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INTRODUCTION

In the contemporary industrial context, businesses face increasingly
global challenges that require a redefining of their conventional operational
models. The scarcity of natural resources, the escalating threat of climate
change, and the progressive evolution of social and regulatory impera-
tives are collectively impelling a transition in managing business processes
towards sustainability. This transition entails the adoption of approaches
that combine operational efficiency with a commitment to environmen-
tal and societal well-being. Within this framework, Lean Manufacturing
emerges as a pivotal catalyst, transcending its traditional role of enhancing
operational performance and exerting a transformative influence on organ-
isational processes. Initially developed to reduce waste and increase cus-
tomer value, lean has become recognised as an effective approach to foster
sustainability due to its focus on minimising waste, optimising resource
management and enhancing human capital.

Despite the growing body of literature examining the relationship be-
tween Lean Manufacturing and sustainability, the discourse remains frag-
mented both in theory and in practice. Previous studies have predominant-
ly concentrated on the impact of lean on the environmental and economic
pillars of sustainability, with scant attention paid to the social dimension.
The absence of a comprehensive view of the three pillars of sustainability
prevents a full understanding of the effectiveness of Lean Manufacturing
and its tools in enabling companies to achieve holistic sustainability.

Building on the aforementioned considerations, the present manuscript
aims to investigate the relationship between Lean Manufacturing and
sustainability by developing an integrated framework for assessing the im-
pacts of lean on the three pillars of sustainability. The study will examine
the combined effects of lean on economic, environmental, and social per-
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formance, seeking to provide an overarching perspective of the potential of
Lean Manufacturing to support long-term sustainability goals. Specifically,
the focus will be on Italian mechanical engineering companies, which play
a crucial role in the national economy.

In order to achieve the research objectives, the manuscript has been or-
ganised into the following chapters.

The first chapter addresses the connection between Lean Manufactur-
ing and sustainability from a theoretical standpoint. This is achieved by
performing two distinct Systematic Literature Reviews (SLRs). The first
SLR examines the broader relationship between lean and sustainability,
considering 156 papers. It delves into the interactions of lean with the dif-
ferent dimensions of sustainability, also outlining the main synergies of
this approach with economic, environmental, and social aspects. The sec-
ond review focuses on the impacts of lean tools on the three pillars of sus-
tainability, including 106 papers. It analyses the influence of lean tools on
the economic, environmental, and social dimensions, identifying the most
commonly studied tools and their varying contributions according to the
pillar considered.

The second chapter investigates the effects of lean initiatives on the
sustainability performance of a production process within an Italian me-
chanical engineering company, namely Schnell SpA. In particular, it evalu-
ates the environmental, economic, and social outcomes before and after
implementing a lean project related to the straightener production line.
Conducted between March and September 2023, the study developed and
employed Sustainable Value Stream Mapping (Sus-VSM) to measure these
changes and define the most suitable metrics to assess lean effects on each
sustainability dimension.

The third chapter employs a quantitative survey to explore the adop-
tion of Lean Manufacturing and its relationship with sustainability in the
Italian mechanical engineering sector. By analysing 115 companies, the
level of knowledge and diffusion of lean in the sector is first investigated.
Subsequently, the motivations, benefits, and challenges of lean implemen-
tation by adopting companies are assessed, along with the effects of this
approach on sustainability pillars. Finally, the barriers, views and enablers
among non-adopting companies and the influence of these aspects on the
intention not to implement lean are examined.

The manuscript makes a significant contribution to the understand-
ing of the relationship between Lean Manufacturing and sustainability by
presenting an integrated framework that jointly explores environmental,
economic, and social pillars. Through a combination of systematic lit-
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erature reviews, a single case study and a quantitative survey, it provides
a comprehensive overview of lean effectiveness in advancing mechanical
engineering companies towards sustainable goals. The approach adopted
clearly identifies the benefits of implementing lean practices, emphasising
their value in an increasingly dynamic and competitive industrial land-
scape. Nevertheless, major challenges remain for Italian mechanical engi-
neering companies on their journey towards adopting Lean Manufacturing.
Targeted interventions are needed to facilitate this transition, as lean has
been demonstrated to significantly enhance the economic, environmental,
and social performance of organisations.
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1.

LEAN MANUFACTURING AND SUSTAINABILITY:
EXPLORING THEIR RELATIONSHIP AND THE IMPACT
OF LEAN TOOLS ON SUSTAINABILITY PILLARS THROUGH
TwO SYSTEMATIC LITERATURE REVIEWS

Abstract: The chapter delves into the interaction of Lean Manufacturing and
sustainability, a critical issue in academic and industrial discussions due to the in-
creasing need to align operational efficiency with environmental and social goals.
To this end, two Systematic Literature Reviews (SLRs) were conducted. The first
SLR analyses the broader relationship between Lean Manufacturing and the three
pillars of sustainability — economic, environmental, and social — while the second
delves into the specific impacts of lean tools on these dimensions. Findings from
the first SLR highlight a fragmented research landscape, with a greater emphasis
on economic and environmental aspects, leaving the social pillar underexplored.
The second SLR underscores the potential of integrated lean practices to enhance
sustainable benefits, while the social dimension remains insufficiently addressed.
The results converge on the need for holistic approaches that integrate all sustain-
ability dimensions, along with advanced measurement models to capture lean’s
combined effects. Furthermore, intensifying empirical research is crucial for
understanding real-world applications and addressing barriers to integrating lean
practices with sustainability.

Keywords: Lean Manufacturing; Sustainability; Lean Tools; Lean and Sustain-
ability; Systematic Literature Review

1.1. Introduction

In recent years, several global pressures, including resource scarcity,
climate change and evolving societal expectations, have challenged tra-
ditional business models (Goni et al., 2021; Lopez-Torres et al., 2022;
Urbancova and Vrabcovd, 2023). Companies are increasingly required to
balance economic performance with environmental protection and social
responsibility (Morioka and Carvhalo, 2016; Ashrafi et al., 2020). This has

13



prompted the search for innovative models that combine operational ef-
ficiency with reduced environmental impact and human well-being (Parida
et al., 2019; Bocken and Geradts, 2020; Shakeel et al., 2020; Acciarini
et al., 2022). Among these, the integration of Lean Manufacturing and a
sustainability-oriented approach has emerged as a transformative para-
digm, offering the potential to optimise resources, reduce waste and create
long-term value (Yu et al., 2020; Teixeira et al., 2021; Jum’a et al., 2022;
Wadood et al., 2023). By aligning lean principles with the three pillars
of sustainability — economic, environmental, and social — companies can
build systems that are “agile, adaptive and aligned in balancing people and
planet with profits” (Kleindorfer et al., 2005; Liao e Wong, 2021).

Although the concepts of Lean Manufacturing and sustainability may
appear distinct, they are closely related and mutually reinforcing. With
its focus on eliminating waste, Lean Manufacturing provides a natural
foundation for achieving sustainability goals (Souza and Alves, 2018; Iran-
manesh et al., 2019; Jum’a et al., 2022; Naeemah and Wong, 2022). The
implementation of lean methodologies and tools allows for the optimisation
of processes and resources, thereby generating benefits that extend beyond
the economic domain to encompass environmental and social improve-
ments (Dieste et al., 2019; Dey et al., 2020; Teixeira et al., 2021, Jum’a et
al., 2022). As noted by several scholars, lean techniques have a positive im-
pact on all dimensions of sustainability, increasing operational efficiency,
reducing resource consumption and environmental impact, and improving
employee well-being and satisfaction (Cordeiro et al., 2020; Dey et al.,
2020; Elemure et al., 2023). In this context, leveraging the interconnection
of lean and sustainability could help organisations to enhance long-term
competitiveness, while meeting the growing demands of stakeholders for
responsible and sustainable practices (Caldera et al., 2019; de Souza, 2021;
Wadood et al., 2023).

Over time, the relationship between Lean Manufacturing and sustain-
ability has received increasing attention in academic research (De Carv-
alho et al., 2017; Tasdemir and Gazo, 2018; Dieste et al., 2020; Dey et al.,
2020; Teixeira et al., 2021; Jum’a et al, 2022). While lean techniques have
traditionally been applied to enhance operational efficiency and streamline
processes, recent studies have explored their broader potential to drive sus-
tainability across economic, environmental, and social pillars (Choudhary
et al., 2019; Palange and Dhatrak, 2021; Jum’a et al., 2022). As Lean Man-
ufacturing aims to eliminate activities that do not add value (Ikatrinasari et
al., 2018; Dieste et al., 2021), its impact on economic performance becomes
evident. By reducing waste, companies can optimise resource allocation,
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lower operating costs, and improve product quality, leading to higher cus-
tomer satisfaction and competitive advantage (Tasdemir and Gazo, 2018;
Dieste et al., 2019; Dey et al., 2020). The environmental dimension also
benefits significantly from the adoption of lean practices. Focused on waste
reduction and efficient use of resources, lean methods support organisa-
tions in reducing energy consumption, minimising emissions, and decreas-
ing material waste (Cherrafi et al., 2019; Udokporo et al., 2020; Elemure
et al., 2023). Tools such as Just-in-Time (JIT) and Value Stream Mapping
(VSM) enable the optimisation of inventory levels and the identification of
inefficiencies in production processes (Seth et al., 2017; Kong et al., 2018;
Kholik et al., 2023). Likewise, lean principles contribute to social sustain-
ability by fostering collaborative and satisfying work environments (Souza
and Alves, 2018; Cordeiro et al.,, 2020). For instance, Kaizen reduces
work stress and increases employee motivation by encouraging active par-
ticipation, while the 5S method improves workplace safety and ergonomics
through greater organisation and cleanliness (Hoque et al., 2020; Ciannella
and Santos, 2022; Dube and Gupta, 2023).

Despite the widely acknowledged benefits of lean adoption in advanc-
ing sustainability goals, existing studies predominantly concentrate on
the economic and environmental dimensions, with the social aspect often
neglected (Tasdemir and Gazo, 2018; Caiado et al., 2019; Dey et al., 2020;
Teixeira et al., 2022). This imbalance is evident in both studies exploring
the broader relationship between lean and sustainability and those focusing
on specific lean tools (Chavez et al., 2022; Naeemah and Wong, 2022; Wa-
dood et al., 2023). Additionally, few scholars adopt an integrated approach
to evaluate the effects of different lean techniques on economic, environ-
mental, and social outcomes (Nacemah and Wong, 2022). As a result, a
comprehensive understanding of the lean influence on the three pillars of
sustainability is lacking, both at a general level and in the specific applica-
tion of its tools (Dey et al., 2020; Chavez et al., 2022; Naeemah and Wong,
2022; Wadood et al., 2023).

In light of the above framework, this chapter aims to provide a holistic
view of the interactions between Lean Manufacturing and sustainability. It
combines an overarching perspective of their relationship with a detailed
examination of the influence of lean tools on economic, environmental,
and social aspects. To this end, two systematic literature reviews (SLRs)
were conducted, each addressing a distinct aspect of the topic.

The first review (i.e. SLR 1) investigates the broader relationship be-
tween Lean Manufacturing and the pillars of sustainability, identifying the
main directions and patterns in this field. By analysing 156 documents, it
seeks to address the following research questions:
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RQI.1: What is the current state of the art regarding the relationship be-
tween Lean Manufacturing and the three pillars of sustainability?

RQI.2: How are the three dimensions of sustainability addressed individu-
ally and in combination within the context of Lean Manufacturing studies?

RQI1.3: What are the synergies between Lean Manufacturing and sustain-
ability identified in the literature so far?

The second SLR (i.e. SLR 2) focuses on the role of lean tools and their
impact on each dimension of sustainability, including a total of 106 ar-
ticles. In particular, the research questions are as follows:

RQ2.1: What are the current publication trends related to the application
of lean tools from a sustainability perspective?

RQ2.2: What is the impact of lean tools on each dimension of sustain-
ability?

RQ2.3: What are the main lean tools investigated so far in the literature
for their positive influence on sustainability? And how do they impact on
the three pillars of sustainability?

The chapter is structured into the following paragraphs. Firstly, Para-
graph 1.2 introduces the conceptual framework, defining the concepts of
Lean Manufacturing and sustainability. Paragraph 1.3 sets out the research
methodology, illustrating the selection and analysis process of the studies
included in both systematic literature reviews. Subsequently, Paragraphs
1.4 and 1.5 present the findings of each review, outlining the key trends
and patterns emerging from the analyses. In Paragraphs 1.6 and 1.7 discus-
sions are provided, offering insights into the theoretical and practical con-
tributions of the two SLRs. Finally, Paragraph 1.8 concludes by summariz-
ing the main findings, limitations of both reviews and future directions.

1.2. Conceptual Framework
1.2.1. Lean Manufacturing
Lean Manufacturing is a management philosophy that focuses on elimi-

nating waste to improve process efficiency and create customer value (Shah
and Ward, 2003; Holweg, 2007; Gupta and Jain, 2013; Belhadi et al., 2017,
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Nwanya and Oko, 2019). The adoption of lean practices in industrial set-
tings is recognised globally as an effective method to reduce costs, im-
prove quality, and increase competitiveness (Ciarnien¢ and VienaZindieng,
2012; Bhamu and Singh Sangwan, 2014; Verma and Sharma, 2017; Ben
Ruben et al., 2019; Palange and Dhatrak, 2021).

The concept of Lean Manufacturing originates from the Toyota Produc-
tion System (TPS) developed in Japan after World War II within the Toyota
automotive company (Pavnaskar et al., 2003; Shah and Ward, 2007). This
system was designed by industrial engineer Taiichi Ohno to smooth the
production process by identifying and eliminating waste, thereby improv-
ing business performance, and increasing overall value (Ciarniené and
Vienazindiené, 2012; Das et al., 2014; AlManei et al., 2017). The term
“lean” was first mentioned by Krafcik (1998) to describe the alternative pro-
duction approach adopted by Toyota company (Shah and Ward, 2007; Mo-
stafa et al., 2013). In 1990, Womack, Jones, and Roos published the book
The Machine that Changed the World which further explored this concept,
popularising the notion of “Lean Production” and reshaping the way indus-
trial production is conceived (Bhamu and Singh Sangwan, 2014; Alkhoraif
et al., 2019; Jaiswal et al., 2021). As the approach gained traction within the
broader manufacturing context, the term “Lean Production” evolved into
the widely adopted “Lean Manufacturing” (Osman et al., 2020).

Despite the different development of the lean concept, its core prin-
ciple remains to eliminate activities that do not add value to the customer,
namely waste (Verrier et al., 2014; Ben Ruben et al., 2019; Rodrigues et
al., 2019). Taiichi Ohno classified these wastes (in Japanese, muda) into
seven main categories: overproduction, waiting time, transportation, inven-
tory, motion, defects, and over-processing (Jasti and Kodali, 2015; Soliman,
2017; Nwanya and Oko, 2019). An eighth waste was introduced recently,
named the non-utilisation of human potential, which concerns the lack
of employee involvement and recognition of workers’ skills (Nwanya and
Oko, 2019; Patel et al., 2022, Tanasic et al., 2022). Furthermore, two addi-
tional types of waste have been defined, that is muri and mura. The former
refers to the excessive workload on workers and equipment, while the latter
pertains to the variability of production processes (Pienkowski, 2014).

In order to reduce inefficiencies and improve workflows, Lean Manu-
facturing requires the adoption of five fundamental principles (Womack
and Jones, 1996), which include:

(i) value. It consists of understanding the value that the customers as-

sociate with the product, focusing exclusively on activities that meet
their needs and expectations.
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(i) Value stream mapping. It implies an in-depth analysis of processes,
identifying the activities that add value, those that do not add value
but are necessary for the process, and those that do not generate
value and can be eliminated.

(iii) Flow. It ensures that the value stream flows without interruption,
ensuring that each phase proceeds continuously, from initial plan-
ning to customer.

(iv) Pull. It implies producing only according to customer demand, thus
avoiding overproduction and unnecessary inventory.

(v) Pursue perfection. It refers to the continuous improvement of pro-
cesses, progressively reducing waste and optimising the production
cycle to maximise value creation.

Numerous tools have been developed to support companies in imple-
menting lean principles (Alefari et al., 2017; Kovilage, 2021; Kumar et
al., 2022). Following Panizzolo’s (1998) classification, the study by Salo-
nitis and Tsinopoulos (2016) divided the primary lean techniques into five
categories. The first relates to processes and equipment, which includes
tools to optimise operational efficiency and reduce waste, such as Cel-
lular Manufacturing, Six Sigma, Continuous Flow, Waste Identification,
Poka-Yoke, Value Stream Mapping (VSM), Total Productive Maintenance
(TPM), Kaizen, 5S and Single Minute of Exchange of Die (SMED). The
second category deals with production planning and control and comprises
tools to strengthen scheduling and workflow management, like Heijunka,
Visual Control, Kanban, and Workforce Engagement. The third area covers
human resources, with techniques focused on active employee participa-
tion including Workforce Commitment, Employee Involvement and Quality
Circles. The fourth group concerns supplier relations, encompassing Just-
in-Time (JIT), Lean Supply Chain and Supplier Quality to enhance flows
between the company and suppliers. While not including specific lean
tools, the fifth category addresses customer relations and looks at increas-
ing satisfaction through higher product or service quality.

Throughout the years, Lean Manufacturing has evolved significant-
ly, expanding its application beyond traditional manufacturing processes
(AlManei et al., 2017). Lean is an overarching concept that involves all
business processes, fostering a culture of continuous improvement across
different organisation levels (Kassem et al., 2023). This approach has
further demonstrated its benefits in sectors different from automotive and
manufacturing, including construction, textiles, healthcare, hospitality, and
education (Danese et al., 2018; Yadav et al., 2019; Pinto et al., 2022). In a
global context of increasing competition and rapid change, Lean Manufac-
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turing is confirmed as a key strategic approach for organisations seeking to
optimise their processes, reduce waste and address emerging market chal-
lenges (Deshmukh et al., 2022; Adebayo et al., 2024).

1.2.2. Sustainability Pillars

Sustainability is a concept that gained prominence in the second half
of the 20th century in response to the growing global awareness of the
environmental and social impacts of human activities (Mebratu, 1998;
Du Pisani, 2006; Glavi¢ and Lukman, 2007; Ahern, 2011). During this
period, economic and industrial models based on the intensive use of natu-
ral resources began to reveal their shortcomings, raising concerns about
resource depletion and environmental degradation, as well as social in-
equalities resulting from non-inclusive development (Hopwood et al., 2005;
Tomislav 2018; Ferndndez et al., 2021). This led to the need for a new ap-
proach focused on balancing environmental, social, and economic issues
(Taylor, 2016; Mensah, 2019; Purvis et al., 2019; Li et al., 2021). In this
context, sustainable development has emerged as a key objective for gov-
ernments, organisations, and civil society in a major international debate
(Topple et al., 2017).

The concept of sustainable development was initially introduced at the
1972 United Nations Conference on the Human Environment in Stockholm
(Purvis et al., 2019). Nevertheless, the definition still widely accepted today
was provided in the 1987 Brundtland Report by the World Commission on
Environment and Development (WCED) (Schaefer and Crane, 2005). The
report first identified sustainability as a form of development that “meets
the needs of the present generation without compromising the ability of
future generations to meet their own needs” (WCED, 1987, p. 41). This em-
phasised the importance of aligning economic growth with environmental
protection and social equity (Taylor, 2016; Li et al., 2021). From this stand-
point, sustainable development is based on three dimensions, commonly
referred to as the pillars of sustainability (Pawlowski, 2008; Barbosa et al.,
2014: Mensah, 2019). These are “economic sustainability”, “environmental
sustainability”, and “social sustainability” (Giovannoni and Fabietti, 2013;
Strezov et al., 2017; Ranjbari et al., 2021). Economic sustainability is re-
lated to the ability of an economic system to grow without depleting natu-
ral resources (Giovannoni and Fabietti, 2013; Eslami et al., 2019; Mensah,
2019). It involves developing policies that provide income and employment
opportunities while promoting efficient and responsible use of resources
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(Moore et al., 2017). The environmental pillar, on the other hand, is con-
cerned with safeguarding the environment and maintaining the integrity
of natural ecosystems (Morioka and Carvalho, 2016; Salvioni and Almici,
2020). It fosters practices that reduce ecological impact (Roscoe et al.,
2019), such as using renewable energy and responsible resource manage-
ment. Finally, the social dimension focuses on social justice and equity by
ensuring equal access to fundamental rights, including health, education,
and security (Gupta and Vegelin, 2016; Eizenberg and Jabareen, 2017; Aj-
mal et al., 2018; Leal Filho et al., 2019).

Since the WCED (1987) definition, sustainability has assumed different
connotations depending on the context of its application (Bilan, 2013; Shi
et al., 2019). In the business domain, it requires adopting a three-dimen-
sional approach, defined by Elkington (1998) as the Triple Bottom Line
(TBL). According to this perspective, companies should set up sustainable
investments and decision-making processes from the (bottom), simultane-
ously setting three objectives (triple-line), that is economic prosperity, en-
vironmental quality, and social equity (Hourneaux et al., 2019; Loviscek,
2020; Schaltegger et al., 2022). To achieve these goals, companies need to
develop strategies that incorporate each of the three pillars of sustainability
(Lozano, 2020; Spallini et al., 2021). Specifically, the economic dimension
refers to the ability of companies to create long-term value and ensure fi-
nancial performance (Eslami et al., 2019; Sartal et al., 2020; Ahmad et al.,
2023). Environmental sustainability involves reducing ecological impact by
adopting cleaner production processes, proper waste management and opti-
mal material usage (Chang et al., 2017; Hegab et al., 2018; Machado et al.,
2020). The social component addresses the well-being of workers, commu-
nities, and all other stakeholders (Digalwar et al., 2020; Henao et al., 2021;
Yip et al., 2023).

The successful integration of the three sustainability pillars into corpo-
rate strategies implies a cultural and organisational change across various
business sectors, which need to adopt more responsible perspectives along
the entire value chain (Faulkner and Badurdeen, 2014; Sajadieh et al.,
2022), from design and production to distribution and consumption. This
is a complex journey that requires companies to address several challenges
(Gbededo et al., 2018; Mathiyazhagan et al., 2019; Malek and Desai, 2019;
Orji, 2019; Virmani et al., 2021), including process and resource optimisa-
tion, transition costs and financial investments, technological innovation,
and stakeholder engagement.
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1.3. Research Methodology

In order to explore the broader relationship between lean and sustain-
ability and to delve into the effects of lean tools across the three sustain-
ability dimensions, the Systematic Literature Review (SLR) methodology
was adopted. This research method provides a clear view of current and
future research directions while ensuring replicability, reliability, accuracy,
and transparency (Fink, 2019; Watson and Webster, 2020; Batwara et al.,
2023).

As the study is structured on two levels of analysis — a general one
aimed at investigating lean and sustainability interactions, and another
more specific, focused on the impacts of lean techniques on environmental,
economic, and social sustainability — two separate SLRs were conducted.
The first (SLR 1), carried out between May and July 2023, addressed the
general level, while the second (SLR 2), developed between May and July
2024, examined in depth the influence of lean practices on the different
sustainability pillars.

Both reviews were performed using the same methodological protocol
to ensure consistency and rigour in study selection and analysis. Specifi-
cally, the SRL methodology suggested by Tranfield et al. (2003) was fol-
lowed, which involves three main phases: (i) planning, (ii) conducting and
(iii) reporting the review.

1.3.1. Planning the Review

Planning involves the definition of the search protocol, which includes
database selection and search strategy to identify relevant studies (Torres-
Carrién et al., 2018). Scopus was the database selected for both reviews
due to its wide coverage of high-quality publications across multiple disci-
plines and its advanced features for data filtering, analysis, and download-
ing (Harzing and Alakangas, 2016; Herrera-Franco et al., 2020; Aripin et
al., 2023). The year 2012 was chosen as the starting point for the first SLR,
since it coincides with a growing academic interest in the broader relation-
ship between lean and sustainability (De Carvalho et al., 2017; Tasdemir
and Gazo, 2018). For the second review, 2013 was selected, reflecting the
beginning of increased attention to the impacts of lean tools from a sus-
tainability perspective (Naeemah e Wong, 2022). Notably, the first system-
atic review covers the period from 2012 to 2023, and the second from 2013
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to 2024. As pointed out by Naeemah and Wong (2022), considering pub-
lications from the last decade facilitates a clear identification of emerging
trends and future directions within the topic under investigation. It should
also be noted that the information included for 2023 and 2024 corresponds
to the first five months of the year, as the search processes were both con-
ducted in May.

Defining appropriate keywords is also crucial for identifying litera-
ture pertinent to the research questions (De Carvalho et al., 2017; Xiao
and Watson, 2019; Ferrazzi et al., 2024). In this regard, the query string
used in the first systematic review was (“lean manufacturing” OR “lean
production”) AND “sustainability”, while in the latter it was “lean tool”
OR “lean technique” OR “lean method” OR “lean practice” AND (“sus-
tain* manufacturing” OR “sustain* production” OR “sustainability”).
Both search strings were applied to the title, abstract and keywords of
the articles.

To refine and delimit the analysis to the most relevant publications for
the scope of the study (Antony et al., 2021), inclusion/exclusion criteria
were also set. In both review processes, articles, conference papers, book
chapters, and books that had reached the final stage of publication were
included, while those in press were excluded. Furthermore, only docu-
ments in English were considered, as this is the most common language in
scientific publications (Garcia-Lillo et al., 2017; Cisneros et al., 2018; Rao,
2019). For the first SLR, an additional criterion was defined concerning
the subject areas of Scopus, limiting the selection to the following catego-
ries: (i) Business, Management and Accounting; (ii) Social Science; (iii)
Economics, Econometrics and Finance. This choice stemmed from the
need to focus on areas offering broader theoretical and conceptual insights
into lean and sustainability, thus exploring the general principles and mod-
els that explain the interaction between these two paradigms (Abualfaraa
et al., 2020; Queiroz et al., 2023). The same restriction was not foreseen
for the second review, which included studies from multiple disciplines to
fully examine the practical application of lean tools (Naeemah and Wong,
2022).

Table 1.1 outlines the search protocol.
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Table 1.1 - Search protocol overview

SLR 1

SLR 2

Review topic

Lean-sustainability relationship

Effects of lean tools on
sustainability dimensions

Database

Scopus

Scopus

Time period

2012-2023!

2013-2024!

Search query
string

TITLE-ABS-KEY ((“lean
manufacturing” OR

“lean production”) AND
“sustainability”)

TITLE-ABS-KEY ((“lean tool” OR
“lean technique” OR “lean method”
OR “lean practice” AND (“sustain*
manufacturing” OR “sustain®
production” OR “sustainability’))

Inclusion Publications from 2012 to 2023! Publications from 2013 to 2024!
criteria Articles, conference papers, book | Articles, conference papers, book
chapters, and books in the final chapters, and books in the final
stage of publication stage of publication
English language English language
Subject areas: (i) Business, All subject areas
Management and Accounting;
(i1) Social Science; (iii)
Economics, Econometrics and
Finance
Exclusion Publications before 2012 and after | Publications before 2013 and after
criteria 2023 2024

Articles, conference papers, book
chapters, and books in press

Other languages
Other subject areas

Articles, conference papers, book
chapters, and books in press

Other languages

! Data for 2023 and 2024 refer to the first five months of each year.

1.3.2. Conducting the Review

The conducting phase comprises several key activities, ranging from the
selection of relevant studies to their extraction, evaluation, and synthesis
(Naeemah and Wong, 2022). By applying the keywords in the Scopus data-
base for the period between 2012 to 2023 and 2013 to 2024, 557 e 311 doc-
uments were obtained respectively. The inclusion/exclusion criteria estab-
lished in the planning stage were applied to filter the initial set of results.
This process reduced the sample to 165 for the first SRL and 292 docu-
ments for the second. In order to identify the most relevant publications,
titles and abstracts were examined. Following the quality assessment meth-
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od proposed by De Carvalho et al. (2017), papers were further screened to
ensure that only studies relevant to the research objectives were selected
for the analysis. This method involves a checklist of 10 questions (Table
1.2), each rated on a scale of 0 to 2 points. The maximum score per article
is, therefore, 20 points. Papers that scored less than 14 points or received
a score of 0 in three or more of the ten questions were excluded from the
review. The selections of both reviews were thus narrowed down to 159
and 120 papers, respectively. Additionally, the full articles were read to
refine the selection and ensure consistency with the topic investigated. As
a result, 156 articles were included in the first final review and 106 in the
second. It should be noted that 11 papers are included in both SLR 1 and
SLR 2. This does not present a methodological issue, as the two system-
atic reviews focus on distinct levels of analysis. Table Al.1 and Table Al.2
in Appendix Al list the selected documents, with the overlapping papers
marked with an asterisk (*).

Developed according to the PRISMA flow diagram (Page et al., 2021),
Figures 1.1 and 1.2 illustrate the selection process of the reviewed articles
for each SLR.

Table 1.2 - Checklist for quality assessment by De Carvalho et al. (2017, p. 12)

No. Question

1 How credible are the findings? If credible, are they important?

2 How well does the evaluation address its original aims and purpose?

3 How defensible is the research design?

4 How well-defined is the sample design/target selection of cases/
documents?

5 How well was data collection carried out?

6 How well has the approach to and formulation of analysis been
conveyed?
How well are the contexts and data sources retained and portrayed?
How clear are the links between data, interpretation, and conclusions —
i.e., how well can the route to any conclusions be seen?

9 How clear and coherent is the reporting?

10 How adequately has the research process been documented?

24



Figure 1.1 - Selection process summary by using the PRISMA flow diagram — SLR 1
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Figure 1.2 - Selection process summary by using the PRISMA flow diagram — SLR 2
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1.3.3. Reporting the Review

Reporting is the last stage of a systematic review and concerns the
drafting of the analysis outcomes, ensuring transparency and replicability
(Garcia-Pefialvo, 2022; Nguyen et al., 2024). For both SLRs, the results
were synthesised and organised to clearly address the research questions.
Using Excel spreadsheets, the information extracted from the selected
articles was presented in tables and graphs to support data interpretation.
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In particular, the elements explored included year of publication, country
of authors, journal, citations, document type, keywords, research method,
sector, and geographical application. This provides insight into the general
trends of these research fields, highlighting the global academic interest in
lean, its tools and sustainability, while facilitating the interpretation of the
impact and dissemination of these studies across different disciplines.

Furthermore, a content analysis was conducted to delve into more
specific aspects of each review, identifying recurring topics, relationships
between concepts and emerging patterns. In the first SLR, the analysis
focused on assessing the extent to which lean interacts with the pillars of
sustainability, identifying how these dimensions are addressed both gener-
ally and across sectors. Synergies between lean and sustainability dimen-
sions were also mapped, providing a comprehensive understanding of the
overall relationship between these two issues. As for the second systematic
review, lean tools and their positive impacts on environmental, social, and
economic sustainability were identified. The analysis also pointed out the
tools most studied for their contribution to sustainability, revealing differ-
ent degrees of effectiveness depending on the pillar examined.

The following paragraphs outline the results obtained for each SLR.

1.4. Results of the First Systematic Literature Review — SLR 1
1.4.1. Publication Trends Over Time

The scientific contributions obtained during the period covered by the
first systematic review (i.e. 2012-2023) show an increase especially in the
last few years (Figure 1.3). Out of 156 papers, 122 were published in the
period 2018-2023, denoting the growing interest of researchers in the rela-
tionship between lean and sustainability. The results also suggest that this
field of research is still recent, and this trend will continue to grow over
time as more publications are added to the literature on the topic. Nota-
bly, 2021 and 2022 recorded the largest number of publications, with 28
in both cases. As the research was conducted in early May, it is interest-
ing to note that in just four months, 9 papers have already been produced
for 2023. The need to combine innovative management approaches with
sustainability concerns thus appears increasingly pivotal in academic and
industrial agendas (Le6n and Calvo-Amodio, 2017; Jum’a et al., 2022), un-
derscoring the relevance and urgency of integrating these concepts moving
forward.
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Figure 1.3 - Publication distribution over years from 2012 to 2023 — SLR 1
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1.4.2. Publication Geographical Distribution, Journal and Citation Analysis

The academic investigations into the relationship between lean and
sustainability exhibit considerable variations across countries (Figure 1.4).
Based on the author’s affiliation, India stands out in research on this topic,
with 29 publications. Brazil (14), the United States (12) and Spain (11) also
contribute significantly to the literature in this field. Other valuable efforts
are observed in countries such as Malaysia (9), Portugal (9) and the United
Kingdom (9), followed by China (6), Iran (5), Italy (5) and Morocco (5).

Leading sources for research on lean and sustainability include the
Journal of Cleaner Production (30) and Sustainability (26), which together
account for 36% of the total publications (Table 1.3). The difference is,
therefore, considerable compared to the other journals, where the number
of published articles ranges between 6 and 2. Furthermore, several journals
(28%) have only one publication on the topic, thus demonstrating that the
lean-sustainability relationship is suitable for multiple areas of interest and
application (Leén and Calvo-Amodio, 2017; Danese et al., 2018).

The citation trend for the selected publications reveals a significant peak
in 2014, with 1,079 citations (Figure 1.5). Thereafter, the number of cita-
tions decreased up to 2019, which marks an important turning point, rising
to 911 citations. In the following period, the data indicate another decline.
However, the high number of publications in 2021 and 2022 (see Figure
1.3) suggests that lean and sustainability integration remains a relevant re-
search issue within the scientific community.
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Figure 1.4 - Publication distribution by author country — SLR 1
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Table 1.3 - Publication distribution per journal — SLR 1

Journal Publications

n. %
Journal of Cleaner Production 30 19.23%
Sustainability 26 16.67%
Proceedings of the International Conference on Industrial 7 4.49%
Engineering and Operations Management
Journal of Manufacturing Technology Management 6 3.85%
International Journal of Production Economics 4 2.56%
Production Planning and Control 4 2.56%
International Journal of Lean Six Sigma 4 2.56%
International Journal of Production Research 4 2.56%
Lean Engineering for Global Development 3 1.92%
Advances in Transdisciplinary Engineering 3 1.92%
Journal of Green Building 3 1.92%
Process Integration and Optimization for Sustainability 2 1.28%
International Journal of Productivity and Performance 2 1.28%
Management
Technological Forecasting and Social Change 2 1.28%
Journal of Advanced Manufacturing Technology 2 1.28%
International Journal of Quality and Service Sciences 2 1.28%
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Table 1.3 - Continued

Journal Publications

n. %
Journal of Construction Engineering and Management 2 1.28%
Environmental Impact Assessment Review 2 1.28%
IEEE International Conference on Industrial Engineering 2 1.28%
and Engineering Management
Proceedings of the Summer School Francesco Turco 2 1.28%
IEEE Transactions on Engineering Management 0.64%
International Journal of Mathematical, Engineering 0.64%
and Management Sciences
Social Responsibility Journal 1 0.64%
Benchmarking 1 0.64%
Clean Technologies and Environmental Policy 1 0.64%
Increasing Supply Chain Performance in Digital Society 1 0.64%
International Journal of Productivity and Quality 1 0.64%
Management
2022 IEEE 14th International Conference of Logistics 1 0.64%
and Supply Chain Management, LOGISTIQUA 2022
International Journal of Public Sector Performance 1 0.64%
Management
International Journal of Enterprise Network Management 1 0.64%
2022 International Conference on Interdisciplinary Research 1 0.64%
in Technology and Management, IRTM 2022 - Proceedings
International Journal of Systems Science: Operations 1 0.64%
and Logistics
Journal of Open Innovation: Technology, Market, 1 0.64%
and Complexity
Strategic Direction 1 0.64%
TQM Journal 1 0.64%
Design Methodology for Future Products: Data Driven, Agile 0.64%
and Flexible
Corporate Governance (Bingley) 1 0.64%
Gestao e Producao 1 0.64%
International Journal of Supply Chain Management 1 0.64%
International Journal of Business Excellence 1 0.64%
International Journal of Social Ecology and Sustainable 1 0.64%
Development
International Journal of Quality and Reliability Management 1 0.64%
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