools such as Kaizen, TQM, Kanban, among oth-
ers (Reza et al. 2025).

Ferrazzi et al. (2025) emphasize that LM has evolved into a phi-
losophy with strong synergy with environmental sustainabil-
ity by minimizing resource use and reducing environmental
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impacts. Gama and Bonamigo (2025) reinforce this perspective,
highlighting that LM contributes to sustainability by reducing
waste, optimizing resources, and promoting operational excel-
lence. Salman et al. (2024) associate LM drivers with improved
circular performance in sectors such as pharmaceuticals.
Carrijo et al. (2024) examine LM in agribusiness, relating it to
productivity and rural sustainability. Halim-Lim et al. (2025)
underscore the prominent role of LM in the transition toward a
circular economy.

Thus, LM demonstrates strong interdisciplinarity, interfacing
with various other fields of study such as environmental man-
agement, sustainability, quality, CE, and Industry 4.0. Given
this context, the relevance of the topic stands out for both ac-
ademic literature and organizations, highlighting its potential
to significantly contribute to reconciling economic gains with
sustainability.

2.3 | Interface Between Lean Manufacturing
and the Circular Economy

The global economy faces a dilemma between the need for
production and the scarcity of natural resources (Jabbour
et al. 2020). In this context, resource conservation becomes
essential for sustainable development (Farrukh et al. 2023). In
response, many organizations are incorporating environmental
considerations throughout the product life cycle, seeking not
only to reduce impacts but also to gain competitive advantages,
cost savings, and risk mitigation (Dahmani et al. 2022).

The need for a business strategy that integrates waste reduc-
tion, efficient resource use, and environmental protection is ev-
ident (Kazancoglu et al. 2018; Lim et al. 2022a). In this regard,
the integration of Lean Manufacturing (LM) and the Circular
Economy (CE) emerges as a promising approach to achieving
these objectives, promoting greater sustainability and efficiency
in production processes (Lim et al. 2022a).

LM is the most dominant production strategy in global organi-
zations (Hu et al. 2015), as its practices enhance efficiency by
eliminating waste and focusing on delivering customer value
(Goshime et al. 2019). Conversely, CE seeks to redefine eco-
nomic growth by decoupling it from the consumption of finite
resources and promoting a more sustainable model of produc-
tion and consumption (MacArthur 2013).

E Silva et al. (2024) developed the Lean-Circular Maturity Model
(LCMM). Their study found that integrating LM and CE enables
companies to continuously improve their processes, optimize
resource utilization, and enhance both economic and environ-
mental performance.

Ghaithan et al. (2023) highlight that the LM practices with the
greatest impact on CE aim to eliminate waste, reduce emissions,
and polluting materials, thereby strengthening environmental
sustainability. The implementation of LM in production not
only improves operational efficiency by reducing costs and in-
creasing profit margins but also streamlines production flow,
enhances the work environment, and promotes occupational
health and safety.

Dos Santos and Ramos (2020) argue that, given the current glo-
balized scenario in which organizations must keep pace with
constant changes and technological innovations, solid strategies
are necessary to adapt to such trends. According to the authors,
LM is one of these strategies. Reyes et al. (2021) support this
view by pointing out that LM and Industry 4.0 can enable orga-
nizations and researchers to improve the planning and manage-
ment of lean production and supply processes.

Lim et al. (2022a) emphasize the importance of integrating LM
with CE principles to drive operational sustainability in produc-
tion. Furthermore, several studies show that the synergy be-
tween LM and CE can contribute to improvements in economic
and environmental performance (e Silva et al. 2024; Skalli
et al. 2022), operational performance (Nadeem et al. 2023), and
social performance (Kalemkerian et al. 2022). Therefore, the
specialized literature indicates that the joint adoption of LM and
CE is essential for organizational prosperity and for achieving
sustainable performance.

Despite the identified advances and benefits, studies ex-
ploring the intersection between LM and CE remain lim-
ited (Nadeem 2019; Kurdve and Bellgran 2021; Hedlund
et al. 2020; e Silva et al. 2024), justifying the need for fur-
ther research (Ghaithan et al. 2023; Maldonado-Guzman
and Garza-Reyes 2023) and concrete proposals that achieve
a true fusion of LM and CE. Such integration would facilitate
the adoption of business models and product strategies that
promote reuse, recycling, and remanufacturing, as well as
LM practices that contribute to resource efficiency and waste
reduction.

3 | Resource-Based View, Lean Manufacturing,
and Circular Economy

Studies on resources, skills, and capabilities began with the
work of Barney (1991). The Resource-Based View (RBV) theory
focuses on organizational resources and capabilities, encom-
passing assets, organizational processes, business attributes,
information, and accumulated knowledge. Resources are un-
derstood as organization-specific assets (Teece et al. 1997). For
example, such resources may be tangible, such as infrastructure,
or intangible, such as know-how and know-who (Chi 1994).

For organizations to achieve competitive advantages, these
resources must be valuable, scarce or rare, and imperfectly
imitable (Barney 1991). The integration of resources enables
the acquisition of capabilities, which are generally developed
through learning, knowledge exchange, and the continuous im-
provement of teams (Prieto-Sandoval et al. 2019), providing new
competencies that, in turn, evolve into capabilities for achieving
competitive advantages (Zott 2003).

The resources associated with LM include both human and
technical aspects (Al-Hakimi et al. 2022). Lean practices are
relevant technical elements that impact industrial operations
(Bortolotti et al. 2015). Moreover, studies indicate that the im-
plementation of LM and CE is influenced by factors, such as
knowledge, resources, culture, and human attitude. In this con-
text, the success of LM and CE implementation directly depends
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on the organization's ability to address these challenges (Abu
et al. 2021).

Additionally, from the RBV perspective, it is argued that iso-
lated resources are not, in themselves, sufficient to ensure a
sustainable competitive advantage (Barney 1991). In this sense,
the integration of Lean Manufacturing (LM) and the Circular
Economy (CE) can be understood as a strategic configuration of
organizational resources and capabilities capable of strengthen-
ing organizations’ dynamic capabilities and operationalizing the
adoption of circular practices, while simultaneously providing
enduring competitive advantages.

Therefore, this study considers LM and CE as complementary
approaches that, when integrated, become difficult to imi-
tate, in addition to being valuable and rare, thereby enhancing
firms' competitiveness and facilitating the transition toward
sustainability.

4 | Methodology

To identify the main gaps and address the research questions
of this study, the integrative systematic literature review meth-
odology was applied (Dahmani et al. 2021; Touriki et al. 2021).

4.1 | Integrative Systematic Review

To ensure a comprehensive literature review on LM and CE,
both a systematic review (Sasso et al. 2025; Awan et al. 2021)
and an integrative review (Alcayaga et al. 2019) were conducted.
The systematic review aims to summarize the existing litera-
ture based on selected criteria and answer a scientific question
(Koutsos et al. 2019), while the integrative review captures the
diversity and development of more than one body of literature,
culminating in a conceptual model or framework (Miles and
Huberman 1994).

To ensure transparency, coherence, and replicability while min-
imizing bias (Cook et al. 1997), the PRISMA method was ad-
opted, which is widely used to identify relevant studies (Moher
et al. 2009; Lim et al. 2022b). Additionally, the classification
and coding methodology proposed by Junior and Godinho
Filho (2010), and later applied by Jabbour (2013) and Teixeira
et al. (2020), was employed. For data collection, Scopus and
Web of Science were selected due to their widespread use in
literature reviews and recognized reliability (Mongeon and
Paul-Hus 2016; Chadegani et al. 2013), and for including peer-
reviewed scientific publications (Awan et al. 2021).

Given the recent integration of LM and CE (Marquina
et al. 2021), and in order to avoid overlooking relevant works,
no publication type restrictions were applied. Titles, abstracts,
and keywords were analyzed without limiting the search peri-
ods, thus allowing for a comprehensive integrative systematic
review.

The search terms used (keywords) were: “Lean Manufacturing”,
“Lean Production”, and “Circular Economy”, which were com-
bined in various ways, as detailed in Table 1.

TABLE1 | Database Search String.

Item Description

Analysis First survey: july-2023

period Second survey: july-2024
Third survey: january-2025

Boolean AND keyword.

Operators OR between database search.

Keywords “Lean manufacturing” and “circular

used in economy” or “Lean production”

searches and “circular economy”

Research “Web of Science” and “Scopus” were

database searched for titles, abstracts and keywords.

Language Everyone

Availability Articles and reviews only

Research All

discipline

Software MS Excel

Tools VOSviewer

Bliblioshiny

Total number 51

of articles

evaluated

Note: Prepared by the authors.

The initial search was conducted in July 2023 and retrieved 49
articles from Scopus and 36 from Web of Science, considering ti-
tles, abstracts, and keywords, and limited to articles and reviews.
After the removal of duplicates and studies unrelated to LM and
CE, 30 articles remained. A second search was conducted in July
2024, using the same criteria, identifying 73 articles in Scopus
and 53 in Web of Science. After excluding duplicates and articles
that did not relate to LM and CE, 45 publications remained.

Finally, a new (final) search was conducted in January 2025,
following the same methodology. A total of 88 articles were re-
trieved from Scopus and 56 from Web of Science. After filtering
duplicates and articles unrelated to LM and CE, 50 studies re-
mained. A comparative analysis of all search rounds (July 2023,
July 2024, and January 2025) revealed one article that had not
appeared in the last January 2025 search, which was included in
the final analysis, totaling 51 articles.

Figure 1 illustrates the stages of identification, screening, eligi-
bility, and inclusion in the review process.

In summary, it is worth emphasizing that, for the exclusion of
the aforementioned studies, the following criteria were adopted:
(1) duplicate studies, (2) not being articles or review articles, and
(3) not being related to CE and LM—that is, studies that mention
LM and CE without performing a joint analysis of both themes.
Therefore, to ensure the reliability and feasibility of the integrative
systematic review process, these inclusion and exclusion criteria
were rigorously and carefully defined and consistently applied
throughout the review. This process involved the participation
of all co-authors, who assessed compliance with the established
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-
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= K d “lean manufacturing” OR “lean production” = 2024 .
-
8 Deﬁp"’_o_r S —> AND  «Yp= Third search: :
- efinition “circular economy” = January 2025 .
= . research E
& & = database: titles, =
First search Second search Third search H abstracts and E
. keywords .
A\ A N Sesussunsnunnnnnnl
Total Scopus WoS Scopus WoS Scopus WoS
records a 49 36 73 53 88 56
2 collected articles articles articles articles articles articles
= l
(0]
&) Y H—J R/—J EEEEsmssEEEEEEEEEm
5] = Removed: H
2 Articles E . duplicate articles .
collected for fmgpd Sample: 49 articles Sample: 65 articles Sample: 70 articles a3z -« leave only review 2
review . articles and .
= articles H
:IIIIIIIIIIIIIIIII:
gresssssssnnnnnnEn
= Criteria: .
Potentially *1- articles that did s
eligible  [=—p] Reading for articles = .): not research LM and E
articles TEC .
- L
¢ l l -Ill.llll.llllllll
articles
2> removed . , .
= after —e' Removed 19 articles Removed 20 articles Removed 20 articles
o
D reading
w
LA R LR N RRRNENRNENHSE.J
. .
) ) ) Final sample: 50 = Verification of =
Final sample: 30 Final sample: 45 articI:s : L = =)= duplicate articles =
articles articles » carried out H
:IIIIIIIIIIIIII:
A 4
Records
© included for
% SYStemMatic |r—— Final sample: 51 articles
: .
= Illera}ture
= review

FIGURE1 | PRISMA flowchart for the integrative systematic literature review (SLR). Source: Prepared by the authors.

criteria. Any discrepancies were resolved through discussion. The
articles that met the strict criteria were then selected for detailed
analysis. The criteria are summarized in Table 2. It is noteworthy
that this integrative systematic review differs from traditional ap-
proaches by updating the research in three distinct time periods,
thereby offering a broader perspective on the themes.

After data collection, information related to authors, countries,
year of publication, source, and keywords was recorded in a

database and analyzed using descriptive statistics in MS Excel,
in accordance with methodologies adopted in related literature
reviews (Sequeira and Santos 2018).

Finally, as suggested by Junior and Godinho Filho (2010), a
classification and coding system was developed—an approach
also adopted by Teixeira et al. (2020) and Jabbour (2013).
This process, described in Table 3, included the follow-
ing items:
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TABLE 2 | Classification and coding.

Classification Meaning Code

1 Country A - Developed
context B - Emergent
C—Not applicable

2 Type of
Research

A - Quantitative
B—Qualitative
C—AQuantitative
and qualitative
D—Other

3 Research A - Case Study
Method B—Survey
C—Revision
D—Case Study and Survey
E—Other

4 Economic A—Agriculture, forestry
activity and fisheries
(ISIC/UN) B—Mining and quarrying
C—Manufacturing
D—Supply of electricity, gas,
steam and air conditioning
E—Water supply; Sewerage,
waste management and
remediation activities
F—Construction
G—Wholesale and retail
trade; Motor Vehicle &
Motorcycle Repair
H—Transport and storage
I—Lodging and food activities
J—Information and
communication
K—Financial and
insurance activities
L—Real estate activities
M—Professional, scientific
and technical activities
N—Administrative and
support service activities
O—Public administration
and defense; Mandatory
Social Security
P—Education
Q—Human health and
social service activities
R—Arts, Entertainment
& Recreation
S—Other service activities
T—Activities of families
as employers; activities of
production of goods and
services not differentiated by
families for their own use
U—Activities of extraterritorial
organizations and bodies
V—Not applicable

S-Sustainable
E-Economy
O-Operational
EN-Environmental
SO-Social
OR-Organizational

5 Performances

Note: Prepared by the authors.

« Country context (1): (1A) developed country or (1B) emerg-
ing country;

« Type of research (2): quantitative (2A), qualitative (2B), both
qualitative and quantitative (2C), or other (2D);

« Research method (3): case study (3A), survey (3B), literature
review (3C), case study and survey combined (3D), or other
(E);

« Economic activity (4): The United Nations' International
Standard Industrial Classification of All Economic
Activities (ISIC/UN) was adopted for all economic
activities;

o Performance dimensions addressed in the studies (5):
Sustainable (5S), Economic (5E), Operational (50),
Environmental (5EN), Social (5SO), and Organizational
(50R).

Table 4 presents the classification of the 51 selected articles
based on the dimensions established in Table 3 (Classification
and Coding). The next section details the classified and coded
aspects (Stage 4), as well as the main gaps identified and poten-
tial directions for future research.

5 | Results
5.1 | Initial Research Results

Figure 2 illustrates the temporal distribution of publications on
the topic.

Research integrating Lean Management (LM) and Circular
Economy (CE) are relatively recent, with a significant increase
in publications over the past 5years. However, only one study
has directly compared the two concepts, underscoring the rel-
evance of this investigation. The first study on this interface,
conducted by Minunno et al. (2018), identified barriers to the
adoption of CE in construction. While LM contributes to waste
minimization, traditional buildings, characterized by non-
standardized on-site assembled components, hinder its effective
implementation.

Annual research contributions were analyzed using Biblioshiny.
From 2018 to 2019, scientific output remained low. However,
from 2020 onward, interest grew, peaking in 2021 with 14 pub-
lications. In 2023, 7 studies were identified, followed by 11 in
2024. In 2025, 4 publications were recorded, indicating that the
integration of LM and CE remains a promising and academi-
cally relevant field.

To illustrate the geographical distribution of publications on
LM and CE based on the affiliation of the first author, a chorop-
leth map was created (Figure 3). Darker shades of blue indicate
countries with a higher number of contributions.

Brazil leads with 8 publications, followed by India and
Morocco (7 each). The research is geographically diverse, with
Spain (5), Italy, China, and Greece (4 each), and Bangladesh,
Malaysia, and Australia (2 each). In addition, France,
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TABLE 3 | Classification and coding of the studies carried out.
Country Type of Research
Item Study context research method Economic activity Performance
1 Sehnem et al. (2025) 1B 2B 3A 4A 5S, 50, 50R
2 Prashar and 1B 2A 3B 4C 50, 5EN
Chaudhuri (2025)
3 Salman et al. (2025) 1B 2B 3E 4C 5S, 50R
4 Sasso et al. (2025) 1C 2B 3C 4C 58S, 5E, 50,
5EN, 50R
5 Shabur (2024) 1C 2B 3C 4v —
6 Costa et al. (2024) 1A 2B 3A;3C 4C 5S
7 Ferlito (2024) 1A 2B 3A 4c —
8 Arora et al. (2024) 1C 2B 3C 4C —
9 Kalemkerian et al. (2024) 1A 2B 3A;3C 4A 5S, 50, 5SEN
10 Paraschos et al. (2024) 1A 2A 3E 4C —
11 Skorupiniska et al. (2024) 1C 2B 3C 4C —
12 Gatell and Avella (2024a) 1C 2B 3C 4V —
13 Gatell and Avella (2024b) 1C 2B 3C 4C —
14 E Silva et al. (2024) 1B 2B 3C 4C SE, SEN
15 Skalli et al. (2022) 1B 2B 3A, 3C 4C 5E, 50, 5EN
16 Maldonado-Guzmén and 1B 2B 3A 4C 58
Garza-Reyes (2023)
17 Niekurzak et al. (2023) 1B 2C 3D 4C —
18 Farrukh et al. (2023) 1A 2B 3A 4C —
19 Ghaithan et al. (2023) 1B 2B 3A 4C 5S
20 Nadeem et al. (2023) 1A 2C 3A, 3E 4C 5S
21 Khanzode et al. (2023) 1B 2A 3E 4C, 4P, 4M 5EN
22 De Mattos Nascimento 1B 2B 3A,3C 4] —
et al. (2022)
23 Kalemkerian et al. (2022) 1C 2B 3C 4V 5S0, 50, 5EN
24 Deng et al. (2022) 1A,1B 2A 3E 4C 5E, 50
25 Lim et al. (2022a) 1B 2D 3A, 3E 4C 5EN
26 Pawlik et al. (2021) 1A, 1B 2C 3D 48 —
27 Abideen et al. (2021) 1B 2B 3A 4C —
28 Marquina et al. (2021) 1C 2C 3E 4V 5S
29 Ciliberto et al. (2021) 1C 2B 3C 4V 5E
30 Dahmani et al. (2021) 1C 2B 3C 4V 5E
31 Touriki et al. (2021) 1C 2B 3C 4v 50, 5EN
32 Schmitt et al. (2021) 1A 2B 3A, 3C 4c 5EN
33 Agyabeng-Mensah 1B 2A 3B 4C 5S, 5EN, 50R
et al. (2021)
(Continues)
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TABLE 3 | (Continued)

Country Type of Research
Item Study context research method Economic activity Performance
34 Akkalatham and 1B 2A 3B 4E 5EN
Taghipour (2021)
35 Benachio et al. (2021) 1C 2B 3C 4F —
36 Abu et al. (2021) 1C 2B 3C 4v —
37 Agrawal and Vinodh (2021) 1C 2A 3B 4C —
38 Tseng et al. (2021) 1A 2A 3B 4F 5EN
39 Nayal et al. (2025) 1B 2A 3E 4C 5S, 5E, 5EN
40 Lee et al. (2021) 1C 2B 3C 4V 58S, 5E, 50, 5EN
41 Hedlund et al. (2020) 1A 2B 3A;3C 4S5 5EN
42 Gimpel et al. (2020) 1C 2A 3E 4V 5E
43 Bhatt et al. (2020) 1C 2B 3C av 5EN
44 Marrucci et al. (2020) 1A 2C 3A;3E 4G 5E, 5SEN
45 Yadav et al. (2020) 1B 2B 3A;3C 4C 50R
46 Wang et al. (2019) 1C 2B 3C 4V —
47 Caldera et al. (2019) 1A 2B 3A 4C 5S, 50, SEN
48 Nascimento et al. (2019) 1B 2B 3A, 3C 4C —
49 Hong et al. (2018) 1B 2A 3B 4C 5S, 50R
50 Kurilova-Palisaitiene 1A 2B 3A;3C 4C —
et al. (2018)
51 Minunno et al. (2018) 1C 2B 3C 4F —

Note: Author's own elaboration.

Germany, Taiwan, Poland, Thailand, and Pakistan contrib-
uted one study each, reflecting the advancement of the topic
across other global regions.

To identify the most cited documents, an analysis was con-
ducted using Biblioshiny (Figure 4). The results show that the
most cited article is Nascimento et al. (2019), with 654 citations.
This study proposes a circular model for the reuse of electronic
scrap devices, integrating web technologies and reverse logistics
to support CE practices.

Hong et al. (2018), with 356 citations, highlight the role of LM
and CE in enhancing economic performance and reducing en-
vironmental impact. The authors emphasize that extending the
lifespan of resources through these practices supports both eco-
nomic and social sustainability.

Calderaetal. (2019), with 268 citations, conclude that integrating
LM with sustainable practices extends the lifecycle of resources
and enables small and medium-sized enterprises to adopt sus-
tainable business models, reinforcing the CE framework.

To analyze keyword co-occurrence, the VOSviewer software
was used. The software identifies clusters as groups of inter-
connected nodes, where proximity within a cluster indicates

thematic similarity (Van Eck and Waltman 2017). Figure 5
presents the five main keyword clusters. The most frequently
used keywords were circular economy, lean production, sustain-
able development, environmental impact, lean manufacturing,
agile manufacturing systems, Industry 4.0, sustainability, and
manufacturing.

Each cluster, represented by a distinct color, groups related
concepts:

« Cluster 1: Circular Economy (green) — Includes sustain-
ability, waste management, lean manufacturing, environ-
mental management, value stream mapping, and industrial
performance. This cluster focuses on waste reduction and
resource efficiency within lean manufacturing systems to
achieve sustainability.

« Cluster 2: Lean Production (yellow) - Encompasses
agile manufacturing, remanufacturing, industrial research,
and lean systems, emphasizing the growing role of indus-
trial agility and remanufacturing processes.

« Cluster 3: Sustainable Development (blue) - Includes
Industry 4.0, environmental impact, recycling, green man-
ufacturing, and 3D printing, highlighting how digital tech-
nologies enhance industrial sustainability.
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Frequ. Authors

Summary

(Continued)

LM Practice

TABLE 4

Arora et al. (2024); Costa et al. (2024); Nayal et al. (2025)

Technologies such as the Internet of Things (IoT),
Cloud Computing, and Direct Digital Manufacturing

Automation and digitalization

(DDM) are pointed out as ways to integrate lean

manufacturing with sustainable practices.

Skorupinska et al. (2024); Skalli et al. (2024);
Farrukh et al. (2023); Khanzode et al. (2023)

It combines Lean and Six Sigma philosophies to improve
production processes through the application of rigorous

Lean Six Sigma

metrics. It reduces defects, waste and rework, optimizing

resources and improving industrial sustainability.

Note: prepared by the authors.

o Cluster 4: Environmental Management (red) -
Comprises Lean Six Sigma, process engineering, decision-
making, and sustainable manufacturing, with a focus
on optimizing production processes and environmental
performance.

« Cluster 5: Waste Management (purple) - Covers
life cycle analysis and environmental sustainability,
reinforcing the link between waste management and
sustainability.

Figure 5 visually maps these thematic relationships, demon-
strating the interconnection of LM, CE, and sustainability
concepts.

5.2 | Content Analysis Results and Research
Recommendations

5.2.1 | Country Context

The analysis revealed that most articles addressing LM and CE
were not conducted within a specific national context, consist-
ing predominantly of conceptual and review studies (50%), as
illustrated in Figure 6. Articles focused on developing markets
(33.3%) and developed markets (16.6%) were less common. A
total of 53 articles were analyzed, as two studies compared the
topic across different national contexts. These findings led to the
first recommendation of this study:

R1. There is a need for more studies in both developed and de-
veloping countries, comparing different contexts and analyzing
variations in the integration of LM and CE.

5.2.2 | Types and Methods of Research

Regarding research types, the results indicate that most articles
addressing the concepts of LM and CE adopt a qualitative ap-
proach (66.7%), followed by a quantitative approach (21.6%). Only
9.8% of the studies employ a mixed-methods approach, combin-
ing both qualitative and quantitative techniques (Figure 7).

As for the research methods employed (Figure 8), the major-
ity of articles concerning LM and CE are literature reviews
(41.3%), followed by case studies (30.2%). Only two articles
(3.2%) used a combination of methods (case study and sur-
vey). Mixed-methods research (quantitative/survey and qual-
itative/case study) enables methodological complementarity
and reduces biases associated with single-method approaches
(Teixeira et al. 2020), thus making studies more robust. The
total frequency was 63, as some articles employed more than
one research method.

Inlight of this scenario, the second recommendation is proposed:

R2. Future research on LM and CE should adopt mixed re-
search methods, particularly the combination of case studies and
surveys, as well as data analysis techniques such as structural
equation modeling and fuzzy logic, to deepen the understanding
of the LM-CE relationship and strengthen the evidence base for
this integration.
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FIGURE2 | Annual scientific output on the integration of Lean Manufacturing (LM) and Circular Economy (CE). Source: Prepared by the
author. The graph illustrates the temporal distribution of publications on this topic, with data obtained using the Biblioshiny tool. The number of
articles published per year is represented on the vertical axis (unit: number of articles), while the publication years are shown on the horizontal
axis. A significant increase in research interest is observed from 2020 onward, peaking in 2021 with 14 publications. The curve fluctuates in the
following years, reflecting the evolution of this research field.
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FIGURE3 | Geographical distribution of publications on Lean Manufacturing (LM) and Circular Economy (CE). Source: Prepared by the
authors. The choropleth map displays the number of publications per country, based on the affiliation of the first author. Darker shades of
blue indicate a higher number of contributions, with Brazil leading (8), followed by India and Morocco (7 each). The scale ranges from 1 to 8
publications.

5.2.3 | Analyzed Sector number of articles because some studies addressed multiple

sectors. The second most represented category was “V” (not
Figure 9 shows that 54.7% of the 53 economic activities iden- assigned to a specific category), with 22.6%, followed by “F”
tified in the 51 articles analyzed focused on the manufactur- (Construction) with 5.7%, and “S” (Other activities and services)
ing sector (C). The number of activities recorded exceeds the and Agriculture, Forestry and Fishing, each with 3.8%.
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FIGURE4 | Most cited articles on Lean Manufacturing (LM) and Circular Economy (CE). Source: Prepared by the author. The chart displays
the most cited documents, with the x-axis representing global citation counts and the y-axis listing article titles. Bubble size indicates the number of

citations, with Nascimento et al. (2019) leading (654 citations)

Other categories had only one occurrence (1.9%) each:
M (Professional, Scientific and Technical Activities), P
(Education), E (Water Supply, Sewerage, Waste Management
and Remediation Activities), J (Information and
Communication), and G (Wholesale and Retail Trade; Repair
of Motor Vehicles and Motorcycles). Although manufacturing
was predominant, studies on SMEs in this sector were scarce
(Ferlito 2024; Nadeem et al. 2023; Lim et al. 2022a; Agyabeng-
Mensah et al. 2021; Caldera et al. 2019), highlighting a re-
search gap (Ghaithan et al. 2023) and supporting the third
recommendation:

R3. Explore the integration of LM and CE in SMEs, given the
scarcity of studies addressing the combined application of these
approaches in this context.

Only two studies examined the remanufacturing sector
(Kurilova-Palisaitiene et al. 2018; Pawlik et al. 2021), a key CE
practice (Yadav et al. 2020). As LM mitigates remanufacturing
challenges (Kurilova-Palisaitiene et al. 2018), further investiga-
tion is required, supporting the fourth recommendation:

R4. Analyze the application of LM and CE in the remanufactur-
ing sector, considering its relevance to the Circular Economy and
the specific challenges of this segment.

Few studies analyzed manufacturing and services together
(Agyabeng-Mensah et al. 2021; Hong et al. 2018), and only one
focused exclusively on the services sector (Marrucci et al. 2020).
Although LM is predominantly applied in industry (Prashar
and Chaudhuri 2025), evidence suggests its growing relevance
in services (Marrucci et al. 2020). Expanding research in both
sectors could significantly contribute to the literature, justifying
the fifth and sixth recommendations:

R5. Jointly investigate the manufacturing and service sectors
to identify gaps, synergies, and shared practices across these two
economic segments.

R6. Examine the service sector independently, given the scarcity
of studies exclusively focused on this area and its increasing in-
volvement in CE practices.

The construction sector was examined in three studies (Benachio
et al. 2021; Tseng et al. 2021; Minunno et al. 2018), agriculture in
two (Kalemkerian et al. 2024; Nayal et al. 2025), and the textile
sector in one (Ferlito 2024). Given their substantial role in waste
generation and resource extraction (Benachio et al. 2021; Nayal
et al. 2025; Ferlito 2024), more research on their dynamics is
essential, supporting the seventh recommendation:

R7. Expand research in underexplored sectors such as construc-
tion, agriculture, and textiles, considering their importance to CE
and their significant environmental impact.

When analyzing the recycling and waste management sec-
tor, we identified that they appeared in only three studies
(Wang et al. 2019; Hedlund et al. 2020; Akkalatham and
Taghipour 2021), despite their critical role in CE implementa-
tion (Ghaithan et al. 2023). LM-driven strategies, such as Total
Quality Management, enhance efficiency, supplier relationships,
and waste reduction (Akkalatham and Taghipour 2021). There is
aneed to broaden research in this area, justifying the eighth rec-
ommendation: Expand research on Im and ec implementation.

R8. Expand research on the implementation of LM and CE in
the recycling and waste management sector, given its relevance to
the efficiency of circular processes and the need for optimization
in waste management.
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FIGURE5 | Keyword co-occurrence network for Lean Manufacturing (LM) and Circular Economy (CE). Source: Prepared by the authors. The

network visualization, generated using VOSviewer, identified five thematic clusters represented by different colors: Circular Economy (green),

Lean Production (yellow), Sustainable Development (blue), Environmental Management (red), and Waste Management (purple). Node size

indicates keyword frequency, while proximity reflects thematic similarity. Stronger connections highlight closely related concepts in sustainability,

manufacturing, and Industry 4.0.

5.2.4 | Integration of LM and CE and Organizational
Performance

According to Skalli et al. (2024), the integration of Lean
Manufacturing (LM) and Circular Economy (CE) im-
proves operational, environmental, and sustainable perfor-
mance. However, the literature lacks in-depth studies on
this interaction (e Silva et al. 2024; Maldonado-Guzman and
Garza-Reyes 2023).

Table 3 (Section 4.1) synthesizes the reviewed articles, describ-
ing the performance improvements resulting from LM-CE inte-
gration. The results indicate significant environmental benefits
(Caldera et al. 2019; Marrucci et al. 2020; Bhatt et al. 2020;
Hedlund et al. 2020; Lee et al. 2021; Nayal et al. 2025;
Akkalatham and Taghipour 2021; Agyabeng-Mensah
et al. 2021; Schmitt et al. 2021; Touriki et al. 2021; Dahmani
etal. 2021; Lim et al. 2022a; Kalemkerian et al. 2022; Khanzode
et al. 2023; Skalli et al. 2024; e Silva et al. 2024; Kalemkerian
et al. 2024; Sasso et al. 2025; Prashar and Chaudhuri 2025).

Additionally, LM-CE integration positively impacts sustain-
able performance across both economic and environmental

dimensions (Sehnem et al. 2025; Salman et al. 2025; Sasso
etal.2024;Costaetal. 2024; Kalemkerian et al. 2024; Maldonado-
Guzmadn and Garza-Reyes 2023; Ghaithan et al. 2023; Nadeem
et al. 2023; Marquina et al. 2021; Agyabeng-Mensah et al. 2021;
Tseng et al. 2021; Nayal et al. 2025; Lee et al. 2021; Caldera
et al. 2019; Hong et al. 2018).

The integration also enhances economic (Sasso et al. 2025;
e Silva et al. 2024; Ciliberto et al. 2021; Dahmani et al. 2021; Lee
et al. 2021; Gimpel et al. 2020; Marrucci et al. 2020) and op-
erational performance (Prashar and Chaudhuri 2025; Sehnem
et al. 2025; Sasso et al. 2025; Kalemkerian et al. 2024; Salman
et al. 2025; Skalli et al. 2024; Nadeem et al. 2023; Kalemkerian
et al. 2022; Deng et al. 2022; Touriki et al. 2021; Lee et al. 2021;
Caldera et al. 2019).

However, few studies examine the relationship between LM-
CE integration and overall organizational performance (Hong
et al. 2018; Yadav et al. 2020; Agyabeng-Mensah et al. 2021;
Sasso et al. 2024; Salman et al. 2024; Sehnem et al. 2025),
and only one identifies improvements in social performance
(Kalemkerian et al. 2022). Based on these findings, the ninth
recommendation is proposed:
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FIGURE 6 | Frequency of articles classified by country context. Source: Prepared by the authors. The bar chart categorizes the 53 articles

analyzed based on their specific national context. The categories include developed countries (A), developing countries (B), and studies without a

specific national focus (C). The x-axis represents these categories, while the y-axis shows the number of articles. Black bars indicate the percentage
of the total articles, with 50% classified as not applicable, 33.3% addressing developing countries, and 16.6% focusing on developed countries.
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FIGURE 7 | Frequency of articles classified by type of research. Source: Prepared by the authors. The bar chart categorizes 51 analyzed articles

based on their research approach: quantitative (A), qualitative (B), mixed methods (C), and others (D). The x-axis represents these categories,

while the y-axis shows the number of articles. Black bars indicate the percentage of total studies, with qualitative research being the most common
(66.7%), followed by quantitative (21.6%) and mixed methods approaches (9.8%).

R9. Further studies are needed to investigate the relationship
between LM-CE integration and improvements in environmental,
organizational, and social performance.

5.2.5 | LM Practices That Most Contribute to CE

This section explores the main tools and methodologies from
Lean Manufacturing that facilitate the transition to sustainable
business models by minimizing waste, optimizing resource use,
and increasing energy efficiency. The goal is to identify how
these practices, when aligned with the principles of Circular
Economy, positively impact industrial operations by promoting

sustainability and reducing environmental impact. The focus is
on determining which elements of LM exert the greatest influ-
ence on CE adoption.

The analysis highlights the critical role of LM-CE integration
in improving industrial sustainability. The reviewed studies
emphasize that LM tools such as value stream mapping, waste
elimination, and energy efficiency strategies are fundamental to
accelerating the transition to circular models.

In this context, Table 4 synthesizes the main LM practices iden-
tified in the literature as facilitators of CE, describing their im-
pacts and benefits in advancing a sustainable economy.
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FIGURE 8 | Frequency of articles classified by research method. Source: Prepared by the authors. The bar chart categorizes 63 analyzed articles
based on their research method: case study (A), survey (B), literature review (C), case study combined with survey (D), and others (E). The x-axis
represents these categories, while the y-axis indicates the number of articles. Black bars show the percentage of total studies, with review articles
being the most common (41.3%), followed by case studies (30.2%).
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FIGURE9 | Distribution of economic activities in the analyzed articles. Source: Prepared by the authors. The bar chart categorizes 53 economic
activities identified across 51 analyzed articles. The x-axis represents different economic sectors, including manufacturing (C), construction (F),
other activities and services (S), and agriculture, forestry, and fishing (4A). The y-axis indicates the percentage of studies addressing each sector.
The manufacturing industry is the most studied sector (54.7%), followed by services and construction. Some studies covered multiple sectors,
resulting in a total number of activities higher than the number of articles.

CE can support these global strategic frameworks. Therefore,
the following recommendation is proposed:

Few studies have explored the contributions of LM-CE integra-
tion to broader research agendas, such as the United Nations
Sustainable Development Goals (SDGs) (Farrukh et al. 2023;

Bhatt et al. 2020) and Environmental, Social, and Governance
(ESG) principles. This gap highlights the need for further inves-
tigation to better understand how the synergy between LM and

R10. Further research is required to explore how LM-CE inte-
gration contributes to broader agendas such as the SDGs, ESG,
and Circular Supply Chains (CSC).
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5.3 | Proposal of an Integrative Framework

Based on the robust analysis conducted in this study, an integra-
tive framework is proposed that connects Lean Manufacturing
(LM) and the Circular Economy (CE) (Figure 10).

This framework highlights how lean practices (Just-in-Time,
automation, and waste elimination) interact with circular
strategies (remanufacturing, resource regeneration, and life
cycle extension) creating synergies that enhance environ-
mental, economic, operational, and social performance. This
proposal serves as a theoretical guide for future research and
corporate initiatives oriented toward sustainability and value
creation through the integration of LM and CE, with potential
to direct public policies, corporate strategies, and academic
agendas focused on sustainable development.

Graphically, Figure 10 presents the synergy between Lean
Manufacturing (LM) and the Circular Economy (CE), illustrat-
ing how this integration, grounded in the Resource-Based View
(RBV), can generate substantial improvements across multiple
domains of organizational performance (environmental, social,
economic, operational, and sustainable) ultimately leading to
the development of sustainable competitive advantage.

More specifically, the RBV functions as the theoretical founda-
tion explaining how resources and capabilities that are valuable,
rare, and imperfectly imitable become central enablers for the
effective implementation of lean and circular practices. These
resources include, for example, organizational capabilities, tacit
knowledge, technologies, recycling infrastructure, and a culture
of continuous improvement.

On the Lean Manufacturing side, practices, such as Just-in-
Time, Kaizen, Value Stream Mapping, 5S, SMED, Six Sigma,
digitalization, and standardized operations stand out, as they re-
duce waste, increase efficiency, and enhance process flexibility.

Advance planning

T 5 S Principles
Search for continuous Reuse, recycling, Promoting flexibility
improvement remanufacturing and agility
Kaizen
Value Stream Mapping Waste minimization
of Industry
Lean Product Development 4.0 technologies operations

Resource-based
view

Features “

« Of Value il

« Scarce or e LM AND EC
rare
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capabilities

CIRCULAR ECONOMY

Regeneration of natural capital (creating a
balance between the consumption of
and

LEAN MANUFACTURING

These practices establish the ideal conditions for incorporating
circular principles.

In turn, the Circular Economy amplifies the benefits by promot-
ing the regeneration of natural capital, closing technical and
biological cycles, and eliminating the negative externalities of
production systems, such as waste and pollution. This leads to
greater product durability, improved material utilization, and
reduced dependence on non-renewable resources.

The LM-CE integration, therefore, enables a cyclical and vir-
tuous logic of value creation: while Lean fosters efficiency and
waste reduction, CE extends product life cycles, closes material
loops, and contributes to environmental goals. This comple-
mentarity leads to value generation and drives performance
improvements across multiple organizational dimensions, ulti-
mately creating competitive advantage.

6 | Discussions

Recent studies indicate a growing academic interest in the inter-
section of Lean Manufacturing (LM) and the Circular Economy
(CE), with most publications emerging in the past 5years, par-
ticularly in 2021 (Marquina et al. 2021). The research predomi-
nantly focuses on environmental benefits and waste reduction,
while the financial and social dimensions remain underex-
plored. Geographically, publications are concentrated in Europe
and Asia, notably in India, Spain, Italy, China, and Malaysia,
with limited studies in Africa, highlighting opportunities for
future research (Lee et al. 2021; Ciliberto et al. 2021; Minunno
et al. 2018).

Most studies originate from developing markets (Kalemkerian
et al. 2024; Sehnem et al. 2025; Salman et al. 2025), but few
address the contexts of developed and underdeveloped coun-
tries (Deng et al. 2022; Pawlik et al. 2021), exposing a gap in

n-:’loyn “ﬁ“-f;l
e
Reducion ftoues and R
Single Minute Exchange Training and Education
of Die (SMED)
a Lean Six Sigma
Efficient waste Automation and.

increasing the useful life of products and
materials through biological and

technical cycles

eliminating the negative effects of
production systems (waste and pollution)

FIGURE 10 | Conceptual framework linking Lean Manufacturing and Circular Economy to competitive advantage. Source: Developed by the

authors.
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the literature. LM is identified as a key enabler of CE, enhanc-
ing resource efficiency and maximizing value (Romero and
Rossi 2017), while the absence of closed-loop products limits
circular potential (Schmitt et al. 2021).

Regarding organizational performance, studies reveal that
LM-CE integration yields positive environmental (Prashar
and Chaudhuri 2025; Skalli et al. 2022), operational (Sehnem
et al. 2025; Nadeem et al. 2023), and economic outcomes (Sasso
et al. 2025; e Silva et al. 2024, Ciliberto et al. 2021). However,
studies on social (Kalemkerian et al. 2022) and organizational
performance (Yadav et al. 2020; Agyabeng-Mensah et al. 2021)
remain limited. Sasso et al. (2025) confirm the importance of
LM's role in CE, improving waste reduction, resource efficiency,
and organizational performance.

Methodologically, studies using mixed methods are scarce, with
only two employing both case study and survey approaches
(Niekurzak et al. 2023; Pawlik et al. 2021), and one utilizing ac-
tion research. Further research is needed in remanufacturing
(Farrukh et al. 2023; Kurilova-Palisaitiene et al. 2018) and recy-
cling (Hedlund et al. 2020).

Despite the complementary nature of LM and CE in promoting
waste reduction, efficiency, and resource optimization (Sasso
et al. 2025), the literature on circular practices within Lean
Manufacturing frameworks remains underdeveloped (Hedlund
et al. 2020; Kurdve and Bellgran 2021), particularly in small and
medium-sized enterprises (Ghaithan et al. 2023) and sectors
such as construction (Minunno et al. 2018; Tseng et al. 2021), ag-
riculture (Kalemkerian et al. 2024), and textiles (Ferlito 2024).
These gaps underscore the need for further research integrating
LM and CE across diverse sectors.

Figure 11 summarizes and categorizes the research gaps in the
LM and CE literature identified in this study into four main areas:
country or region, sector, methods and types of research, and

/arious searches in the
an, South
nd O

focus. The gaps include the lack of studies in African countries,
limited research on micro and small enterprises, and insufficient
exploration of the construction, remanufacturing, agriculture, and
textile sectors. Methodological gaps highlight the need for more
mixed-methods approaches, empirical research, and action re-
search. Furthermore, few studies address the contributions of Lean
Manufacturing and the Circular Economy to social and organiza-
tional performance, as well as to broader research agendas such
as the Sustainable Development Goals (SDGs) and Environmental,
Social, and Governance (ESG) criteria.

7 | Final Considerations

This research aimed to identify, systematize, and integrate stud-
ies addressing the relationship between Lean Manufacturing
(LM) and the Circular Economy (CE). Studies of this nature are
important for mapping and categorizing existing literature on
the topics and for proposing directions for future research.

Based on a search of the two main global databases, Scopus and
Web of Science, 51 studies were selected and analyzed in detail
to understand the state of the art in the field. To the best of our
knowledge, this is the first study to systematize and integrate the
relationship between LM and CE while proposing a structured
framework to be tested in future research. Furthermore, we pro-
pose ten (10) recommendations that can significantly guide and
support scholars and practitioners in developing their activities
more effectively and in a way that meaningfully contributes to
advancing topics at the intersection of LM and CE.

7.1 | Theoretical Implications
This article fills a relevant gap in the literature by demonstrating

the importance of integrating LM and CE as a strategic approach
to addressing sustainability challenges. It suggests that LM

\‘_[-

Value creation / Waste reduction/elimination / reduction of emissions and
polluting materials / efficient production and consumption of resources

FIGURE 11 | Gapsin the literature on research concerning Lean Manufacturing and Circular Economy. Source: Developed by the authors.
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practices align with CE principles, promoting waste and emis-
sion reduction, minimizing the use of polluting materials, and
optimizing raw materials, natural resources (such as energy and
water), production processes (operational efficiency), and supply
chains, thereby facilitating the transition from linear to circular
production systems.

Thus, this study expands the theoretical understanding of LM
and CE by showing that integrating these two research areas
can help extend CE practices beyond recycling and enhance or-
ganizational performance in social, environmental, and opera-
tional domains.

Additionally, from the perspective of the Resource-Based View
(RBV) and Dynamic Capabilities, this study demonstrates that
LM-CE integration constitutes a valuable, rare, and inimitable
resource (Barney 1991) if structurally and strategically embed-
ded at the core of organizations. In other words, organizations
that develop expertise in this integration establish barriers to
imitation, with rare and valuable resources strengthening their
competitive advantage and improving sustainable performance.

Therefore, this work expands theoretical knowledge in both
LM and CE by developing a framework that integrates LM-CE.
This framework not only fills gaps identified in the literature
but also establishes a systemic model capable of guiding the
transition toward CE, offering a grounded theoretical founda-
tion to be explored and refined in future empirical research.

7.2 | Practical Implications

The main practical contribution of this study lies in demon-
strating that the implementation of LM practices can accelerate
organizations' transition toward CE, for instance, by identify-
ing and eliminating waste along the production chain, promot-
ing efficiency, and reducing the consumption of raw materials
(Ghaithan et al. 2023).

Furthermore, it contributes to organizing and rationalizing
factory layouts, creating an environment conducive to imple-
menting reuse, remanufacturing, and recycling strategies (Deng
et al. 2022). These practices not only reduce costs but also in-
crease employee and stakeholder acceptance of CE, thus ampli-
fying economic and environmental gains.

Thus, the LM-CE integration presents significant practical im-
plications. For organizations, it offers an operational model that
combines production efficiency with sustainability, for example,
reducing costs by minimizing waste (LM) and valorizing waste
as inputs (CE), thereby creating new revenue streams through
the reuse of materials.

For managers and professionals, integrating LM-CE demands
changes in mindset, organizational culture, and the develop-
ment of new capabilities, such as design for disassembly and
life cycle analysis, as well as the adoption of new performance
metrics, such as resource efficiency and material recovery rates.
Therefore, managers must also foster a culture of innovation
and collaboration within and between organizations to drive
progress toward circularity.

For governments, the proposed LM-CE framework can guide
public policy that encourages the transition to a CE, for exam-
ple, through tax incentives for companies that adopt sustainable
LM practices, the promotion of applied research, or regulations
that guide infrastructure development for waste collection and
processing.

Finally, for society, this integration offers significant environ-
mental and economic benefits: reduced environmental impact,
such as decreased natural resource extraction and lower waste
generation, results in a reduced ecological footprint and long-
term cost savings for consumers. Additionally, the production of
durable and repairable goods may generate employment oppor-
tunities in emerging business models such as specialized main-
tenance and repair services.

7.3 | Impacts on Economic, Environmental, Social,
and Operational Performance

The study's findings indicate that integrating LM and CE posi-
tively impacts economic, environmental, operational, social, or-
ganizational, and sustainable performance. Economically, LM
optimizes production processes, reduces operating costs, and
increases profitability. By minimizing waste and improving ef-
ficiency, the LM-CE synergy enhances market competitiveness,
lowers raw material expenses, and increases financial sustain-
ability (Maldonado-Guzman and Garza-Reyes 2023).

Environmentally, strategies, such as waste reduction, energy ef-
ficiency, and minimized resource consumption enable organiza-
tions to meet ambitious sustainability targets. These initiatives
not only mitigate environmental impacts but also respond to
growing consumer and stakeholder demands (Lim et al. 2022a).

Operationally, the LM-CE integration improves production
flexibility and resilience, shortens lead times, and enhances
process predictability. Organizations adopting this approach
demonstrate greater adaptability to sustainability and innova-
tion challenges, aligning with Industry 4.0 trends (Kalemkerian
et al. 2024). However, organizational and social performance
still require further exploration (Sasso et al. 2025; Kalemkerian
et al. 2022).

Despite these benefits, challenges remain, including cultural
and structural barriers to jointly implementing LM and CE.
Organizational resistance, limited knowledge of circular meth-
odologies, and the absence of clear incentives hinder adoption,
requiring strategic interventions to facilitate the transition to
circular production models (Arora et al. 2024).

7.4 | Limitations and Directions for Future
Research

First, several areas for future research emerge from the gaps
identified in our integrative systematic literature review, which
revealed a predominance of studies on LM-CE integration in
developed markets, with limited empirical research typically
confined to emerging economies. Moreover, there are few
qualitative and quantitative studies assessing the operational,
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economic, and environmental impacts of LM-CE integration.
The review also revealed a lack of studies on LM and CE appli-
cations in specific sectors, particularly small and medium-sized
enterprises (SMEs) and remanufacturing industries.

Like all research, this study has limitations. One relates to the
choice of databases and keywords used in the search. Although
the search was conducted in the two main global databases and
followed a rigorous selection process, it is possible that some rel-
evant studies may have been missed.

Another limitation concerns the use of a single theoretical
lens—namely, the Resource-Based View, highlighting the need
for alternative theoretical approaches. Additionally, the analysis
focused exclusively on operational, environmental, social, sus-
tainable, and economic performance.

Therefore, future studies are encouraged to use qualitative, quan-
titative, and especially mixed methods (i.e., combining both quali-
tative and quantitative research) to apply the proposed framework
in organizations across different contexts (developed and develop-
ing countries/emerging markets) and of different sizes and sectors
(micro, small, medium, and large enterprises), with the goal of
testing its applicability and refining the model by incorporating
new insights, such as best practices, applied strategies, lessons
learned, and the barriers and benefits of LM—-CE integration.

Lastly, longitudinal studies are recommended to explore the out-
comes of the LM-CE synergy, such as waste reduction and the
reuse of materials, inputs, and equipment within organizations.
These studies would enable clearer and more precise quantifi-
cation of the benefits and demonstrate the practical impacts of
this integration.

Acknowledgments

The Article Processing Charge for the publication of this research was
funded by the Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior - Brasil (CAPES) (ROR identifier: 00x0ma614).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing not applicable to this article as no datasets were generated
or analysed during the current study.

References

Abideen, A. Z., V. P. K. Sundram, J. Pyeman, A. K. Othman, and S.
Sorooshian. 2021. “Digital Twin Integrated Reinforced Learning in
Supply Chain and Logistics.” Log 5, no. 4: 84. https://doi.org/10.3390/
logistics5040084.

Abu, F., H. Gholami, M. Z. M. Saman, N. Zakuan, S. Sharif, and D.
Streimikiene. 2021. “Pathways of Lean Manufacturing in Wood and
Furniture Industries: A Bibliometric and Systematic Review.” European
Journal of Wood and Wood Products 79: 1-20. https://doi.org/10.1007/
s00107-021-01713-2.

Agrawal, R., and S. Vinodh. 2021. “Prioritisation of Drivers of
Sustainable Additive Manufacturing Using Best Worst Method.”

International Journal of Sustainable Engineering 14: 1-17. https://doi.
0rg/10.1080/19397038.2021.1944396.

Agyabeng-Mensah, Y., L. Tang, E. Afum, C. Baah, and E. Dacosta.
2021. “Organisational Identity and Circular Economy: Are Inter and
Intra Organisational Learning, Lean Management and Zero Waste
Practices Worth Pursuing?” Sustainable Production and Consumption
28: 648-662. https://doi.org/10.1016/j.spc.2021.06.018.

Akkalatham, W., and A. Taghipour. 2021. “Pro-Environmental
Behavior Model Creating Circular Economy in Steel Recycling Market,
Empirical Study in Thailand.” Environmental Challenges 4: 100112.
https://doi.org/10.1016/j.envc.2021.100112.

Al-Hakimi, M. A., M. M. Goaill, H. M. Al-Hattami, M. A. Murshid,
M. H. Saleh, and S. A. M. Moghalles. 2022. “Improving Operational
Performance of Manufacturing SMEs: The Interactive Effect of
Technical and Human Lean Practices.” International Journal of Quality
& Reliability Management 40, no. 4: 1092-1110. https://doi.org/10.1108/
IJQRM-12-2021-0443.

Alcayaga, A., M. Wiener, and E. G. Hansen. 2019. “Towards a
Framework of Smart-Circular Systems: An Integrative Literature
Review.” Journal of Cleaner Production 221: 622-634. https://doi.org/
10.1016/j.jclepro.2019.02.085.

Alshammari, S., M. Aichouni, N. Ben Ali, O. Alshammari, F. Alfaraj,
and A. B. E. Aichouni. 2025. “Impact of Total Quality Management and
Lean Manufacturing on Sustainability Performance: An SEM-ANN
Approach in Saudi Food Manufacturing.” Sustainability 17, no. 5: 2139.
https://doi.org/10.3390/su17052139.

Arora, A., V. K. Singh, and M. Singh. 2024. “An Analysis of Hurdles
for Ecofriendly Lean Production in Indian Manufacturing Industries
Using AHP-ELECTRE Approach.” International Journal on Interactive
Design and Manufacturing (IJIDeM) 18, no. 8: 5961-5976. https://doi.
0rg/10.1007/s12008-023-01470-x.

Awan, U, R. Sroufe, and M. Shahbaz. 2021. “Industry 4.0 and the
Circular Economy: A Literature Review and Recommendations for
Future Research.” Business Strategy and the Environment 30, no. 4:
2038-2060. https://doi.org/10.1002/bse.2731.

Badhotiya, G. K., A. Gurumurthy, Y. Marawar, and G. Soni. 2024.
“Lean Manufacturing in the Last Decade: Insights from Published Case
Studies.” Journal of Manufacturing Technology Management 35, no. 4:
766-798. https://doi.org/10.1108/IMTM-11-2021-0467.

Bag, S., G. Yadav, P. Dhamija, and K. K. Kataria. 2021. “Key Resources
for Industry 4.0 Adoption and Its Effect on Sustainable Production and
Circular Economy: An Empirical Study.” Journal of Cleaner Production
281: 125233. https://doi.org/10.1016/j,jclepro.2020.125233.

Barney, J. 1991. “Firm Resources and Sustained Competitive
Advantage.” Journal of Management 17, no. 1: 99-120. https://doi.org/
10.1177/014920639101700108.

Benachio, G. L. F.,, M. D. C. D. Freitas, and S. F. Tavares. 2021.
“Interactions Between Lean Construction Principles and Circular
Economy Practices for the Construction Industry.” Journal of
Construction Engineering and Management 147, no. 7: 04021068. https://
doi.org/10.1061/(ASCE)C0.1943-7862.0002082.

Bento, G. D. S., and G. Tontini. 2024. “The Effect of Lean Manufacturing
Practices on Employees’ Well-Being Mediated by Job Characteristics.”
International Journal of Lean Six Sigma 15, no. 7: 1513-1529. https://doi.
0rg/10.1108/1JLSS-11-2023-0192.

Bhatt, Y., K. Ghuman, and A. Dhir. 2020. “Sustainable Manufacturing.
Bibliometrics and Content Analysis.” Journal of Cleaner Production
260: 120988. https://doi.org/10.1016/j.jclepro.2020.120988.

Bortolotti, T., S. Boscari, and P. Danese. 2015. “Successful Lean
Implementation: Organizational Culture and Soft Lean Practices.”
International Journal of Production Economics 160: 182-201. https://doi.
org/10.1016/j.ijpe.2014.10.013.

21 of 25

85UB017 SUOWWIOD 8AIea.D 8|qeoljdde ayy Aq peusenob a1e saoile VO '8sN JO Sa|nJ o Akeiqi8uljuO 3|1 UO (SUOTIPUOO-PUR-SWBIL0D" A8 1WA e1q U1 [UO//SdNL) SUORIPUOD pue SWe 1 8y} 885 *[9202/50/90] U0 AkeidiTaul|luo A8|IM ‘eIsiined fenpeis3 apepisieAlun AQ 6£T0L 2ZPSA/200T OT/10p/uoo" A8 1M Aiqiul|uo// sy Wwolj pepeoumod ‘Z ‘SZ0z ‘0LTE2LSZ


https://doi.org/10.3390/logistics5040084
https://doi.org/10.3390/logistics5040084
https://doi.org/10.1007/s00107-021-01713-2
https://doi.org/10.1007/s00107-021-01713-2
https://doi.org/10.1080/19397038.2021.1944396
https://doi.org/10.1080/19397038.2021.1944396
https://doi.org/10.1016/j.spc.2021.06.018
https://doi.org/10.1016/j.envc.2021.100112
https://doi.org/10.1108/IJQRM-12-2021-0443
https://doi.org/10.1108/IJQRM-12-2021-0443
https://doi.org/10.1016/j.jclepro.2019.02.085
https://doi.org/10.1016/j.jclepro.2019.02.085
https://doi.org/10.3390/su17052139
https://doi.org/10.1007/s12008-023-01470-x
https://doi.org/10.1007/s12008-023-01470-x
https://doi.org/10.1002/bse.2731
https://doi.org/10.1108/JMTM-11-2021-0467
https://doi.org/10.1016/j.jclepro.2020.125233
https://doi.org/10.1177/014920639101700108
https://doi.org/10.1177/014920639101700108
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002082
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002082
https://doi.org/10.1108/IJLSS-11-2023-0192
https://doi.org/10.1108/IJLSS-11-2023-0192
https://doi.org/10.1016/j.jclepro.2020.120988
https://doi.org/10.1016/j.ijpe.2014.10.013
https://doi.org/10.1016/j.ijpe.2014.10.013

Caldera, H. T. S., C. Desha, and L. Dawes. 2019. “Evaluating the
Enablers and Barriers for Successful Implementation of Sustainable
Business Practice in ‘Lean'smes.” Journal of Cleaner Production 218:
575-590. https://doi.org/10.1016/j.jclepro.2019.01.239.

Carrijo, P. R. S., M. L. B. Rader, M. O. Batalha, and M. Godinho Filho.
2024. “Lean Manufacturing in Agriculture: Adapting the Value Stream
Mapping Approach for Farm Management.” Operations Management
Research 17: 1-25. https://doi.org/10.1007/s12063-024-00517-w.

Chadegani, A. A., H. Salehi, and M. Yunus. 2013. “A Comparison
Between Two Main Academic Literature Collections: Web of Science
and Scopus Databases.” Asian Social Science 9, no. 5: 18-26. https://doi.
org/10.48550/arXiv.1305.0377.

Chi, T. 1994. “Trading in Strategic Resources: Necessary Conditions,
Transaction Cost Problems, and Choice of Exchange Structure.”
Strategic Management Journal 15, no. 4: 271-290. https://doi.org/10.
1002/sm;j.4250150403.

Ciliberto, C., K. Szopik-Depczynska, M. Tarczynska-Luniewska,
A. Ruggieri, and G. Ioppolo. 2021. “Enabling the Circular Economy
Transition: A Sustainable Lean Manufacturing Recipe for Industry 4.0.”
Business Strategy and the Environment 30: 3255-3272. https://doi.org/
10.1002/bse.2801.

Congiu, L., E. Botta, and M. Zoli. 2025. “Biases and Nudges in the
Circular Economy: A Review.” Ecological Economics 233: 108579.
https://doi.org/10.1016/j.ecolecon.2025.108579.

Cook, D.J., C. D. Mulrow, and R. B. Haynes. 1997. “Systematic Reviews:
Synthesis of Best Evidence for Clinical Decisions.” Annals of Internal
Medicine 126, no. 5: 376-380. https://doi.org/10.7326/0003-4819-126-5-
199703010-00006.

Costa, F., N. Alemsan, A. Bilancia, G. L. Tortorella, and A. P.
Staudacher. 2024. “Integrating Industry 4.0 and Lean Manufacturing
for a Sustainable Green Transition: A Comprehensive Model.” Journal
of Cleaner Production 465: 142728. https://doi.org/10.1016/j.jclepro.
2024.142728.

Dahmani, N., A. Belhadi, K. Benhida, S. Elfezazi, F. E. Touriki, and
Y. Azougagh. 2022. “Integrating Lean Design and Eco-Design to
Improve Product Design: From Literature Review to an Operational
Framework.” Energy & Environment 33, no. 1: 189-219. https://doi.org/
10.1177/0958305X2199348.

Dahmani, N., K. Benhida, A. Belhadi, S. Kamble, S. Elfezazi, and S.
K. Jauhar. 2021. “Smart Circular Product Design Strategies Towards
Eco-Effective Production Systems: A Lean Eco-Design Industry 4.0
Framework.” Journal of Cleaner Production 320: 128847. https://doi.
org/10.1016/j.jclepro.2021.128847.

Dajian, Z. 2004. “Towards a Closed-Loop Materials Economy.” Chinese
Journal of Population, Resources and Environment 2, no. 1: 9-12. https://
doi.org/10.1080/10042857.2004.10677342.

de Mattos Nascimento, D. L., O. L. G. Quelhas, J. Moyano-Fuentes, G. L.
Tortorella, and J. M. Maqueira. 2022. “Circular Value Stream Mapping
4.0: Proposed General Model and Application to a Digital 3D Printing
Recycling Factory.” Sustainable Production and Consumption 34: 600—
612. https://doi.org/10.1016/j.spc.2022.10.012.

Deng, S., E. Kpodzro, T. Maani, et al. 2022. “Planning a Circular
Economy System for Electric Vehicles Using Network Simulation.”
Journal of Manufacturing Systems 63: 95-106. https://doi.org/10.1016/j.
jmsy.2022.03.003.

Diaz-Reza, J. R., S. H. Mousavi, C. Sanchez-Ramirez, and J. L. Garcia-
Alcaraz. 2024. “Achieving Social Sustainability Through Lean
Manufacturing Practices: Insights From Structural Equation Model and
System Dynamics.” Journal of Cleaner Production 448: 141453. https://
doi.org/10.1016/j.jclepro.2024.141453.

Dos Santos, V. A., and L. F. P. Ramos. 2020. “Lean & Industry 4.0
Integration: Proposed Roadmap to Assess Maturity and Select New
Technologies.” In Proceedings of the International Annual Conference

of the American Society for Engineering Management, 1-10. American
Society for Engineering Management (ASEM).

e Silva, M. H. D. P,, R. C. Mergulhao, J. G. V. Vieira, A. B. Pampanelli,
R. Salvador, and D. A. L. Silva. 2024. “Lean-Circular Maturity Model
(LCMM) for Companies' Self-Assessment in Terms of Process, Product
and Life Cycle Thinking.” Waste Management 173: 172-183. https://doi.
org/10.1016/j.-wasman.2023.11.013.

Elmaraghy, A., H. Voordijk, and M. Marzouk. 2018. “An Exploration
of BIM and Lean Interaction in Optimizing Demolition Projects.”
In Proceedings of the 26th Annual Conference of the International
Group for Lean Construction: Evolving Lean Construction Towards
Mature Production Management Across Cultures and Frontiers, 16-22.
International Group for Lean Construction. https://doi.org/10.24928/
2018/0474.

Farrukh, A., S. Mathrani, and A. Sajjad. 2023. “Green-Lean-Six Sigma
Practices and Supporting Factors for Transitioning Towards Circular
Economy: A Natural Resource and Intellectual Capital-Based View.”
Resources Policy 84: 103789. https://doi.org/10.1016/j.resourpol.2023.
103789.

Ferlito, R. 2024. “Industry 4.0 and Sustainability: The Case of
the Italian Textile District of Prato.” Competitiveness Review: An
International Business Journal 34: 995-1016. https://doi.org/10.1108/
CR-08-2023-0202.

Ferrazzi, M., S. Frecassetti, A. Bilancia, and A. Portioli-Staudacher.
2025. “Investigating the Influence of Lean Manufacturing Approach
on Environmental Performance: A Systematic Literature Review.”
International Journal of Advanced Manufacturing Technology 136, no.
9: 4025-4044. https://doi.org/10.1007/s00170-024-13215-5.

Frank, A. G., M. Thiirer, M. Godinho Filho, and G. A. Marodin. 2024.
“Beyond Industry 4.0-Integrating Lean, Digital Technologies and
People.” International Journal of Operations & Production Management
44, no. 6: 1109-1126. https://doi.org/10.1108/IJOPM-01-2024-0069.

Gama, M. S. B.,and A. Bonamigo. 2025. “Exploring Lean Manufacturing
Impact on Sustainable Performance in Automotive Companies in
Brazil.” International Journal of Lean Six Sigma 16, no. 2: 491-517.
https://doi.org/10.1108/IJLSS-01-2024-0009.

Gatell,I.S.,and L. Avella. 2024a. “A Maturity Model for Assessing Digital
Green Lean Leadership and Culture Implementation in Manufacturing
Companies.” Total Quality Management & Business Excellence 35, no.
7-8: 860-897. https://doi.org/10.1080/14783363.2024.2347373.

Gatell, I. S., and L. Avella. 2024b. “Impact of Industry 4.0 and Circular
Economy on Lean Culture and Leadership: Assessing Digital Green
Lean as a New Concept.” European Research on Management and
Business Economics 30, no. 1: 100232. https://doi.org/10.1016/j.iedeen.
2023.100232.

Ghaithan, A. M., Y. Alshammakhi, A. Mohammed, and K. M. Mazher.
2023. “Integrated Impact of Circular Economy, Industry 4.0, and Lean
Manufacturing on Sustainability Performance of Manufacturing
Firms.” International Journal of Environmental Research and Public
Health 20, no. 6: 5119. https://doi.org/10.3390/ijerph20065119.

Ghisellini, P., C. Cialani, and S. Ulgiati. 2016. “A Review on Circular
Economy: The Expected Transition to a Balanced Interplay of
Environmental and Economic Systems.” Journal of Cleaner Production
114: 11-32. https://doi.org/10.1016/j.jclepro.2015.09.007.

Gholami, H., F. Abu, J. K. Y. Lee, S. S. Karganroudi, and S. Sharif.
2021. “Sustainable Manufacturing 4.0—Pathways and Practices.”
Sustainability 13, no. 24: 13956. https://doi.org/10.3390/su132413956.

Gimpel, H., V. Graf-Drasch, A. Kammerer, M. Keller, and X. Zheng.
2020. “When Does It Pay Off to Integrate Sustainability in the Business
Model?-A Game-Theoretic Analysis.” Electronic Markets 30, no. 4: 699-
716. https://doi.org/10.1007/s12525-019-00361-y.

Goshime, Y., D. Kitaw, and K. Jilcha. 2019. “Lean Manufacturing as
a Vehicle for Improving Productivity and Customer Satisfaction: A

22 of 25

Business Strategy & Development, 2025

85UB017 SUOWWIOD 8AIea.D 8|qeoljdde ayy Aq peusenob a1e saoile VO '8sN JO Sa|nJ o Akeiqi8uljuO 3|1 UO (SUOTIPUOO-PUR-SWBIL0D" A8 1WA e1q U1 [UO//SdNL) SUORIPUOD pue SWe 1 8y} 885 *[9202/50/90] U0 AkeidiTaul|luo A8|IM ‘eIsiined fenpeis3 apepisieAlun AQ 6£T0L 2ZPSA/200T OT/10p/uoo" A8 1M Aiqiul|uo// sy Wwolj pepeoumod ‘Z ‘SZ0z ‘0LTE2LSZ


https://doi.org/10.1016/j.jclepro.2019.01.239
https://doi.org/10.1007/s12063-024-00517-w
https://doi.org/10.48550/arXiv.1305.0377
https://doi.org/10.48550/arXiv.1305.0377
https://doi.org/10.1002/smj.4250150403
https://doi.org/10.1002/smj.4250150403
https://doi.org/10.1002/bse.2801
https://doi.org/10.1002/bse.2801
https://doi.org/10.1016/j.ecolecon.2025.108579
https://doi.org/10.7326/0003-4819-126-5-199703010-00006
https://doi.org/10.7326/0003-4819-126-5-199703010-00006
https://doi.org/10.1016/j.jclepro.2024.142728
https://doi.org/10.1016/j.jclepro.2024.142728
https://doi.org/10.1177/0958305X2199348
https://doi.org/10.1177/0958305X2199348
https://doi.org/10.1016/j.jclepro.2021.128847
https://doi.org/10.1016/j.jclepro.2021.128847
https://doi.org/10.1080/10042857.2004.10677342
https://doi.org/10.1080/10042857.2004.10677342
https://doi.org/10.1016/j.spc.2022.10.012
https://doi.org/10.1016/j.jmsy.2022.03.003
https://doi.org/10.1016/j.jmsy.2022.03.003
https://doi.org/10.1016/j.jclepro.2024.141453
https://doi.org/10.1016/j.jclepro.2024.141453
https://doi.org/10.1016/j.wasman.2023.11.013
https://doi.org/10.1016/j.wasman.2023.11.013
https://doi.org/10.24928/2018/0474
https://doi.org/10.24928/2018/0474
https://doi.org/10.1016/j.resourpol.2023.103789
https://doi.org/10.1016/j.resourpol.2023.103789
https://doi.org/10.1108/CR-08-2023-0202
https://doi.org/10.1108/CR-08-2023-0202
https://doi.org/10.1007/s00170-024-13215-5
https://doi.org/10.1108/IJOPM-01-2024-0069
https://doi.org/10.1108/IJLSS-01-2024-0009
https://doi.org/10.1080/14783363.2024.2347373
https://doi.org/10.1016/j.iedeen.2023.100232
https://doi.org/10.1016/j.iedeen.2023.100232
https://doi.org/10.3390/ijerph20065119
https://doi.org/10.1016/j.jclepro.2015.09.007
https://doi.org/10.3390/su132413956
https://doi.org/10.1007/s12525-019-00361-y

Literature Review on Metals and Engineering Industries.” International
Journal of Lean Six Sigma 10, no. 2: 691-714. https://doi.org/10.1108/
IJLSS-06-2017-0063.

Halim-Lim, S. A., A. A. Jamaludin, A. T. Islam, S. Weerabahu, and
A. Priyono. 2025. “Unlocking Potential for a Circular Bioeconomy
Transition Through Digital Innovation, Lean Manufacturing and
Green Practices: A Review.” Management of Environmental Quality:
An International Journal 36, no. 1: 130-154. https://doi.org/10.1108/
MEQ-11-2023-0386.

Hedlund, C., P. Stenmark, E. Noaksson, and J. Lilja. 2020. “More
Value From Fewer Resources: How to Expand Value Stream Mapping
With Ideas From Circular Economy.” International Journal of Quality
and Service Sciences 12: 447-459. https://doi.org/10.1108/1JQSS
-05-2019-0070.

Hong, J., Y. Zhang, and M. Ding. 2018. “Sustainable Supply Chain
Management Practices, Supply Chain Dynamic Capabilities, and
Enterprise Performance.” Journal of Cleaner Production 172: 3508-
3519. https://doi.org/10.1016/j.jclepro.2017.06.093.

Hossain, M., S. Park, N. Suchek, and M. Pansera. 2024. “Circular
Economy: A Review of Review Articles.” Business Strategy and the
Environment 33, no. 7: 7077-7099.

Hu, Q., R. Mason, S. J. Williams, and P. Found. 2015. “Lean
Implementation Within SMEs: A Literature Review.” Journal of
Manufacturing Technology Management 26, no. 7: 980-1012. https://doi.
org/10.1108/JMTM-02-2014-0013.

Jabbour, C.J. C.2013. “Environmental Training in Organisations: From
a Literature Review to a Framework for Future Research.” Resources,
Conservation and Recycling 74: 144-155. https://doi.org/10.1016/j.resco
nrec.2012.12.017.

Jabbour, C. J. C., S. Seuring, A. B. L. de Sousa Jabbour, et al. 2020.
“Stakeholders, Innovative Business Models for the Circular Economy
and Sustainable Performance of Firms in an Emerging Economy
Facing Institutional Voids.” Journal of Environmental Management 264:
110416. https://doi.org/10.1016/j.jenvman.2020.110416.

Junior, M. L., and M. Godinho Filho. 2010. “Variations of the Kanban
System: Literature Review and Classification.” International Journal of
Production Economics 125, no. 1: 13-21. https://doi.org/10.1016/j.ijpe.
2010.01.009.

Kalemkerian, F., J. Santos, M. Tanco, J. A. Garza-Reyes, and E.
Viles. 2022. “Analysing the Alignment Between the Green Lean and
Circular Strategies: Towards a Circular Lean Approach.” Journal of
Manufacturing Technology Management 33, no. 6: 1059-1079. https://
doi.org/10.1108/JMTM-11-2021-0480.

Kalemkerian, F., R. Pozzi, M. Tanco, A. Creazza, and J. Santos. 2024.
“Unlocking Circular Economy Potential: Evaluating Production
Processes Through Circular Value Stream Mapping in Real Case
Studies.” Management of Environmental Quality: An International
Journal 35, no. 3: 610-633. https://doi.org/10.1108/ MEQ-08-2023-0244.

Kazancoglu, Y., I. Kazancoglu, and M. Sagnak. 2018. “A New Holistic
Conceptual Framework for Green Supply Chain Management
Performance Assessment Based on Circular Economy.” Journal of
Cleaner Production 195: 1282-1299. https://doi.org/10.1016/j.jclepro.
2018.06.015.

Khanzode, A. G., P. R. S. Sarma, and M. Goswami. 2023. “Modelling
Interactions of Select Enablers of Lean Six-Sigma Considering
Sustainability Implications: An Integrated Circular Economy and
Industry 4.0 Perspective.” Production Planning & Control 34, no. 10:
1020-1036. https://doi.org/10.1080/09537287.2021.1980908.

Kirchherr, J., N. H. N. Yang, F. Schulze-Spiintrup, M. J. Heerink, and K.
Hartley. 2023. “Conceptualizing the Circular Economy (Revisited): An
Analysis of 221 Definitions.” Resources, Conservation and Recycling 194:
107001. https://doi.org/10.1016/j.resconrec.2023.107001.

Koutsos, T. M., G. C. Menexes, and C. A. Dordas. 2019. “An Efficient
Framework for Conducting Systematic Literature Reviews in
Agricultural Sciences.” Science of the Total Environment 682: 106-117.
https://doi.org/10.1016/j.scitotenv.2019.04.354.

Kurdve, M., and M. Bellgran. 2021. “Green Lean Operationalisation
of the Circular Economy Concept on Production Shop Floor Level.”
Journal of Cleaner Production 278: 123223. https://doi.org/10.1016/j.
jclepro.2020.123223.

Kurilova-Palisaitiene, J., E. Sundin, and B. Poksinska. 2018.
“Remanufacturing Challenges and Possible Lean Improvements.”
Journal of Cleaner Production 172: 3225-3236. https://doi.org/10.1016/j.
jclepro.2017.11.023.

Lee, J. K. Y., H. Gholami, M. Z. M. Saman, et al. 2021. “Sustainability-
Oriented Application of Value Stream Mapping: A Review and
Classification.” IEEE Access 9: 68414-68434. https://doi.org/10.1109/
ACCESS.2021.3077570.

Lim, M. K., M. Lai, C. Wang, and Y. Lee. 2022a. “Circular Economy
to Ensure Production Operational Sustainability: A Green-Lean
Approach.” Sustainable Production and Consumption 30: 130-144.
https://doi.org/10.1016/j.spc.2021.12.001.

Lim, W. M., S. Kumar, and F. Ali. 2022b. “Advancing Knowledge
Through Literature Reviews:"What’,'Why’, and ‘How to Contribute’.”
Service Industries Journal 42, no. 7-8: 481-513. https://doi.org/10.1080/
02642069.2022.2047941.

Litvinova, T. N., N. B. Abdusalomova, T. A. Dugina, and I. V. Denisov.
2024. “Change Management Based on Smart Technologies for
Sustainable Business Development.” Global Journal of Flexible Systems
Management 25, no. Suppl 1: 17-30. https://doi.org/10.1007/s40171-023-
00355-y.

MacArthur, E. 2013. “Towards the Circular Economy.” Journal of
Industrial Ecology 2, no. 1: 23-44.

MacArthur, E., K. Zumwinkel, and M. R. Stuchtey. 2015. Growth
Within: A Circular Economy Vision for a Competitive Europe, 100. Ellen
MacArthur Foundation.

Maldonado-Guzman, G., and J. A. Garza-Reyes. 2023. “Beyond Lean
Manufacturing and Sustainable Performance: Are the Circular
Economy Practices Worth Pursuing?” Management of Environmental
Quality: An International Journal 34: 1332-1351. https://doi.org/10.
1108/MEQ-11-2022-0324.

Marodin, G., C. J. Chiappetta Jabbour, M. Godinho Filho, and G. L.
Tortorella. 2023. “Lean Production, Information and Communication
Technologies and Operational Performance.” Total Quality Management
& Business Excellence 34, no. 1-2: 183-200. https://doi.org/10.1080/
14783363.2022.2035214.

Marquina, M. V. H., P. Zwolinski, and F. Mangione. 2021. “Application
of Value Stream Mapping Tool to Improve Circular Systems.” Cleaner
Engineering and Technology 5: 100270. https://doi.org/10.1016/j.clet.
2021.100270.

Marrucci, L., M. Marchi, and T. Daddi. 2020. “Improving the Carbon
Footprint of Food and Packaging Waste Management in a Supermarket
of the Italian Retail Sector.” Waste Management 105: 594-603. https://
doi.org/10.1016/j.wasman.2020.03.002.

Mathews, J. A. 2011. “Naturalizing Capitalism: The Next Great
Transformation.” Futures 43, no. 8: 868-879. https://doi.org/10.1016/j.
futures.2011.06.011.

Miles, M. B., and A. M. Huberman. 1994. Qualitative Data Analysis: An
Expanded Sourcebook. sage.

Minunno, R., T. O'Grady, G. M. Morrison, R. L. Gruner, and M. Colling.
2018. “Strategies for Applying the Circular Economy to Prefabricated
Buildings.” Buildings 8, no. 9: 125. https://doi.org/10.3390/buildings8
090125.

23 of 25

85UB017 SUOWWIOD 8AIea.D 8|qeoljdde ayy Aq peusenob a1e saoile VO '8sN JO Sa|nJ o Akeiqi8uljuO 3|1 UO (SUOTIPUOO-PUR-SWBIL0D" A8 1WA e1q U1 [UO//SdNL) SUORIPUOD pue SWe 1 8y} 885 *[9202/50/90] U0 AkeidiTaul|luo A8|IM ‘eIsiined fenpeis3 apepisieAlun AQ 6£T0L 2ZPSA/200T OT/10p/uoo" A8 1M Aiqiul|uo// sy Wwolj pepeoumod ‘Z ‘SZ0z ‘0LTE2LSZ


https://doi.org/10.1108/IJLSS-06-2017-0063
https://doi.org/10.1108/IJLSS-06-2017-0063
https://doi.org/10.1108/MEQ-11-2023-0386
https://doi.org/10.1108/MEQ-11-2023-0386
https://doi.org/10.1108/IJQSS-05-2019-0070
https://doi.org/10.1108/IJQSS-05-2019-0070
https://doi.org/10.1016/j.jclepro.2017.06.093
https://doi.org/10.1108/JMTM-02-2014-0013
https://doi.org/10.1108/JMTM-02-2014-0013
https://doi.org/10.1016/j.resconrec.2012.12.017
https://doi.org/10.1016/j.resconrec.2012.12.017
https://doi.org/10.1016/j.jenvman.2020.110416
https://doi.org/10.1016/j.ijpe.2010.01.009
https://doi.org/10.1016/j.ijpe.2010.01.009
https://doi.org/10.1108/JMTM-11-2021-0480
https://doi.org/10.1108/JMTM-11-2021-0480
https://doi.org/10.1108/MEQ-08-2023-0244
https://doi.org/10.1016/j.jclepro.2018.06.015
https://doi.org/10.1016/j.jclepro.2018.06.015
https://doi.org/10.1080/09537287.2021.1980908
https://doi.org/10.1016/j.resconrec.2023.107001
https://doi.org/10.1016/j.scitotenv.2019.04.354
https://doi.org/10.1016/j.jclepro.2020.123223
https://doi.org/10.1016/j.jclepro.2020.123223
https://doi.org/10.1016/j.jclepro.2017.11.023
https://doi.org/10.1016/j.jclepro.2017.11.023
https://doi.org/10.1109/ACCESS.2021.3077570
https://doi.org/10.1109/ACCESS.2021.3077570
https://doi.org/10.1016/j.spc.2021.12.001
https://doi.org/10.1080/02642069.2022.2047941
https://doi.org/10.1080/02642069.2022.2047941
https://doi.org/10.1007/s40171-023-00355-y
https://doi.org/10.1007/s40171-023-00355-y
https://doi.org/10.1108/MEQ-11-2022-0324
https://doi.org/10.1108/MEQ-11-2022-0324
https://doi.org/10.1080/14783363.2022.2035214
https://doi.org/10.1080/14783363.2022.2035214
https://doi.org/10.1016/j.clet.2021.100270
https://doi.org/10.1016/j.clet.2021.100270
https://doi.org/10.1016/j.wasman.2020.03.002
https://doi.org/10.1016/j.wasman.2020.03.002
https://doi.org/10.1016/j.futures.2011.06.011
https://doi.org/10.1016/j.futures.2011.06.011
https://doi.org/10.3390/buildings8090125
https://doi.org/10.3390/buildings8090125

Moher, D., A. Liberati, J. Tetzlaff, D. G. Altman, and PRISMA Group.
2009. “Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement.” Annals of Internal Medicine 151,
no. 4: 264-269. https://doi.org/10.7326/0003-4819-151-4-200908180-
00135.

Molina, M., and P. Pascua. 2022. “Streamlining Process in the Separation
of Preexisting Textiles for Its Reutilization in Garment Production.”
In Proceedings of the LACCEI International Multi-Conference for
Engineering, Education and Technology. 20th LACCEI International
Multi-Conference for Engineering, Education, and Technology:
“Education, Research and Leadership in Post-pandemicEngineering:
Resilient, Inclusive and Sustainable Actions”. https://doi.org/10.18687/
LACCEI2022.1.1.472.

Mongeon, P., and A. Paul-Hus. 2016. “The Journal Coverage of Web of
Science and Scopus: A Comparative Analysis.” Scientometrics 106, no.
1: 213-228. https://doi.org/10.1007/s11192-015-1765-5.

Nadeem, S. P. 2019. Coalescing the Lean and Circular Economy.

Nadeem, S. P, J. A. Garza-Reyes, and A. I. Anosike. 2023. “A C-Lean
Framework for Deploying Circular Economy in Manufacturing SMEs.”
Production Planning & Control 36: 1-21. https://doi.org/10.1080/09537
287.2023.2294307.

Nascimento, D. L. M., V. Alencastro, O. L. G. Quelhas, et al. 2019.
“Exploring Industry 4.0 Technologies to Enable Circular Economy
Practices in a Manufacturing Context: A Business Model Proposal.”
Journal of Manufacturing Technology Management 30, no. 3: 607-627.
https://doi.org/10.1108/JMTM-03-2018-0071.

Nayal, K., R. Raut, A. B. Lopes de Sousa Jabbour, B. E. Narkhede,
and V. V. Gedam. 2025. “Integrated Technologies Toward Sustainable
Agriculture Supply Chains: Missing Links.” Journal of Enterprise
Information Management 38, no. 1: 318-368. https://doi.org/10.1108/
JEIM-09-2020-0381.

Niekurzak, M., W. Lewicki, H. H. Coban, and M. Bera. 2023. “A Model to
Reduce Machine Changeover Time and Improve Production Efficiency
in an Automotive Manufacturing Organisation.” Sustainability 15, no.
13:10558. https://doi.org/10.3390/su151310558.

Palma-Tafur,]., E. Garay-Santos, and J. Bernal-Pacheco. 2022. Productive
Impact on Plastic Manufacturing Companies in Latin America: A
Systematic Literature. https://doi.org/10.18687/LACCE12022.1.1.179.

Panchal, R., A. Singh, and H. Diwan. 2021. “Does Circular Economy
Performance Lead to Sustainable Development?-A Systematic
Literature Review.” Journal of Environmental Management 293: 112811.
https://doi.org/10.1016/j jenvman.2021.112811.

Paraschos, P. D., G. K. Koulinas, and D. E. Koulouriotis. 2024.
“Reinforcement Learning-Based Optimization for Sustainable and
Lean Production Within the Context of Industry 4.0.” Algorithms 17, no.
3:98. https://doi.org/10.3390/a17030098.

Pawlik, E., W. Jjomah, J. Corney, and D. Powell. 2021. “Exploring the
Application of Lean Best Practices in Remanufacturing: Empirical
Insights Into the Benefits and Barriers.” Sustainability 14, no. 1: 149.
https://doi.org/10.3390/su14010149.

Prashar, A., and A. Chaudhuri. 2025. “Digitalization for Circular
Economy and Operational Excellence Practices: A Paradox Theory
Perspective on Performance Improvement in Manufacturing Firms.”
Business Strategy and the Environment 34, no. 1: 1154-1170. https://doi.
0rg/10.1002/bse.4031.

Prieto-Sandoval, V., C. Jaca, J. Santos, R. J. Baumgartner, and M.
Ormazabal. 2019. “Key Strategies, Resources, and Capabilities for
Implementing Circular Economy in Industrial Small and Medium
Enterprises.” Corporate Social Responsibility and Environmental
Management 26, no. 6: 1473-1484. https://doi.org/10.1002/csr.1761.

Razali, N. M., and S. C. Chi. 2021. “A Quantitative Approach of
Leanness Assessment in Electronics Manufacturing Firms.” In Recent

Trends in Manufacturing and Materials Towards Industry 4.0, 1017-
1025. Springer. https://doi.org/10.1007/978-981-15-9505-9_89.

Reyes, J., J. Mula, and M. Diaz-Madronero. 2021. “Development of a
Conceptual Model for Lean Supply Chain Planning in Industry 4.0:
Multidimensional Analysis for Operations Management.” Production
Planning & Control 34, no. 12: 1-16. https://doi.org/10.1080/09537287.
2021.1993373.

Reza,J.R.D.,J. L. G. Alcaraz, C.S. Ramirez, J. A. G. Lépez, A. R. Vargas,
and J. L. R. Alvarez. 2025. “Achieving Strategic Goals by Continuous
Improvement and Lean Manufacturing Implementation: A Structural
Equation Model-System Dynamics Approach.” Sustainable Futures 9:
100551. https://doi.org/10.1016/j.sftr.2025.100551.

Romero, D., and M. Rossi. 2017. “Towards Circular Lean Product-
Service Systems.” Procedia CIRP 64: 13-18. https://doi.org/10.1016/].
procir.2017.03.133.

Salman, S., S. M. Morshed, M. R. Karim, R. Rahman, S. Hasanat, and
A. Ahsan. 2025. “Exploring Lean Manufacturing Drivers for Enhancing
Circular Economy Performance in the Pharmaceutical Industry: A
Bayesian Best-Worst Approach.” International Journal of Industrial
Engineering and Operations Management 7, no. 1: 68-96. https://doi.
0rg/10.1108/1JTIEOM-10-2023-0074.

Sasso, R. A., M. G. Filho, and G. M. D. Ganga. 2025. “Synergizing
Lean Management and Circular Economy: Pathways to Sustainable
Manufacturing.” Corporate Social Responsibility and Environmental
Management 32, no. 1: 543-562. https://doi.org/10.1002/csr.2962.

Schmitt, T., C. Wolf, T. T. Lennerfors, and S. Okwir. 2021. “Beyond
“Leanear” Production: A Multi-Level Approach for Achieving
Circularity in a Lean Manufacturing Context.” Journal of Cleaner
Production 318: 128531. https://doi.org/10.1016/j.jclepro.2021.128531.

Schroeder, P., K. Anggraeni, and U. Weber. 2019. “The Relevance of
Circular Economy Practices to the Sustainable Development Goals.”
Journal of Industrial Ecology 23, no. 1: 77-95. https://doi.org/10.1111/
jiec.12732.

Sehnem, S., I. Junges, S. V. Soares, and A. Maganda. 2025. “Reconciling
the Efficiency of Industry 4.0 and Circular Economy With the Human
Empowerment of Lean: Unraveling the Challenges and Opportunities
of Integration.” Social Responsibility Journal 21: 429-450. https://doi.
org/10.1108/SRJ-01-2024-0011.

Sequeira, T. N., and M. S. Santos. 2018. “Renewable Energy and Politics:
A Systematic Review and New Evidence.” Journal of Cleaner Production
192: 553-568. https://doi.org/10.1016/j.jclepro.2018.04.190.

Shabur, M. A. 2024. “A Comprehensive Review on the Impact of
Industry 4.0 on the Development of a Sustainable Environment.”
Discover Sustainability 5, no. 1: 97. https://doi.org/10.1007/s43621-024-
00290-7.

Singh, C., D. Singh, and J. S. Khamba. 2021. “Understanding the Key
Performance Parameters of Green Lean Performance in Manufacturing
Industries.” Materials Today Proceedings 46: 111-115. https://doi.org/
10.1016/j.matpr.2020.06.328.

Skalli, D., A. Charkaoui, A. Cherrafi, A. Shokri, J. A. Garza-Reyes,
and J. Antony. 2024. “Analysis of Factors Influencing Circular-
Lean-Six Sigma 4.0 Implementation Considering Sustainability
Implications: An Exploratory Study.” International Journal of
Production Research 62, no. 11: 3890-3917. https://doi.org/10.1080/
00207543.2023.2251159.

Skalli, D., A. Charkaoui, and A. Cherrafi. 2022. “Assessing Interactions
Between Lean Six-Sigma, Circular Economy and Industry 4.0: Toward
an Integrated Perspective.” IFAC-PapersOnLine 55, no. 10: 3112-3117.
https://doi.org/10.1016/j.ifacol.2022.10.207.

Skorupinska, E., M. Hitka, and M. Sydor. 2024. “Surveying Quality
Management Methodologies in Wooden Furniture Production.” System
12, no. 2: 51. https://doi.org/10.3390/systems12020051.

24 of 25

Business Strategy & Development, 2025

85UB017 SUOWWIOD 8AIea.D 8|qeoljdde ayy Aq peusenob a1e saoile VO '8sN JO Sa|nJ o Akeiqi8uljuO 3|1 UO (SUOTIPUOO-PUR-SWBIL0D" A8 1WA e1q U1 [UO//SdNL) SUORIPUOD pue SWe 1 8y} 885 *[9202/50/90] U0 AkeidiTaul|luo A8|IM ‘eIsiined fenpeis3 apepisieAlun AQ 6£T0L 2ZPSA/200T OT/10p/uoo" A8 1M Aiqiul|uo// sy Wwolj pepeoumod ‘Z ‘SZ0z ‘0LTE2LSZ


https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.18687/LACCEI2022.1.1.472
https://doi.org/10.18687/LACCEI2022.1.1.472
https://doi.org/10.1007/s11192-015-1765-5
https://doi.org/10.1080/09537287.2023.2294307
https://doi.org/10.1080/09537287.2023.2294307
https://doi.org/10.1108/JMTM-03-2018-0071
https://doi.org/10.1108/JEIM-09-2020-0381
https://doi.org/10.1108/JEIM-09-2020-0381
https://doi.org/10.3390/su151310558
https://doi.org/10.18687/LACCE12022.1.1.179
https://doi.org/10.1016/j.jenvman.2021.112811
https://doi.org/10.3390/a17030098
https://doi.org/10.3390/su14010149
https://doi.org/10.1002/bse.4031
https://doi.org/10.1002/bse.4031
https://doi.org/10.1002/csr.1761
https://doi.org/10.1007/978-981-15-9505-9_89
https://doi.org/10.1080/09537287.2021.1993373
https://doi.org/10.1080/09537287.2021.1993373
https://doi.org/10.1016/j.sftr.2025.100551
https://doi.org/10.1016/j.procir.2017.03.133
https://doi.org/10.1016/j.procir.2017.03.133
https://doi.org/10.1108/IJIEOM-10-2023-0074
https://doi.org/10.1108/IJIEOM-10-2023-0074
https://doi.org/10.1002/csr.2962
https://doi.org/10.1016/j.jclepro.2021.128531
https://doi.org/10.1111/jiec.12732
https://doi.org/10.1111/jiec.12732
https://doi.org/10.1108/SRJ-01-2024-0011
https://doi.org/10.1108/SRJ-01-2024-0011
https://doi.org/10.1016/j.jclepro.2018.04.190
https://doi.org/10.1007/s43621-024-00290-7
https://doi.org/10.1007/s43621-024-00290-7
https://doi.org/10.1016/j.matpr.2020.06.328
https://doi.org/10.1016/j.matpr.2020.06.328
https://doi.org/10.1080/00207543.2023.2251159
https://doi.org/10.1080/00207543.2023.2251159
https://doi.org/10.1016/j.ifacol.2022.10.207
https://doi.org/10.3390/systems12020051

Songkhwan, S., C. Meathawiroon, and A. Thunyachairat. 2025.
Production Engineering Archives.

Su, B., A. Heshmati, Y. Geng, and X. Yu. 2013. “A Review of the Circular
Economy in China: Moving From Rhetoric to Implementation.” Journal
of Cleaner Production 42: 215-227. https://doi.org/10.1016/j.jclepro.
2012.11.020.

Tardio, P. R., J. L. Schaefer, E. O. B. Nara, et al. 2023. “The Link
Between Lean Manufacturing and Industry 4.0 for Product
Development Process: A Systemic Approach.” Journal of Manufacturing
Technology Management 34, no. 8: 1404-1424. https://doi.org/10.1108/
JMTM-03-2023-0118.

Teece, D. J., G. Pisano, and A. Shuen. 1997. “Dynamic Capabilities and
Strategic Management.” Strategic Management Journal 18, no. 7: 509-
533. https://doi.org/10.1002/(SICI)1097-0266.

Teixeira, A. A., T. E. D. C. Moraes, N. O. Stefanelli, J. H. C. de Oliveira,
T. B. Teixeira, and W. R. de Souza Freitas. 2020. “Green Supply Chain
Management in Latin America: Systematic Literature Review and
Future Directions.” Environmental Quality Management 30, no. 2: 47—
73. https://doi.org/10.1002/tqem.21712.

Touriki, F. E., I. Benkhati, S. S. Kamble, and A. Belhadi. 2021.
“An Integrated Smart, Green, Resilient, and Lean Manufacturing
Framework: A Literature Review and Future Research Directions.”
Journal of Cleaner Production 319: 128691. https://doi.org/10.1016/].
jclepro.2021.128691.

Tseng, M. L., T. P. T. Tran, H. M. Ha, T. D. Bui, and M. K. Lim. 2021.
“Sustainable Industrial and Operation Engineering Trends and
Challenges Toward Industry 4.0: A Data Driven Analysis.” Journal of
Industrial and Production Engineering 38, no. 8: 581-598. https://doi.
0rg/10.1080/21681015.2021.1950227.

Van Eck, N. J., and L. Waltman. 2017. “Citation-Based Clustering of
Publications Using CitNetExplorer and VOSviewer.” Scientometrics 111:
1053-1070. https://doi.org/10.1007/s11192-017-2300-7.

Vanapalli, K. R., H. B. Sharma, V. P. Ranjan, et al. 2021. “Challenges
and Strategies for Effective Plastic Waste Management During and Post
COVID-19 Pandemic.” Science of the Total Environment 750: 141514.
https://doi.org/10.1016/j.scitotenv.2020.141514.

Wang, M., P. Liu, Z. Gu, H. Cheng, and X. Li. 2019. “A Scientometric
Review of Resource Recycling Industry.” International Journal of
Environmental Research and Public Health 16, no. 23: 4654. https://doi.
org/10.3390/ijerph16234654.

Winkler, H. 2011. “Closed-Loop Production Systems—A Sustainable
Supply Chain Approach.” CIRP Journal of Manufacturing Science and
Technology 4, no. 3: 243-246. https://doi.org/10.1016/j.cirpj.2011.05.001.

Yadav, G., S. Luthra, D. Huisingh, S. K. Mangla, B. E. Narkhede, and
Y. Liu. 2020. “Development of a Lean Manufacturing Framework to
Enhance Its Adoption Within Manufacturing Companies in Developing
Economies.” Journal of Cleaner Production 245: 118726. https://doi.org/
10.1016/j.jclepro.2019.118726.

Yang, Q., X. Wang, and H. Wu. 2025. “Study on Lean Production
Management of New Energy Vehicle Body Painting Based on the Dual
Perspectives of Digital Transformation and VSM.” PloS One 20, no. 2:
€0318253. https://doi.org/10.1371/journal.pone.0318253.

Zott, C.2003. “Dynamic Capabilities and the Emergence of Intraindustry
Differential Firm Performance: Insights From a Simulation Study.”
Strategic Management Journal 24, no. 2: 97-125. https://doi.org/10.
1002/smj.288.

25 of 25

85UB017 SUOWWIOD 8AIea.D 8|qeoljdde ayy Aq peusenob a1e saoile VO '8sN JO Sa|nJ o Akeiqi8uljuO 3|1 UO (SUOTIPUOO-PUR-SWBIL0D" A8 1WA e1q U1 [UO//SdNL) SUORIPUOD pue SWe 1 8y} 885 *[9202/50/90] U0 AkeidiTaul|luo A8|IM ‘eIsiined fenpeis3 apepisieAlun AQ 6£T0L 2ZPSA/200T OT/10p/uoo" A8 1M Aiqiul|uo// sy Wwolj pepeoumod ‘Z ‘SZ0z ‘0LTE2LSZ


https://doi.org/10.1016/j.jclepro.2012.11.020
https://doi.org/10.1016/j.jclepro.2012.11.020
https://doi.org/10.1108/JMTM-03-2023-0118
https://doi.org/10.1108/JMTM-03-2023-0118
https://doi.org/10.1002/(SICI)1097-0266
https://doi.org/10.1002/tqem.21712
https://doi.org/10.1016/j.jclepro.2021.128691
https://doi.org/10.1016/j.jclepro.2021.128691
https://doi.org/10.1080/21681015.2021.1950227
https://doi.org/10.1080/21681015.2021.1950227
https://doi.org/10.1007/s11192-017-2300-7
https://doi.org/10.1016/j.scitotenv.2020.141514
https://doi.org/10.3390/ijerph16234654
https://doi.org/10.3390/ijerph16234654
https://doi.org/10.1016/j.cirpj.2011.05.001
https://doi.org/10.1016/j.jclepro.2019.118726
https://doi.org/10.1016/j.jclepro.2019.118726
https://doi.org/10.1371/journal.pone.0318253
https://doi.org/10.1002/smj.288
https://doi.org/10.1002/smj.288

	‘BETTER SIDE BY SIDE’: An Integrative Framework Between Lean Manufacturing and Circular Economy
	ABSTRACT
	1   |   Introduction
	2   |   Theoretical Foundation
	2.1   |   Circular Economy
	2.2   |   Lean Manufacturing
	2.3   |   Interface Between Lean Manufacturing and the Circular Economy

	3   |   Resource-Based View, Lean Manufacturing, and Circular Economy
	4   |   Methodology
	4.1   |   Integrative Systematic Review

	5   |   Results
	5.1   |   Initial Research Results
	5.2   |   Content Analysis Results and Research Recommendations
	5.2.1   |   Country Context
	5.2.2   |   Types and Methods of Research
	5.2.3   |   Analyzed Sector
	5.2.4   |   Integration of LM and CE and Organizational Performance
	5.2.5   |   LM Practices That Most Contribute to CE

	5.3   |   Proposal of an Integrative Framework

	6   |   Discussions
	7   |   Final Considerations
	7.1   |   Theoretical Implications
	7.2   |   Practical Implications
	7.3   |   Impacts on Economic, Environmental, Social, and Operational Performance
	7.4   |   Limitations and Directions for Future Research

	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


