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Abstract

The growing emphasis on environmental sustainability has drawn considerable attention from both academia and industry
practitioners. Factors such as escalating energy costs, heightened environmental degradation, and a burgeoning market
demand for eco-friendly practices have compelled businesses to reassess their strategies through a green lens. Given that Lean
principles are rooted in optimising operations to minimise waste across design and production processes, their synergy with
the green paradigm is evident. However, despite the intuitive connection between Lean methodologies and environmental
sustainability, the scholarly exploration of their impact remains largely underdeveloped. This research seeks to bridge this
gap by conducting a comprehensive systematic literature review to dissect the current understanding of Lean manufacturing
practices and their influence on environmental sustainability performance. The selected papers were meticulously screened
and grouped into three clusters using the PRISMA diagram methodology. The primary objective was to discern the tangible
effects of Lean practices on eco-efficiency performance and explore integrating Lean manufacturing principles with broader
sustainable manufacturing approaches. A structured matrix was created to categorise and visualise the identified impacts
gleaned from the initial articles. Nevertheless, the review revealed significant gaps in understanding, particularly regard-
ing the factors that shape the efficacy of Lean manufacturing tools in enhancing eco-efficiency performance. The findings
underscore the need for further research to unravel these complexities and delineate the mechanisms through which Lean
practices contribute to environmental sustainability. Several avenues for future research have been delineated, focusing on
how Lean manufacturing practices can be leveraged to support eco-efficiency performance effectively. While the prelimi-
nary findings shed light on the promising intersection between Lean principles and environmental sustainability, they also
underscore the imperative for continued scholarly inquiry to unlock the full potential of Lean methodologies in fostering a
greener industrial landscape.
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1 Introduction

Lean manufacturing was developed in Japan under the name
Toyota Production System [1]. The general concept became
famous with the publication of the article “The machine that
changed the world” in 1990 [2]. One of the main goals of
Lean is to implement a continuous improvement philosophy
that enables companies to reduce costs, improve processes,
and eliminate waste to increase customer satisfaction [3].
Nowadays, the lean manufacturing approach is considered
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the most influential paradigm in manufacturing [4]; empiri-
cal evidence suggests the increased competitiveness of
organisations [5] by reducing inventory and lead times and
improving productivity. In this context, the lean paradigm
has not only been in line with historically prevalent organi-
sational goals, such as profitability and efficiency, but also
with contemporary goals, which include improving produc-
tivity, quality, and responsiveness.

Over the decades, the lean manufacturing approach has
been able to adapt to different contexts and be used for vari-
ous problems in companies worldwide [6]. In recent years,
many researchers [7, 8] have investigated whether, in addi-
tion to productivity goals, the lean manufacturing approach
was also useful for environmental sustainability goals in
manufacturing companies. Environmental sustainability is
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increasingly at the centre of issues both in academia and in
the interest of practitioners. In recent decades, managing
operations following a logic aimed at environmental sustain-
ability has become the managers’ mission in many manu-
facturing companies. Effects such as rising energy prices,
increasing environmental pollution and market demand for
green practices have prompted companies to rethink their
strategies from a green perspective [9]. Environmental
sustainability initiatives consider business improvements,
which aim to transform an input into an output using as few
resources as possible [10]. The first and most important
positive outcome for companies that apply green thinking
is reducing their environmental impact.

This is evidenced by several studies that have considered
the relationship and investigated the impact of green initia-
tives on the performance of organisations. Green manufac-
turing management methods influenced by the lean manufac-
turing approach are as diverse as; Green manufacturing [11,
12], a manufacturing process that helps to minimise envi-
ronmental impact to protect and maintain the natural envi-
ronment and resources. A circular economy [13] is a set of
strategies that, in combination with the lean approach, gener-
ates new value from waste or production waste. Eco-design
[14] is a methodology for designing products and their pro-
duction systems with minimal environmental impact. Since
Lean is an operations management approach that aims to
eliminate waste in every area of factory design, production
and management, its alignment with the green paradigm and
its methods seem natural [15]. Some studies relate the lean
manufacturing approach to green manufacturing paradigms
[16]. Despite this, the big question that the academic com-
munity is asking is how an approach which has revolution-
ised the management of operations in manufacturing can
support one of the biggest challenges facing society in recent
decades; that is, empowering manufacturing companies to
continue to be profitable while at the same time going about
managing and limiting their environmental impact.

Indeed, despite the academic interest, also manifested
by the growing number of publications on these topics and
various studies investigating how lean manufacturing inter-
acts with environmental sustainability, there are still open
questions. Lines of research that explore the impact of lean
manufacturing practices on environmental performance or
eco-efficiency and those that explore the influence of lean
manufacturing on environmental sustainability and the green
manufacturing paradigm are still in primordial stages. The
concept of eco-efficiency is developed in the industrial world
because its practical approach makes it possible to balance
environmental and economic benefits in an integrated way.
Its goals are to reduce resource consumption and impact on
nature while maintaining or increasing production volume.
The environmental performance of a company or industry is
becoming an important criterion of evaluation, as evidenced

@ Springer

by environmental standards (ISO 14000 series). Eco-effi-
ciency indicators are tools used to know how resources are
used in a process and its impact on the environment. Indica-
tors are defined for the manufacturing sector as the value
of the output of manufactured products and the amount of
resources used or pollution generated [17]. This research
aims to facilitate further research on the influence of lean
manufacturing on environmental sustainability performance.
This paper presents a literature review of the current state of
research on this emerging topic. The goal is to identify gaps
in today’s literature and find future lines of research. To this
end, the paper aims to systematically collect and critically
analyse existing contributions on using lean manufacturing
practices in manufacturing settings and the effect on envi-
ronmental sustainability performance. Two main questions
are proposed to guide the research:

e What are the emerging topics in today’s literature on lean
manufacturing practices and their influence on environ-
mental sustainability performance?

e What are the main tracks for future research on lean
manufacturing and environmental sustainability?

In the following sections, the article is structured to
answer the research questions proposed above. In Section 2,
researchers critically analyse the search method used to
select articles from the existing literature. Section 3, through
a literature review, debates the main outcome. In Section 4,
the systematic literature review results are discussed for the
development of future lines of research. Finally, Section 5
will present the answers to the research question of this arti-
cle and show the limitations and future developments of this
research.

2 Research method

Through the literature review proposed below, this article
aims to analyse the state of the art of interaction between
the two macro research topics. In particular, it seeks to
investigate how the operation management approach of
lean manufacturing can positively influence the sustainable
performance of manufacturing organisations. An effec-
tively conducted literature review can highlight areas where
research is still primordial. Once areas are highlighted, it
is easier to develop theories and, at the same time, identify
areas where vague concepts still exist [18]. The literature
review uses a systematic, explicit, reproducible method [19].
The research questions presented in the previous chapter
were formulated to address a systematic review of the exist-
ing literature. A systematic literature review is a method
that takes a precise, transparent and explicit approach that
includes a series of steps to ensure appropriate rigour and
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transparency in the literature review process [20]. Denyer
and Tranfield (2009) believe that a systematic literature
review consists of the following five consecutive steps: (1)
formulation of the question, (2) identification of studies, (3)
selection and evaluation of studies, (4) analysis and synthe-
sis, and (5) communication and use of results. All of these
stages will be analysed in this paper [21].

According to Saunders et al. [22], for transparency, it is
necessary to explain in detail how the systematic review pro-
cess was conducted, particularly regarding the selection of
literature and the choices made regarding the use of search
terms. The next section will explore this in more detail; the
steps, methods and tools used in the systematic literature
review approach will be analysed.

2.1 Articles selection

The search for articles was conducted through a search string
on the Scopus electronic database. The choice to use Sco-
pus arose from the fact that this database conveys within
itself the most authoritative and certified contributions from
the various journals of reference in this research field. The
search string used for searching in Scopus is the result of
several refinements and iterative tests to be able to find the
right query for the database to ensure the same time com-
pleteness and specificity. By using a systematic approach to
the literature search, it was possible to have complete infor-
mation on the research topic. Through a systematic search,
one is assured of the current knowledge of the research topic.
In this way, one can ensure that important contributions are
not overlooked. The empirical context of the research is
defined as Lean manufacturing and environmental sustain-
ability, while the analysis of the environmental performance
of manufacturing companies defines the theoretical lens.
This research investigates how lean manufacturing practices
and tools can influence environmental performance. Next,
undertaking a systematic literature search means finding
relevant keywords related to the topics under analysis. In
this case, the choice was to capture the keywords of the two
macro topics, Lean management and environmental sustain-
ability, and consider their intersection.

In fact, on the one hand, there are some keywords which
refer to the area of Lean management (“lean practices”,
“lean tools”, “lean manufacturing”, “lean production”,
“lean management”). In order not to exclude the contribu-
tion of significant articles dealing with manufacturing and
production areas, in addition to general terms such as “lean
management” and “lean production,” more specific terms
such as “lean practices” and “lean tools” have been added.
The same approach was used for keywords in the area of
environmental sustainability. The selected keywords are
“environmental sustainab*,” “eco-efficiency,” and “eco-sus-
tainability.” Again in combination with more general terms,

such as “environmental sustainab*,” more specific terms
dealing with environmental performance, “eco-efficiency”,
and “eco-sustainability,” were added. Once these keywords
were identified, they were linked through logical constructs,
creating the reference search query for this search. The query
through the logical construct “AND” collects studies that are
part of the intersection of the two sets of keywords described
previously.

To better organise the item selection phase, the PRISMA
was used. The PRISMA diagram visually summarises the
screening process (Fig. 1). It initially identifies the num-
ber of articles found with the search query. Subsequently,
it makes the screening process transparent by reporting
the decisions made at the various stages of the systematic
review. Once the search string was identified, filters were
applied to ensure specificity and consistency with respect to
the topic to be investigated by selecting only certain articles.
First, no restriction was added on the studies’ publication
years. According to the research, the publication years of
the papers are between 2007 and 2022. Evidence shows that
lean and environmental sustainability have been discussed
in the academic literature since the early 1990s [23]. How-
ever, a major turning point in how organisations perceive
their business’s environmental dimension can be considered
the release of the ISO 14001 environmental management
standard in late 1996 [24]. So, the years of research done
through the database fit into this time frame. The filters were
included in the sub-areas to identify the relevant scientific
communities. The sub-areas of business management and
engineering were included. The reason is related to the fact
that industrial engineers may be interested in the benefits
that lean can bring to new operational solutions to solve
some sustainability problems. At the same time, managers
may benefit from this research to explore new sustainable
business possibilities using the influence of lean.

The research results included only articles, peer-reviewed
published in academic journals and international conference
proceedings. According to Saunders et al. [22], these sources
are the most useful and reliable for literature reviews. In
addition, it was decided not to exclude a priori papers not
published in Q1 journals. This is because it was considered
important not to exclude even minor contributions, as envi-
ronmental sustainability is dynamic and constantly evolving,
and excluding some papers, a priori could result in missing
important information.

The final search QUERY, including keywords and filters,
is written below:

TITLE-ABS-KEY ((“lean practice”’OR*lean
tools”OR“lean manufacturing”OR“lean production”OR“lean
management”)AND(“environmental sustainab*”OR*“eco-
efficiency”OR“eco efficiency”’ OR*“eco-sustainability”OR“eco
sustainability”)) AND (LIMIT-TO ( DOCTYPE, “ar”) OR
LIMIT-TO ( DOCTYPE, “cp”) OR LIMIT-TO ( DOCTYPE,
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IDENTIFICATION OF STUDIES

RECORDS identified from Database (Scopus) on titles, abs and keywords: 96
5 TITLE-ABS-KEY ( ( "lean practices" OR "lean tools" OR "lean manufacturing” OR "lean production" OR "lean
2 management" ) AND ( "environmental sustainab*" OR "eco-efficiency" OR "eco efficiency" OR "eco-sustainability" OR "eco
S e
e sustainability" ) )
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z
w
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RECORDS screened: RECORDS excluded:
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g AND ( LIMIT-TO ( DOCTYPE , "ar") OR LIMIT-TO ( DOCTYPE, "cp") OR LIMIT-TO ( DOCTYPE, "re"
= )) AND (LIMIT-TO ( SUBJAREA, "ENGI") OR LIMIT-TO ( SUBJAREA, "BUSI")) AND ( LIMIT-TO ( Because not belonging
S LANGUAGE, "English")) to the right area and
v language.
-
(%]
=<
w
RECORDS screened: RECORDS excluded:
3
[a) .
o Because not belonging
S to the right topic,
| "
g after a review

Fig.1 PRISMA diagram-systematic search

“re”)) AND (LIMIT-TO (SUBJAREA, “ENGI”) OR LIMIT-
TO ( SUBJAREA, “BUSI”)) AND (LIMIT-TO (LAN-
GUAGE, “English”)).

2.2 Analysis and synthesis

Through the full reading, three articles [25-27] were dis-
carded because they were out of the research objective of
this paper as they dealt with the use of the lean approach.
Still, the focus on environmental sustainability was a topic
that was not central to the article. Many approaches exist to
qualitatively synthesise the research developed through the
proposed QUERY, including thematic/synthesis analysis,
qualitative comparative analysis, and content analysis. This
study presents an initial thematic analysis of the selected
articles by reading them. Thematic synthesis was consid-
ered the most appropriate method to analyse the results
obtained from the systematic literature review conducted in
this study [28]. The Lean manufacturing approach to have
better sustainable performance was not only used in manu-
facturing and operations areas. The research query returned
several articles encapsulated into a first set through thematic
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synthesis. Twenty-two articles (37%) were identified, deal-
ing with the lean manufacturing approach to environmen-
tal sustainability performance in supply chain/logistics,
construction, and agriculture contexts. These articles fall
under the systematic literature search but are considered low
contribution because they deal with research in areas not
inherent to the manufacturing and operations domain. The
second thematic group of 19 articles (32%) encompasses
studies showing the impact of the lean approach, particularly
lean practices, on eco-efficiency performance. This study
presented empirical evidence of how Lean manufacturing
practices influence environmental sustainability or eco-
efficiency performance. This thematic group of articles is
the only part that can contribute the greatest to this research
because it perfectly targets the research questions above.
Finally, the last thematic group represents that group of 18
articles (30%) that show a pattern or conceptual relationship
between environmental sustainability and the Lean manu-
facturing approach. These articles have a medium contri-
bution to this research. On the one hand, they express the
interaction between Lean manufacturing and environmental
sustainability, but through studies that express very holistic
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conceptual models that include other types of sustainability
or propose models for a transition to green manufacturing
processes.

3 Findings

Through the full reading of the articles, 59 articles entered the
literature review. As anticipated in the previous chapter, these
articles were divided the three thematic groups: Group A.1,
Group A.2, and Group B (the characteristics of these groups
will be developed in the next sections). The articles in the
literature review deal with the relevant topic, i.e., the Lean
manufacturing approach and its influence on environmental
sustainability and eco-efficiency performance concepts.

ARTICLES PUBLISHED BY JOURNALS OR
CONFERENCE PROCEEDINGS

Fig.2 Types of articles published

Fig.3 Number of publications
yearly trend

10

2006 2008

3.1 Sources of publication

In the graphs presented in this session, the results of the system-
atic literature search are represented synthetically with respect
to various analyses: articles published by journals or conference
proceedings (Fig. 2), number of publications per year (Fig. 3),
specific journal (Fig. 4) and most cited authors (Fig. 5).

First of all, it can be stated that the topic covered by this
study is of great topicality and interest to the relevant aca-
demics. This is first demonstrated in Fig. 3. It can be ana-
lysed how Lean manufacturing approach for environmental
sustainability is a topic of great interest from the referenced
academic communities mentioned above in recent years.
From the graph, it can be seen that in the time frame of
publication of the selected articles (2007-2022), there is a
positive trend of publication growth. In particular, it can
be noted that from 2017 onward, 88% (52 articles) of total
publications were concentrated. This suggests that this topic
is on the rise and can grow further in the coming years and
attract the interests of both practitioners and academics.

Figure 2 shows that conferences have been an important
medium for disseminating studies on this topic (21%) but
still represent a minority of publications. Most of the stud-
ies (70%) are articles published in journals. This is likely
because, in most cases, these studies enjoy depth and status
suitable for journal publication. Through Fig. 4, the num-
ber of citations per journal is shown. The research found
that journal publications are distributed across 37 different
journals. The total number of articles published in the 37
journals is 51; despite this fact, as many as 21 articles are
enclosed in only seven. This analysis makes it possible to
identify which journals are the reference journals for this
particular topic. Figure 4 shows seven publications from the
Journal of Cleaner Production and four from the Journal

NUMBER OF PUBLICATIONS PER YEAR

2010 2012 2014 2016 2018 2020 2022 2024
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Fig.4 Journals with the highest
number of publications

SPECIFIC JOURNAL

Manufacturing al Of urna

Fig.5 Most cited authors

Bortolini, Galizia, F.G

of Manufacturing Technology Management. In compari-
son, they have two publications each from Benchmarking,
International Journal of Operations and Production Man-
agement, International Journal of Production Economics,
Sustainability Switzerland, and Journal of Green Building.
Finally, Fig. 5 represents the number of publications
per author. This kind of analysis is useful for identifying
the leading scholars regarding this topic. In particular, it
is possible to see how Bortolini, M., Mora, C. and Galicia,
F.G. have four publications each, while Sarkis, J. has 3.

3.2 Systematic literature review

The systematic literature review will answer the first
research question in the first chapters. Then, this paper
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will investigate the emerging themes in today’s litera-
ture on lean manufacturing practices and their influence
on environmental sustainability performance. The future
lines of research related to the literature review will be
presented, thus answering the second research question.

The articles selected for the systematic literature
review all refer to the impact of lean manufacturing on
environmental sustainability. Despite this, a prelimi-
nary thematic classification of the various articles was
necessary. This was very useful in identifying the main
themes covered in the set of selected articles and detect-
ing the contribution/relevance of multiple articles. As
preliminarily presented earlier, the articles were divided
into three classes (Table 1). First, the collected articles
were divided with respect to the empirical context of
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reference. Group A of articles deals with lean manage-
ment and environmental sustainability in manufacturing/
operation contexts.

In contrast, group B of articles deals with the same
topic in non-manufacturing contexts, such as supply chain/
logistics, construction, and agriculture. Then, the articles
in group A were divided into two subgroups (group A.l
and A.2). Group A.l collected all the articles that deal
with the impact of lean manufacturing on environmental
sustainability by going to show how lean manufacturing
practices had an impact on companies’ eco-efficiency
performance. Group A.2, on the other hand, collects
the remainder of the articles that deal with the topic of
research in manufacturing/operation sectors, propos-
ing models and studies that show how the relationship
between green production paradigm integrated with the
lean manufacturing approach can be effective in arriving
at more sustainable production models (Fig. 6).

The three groups of articles presented within the sys-
tematic literature review have different relevance. The three
groups are categorised by importance according to the fol-
lowing scheme:

e Group A.l - High Significance/Impact: papers that
focus on analysing the impact of lean manufacturing
practices on eco-efficiency performance in manufac-
turing settings and analysing variables that influence
the effect of lean manufacturing on environmental
sustainability performance. They have greater sig-
nificance because they clearly show the impact of
lean manufacturing on environmental sustainability
performance.

e Group A.2 - Medium Significance/Impact: papers that
theoretically integrate lean manufacturing techniques
with green manufacturing paradigms. These papers
explain how lean manufacturing practices have been
modified and integrated with environmental sustainabil-
ity practices to generate more sustainable manufactur-
ing environments. These papers have medium relevance
within this literature review because they show the
impact of lean manufacturing on environmental sustain-
ability at a holistic level.

e Group B - Low Significance/Impact: papers that
address the impact of lean manufacturing on environ-
mental sustainability in contexts other than manufac-
turing. These papers have low relevance within this
literature review because they do not fully address the
research objective but may be useful in developing
future lines of research.

In the following paragraphs, the literature will be divided
into thematic groups, mainly groups A.1 and A.2, to answer
the research questions in the first chapter.

3.3 Matrix: Lean practices — eco-efficiency
performance

The first step in the systematic literature review starts with
article group A.1. Although all the articles in this group deal
with the impact of Lean manufacturing practices on eco-effi-
ciency performance, it is necessary to create a structure to
understand how this impact manifests itself. For this reason,
it was decided to develop a matrix to categorise, visualise,
and structure the impacts shown by each article in group
A.1 (Fig. 7). This visualisation tool is intended to convey a
discussion of the main findings of the systematic literature
review. To create the matrix for categorising the impacts of
lean manufacturing practices on eco-efficiency performance,
it is necessary to identify the variables that will make up the
vertical and horizontal axis of the matrix. For the vertical
axis of the matrix, a set of variables representing lean manu-
facturing practices were identified. The variables identified
to express the Lean manufacturing approach, which emerges
from the literature reviewed in this group of articles, are
related to the lean practices made explicit by Shah and Ward
in 2003 in one of the most important articles on the Lean
approach, “Lean manufacturing: context, practice bundles,
and performance” [87]. This article was taken as a reference
for identifying variables that represented lean manufacturing
practices because it is considered by scholars to be one of
the masterpieces in the literature dealing with topics related
to lean philosophy. The practices can be summarised in 18
variables. They are listed below: Just-in-time (JIT), Kanban,
58S, Single Minute Exchange of Die (SMED), Value Stream
Map (VSM), Customer engagement, Supplier collaboration,
Total Productive Maintenance (TPM), Kaizen, Total Qual-
ity Management (TQM), Bottleneck removal (production
smoothing), Human Resource Management (HRM), Cellular
manufacturing, Continuous improvement programs, Cycle
time reductions, Customer engagement, Supplier collabora-
tion, Employee involvement, Visual management, 9th type
of muda.

For the horizontal axis, variables related to eco-effi-
ciency performance were identified to represent the impact
of Lean manufacturing on environmental sustainability.
Eco-efficiency performance variables were identified to
complete the horizontal axis of the matrix. In order to do
this, there is no single reference study recognised by the
scientific community that can unambiguously guide the
identification of such variables. However, studies that have
already addressed the issue of eco-efficiency performance
can be exploited. Indeed, it is possible to identify matrix
variables related to eco-efficiency performance through
the studies of Garza-Reyes & Kumar [88] and Maxime
et al. [17]. Eco-efficiency metrics can be grouped accord-
ing to four macro variables: natural resource use, pollution
emissions, material use/consumption, and non-productive
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Fig.6 Overview scheme of
article groups

Group A: Group B:
operations/manufacturing non-manufacturing
37 articles 22 articles

Group A.1: Lean
practices for eco-
efficiency performance

19 articles

outputs [16]. These four macro variables were then divided
into sub-variables according to the nature of each eco-
efficiency performance. The subdivision into sub-variables
is presented below:

e Use of natural resources: Energy, water, oil

e Pollution emissions: carbon footprint, CO2 emissions

e Material use/consumption: raw materials, auxiliary mate-
rials, packaging

¢ Non-productive outputs: production waste, defects, aux-
iliary production materials

Once the variables for lean practices (vertical axis) and
variables for eco-efficiency performance (horizontal axis)
were identified, the matrix was populated by the items
included in group A.1. The matrix below also shows a col-
our code to identify the various effects of Lean practices on
eco-efficiency performance. Numbers in black represent a
positive impact, numbers in red have a negative effect, and
numbers in blue have a null effect.

Each cell of the matrix expresses the impact of one vari-
able of lean practices on one variable of eco-efficiency per-
formance. First, it should be emphasised that in most cases
analysed during this literature review, the impact of lean
practices on eco-efficiency performance is positive. Only
two articles present studies showing negative or null impact
on eco-efficiency performance. The study by Chen et al.
[42] highlights the negative effect of continuous improve-
ment programs on water and energy consumption. The arti-
cle by Resta et al. [30] presents both a negative effect of
TPM on energy consumption and a null effect of Human
Resource Management on energy consumption, raw mate-
rial utilisation, and waste generation reduction [30]. The
matrix shows how, within the systematic literature review,
the effect of lean practices, identified by Shah and Ward, on
eco-efficiency performance is present in many ways. Some
examples represented in the matrix are SMED for carbon
footprint reduction [34, 44], VSM for energy consumption

Group A.2: Integration
of lean manufacturing
approach and
sustainable production

18 articles

[29, 33] for CO, reduction [35, 43], and TQM for reduction
of non-productive outputs such as production waste [42].

The first reflection from this review is that the matrix
created shows how the lean manufacturing approach posi-
tively affects eco-efficiency performance and, consequently,
environmental sustainability. Once this is consolidated, one
can go deeper with the literature review.

First, a preliminary consideration is, which lean practices
are most widely used to solve problems related to improved
eco-efficiency performance (Fig. 8). The lean practices that
feature most in this literature review are Value Stream Map
(in 9 out of 19 articles), Total productive maintenance (in
6 out of 19 articles), Continuous improvement programs
& Kaizen (in 4 out of 19 articles) and Just-in-time & 5 s
(in 3 out of 19 articles). Some of these practices are also
presented in the articles as modified or adapted to solve
problems related to environmental sustainability. The lean
practice most prone to this phenomenon is the Value Stream
Map [37, 43]. This leads to the idea that this lean practice is
one of the most effective and mature practices in improving
eco-efficiency performance.

It is also interesting to identify which eco-efficiency per-
formances are most subject to the intervention of the lean
approach to be improved (Fig. 9). The eco-efficiency per-
formances that were most featured in this literature review
are reduction of energy consumption (in 12 out of 19 arti-
cles), reduction of carbon footprint (in 10 out of 19 arti-
cles), reduction of raw material consumption (in 8 out of 19
articles), and reduction of production waste (in 6 out of 19
articles). The eco-efficiency performances are most subject
to improvement in the literature review; those that compa-
nies consider the most critical or the most sensitive can be
analysed to have a concrete improvement in the company’s
environmental sustainability.

Another interesting point to make about the proposed
matrix is identifying areas not covered in the literature. In
fact, on the one hand, lean management practices such as
Kanban, Supplier collaboration, and Customer engagement

@ Springer
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Water il Energy Carbon footprint | CO2 emission | Raw materials | Auxiliary materials | Packagi) Production waste | Defects Auxiliary material
9:14 14 14 3:14
9:12 9 9:12 7:12
7:17 7
9 9 1:6:9;10;11:16 8:9:11:16:19 8:16 7:16 10:16 16 16
9 5 9,15 15 37,14 14 14 3,14,15
9:12 9 6:9:12 7:9 7 7:12
3 15 15 315
3 3 3
15 15 15 15 14 14 14 14,15
15 15 15 15 15
15 411515 411;15 415 2;15
13 13 13
9 89 8 14 14 14 14
9 9
18 18 18 18 18 18
LEGENDA
black POSITIVE
blue NULL
red NEGATIVE

Figure 7 Article classification matrix group A.1

Number of citation lean practices by eco efficiency performance

mPositive + mNull 0 Negative -

Fig. 8 Number of citations for Lean practices by eco-efficiency performance
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Number of citation eco efficacy performance impacted by lean practices
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material

Negative -

Fig.9 Number of citations for eco-efficiency performance impacted by lean practices

are never mentioned. While regarding eco-efficiency perfor-
mance, there still seems to be little literature that analyses
performance, such as defect reduction for environmental sus-
tainability, packaging consumption reduction, and auxiliary
material consumption reduction.

3.4 Integration of the lean manufacturing approach
with sustainable production models

The next stage of the systematic literature review is devel-
oped by analysing the articles included in group A.2. The
systematic review of these articles highlights a strong rela-
tionship between lean manufacturing and environmental sus-
tainability. All articles in this thematic group explore the
integration of lean manufacturing with sustainable produc-
tion approaches. For a better critical analysis of this group
of articles, it was decided to divide them into four macro
sub-clusters: (1) Effective decision-making tools, (2) Over-
coming barriers, (3) The Triple Bottom Line Concept and
(4) Industry 4.0.

(1) This thematic group offers studies that develop models/
frameworks for creating environmentally sustainable
manufacturing models. The integration between lean
manufacturing-based production models and green pro-
duction paradigms are concepts developed in several

2

articles. Studies such as Bai et al. highlight the lack
of effective decision-making tools that help implement
lean practices for better environmental sustainability.
This study, therefore, seeks to develop a new decision-
making model for evaluating lean practices. The results
of this study identify a set of investments in developing
the lean approach to direct companies toward green
production models [31].

Implementing lean and green productions share com-
mon goals, so integration between these paradigms
is natural. Despite this, some scholars highlight that
manufacturing companies often face barriers to imple-
menting green production processes. This implementa-
tion involves several challenges and requires appropri-
ate actions to overcome internal and external barriers.
Some articles propose lean manufacturing as a suitable
approach to support the transformation to green produc-
tion systems. In particular, the article by Colombo et al.
presents an inductive analysis of a textile manufactur-
ing company that, while operating according to lean
manufacturing principles, has recently initiated a green
transformation project [54]. The results confirm that
green transformation is an ongoing process of gradu-
ally adopting green management practices. In addition,
the study suggests that the distinctive features of lean
manufacturing can help organisations overcome spe-

@ Springer



The International Journal of Advanced Manufacturing Technology

cific barriers that arise at different stages of the green
transformation process. Another example of a study for
overcoming barriers to green transition is reported by
Kaswan et al. [57]. This article proposes a decision-
making model to help companies prioritise barriers
and manage important and causal relationships among
them. The results reveal that management-related bar-
riers are ranked first, followed by environmental and
organisational ones. The review of this group of articles
brought out additional interesting aspects.

(3) Several authors study the integration between lean
and environmental sustainability by considering dif-
ferent issues. Some proposed studies do not limit the
integration of lean manufacturing to environmental
sustainability but introduce a more holistic concept of
sustainability. These studies consider a Triple Bottom
Line concept; environmental sustainability is linked to
social and economic sustainability principles. Jum’a
L. et al. [63] provide a model that holistically relates
lean manufacturing practices to develop sustainable
production processes. Another example is the article
by Longoni A. & Cagliano R. [56]. This research aimed
to study the involvement of multiple functions in for-
mulating and implementing the operational strategy for
supporting lean manufacturing for sustainability. The
results of this study are related to the development of
operational strategies and social and environmental
sustainability, taking advantage of lean manufacturing
support. Finally, the study written by Ferrazzi et al. [64]
analyses a case study that, through the utilisation of
the lean management approach, succeeded in impact-
ing the social sustainability of the company taken into
consideration. In fact, through the reconfiguration of
the operations of some operators on an assembly line,
the company, taking into analysis, managed to achieve
better ergonomic performance for its workers [64].
These studies highlight how some authors consider lean
manufacturing not only closely related to environmen-
tal sustainability. In fact, according to these studies,
social and economic sustainability are inescapable and
must be viewed as a fundamental factor when it comes
to lean manufacturing.

(4) Another interesting aspect that emerged in the literature
review is the introduction of the concept of Industry
4.0. Articles such as Ghaithan et al. [51] expose how
the paradigms of lean manufacturing, Industry 4.0 and
environmental sustainability over the years are increas-
ingly interconnected. These studies aim to identify the
forms of integration between Lean, Industry 4.0, and
environmental sustainability by examining the rela-
tionships among these three constructs, deepening the
understanding of the topic, and evolving the construc-
tion of a framework that can help the management of

@ Springer

industrial production processes. As presented by the
authors, these studies investigate promising research
areas that have not been explored. The operational con-
tribution of such studies is that they can help manag-
ers understand the integrations between Lean practices
and 4.0 technologies to achieve better operational and
environmental outcomes.

4 Discussion

The literature indicates that scholars and academics are
increasingly investigating the link between environmental
sustainability and lean manufacturing [10]. As analysed in
the literature review, on the one hand, the influence of lean
manufacturing practices with the green manufacturing para-
digm and how these two paradigms have been integrated
over the years are being studied [45]. From another perspec-
tive, empirical evidence is expressed in the literature show-
ing that lean manufacturing approaches positively affect eco-
efficiency performance [7]. However, the literature review
showed that there are still many unexplored spaces in this
area of research. Following are proposed some future lines
of research that can still be explored. Finally, new research
questions related to the lines of research that emerged from
the literature review are proposed.

4.1 Critical analysis and open issues

The systematic literature review of article group A.1 clearly
showed the influence of lean practices on eco-efficiency
performance. In most cases, a positive influence of lean
practices is shown in the summary matrix. Despite this,
it is unclear what factors influence the effect of the Lean
manufacturing approach on improving eco-efficiency per-
formance. In particular, an analysis of the current state of
the literature on this topic reveals some lines of research
yet to be explored. Some possible factors not yet explored
in depth in the literature will be outlined below. Cherrafi
et al. [89] explain that factors such as “lack of communica-
tion and cooperation,” “lack of kaizen culture,” and “poor
corporate culture separating environmental and continuous
improvement decisions” are barriers to greater “environmen-
tal awareness” and consequently harm sustainable perfor-
mance. Studies such as Longoni A. & Cagliano R. [56] also
highlight how alignment across functions and alignment of
goals between top management and operators are key factors
in achieving better results for environmental sustainability.
These factors can be expressed as soft lean practices; they
are a set of practices developed to act on the behaviours
of individuals in organisations that take advantage of the
lean approach [90]. Despite the great potential of soft lean
practices, few studies examine how soft lean practices can
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achieve eco-efficiency performance. Some studies show that
increased adoption of soft lean practices may be a key factor
in amplifying the benefits of lean tools [91]. Future studies
could investigate how lean soft practices may be a factor
that fosters the positive effect of lean tools on eco-efficiency
performance. Another factor that may impact the influence
of lean tools on eco-efficiency performance is the company’s
degree of Lean maturity. Analysis of the literature, especially
in group A.1, has shown that companies with lean manufac-
turing systems have higher eco-efficiency performance. To
date, research is unable to determine how much and how
maturity in using the lean approach affects environmental
performance. Some studies show that lean maturity is a fac-
tor in achieving better operational performance [92]. From
this perspective, it is reasonable to think that the maturity
of lean adoption may also be a determinant of better envi-
ronmental performance; in fact, there are empirical studies
that show that through the use of lean tools in manufacturing
settings, both operational and environmental performance
have benefited [93]. For these reasons, it is necessary to
investigate further the role of maturity in using the Lean
approach to achieve improved eco-efficiency performance.

Over the past two decades, the great push toward digitisa-
tion has also led to enormous changes in the lean manufac-
turing approach. Digitisation and introduction of Industry
4.0 practices have profoundly changed the use of the lean
approach [94]. The literature review presents how Industry
4.0 can be a factor, through synergy with lean tools, for an
impact on environmental sustainability [51]. Despite this,
in the literature review, there appears to be a lack of stud-
ies showing how integrating Industry 4.0 techniques can
amplify the benefit of lean practices for better eco-efficiency
performance. Therefore, a line of research investigating this
aspect becomes essential. As presented earlier, during the
literature review, some articles present how lean practices
have been modified and adapted to address environmental
sustainability issues [43].

On the other hand, most articles included in the matrix
expose the use of lean practices that have not been adapted
and modified [29]. The literature reveals that it is unclear
how some lean practices can be adjusted while others can-
not. It is unclear why some lean practices have not yet been
adapted for environmental sustainability issues. Above all,
it is not yet clear whether the adaptation of lean practices
can be a factor that affects eco-efficiency performance, espe-
cially compared to a situation where lean practices have not
been modified.

Another factor to be considered for future research is
contextual factors. In fact, during the systematic search
of articles, no filter was added to select studies that ana-
lysed the lean approach for sustainability in predetermined
context areas. This consequently led to a heterogeneity
of studies showing the positive effect of lean practices

on eco-efficiency performance. At this time, however, it
is unclear how contextual factors, such as the company's
size or the industry where it operates, could influence
lean practices' impact on eco-sustainability performance.
Studies in very different sectors and from companies of
very different sizes are presented in the matrix. In pos-
sible future lines of research, it is interesting to study how
contextual factors of companies may influence the impact
of lean practices on eco-efficiency performance.

Another area of investigation for future research is
related to group A.2 The current literature does not under-
stand the relationships between various lean tools, sus-
tainable environmental practices, and eco-efficiency per-
formance [16]. This is clear from reviewing the articles
in group A.2. The studies propose models that relate to
the lean approach and green production practices but do
not show how this integration manifests in environmen-
tal sustainability performance. Moreover, some scholars
argue that it is necessary to study a relational model that
shows which and to what extent lean tools impact various
eco-efficiency performances [8, 16]. It is unclear what the
relationships are between various lean practices and eco-
efficiency performance and what the interactions among
them can bring higher benefits in improving eco-efficiency
performance.

As a final output, a set of research questions for future
lines of research related to the analysis just described are
presented below.

e Understanding what influences the impact of lean prac-
tices on eco-efficiency performance.

How do the soft lean factors influence the impact of
lean practices on eco-efficiency performance?

How does the maturity grade of lean practices influ-
ence eco-efficiency performance?

How does the synergy between 14.0 and lean practices
influence eco-efficiency performance?

How can lean practices be modified to influence eco-
efficiency performance?

How can lean practices be influenced by contextual
factors (such as company size and sector) for eco-effi-
ciency performance?

How can lean practices interact with each other to lead
to better eco-efficiency performance?

Which lean practices have the greatest impact on eco-
efficiency performance?

e Understand how integrating various lean manufacturing
and sustainability practices influences eco-efficiency per-
formance.
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How can integrating Lean practices with green manu-
facturing paradigms improve eco-efficiency perfor-
mance?

What are the lean practices that influence different eco-
efficiency performances? Furthermore, what is their
interaction?

How can the lean manufacturing approach holistically
affect the sustainability of manufacturing companies
(Triple bottom line concept)?

How can the Lean approach help manufacturing com-
panies overcome barriers to green production models?

5 Conclusion
5.1 Discussion and contribution to theory

This study is further evidence of how environmental sustain-
ability, one of organisations’ goals, must align with their
traditional profitability and efficiency priorities. This paper
has studied several aspects linking the Lean manufactur-
ing approach and environmental sustainability, particularly
how lean manufacturing practices positively impact eco-
efficiency performance. Through a systematic review of the
literature, the authors were able to answer the two research
questions proposed in the introduction section.

In particular, to answer the first research question, the sys-
tematic literature review identified two macro areas of inves-
tigation. The first area is how the influence of Lean practices
on eco-efficiency performance is manifested. To clarify this,
a matrix was created to summarise and visualise the effects
of lean practices on eco-efficiency performance. The second
macro area is related to integrating the Lean Manufacturing
approach with sustainable production models.

A series of future research lines were developed to answer
the second research question. The future research questions
are related to macro areas of investigation that emerged from
the literature. Specifically for the first research area, it is
interesting to investigate which factors impact the influence
of Lean manufacturing practices on eco-efficiency perfor-
mance. The factors that develop future lines of research are
(1) the implementation of soft lean practices, (2) the lean
maturity level of the company, (3) the implementation of
Industry 4.0 practices, (4) the adaptation of Lean practices
for environmental sustainability goals, and (5) the contextual
factors of organisations. While related to the second area of
investigation, this study proposes to investigate how the inte-
gration of Lean practices with green production paradigms
can improve eco-efficiency performance and also what the
interactions among various Lean practices can bring higher
benefits in improving eco-efficiency performance (i.e., if
there are synergetic effects).

@ Springer

In conclusion, the presented research can stimulate and
foster the research for the relevant scientific communities,
and aims to provide practitioners with information that is
extremely necessary to compete in today's market. Indeed,
this study provides a comprehensive overview of how Lean
manufacturing can address environmental sustainability
issues. In this way, practitioners can develop a deeper under-
standing of these issues. This study can help them formulate
strategies to compete in a market increasingly focused on
sustainable product development. This research may help
organisations select and exploit new production models
based on Lean manufacturing with better eco-efficiency
performance.

5.2 Limitations and further research

Even though this paper contributes substantially to enriching
the existing knowledge on the topics, it presents its limita-
tions and pitfalls. The first limitation is that the researchers
used specific keywords to identify the papers. Thus some
precious contributions could have been lost in this phase or
the following screening phases in which the number of arti-
cles have been selected. Also, the classification in groups of
the papers has been done according to the authors’ thoughts.
Thus, it presents a certain grade of subjectivity, which could
be a pitfall.

Then, this study does not consider the context variables
(e.g., companies’ sector, dimension, etc.) of the papers
analysed. For instance, the dimension of a company or the
industry in which it operates can have a huge impact on
eco-efficiency performance, as well as other factors such
as the presence of corporate sustainability programs mas-
sive presence of digital technologies or incentives. Thus, the
researchers suggest further research, both from a theoretical
and an empirical perspective, focusing on the effect brought
by these elements or their inclusion in similar studies.

Another main limitation of this paper is the absence of a
weighting system for the eco-efficiency variables. Here, all
the variables in this paper have the same weight. For further
research, studies that analyse and rank each Lean practice’s
impact on eco-efficiency performance are strongly encour-
aged. In that way, weight and thus the importance in terms
of effects on eco-efficiency performance can be given to each
Lean practice.

A pitfall could also be the complete absence of the
economic and time dimension. In fact, the impact on eco-
efficiency of using Lean practices is considered but did not
contemplate the company’s effort in terms of implementa-
tion time and monetary expenditures. It could be possible,
for instance, that to achieve good results, companies have to
spend a huge amount of resources before some good results
are obtained. Thus, the researchers propose future research
to take into consideration these factors.
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A last limitation of this work is the absence of a reference
seminal paper related to the eco-efficiency variables. In fact,
unlike the Lean practices, where the reference paper was the
one by Shah & Ward [6], no reference paper has been used
for the eco-efficiency variables. The eco-efficiency variable
has been a subjective choice based on screening several
papers on eco-efficiency performance. Thus, further research
in developing a model with the most relevant variables for
eco-efficiency in manufacturing is suggested.
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