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Abstract: This paper delves into the relationship between lean manufacturing
principles and Industry 4.0, emphasizing their mutual impact on operational ef-
ficiencies and performance. While lean manufacturing plays a vital role in waste
reduction and continuous improvement within production systems, Industry 4.0
represents a shift towards digital transformation and automation, driving smart
manufacturing. The integration of these two paradigms offers opportunities for
synergistic enhancement in operational effectiveness. Through a literature review,
this paper explores three perspectives: the role of lean as an enabler for Indus-
try 4.0 implementation, how Industry 4.0 advances lean manufacturing practices,
and the correlation between these two paradigms. The term "Lean 4.0" describes
the integration of lean principles with innovative Industry 4.0 tools, promising
optimization of operations and adaptation to the demands of the digital age for
organizations.
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1. Introduction

The global marketplace has undergone remarkable
transformations, driven by shifting consumer behav-
iors and the rapid pace of digital technologies. These
changes have had profound effects across various sec-
tors, particularly in manufacturing companies, result-
ing in shorter life cycles for products and a reduction
in the lead time. [1]
Over the past few decades, the adoption of "lean man-
agement" has yielded positive outcomes across numer-
ous industries [2]. This concept is grounded in the
fundamental notion of removing all non-value-added
activities within the factory, offering various tools and
techniques to achieve this goal. These activities are
commonly known as waste, including overproduction,
inventory, overprocessing, defects, waiting time, trans-
portation, unnecessary movements, and inadequate
employee training [3]. Despite the proven effective-
ness of lean tools across various sectors, implementing
lean production in the face of dynamic market demands
appears to be increasingly challenging and inefficient,
leading to conflicts with the intended design of the con-
cept [4]. Indeed, the shorter life cycles of products ne-
cessitate continuous updates in production processes,
which can cause lean initiatives to diminish over time
due to inadequate regular oversight and attention [1]
[5]. Moreover, lean set instructions are not always fol-
lowed by workers due to the absence of real time visibil-
ity, which improves the execution of these instructions
[6]. As a result, there is a lack of systematic theory
on the real time control framework that underlies lean
manufacturing techniques [7] [8]. Therefore, manufac-
turers have had to adapt swiftly, embracing innovative
practices that allow them to solve these types of issues
efficiently and effectively by adopting the new concept
of “industry 4.0 “. By 2011, the industrial landscape
took a significant step forward towards autonomous
factories, which are capable of self-management with
minimal human intervention, leveraging powerful tech-
nologies such as the Internet of Things, Big Data
analysis, Vertical and Horizontal Integration, Digital
Twins, Cyber-Physical System, Cloud, Augmented Re-
ality, Virtual Reality, Artificial intelligence (AI) and
Self-Guided Robots. These technologies form the re-
cently released “Industry 4.0.". Their objective is to
enhance transparency within manufacturing facilities
by implementing real-time data collection on the shop
floor [9]. This initiative also offers increased flexibility
in the supply chain and the ability to manage complex
production processes and products. Multiple interde-
pendencies exist between lean production and Industry
4.0. Both concepts share a common focus on efficiency,
optimization, and meeting industry demands, however,
the topic that now has to be addressed is: What are
the current viewpoints on fusing Industry 4.0 with lean
philosophy? Several authors agree that Lean serves as
the foundational and prerequisite approach for imple-
menting Industry 4.0. In additional research, authors
explain that the automation and digitization technolo-

gies integral to Industry 4.0 appear to be an embod-
iment and execution of lean principles [9]. However,
others affirm that the two concepts may coexist and
benefit one another [10]. The inquiry revolves around
which perspectives companies find more adaptable and
how these perspectives will impact their performance.

The purpose of this paper is to address the three per-
spectives through an examination of multiple research
studies. The article is structured as follows: Section 01,
"Background," provides brief definitions of lean man-
agement and Industry 4.0, accompanied by illustra-
tions. Section 02 explores the first perspective, "Lean
enabling Industry 4.0," while Section 03 discusses the
second perspective, "Industry 4.0 advancing lean." Fur-
ther exploration in this section includes detailed case
studies illustrating the combination of Industry 4.0 and
lean principles. Section 04 investigates the third per-
spective, "Positive correlation between lean manage-
ment and Industry 4.0," by analyzing a rich literature.
Section 05, "Discussion," summarizes the key points
from the three perspectives. Finally, the concluding
section offers insights to conclude the paper.

2. Background

2.1. Lean Manufacturing

In 1970, Toyota Motor Corporation introduced the
Toyota Production System, also known as lean pro-
duction. This approach encompasses a variety of meth-
ods and tools designed to systematically eliminate the
seven types of waste, known as muda [11]. Lean out-
lines, the true organizational approach to production,
aiming for a concise lead-time, cost-effectiveness, and
optimal quality [12].

Waste elimination in the lean production system in-
volves removing all non-value-added activities. This
capability is achieved through the implementation of
methods and principles such as standardization, the
zero-defect principle, flow principle, pull principle, em-
ployee orientation, management by objectives, contin-
uous improvement, and the avoidance of waste, as il-
lustrated in Figure 1 [13] [14].

The rigorous practices focus on waste elimination and
involve a set of tools, including Just-In-Time, Hei-
junka, Jidoka, and visual management. However, the
effectiveness of these tools depends on the company’s
soft practices [15], Just-In-Time emphasizes the need
to have the right materials available at the correct time,
place, quantity, and quality, making it an integral part
of the pull principle. On the other hand, Jidoka, or
Autonomation, is a method that involves immediately
halting processes when errors occur and resuming oper-
ations only after the issues are resolved. Jidoka aligns
with the zero-defect principle, ensuring a focus on de-
livering flawless, outcomes [16].
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Figure 1: House of Toyota Production System[13] [14]

2.2. Industry 4.0

The progression of industrial revolutions marks signif-
icant shifts in manufacturing methodologies and tech-
nologies. The first industrial revolution introduced the
use of engines in production systems, followed by the
second revolution, characterized by the integration of
electrically powered mass production. The third in-
dustrial revolution leveraged electronics and informa-
tion technology to automate manufacturing systems.
Finally, the fourth industrial revolution, often referred
to as Industry 4.0, emphasizes digitalization and the
interconnection of people, products, and machines[17].
Industry 4.0 refers to the digital transformation of in-
dustrial processes. The transformation focuses on the
creation of smart factories using advanced technologies
such as cyber-physical systems, the internet of things,
cloud computing, artificial intelligence, and machine
learning [18] [19]. Industry 4.0 is defined by the inte-
gration of products and systems, with a primary focus
on advancing automation, flexibility, and customiza-
tion in products, production methods, and associated
business processes. By bridging the physical and vir-
tual realms, Industry 4.0 aims to seamlessly connect
real-world operations with digital capabilities [20].
Cyber-Physical Systems (CPS) is a technology de-
signed to ensure seamless connectivity of all compo-
nents within the production system through the In-
ternet of Things (IoT). This enables efficient tracking
and monitoring of the production processes, enhanc-
ing visibility and control. Moreover, CPS is character-
ized by its adaptability, allowing the system to flexibly
accommodate changes and evolving requirements[21].
Cyber-Physical Systems (CPS) emerge from a feedback
loop involving the acquisition of sensor-driven physical
process data, software-driven data processing, and au-
tonomous actuator-based process control. These com-
ponents are interconnected with the internet, enabling
seamless access to data and services [14] [22].

The internet of things refers to an interconnected net-
work of objects embedded with sensors, software, and
other technologies that enable the ability to collect and
exchange data [23] [24].
Big data plays a pivotal role in Industry 4.0; big data
refers to the extremely large amount of data [25].
Cloud computing is a technology that allows the stor-
age of large amounts of data. Therefore, it facilitates
the execution of decision-making [26] [25]. The struc-
ture of industry 4.0 elements is indicated in Figure 2
[27].

3. Lean enables Industry 4.0

As previously stated, the objective of this paper is
to explore the correlation between lean manufactur-
ing and Industry 4.0, examining the mutual influence
they exert on each other. According to S. Adam et al
[28], lean production is a prerequisite for the successful
implementation of Industry 4.0.
Uwe Dombrowskiet et al. [27] highlighted that suc-
cessful implementation of Industry 4.0 necessitates a
well-established and efficient process prior to automa-
tion. The author notes that the incorporation of hor-
izontal and vertical networking through Industry 4.0
facilitates enhanced integration of customers and sup-
pliers into the process. Horizontal networking involves
collaboration at the same level in the supply chain.
While vertical networking integrates various stages of
the supply chain, linking suppliers, manufacturers, and
customers.
A. Davies et al. [29] asserted that Lean serves as a
facilitator for the incorporation of Industry 4.0, repre-
senting a shift aimed at altering the operational per-
formance of the organization. Conversely, Industry 4.0
has the potential to support Lean and Six Sigma capa-
bilities at both the operational and enterprise levels of
an organization. This improvement is evident through
Cyber-Physical Systems (CPS) networks, such as elec-
tronic kanban and production surveillance, where met-
rics like production rate, downtime, and setup time can
be automatically captured. Additionally, concepts like
Total Productive Maintenance (TPM), data analysis,
and the application of virtual value stream mapping,
commonly associated with lean initiatives, can undergo
transformation with the integration of virtual reality.
V.L. Bittencourt et al. [30] undertook a study exam-
ining the connection between lean principles and In-
dustry 4.0. According to the authors, lean is a crucial
approach to the integration of Industry 4.0. Numerous
research studies acknowledge a complex interplay in-
volving individuals, machinery, and environmental ele-
ments within organizational systems. Each of these in-
teractions is customized and managed in unique ways
to meet the specific needs of the customers.
Prinz, C et al. [21] believe that successful implemen-
tation of digitization is contingent upon the prior op-
timization of the organization, especially its processes,
in accordance with lean principles. Conversely, it aids
in minimizing efficiency losses in a lean-optimized pro-
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Figure 2: Industry 4.0 technologies, systems, and process-related characteristics[27]

duction system during disruptions and contributes to
overall productivity enhancement. However, partici-
pants also face challenges and limitations. Moreover,
the task involves integrating various Industry 4.0 ap-
plications into a comprehensive concept to ensure en-
during learning effects among participants.
Abdulnour, S et al [31] detailed a case study on the
customized implementation of Industry 4.0 within a
mass production setting, following the implementation
steps proposed by Gamache [32]. These steps require
the prior implementation of lean manufacturing prin-
ciples and the optimization of production processes
before Industry 4.0 adoption. Gamache’s [32] digital
transformation framework comprises six steps: initial
mapping of the value chain to ensure process control
and develop a strategic company vision plan, conduct-
ing an audit to assess digital performance and identify
relevant business practices, prioritizing and planning
projects within a digital plan, implementing digital and
non-digital business practices categorized in the article,
deploying the selected solutions in business processes,
and optimizing processes by correcting, streamlining,
and implementing the next project on the list. In this
study, the focus was on enhancing the production line
for ambulance structures, aiming to increase the pro-
duction rate from five to seven structures per week. Be-
ginning with process mapping, the company utilized its
existing ERP system for production management and
planning. Additionally, the company adhered to lean
principles for executing improvement projects. Iden-
tified areas for improvement led to a prioritized list
of projects, including standardization work and waste
reduction through methodologies like 5S and single-
minute exchange of die (SMED). The implementation
of lean practices resulted in a production rate increase
to six structures per week on the line. Subsequently, a

simulation model was developed using Arena software
from Rockwell Automation. Simulation results indi-
cated that integrating Industry 4.0 increased the pro-
duction rate to 6.83 structures per week. This high-
lights the role of simulation in the decision-making
process and suggests its broader utilization by small
medium enterprises in Industry 4.0 implementation.

4. Industry 4.0 advances Lean
Manufacturing

According to A. Mayret al. [9], various i4.0 technolo-
gies can support lean methods and assist in the realiza-
tion of lean targets. In addition, F. Aljoscha Schmida
et al. [33] demonstrated the influence of Industry 4.0
on various levels of lean practices, including objectives,
processes, principles, methods, and tools.
M. Pagliosa et al. [17] explained the aforementioned
aspects by analyzing multiple publications that enable
the authors to create evaluation systems with different
criteria, such as: the frequency with which I4.0 tech-
nologies and lean production system (LPs) are cited,
the execution of I4.0 and LPs at various organizational
levels, the findings discovered in the literature, and the
sum of the scores for all criteria according to the total
score. The synergy level was divided into three cate-
gories : high level, medium level and low level. The
high level category indicates the presence of impor-
tant cooperation between LPs tools and I4.0 technolo-
gies, which leads to improved operational performance.
This is the same situation with Cyber-physical sys-
tem (CPS) and Value Stream Mapping (VSM). Both
of them are interested in the value stream level. The
VSM requires a high potential of collecting data so with
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the integration of CPS, it could cover this limitation
and deliver more reliable data that helps in continu-
ous improvement. The medium level describes that
the association of technologies and lean methods needs
a presided analysis of their characteristics, like sim-
ulation and POKE-YOKE. Simulation contributes in
the examination of the production process before its
implementation to reduce its failures and improve its
potential. However, it does not eliminate the mistakes.
This is not the case with POKA-YOKE, which is based
on avoiding errors. As a result, the association be-
tween these two still not certain. Finally, the low level
assumes that the relations between the pair LPs and
I4.0 technologies require crucial adjustments with deep
studies. This is the case of advanced robots and single
minute exchange of die (SMED). Their combination
can lead to a problem because it could minimize the
flexibility of the production line, which affects nega-
tively the order of the family products that exist in the
line. In addition to the changeover time, which is the
inverse of SMED’s essence, this association needs to be
developed.
A.Mayr et al. [9] explored this aspect by integrating
Total Productive Maintenance (TPM) with Computer
Monitoring and Cloud to make the maintenance activ-
ity of the sheet metal stamping machine easier. Start-
ing with reducing the downtime, then predicting ma-
chine failures and tool destruction, the data collected
by the previous system is not displayed. It was solely
kept in Access or Excel. This is why the application
of the technology of the Computer Monitoring (CM)
system allows data to be visualized by transmitting
and combining the collected data from sensors to the
Siemens cloud to be analyzed. With the help of a
graphical user interface, the data will be displayed on
mobile devices. This new system has several features,
such as informing stakeholders in case of failure by no-
tification, the accessibility of data among the different
departments because of cloud privileges, the dynamic
planning of maintenance activities.
In another study, M. Marinellie et al. [24] developed
surveys regarding the implementation of this concept in
industrial settings and distributed them electronically
to over 200 companies. The findings indicated that
the utilization of cyber-physical systems and predic-
tive algorithms enable optimized maintenance schedul-
ing within the framework of TPM.
A.Mayr et al. [9] also introduced the promising plan of
enhancing VSM by integrating the technology of digi-
tal twins. For example, the existing software Siemens
Simulation helps VSM and suggests new process op-
timization in the new VSM model, but it remains a
limitation that must be improved in the era of digital-
ization. With the revelation of the digital version that
is connected to a real system in real time, the VSM
model will be built on reliable data.
In 2022, W de Paula Ferreira et al. [34] treated the
combination of VSM with hybrid simulation.
M. Shahin et al. [35] demonstrated that I4.0 technolo-
gies could improve Kanban in order to help managers
make correct decisions with the use of cloud comput-

ing, which is the center of industry 4.0 technologies to
create visual tools: cloud Kanban which is a support
system decision that generates and controls the usage
of enterprise resources, R. Davies et al. [36] indicated
the support of a cyber-physical system in the moni-
toring of e-Kanban by managing automatic orders and
controlling store levels.
EC Ogu et al. [37] described the integration of the
internet of things and cloud computing in Cognizant
computers with lean practices in order to advance the
business. This system has a positive impact on the de-
crease in lead time, inventory levels, and reduction of
process waste.
Stäubli Corp., Duncan, SC, invented a new automated
quick mold change that allows the mold operations to
occur in only a few minutes. This system displaces
the mold from the injection machine and replaces it
with a preheated one that is ready. It also allows the
processors to frequently prepare the next mold in par-
allel while production goes on, which is the essence of
a single-minute exchange of dies. This intelligent mold
has a charge table that modifies its height to move the
mold according to the data received from the injection
machine.
NYG Lai et al. [38] indicated that the Internet of
Things contributes to the decrease of the lead time be-
cause of its accessibility to real-time data, which helps
to minimize the waiting time. Also, the use of aug-
mented reality can eliminate all the waiting times that
are considered waste.
Tortorella et al. [39] discussed that big data and main-
tenance preventive scheduling enhance traceability.
T. Wagner et al. [14] employed a use case involving the
development of a cyber-physical Just-In-Time (JIT)
delivery solution based on the Industry 4.0 impact ma-
trix. JIT, a concept emphasizing waste reduction and
high product quality, is supported by integrating big
data, data analytics, and vertical machine-to-machine
communication according to the author’s impact ma-
trix. The use case aimed to establish a seamless infor-
mation flow encompassing manufacturing orders, ma-
terial delivery, material stock, material consumption,
and the automatic generation of purchase orders to
suppliers. This use case serves as evidence of the de-
velopment of lean processes through the adoption of
Industry 4.0 technology.

4.1. results of combining lean tools
with Industry 4.0 technologies

After mapping information from different articles, the
possibilities of joining industry 4.0 technologies with
Lean Manufacturing tools are summarized in a rela-
tionship matrix, which is a conceptual model that al-
lows the identification of the combination results of
each pair of LM/I4.0: which technologies could be uti-
lized to support lean tools. Figure 3 [9] indicates mul-
tiple synergy points that will be treated briefly.
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Figure 3: combining industry 4.0 technologies and lean methods [9]

4.1.1 Value Stream Mapping 4.0

Value Stream Mapping (VSM) is identified as a signif-
icant tool in Lean Manufacturing. It maps the valu-
able points in the production process to discover the
bottlenecks, waiting time, and circulation of flows [40].
By catching the rhythm of the digitalization transition,
this tool will transfer to VSM 4.0, empowered with the
technologies of industry 4.0. Big data and cloud col-
lect data in real time from all the supply chain [41] and
consolidate them to provide an effective system based
on. This helps the manager make decisions. By im-
plementing human-computer interaction such as smart
phones and tablets, the stakeholders will receive infor-
mation like process variability and initiate measures
remotely. Furthermore, machine learning and data an-
alytics contribute to the design of new value stream.
The VSM 4.0 ensures the transparency of value stream
level because of real-time data and helps in identifying
waste in the production process, which contributes to
continuous improvement [9].

4.1.2 Kanban 4.0

Kanban works on maintaining a continuous material
flow by generating inventory levels to ensure a persis-
tent supply of resources [9]. In the term of Industry
4.0, new characteristics will be added to these tools by
integrating technologies such as big data, which partic-
ipate in flow material real-time control and smart stock
volume monitoring. With the help of digital twin, new
Kanban solutions can be planned correctly, respect-
ing the production environment. The simulation guar-
antees the recognition of reliable Kanban parameters
such as lot size, stocks level, and delivery times [42].
Automated guided vehicles (AGV) can update the pro-
duction lines with needed material at the right time,
effectively reducing the need of overstocks [9].

4.1.3 Total Predictive Maintenance 4.0

Total Predictive Maintenance (TPM) is a methodol-
ogy that integrates all the organizational levels of the

company. It ensures the optimization of assets by re-
ducing downtime and eradicating any failures and their
causes, plus offering maintenance systems managed by
operators and involving them in their daily activities
to increase the availability of equipment, which affects
positively productivity and quality [43]. The technolo-
gies proposed by Industry 4.0 to improve TPM and
help the operators more on engaging the correct actions
in case of failures are virtual reality and augmented re-
ality, which visualize virtual elements and guide the
operators remotely [44]. The communication machine
to cloud provides a warning notification in case of fail-
ure to the shop floor, based on the analysis of the big
data historic that works with complicated algorithms.
The defects can be predicted, smart products and com-
puter monitoring allow for loads and damages to be
generated while the machine is processing [45] and the
technology of additive manufacturing helps in the dig-
ital design of product elements [41].

4.1.4 Just in time 4.0

This tool ensures that the items that are delivered to
clients meet their needs in terms of pricing, location,
quality, and time. In the context of Industry 4.0, multi-
ple technologies could be combined with this tool. The
automated guided vehicles (AGV) transfer the items
of the flow material automatically with fewer errors,
such as the needed supplies, to the work station. The
technology digital objects and memory stores [46] each
important manufacturing parameter with the help of
monitoring the condition of material transportation,
the AGV is guided correctly, In addition, this Radio
Frequency Identification (RFID) technology can be im-
plemented to track the goods movement in real time
and find their location in the supply chain exactly [47].
Big data and data analytics have the potential to an-
alyze the real-time information that comes from the
shop floor, which allows the determination of the ca-
pabilities and failures of the production system in order
to define the crucial rules that keep production ongo-
ing [48] also provide transparency to the value stream
[9]; furthermore, predictive maintenance reduces the
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downtime to ensure the circulation of the continuous
material flow [49].

4.1.5 Heijunka 4.0

The aim of this tool is to keep the production rhythm
constant by producing only customer orders in order to
eliminate the waste of type overproduction [9]. With
the injection of data analytics the production schedul-
ing will be stabilized by exploiting historical data and
combining it with a deep market study to understand
customer behavior [50]. Furthermore, the use of soft-
ware tools supports data analytics, such as software
"AnaPro," which is utilized to level production plan-
ning automatically based on product characteristics,
inventory levels, and sales history [51].

4.1.6 Poke-Yoke 4.0

This tool describes techniques that allow the operator
to make fewer errors. Besides that it helps in detecting
anomalies in the production process to eliminate defi-
cient products, which makes its application in factories
with a wide range of products useful. The implementa-
tion of POKA-YOKE needs a high level of knowledge of
the process activities during their execution and their
cessation because of failures [52]. The combination of
AUTO–ID boosts this tool; for example, the digital ob-
ject memory helps the identification of the needed parts
and the wrong deliveries [10]. The use of smart sensors
and machine learning adds a new feature to the ma-
chine, which is self-optimization, in order to ensure the
optimal quality of the product. The technology RFID
is using to reach zero defect in the picking operation
[53].

4.1.7 Single Minute Exchange Of Die 4.0

The purpose of using this tool is to reduce setup and
changeover time in order to increase the flexibility
of the production line with different ranges of prod-
ucts. The Additive Manufacturing technology is the
expected solution to reach the minimum set-up time
because it works on the processes of a variety of prod-
ucts. However, it’s still unsure of how it will affect the
cleaning process and temperature adjustments [54].

5. Positive correlation between
Lean Manufacturing and In-
dustry 4.0

Mrugalska et al. [10] presented a review of literature
about the possibility of matching industry 4.0 and lean
manufacturing by providing examples of smart prod-
ucts, machines, and augmented operators in reference
to lean production principles, which proved that these
two approaches can support each other.
Satoglu et al.[55] indicated that problems caused by
mismanagement or disorganization cannot be solved by

simply deploying Industry 4.0 technologies. In actual-
ity, lean activities that are effectively completed before
automatization should benefit from the application of
these technologies. They also confirm how crucial it is
to have an efficient information flow before and after
putting these technologies into use.
A study by Tortorella et al. [56] found that Industry
4.0 technologies positively impact the relationship be-
tween lean concepts and operational performance. This
was after analyzing data from 147 Brazilian companies
that had implemented both the concepts of lean man-
ufacturing and Industry 4.0. However, process-related
technologies had a negative effect on the relationship
between low setup time and operational performance.
This suggests that Industry 4.0 technologies can either
strengthen or weaken the relationship between Lean
management practices and operational performance in-
dicators. This provides guidance for managers and
practitioners on balancing Industry 4.0 technologies
with Lean tools for optimal performance.
Khanchanapong et al. [57] investigated the unique and
synergic effects of manufacturing technologies and lean
practices on operational performance within the fac-
tory by using collected data from 186 manufacturing
plants in Thailand. They found that both of these
concepts have special effects on a range of operational
performance, such as quality, lead time, flexibility, and
cost.
Azadeghan et al.[58] established the effects of envi-
ronmental complexity and dynamism on lean opera-
tions by examining these relations using archived sur-
veys and data from 126 manufacturers. The results of
this examination proved that environmental complex-
ity positively moderates the effects of lean operations.
However, environmental dynamism decreases the bene-
fits of lean operations on performance. Despite the fact
that it might not seem immediately related to our sub-
ject, researchers are able to determine whether specific
Industry 4.0 technologies have the ability to limit or
alter the impact of lean techniques on production per-
formance by looking into how these technologies affect
environmental complexity.
Riezebos et al. [59] explored the influence of Infor-
mation Technology (IT) on lean production principles.
They found that initially, IT and Lean approaches had
similar origins but diverged over time. As Lean manu-
facturing gained acceptance, these practices converged
into hybrid production systems, which incorporate ele-
ments from various approaches in a manner consistent
with Lean principles. The study primarily focused on
centralized IT systems, overlooking distributed struc-
tures facilitated by cloud technologies[60]. Cloud-
based structures are more compatible with Lean
philosophy, emphasizing teamwork and decentralized
decision-making. This mitigates many of the contra-
dictions between IT systems and Lean principles, as
cloud technologies emphasize collaboration and work-
force empowerment.
D. de Oliveira-Dias et al. [61] investigated the in-
terplay between Industry 4.0 (i4.0), lean, and agile
supply chain, examining their mutual influences. Be-
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ginning with the development of hypotheses, the re-
searcher concludes six key propositions: i4.0 base tech-
nologies exert a direct and positive impact on Lean
Supply Chain (LSC) implementation; i4.0 base tech-
nologies similarly have a direct and positive influence
on Agile Supply Chain (ASC) implementation. Fur-
thermore, LSC is found to have a direct and positive
impact on ASC in i4.0 environments, while both LSC
and ASC contribute positively to the focal firm’s op-
erational performance. Additionally, a positive corre-
lation is identified between i4.0 base technologies and
the focal firm’s operational performance. The survey
research conducted involved data collected from 256
manufacturing companies located in Spain. Adopting
a dynamic capability perspective, the observed results
support a model characterized by direct effects. In
this model, Industry 4.0 foundational technologies play
a facilitating role in Lean Supply Chain (LSC), lead-
ing to subsequent positive influences on Agile Supply
Chain (ASC) and ultimately resulting in improved op-
erational performance.

6. Discussion

The review of literature highlights the interconnec-
tions between Industry 4.0 and lean manufacturing,
emphasizing their reciprocal influence. Several studies
corroborate the notion that these two methodologies
can coexist harmoniously, exhibiting a positive correla-
tion. Authors such as Dombowski et al.[27] and Adam
Sanders et al. affirm that lean production is indispens-
able for the successful implementation of Industry 4.0,
with lean principles serving as enablers for Industry
4.0 adoption. Davies et al. further assert that estab-
lishing efficient processes prior to automation is essen-
tial for Industry 4.0 implementation. As demonstrated
in the case study conducted by Abdulnour et al.[31],
which followed the steps outlined by Gamache. This
case study underscores the significance of prior imple-
mentation of lean manufacturing principles, yielding
notable improvements in production outcomes. How-
ever, other studies presented a different perspective
by highlighting the potential of integrating industry
4.0 with lean practices to enhance operational perfor-
mance, M. Pagliosa et al. [17] demonstrated that i4.0
technologies can support lean methods. For instance,
the integration of cyber-physical system improves VSM
data collection capabilities and contributes to contin-
uous improvement efforts. While W de Paula Ferreira
et al. [34] and R. Davies et al. [36] discovered that
technologies such as digital twins and real time mon-
itoring enhance VSM and Kanban by providing reli-
able data, which enables decision making and process
optimization, to enhance maintenance activities. A.
Mayr et al.[9] proposed combining TPM with com-
puter monitoring and cloud technologies by fostering
predictive maintenance, reducing downtime, and in-
creasing machine reliability, even though Tortorella et
al. [56]suggested that big data and maintenance pre-
ventive scheduling enhance traceability. The integra-

tion of the Internet of Things (IoT), cloud computing,
and augmented reality (AR) contributes to reducing
lead time and minimizing waste to improve workflow
effectiveness, as discussed by EC Ogu et al. [37] and
NYG Lai et al. [38]. A use case involving the creation
of a cyber-physical Just-In-Time (JIT) delivery system
was given by T. Wagner et al. [14]. Big data analytics
and machine-to-machine communication are combined
in this system to create a smooth information flow be-
tween production processes, which reduces waste and
improves product quality.
The correlation between Industry 4.0 and lean man-
agement has been discussed in multiple studies. The
article [10] established examples of how smart prod-
ucts, machines, and augmented operators align with
lean methods, while Stogolu et al. [55] mentioned
that deploying industry 4.0 technologies alone may not
solve the disorganization and mismanagement prob-
lems, Tortorella et al. [56] proved that I4.0 technologies
can positively impact the relation between lean man-
agement and operational performance, D de Oliveira-
Dias et al. [61] proved that with the agile supply chain.

7. Conclusion

This research aims to investigate the dynamic interac-
tion between Industry 4.0 and lean production, which
is characterized by a cooperative effort that produces
benefits in modern manufacturing. This combina-
tion of classic Lean principles and innovative Industry
4.0 tools—like big data analytics and the Internet of
Things creates a synergistic effect that led to the cre-
ation of the phrase "Lean 4.0." This integration is an
example of how cutting-edge technologies and well es-
tablished procedures may coexist. The review of the
literature focuses on three points of view: first, how In-
dustry 4.0 is implemented using Lean principles; sec-
ond, how Industry 4.0 drives improvements in Lean
methodology; and third, how does Industry 4.0 impact
lean methods.
The implementation of these concepts within the com-
pany has been demonstrated through various use cases
to significantly enhance the production system’s per-
formance and productivity.
The success of this integration hinges on factors such
as organizational size, type of business, and the unique
characteristics of the organization in question.
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