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Abstract: Industry 4.0 technologies are already affecting global supply chains by revolutionizing how com-
panies manufacture and distribute their products and services. Many companies are affected by this transformation,
especially small and medium-sized enterprises (SMEs) that are keen to enhance their market competitiveness as quickly
and easily as possible. The transformation from traditional approaches to Industry 4.0 can bring many benefits, how-
ever, this transition involves adopting technologically advanced machinery with a high level of digitalization and com-
munication. The cost and time to replace old machines could be unsustainable for many SMEs and that is why these
enterprises seek alternative solutions for the digitalization of their legacy machines, such as retrofitting. This paper
conducts a review of both retrofitting and Lean Industry 4.0 (Lean 4.0) to identify the challenges and benefits of both
concepts and explore how they can interact and merge with each other to help SMEs to increase their market competi-
tiveness.
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HOAOBPYBAIBE HA ITPOU3BOJACTBEHATA EOUKACHOCT:
INPUCTAII HA TIOCHATA HHAYCTPHUJA 4.0 KOH PEOOPMUPAIBLETO

A mcrTpaxk T TexHonoruure Ha MHmycTpujata 4.0 Beke BiMjaaT Ha TI00ATHUTE CHHUMPH Ha CHAOIyBame,
MOCeOHO BO HAYMHOT HA KOj KOMIIAHWUTE M MPOU3BELYBaaT M AUCTPHOYyHpaaT CBOUTE MPOM3BOAU U yciyru. MHOTy
KOMITaHUH C€ TIOTOJICHH O] 0Baa TpaHC(opMaIirja, ocodeHo ManuTe U cpeaau npernpujaruja (MCII), kou cakaaT mro
moOp30 M 3a WITO MOKPAaTKO BpeMe Ja ja Mmojo0paT cBojaTa KOHKYPEHTHOCT Ha ma3apoT. TpaHcdopmauumjata on
TpaauIMOHATHNTE pucTtany koH Muaycrpuja 4.0 Moxke 1a JoHece MHOTY IPHIOOUBKH, HO OBaa TPaH3MUIIMja BKIy4yBa
YCBOjyBabe TEXHOJIOLIKH HAIPESIHU KOHIETITH CO BUCOKO HMBO Ha JUrHTanu3aiuja. TpomoiuTe 1 BpeMeTo 3a 3aMeHa
Ha CTapHUTe MaIllMHU MOJKe J1a He OuaaT oap KJIMBH MK JocTvokHM 3a MHOTY MCII, 1 3aT0a oBMe mpeTnpujaTja 6apaat
aNTepHATHBHU peEIleHHUja 3a JAUTUTaNU3alija Ha HUBHUTE MOCTOSUKH MaiuHu. OBOj TPy CIpoBedyBa Mperjien Ha
KOHIIENTOT Ha pedhopMupare npeKky npusmara Ha [Tocnara u MHaycrpujara 4.0, 3a 1a ' HICHTH(UKYBA PEANU3BH-
IIUTE U MPUAOOMBKATE OJ] ABAaTa KOHIIETITA U Ja UCTPAKH KaKko THe MokaT fqa uM rmoMoraat Ha MCII na ja sromemar
CBOjaTa KOHKYPEHTHOCT Ha 11a3apor.

Kayunn 36oposu: [locHa nanycrpuja; Maaycrpuja 4.0; pedopMuparme; Mpou3BOACTBO; IUTHTAIN3AIH]a

1. INTRODUCTION

Industry 4.0 (14.0) offers many modern tech-
nologies that companies could utilize to enhance
their manufacturing processes, such as smart sen-
sors, the Internet of Things (1oT), cloud computing,
artificial intelligence (Al), robotics, simulations,

and 3D printing. These technologies enhance effi-
ciency, cut costs, boost production speed, and im-
prove product quality. They enable real-time data
collection and analysis, empowering informed deci-
sion-making and operational optimization. How-
ever, to prepare the organization for 14.0, it is not
necessary to incorporate all the available features
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and technologies that 14.0 offers. Also, many com-
panies, especially small and medium enterprises
(SMEs), are not financially capable of implement-
ing these technologies and/or buying entirely new
machines that employ these technologies [9]. Con-
sidering this challenge, an alternative to taking off
to 14.0 with low cost and agility is known as retro-
fitting, which is the reuse of old equipment and its
integration with new 14.0 technologies [15]. By pri-
oritizing the implementation of 14.0 technologies
that align with important company objectives, such
as process optimization, continuous improvement,
and lean manufacturing, organizations can achieve
significant improvements while minimizing costs
and realizing a quick return on investment.

If we investigate the reports about the digitali-
zation of enterprises (mainly SMES), it is easy to ob-
serve that many of them struggle to digitally trans-
form, mainly due to the high cost of digitalization
[4, 21, 23]. Although many of these SMESs have dig-
ital transformation strategies in place, less than half
can implement these strategies successfully due to
the shift in investment priorities during the pan-
demic [21]. Whilst the economic uncertainties in re-
cent times have also added unique challenges — the
high implementation cost, cash flow challenges, the
workforce digital upskilling gap, and low awareness
of government initiatives are some common draw-
backs faced by SMEs along their digital transfor-
mation journey [14].

Retrofitting, which involves modifying exist-
ing machinery, is not new and predates Industry 4.0.
However, its practical implementation has gained
popularity for its cost-effectiveness. In digital trans-
formation (DT), retrofitting is crucial for integrating
legacy machinery into a networked production en-
vironment. While retrofit projects aren't always

Literature review on
retrofit in
manufacturing

-> Literature review on
Lean and Industry 4.0

low-cost, a strategic approach can help identify and
address inefficiencies, bottlenecks, and waste in
processes and equipment. This concept also ad-
dresses the Sustainability Development Goals
(SDG) set by the United Nations as a common ob-
jectives for “peace and prosperity for people and the
planet, now and into the future” [42]. Considering
retrofit’s nature of enabling easier digitalization and
avoiding replacement of legacy machinery, it can be
associated with the following SDG:

— SDG8 Decent work and economic growth,
— SDG9 Industry, innovation, and infrastructure,

— SDG12 Responsible consumption and produc-
tion.

The following chapter of this paper focuses on
the methodology that was utilized to perform this
research. In the third chapter, literature review on
retrofit in manufacturing is shown. The fourth chap-
ter introduces Lean 4.0 including a brief introduc-
tion to both Lean manufacturing, Industry 4.0, and
the relationship between them. The fifth chapter fo-
cuses on the joint benefits of Lean manufacturing
and retrofit towards faster, easier, and low-cost dig-
ital transformation of the companies.

2. METHODOLOGY

The research methodology used for this paper
is shown in Figure 1. The paper is intended as a pre-
liminary investigation of the topic of retrofitting and
its relation to Lean manufacturing and Industry 4.0.
The first three steps include more general literature
review regarding the main topics: retrofit (in manu-
facturing), Lean and Industry 4.0 (Lean 4.0), fol-
lowed by a discussion regarding the mutual impact
of Lean 4.0 and retrofit.

Lean4.0Waste

Discussion regarding project

the relation between

Lean 4.0 and retrofit TTW-MON
project

Fig. 1. Research methodology

This paper is also an initial input to two sci-
entific projects that are currently on-going at the
Faculty of Mechanical Engineering in Skopje: Lean
4.0 Waste and TTW-MON. This research helped the
project teams to establish general understanding of
retrofit, Lean 4.0 and their joint benefits towards the
digital transformation. The Lean 4.0 Waste project
aims to eliminate Lean wastes using digital techno-
logies like sensors and augmented reality. The

experiments will take place at the Smart Learning
Factory — Skopje (SLFS). TTW-MON, focuses on
retrofitting a legacy turning machine with a
monitoring system. This system enables predictive
maintenance by tracking tool wear during proces-
sing. Monitoring cutting forces and vibrations,
advanced signal processing, and machine learning
algorithms will model tool wear in real-time. The
experiments within this project will take place at the
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laboratory for production engineering and FabLab
Skopje.

Findings from Lean4SMEs project [34] as well
as DigiTS-ME project [35] will also be incorporated
within the paper.

3. RETROFITTING IN MANUFACTURING

Retrofitting can be defined as the process of
extending a system, e.g., an industrial production
line, with an additional functionality that was not
available when it was originally designed and built
[11]. Another definition of retrofitting states that it
is a process of replacing obsolete operating systems
and machine components to extend their working
lives. It benefits the organizations as retrofitting in-
curs lower costs as compared to purchasing the new
machine, enhances the precision of the machine and
delivers higher quality output [26].

When it comes to manufacturing, considering
the new digitalization trends, the need for retrofit-
ting legacy equipment instead of completely new
machinery is a preferred option [52], especially for
SMEs in less developed countries that have limited
resources to invest in bigger digitalization projects.
However, although retrofitting seems like a simple
solution, there are many factors that could make
manufacturers' minds up on whether to retrofit or
not [9, 11], including:

— current process readiness/leanness — leaner
processes tend to be more flexible and ready for
changes,

— cost and duration of the retrofit projects,
considering that retrofit projects size can vary there-
fore the cost and the duration of such projects are
not always certain,

Analyse the current
(as-is) situation (What
kind of data the machine
is currently providing?).

Identify the right
system/equipment that requires
retrofit

—upskilling/reskilling of the personnel — due
to the change investment in additional training for
the operators is needed.

According to the literature, retrofitting pro-
vides many benefits for the manufacturing industry,
including extending the lifecycle of legacy ma-
chines and enabling the implementation of cost-ef-
fective, easily deployable solutions. These retrofits
facilitate the integration of modern Industry 4.0
technologies, improving connectivity in existing
equipment. Furthermore, retrofitting enhances ma-
chine monitoring for predictive maintenance, pre-
venting maintenance-related issues and downtime.
A detailed analysis by [11] categorizes the benefits
of retrofitting into sustainability, viability, compati-
bility, and functionality. Even though the benefits of
retrofitting in manufacturing are notable, during the
literature review, it was observed that there has been
a lack of practical examples of retrofitting in manu-
facturing in recent years. Retrofit concepts are much
more present in the research areas such as energy
efficiency [6], building efficiency [22], CO, capture
[19], and sustainability in general [7].

No matter the research field, many authors ad-
dressed the need for structured approach to retrofit-
ting. Such is [36], who designed detailed methodol-
ogy for retrofitting of production systems focusing
on low-cost and user-friendly approach to retrofit-
ting in SMEs. There are also many companies that
work in the field of digitalization such as FESTO
[17] and Siemens [24] who developed their own
methodological approaches to retrofitting. Most of
these methodologies consist of four general phases
as shown in Figure 2.

Identify the data that Implement retrofit
the company actually solution (hardware of
needs. software).

Fig. 2. General retrofit implementation methodology

4. LEAN 4.0

The term “Industry 4.0” originated in 2011
[43]. In the following year, a working group on In-
dustry 4.0 presented implementation recommenda-
tions to the German Federal Government where
manufacturing and logistics systems, embodied as
Cyber Physical Production Systems (CPPS), exten-
sively leverage the globally accessible information
and communications network for highly automated
information exchange [44, 45]. This system aligns
production and business processes seamlessly [37].
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On the other hand, Lean Manufacturing is a system-
atic approach to identifying and eliminating waste
(non-value-added activities) through continuous
improvement by flowing the product or service at
the pull of the customer in pursuit of perfection [38].

The relationship between Lean and Industry
4.0 is often discussed in the scientific community,
and in the previous research of the authors of this
article [5]. In a comprehensive elaboration regard-
ing the relationship between Lean and Industry 4.0,
[46] states that there are several possible scenarios
of this relationship:
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—Lean and Industry 4.0 have nothing in common,
— Lena is the foundation for implantation of In-

— Lean and Industry 4.0 oppose each other,
— Lean and Industry 4.0 are the same thing.

dustry 4.0, According to this, the development of the rela-
— Industry 4.0 is the foundation for implementa- tionship between Lean and Industry 4 can be de-
tion of Lean, scribed in three phases: ignoring, opposing, and fi-

— Lean and Industry 4.0 overlap and create new

nally — getting together.

concept — Lean 4.0,

Table 1

Development phases of the relationship between Lean and Industry 4.0

Phase

Discussion

Ignoring

This potentially comes from the fact that the definitions regarding Lean and Industry 4.0 are usually
different. Lean is a manufacturing philosophy that focuses on waste elimination through following the
principles of Lean, while Industry 4.0 focuses on technologies that are not necessarily related to each other.
In the other hand, many times, Industry 4.0 is defined as simple as a period of time just like the past three
revolutions, while Lean is more related to the organizational culture that have been around no matter what
type of technology is used in the manufacturing processes.

Opposing

Some authors do indicate that they oppose each other [47, 48], and this is due to the fact that Lean focuses
heavily on the people, while one of the biggest risks when relying on technology is reduction of the teams.
Additionally, Lean is considered as an “on-budget” initiative, as opposed to the Industry 4.0 technologies
which are a costly investment in the most cases.

Getting
together

Lean being the foundation for the implementation of Industry 4.0 technologies is quite an expected
perspective considering the complexity of the digital technologies. It is very important that whenever
manufacturers upgrade their existing processes with some of the digital technologies, these processes should
be previously optimized (waste to be eliminated), so that they could adopt the digitalization easier and faster
[49]. According to previous literature review on this topic [5, 50], most of the authors indicate that Lean is
the needed foundation that the organization needs to implement before implementing the technologies of

Industry 4.0. This provides a perspective of strong synergy between the two terms.

In order to clarify the relationship between
these two concepts, a new concept is arising in the
literature, known as Lean 4.0 —a concept that unites
both Industry 4.0 and Lean [5, 39, 40, 41]. Lean 4.0,
also known as Digital Lean or Lean Industry 4.0, is
a concept that describes the enhancement of the tra-
ditional Lean methods with 14.0 capabilities. While
the question whether Lean and Industry 4.0 are
compatible concepts still remains attractive to the
scientific community [50], many authors have alrea-
dy published successful examples of traditional
Lean tools that have been digitalized such as Digital
Kanban [12], CPS oriented smart Jidoka systems
[12, 15, 17], 10T supported JIT production systems
[51], and Lean Six Sigma 4.0 [3].

5. RETROFIT WITH LEAN 4.0 PERSPECTIVE

Lean is constantly evolving, especially in the
ever-changing context of 14.0 [9]. However, the
transition from traditional production systems and
Industry 3.0, especially for SMEs in North Macedo-
nia has been, and still is, very poor. This can be

clearly seen during the research project DigiTS-ME,
where the digital maturity of the Macedonian SMEs
is investigated [35]. Companies are lacking both
Lean and digital solutions. Lean is an approach that
needs time to be implemented, and the same goes
for digital transformation. However, smaller steps
should be undertaken as soon as possible if the com-
panies want to stay competitive on the global mar-
ket. This is where retrofit solutions should play their
role, especially in fast, targeted to specific areas or
indicators, and cost-friendly delivery of results to-
wards leaner and more digitalized production pro-
cess [1, 10]. Figure 3 shows the benefits of merging
retrofit and lean practices [25, 29, 30, 31, 32].

Waste elimination _......... v

Continuous |mpr0vementv,_,.-"""
Low-cost so\ut\ons:_.,v"'
Data driven decisions /

i / Reduce downtime
Empowerment

Opt\mlzat\onég:‘ LEAN\\\\4. o

Standardization

RETROFIT

/
/
,/ Monitor machine condition

/" Drive standardization

_--" Low cost, easy and fast solutions

Extend plant’s lifecycle

Fig. 3. Joint benefits of retrofit in manufacturing and Lean 4.0
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The two main concepts of Lean, continuous
improvement, and waste elimination can be clearly
addressed by retrofit. It is important to note that the
applicative examples of employing retrofitting to
foster continuous improvement and waste elimina-
tion are very rare, however from a more philosoph-
ical aspect this relation is evident.

Continuous Improvement (CI), a concept
that revolves around Kaizen which is an activity that
continuously improves all functions and involves
the entire organization. Kaizen relies heavily on
data, and retrofitting can play a vital role in support-
ing this process by digitalizing machines and pro-
cesses to provide data to the Kaizen teams, therefore
supporting the entire process of CI. It is also im-
portant to mention that some retrofit projects can
easily be classified as Kaizens since Kaizens are
considered as improvements that involve minimal
or no financial investments. The same goes for
problem-solving methodologies such as Six Sigma
which is based on shopfloor data, especially in the
Measure and Analyze phases of the DMAIC frame-
work [13]. This methodology, which is strongly
connected to the Lean philosophy, would be carried
out more efficiently and effectively with more reli-
able and up-to-date data.

Eliminating waste, as another perspective
where retrofitted systems help Lean 4.0 production
systems. Traditional Lean philosophy defines seven
(or eight, depending on literature source) different
wastes. Waste in Lean Manufacturing is defined as
activities that do not add any value for the customer.
They can come in the form of time, material, and
labor. The seven wastes according to Toyota Pro-
duction Systems include: transport, inventory, mo-
tion, waiting, overproduction, over-processing, and
defects. In literature, usually one more waste is in-
cluded in this list which is the non-utilized talent
[12]. The relation of this aspect with the retrofit con-
cept will be explained through the example of em-
ploying sensors on legacy equipment.

Legacy equipment lacks sensors to indicate
their operating status, making sensors one of the
most common retrofitting solutions when it comes
to enhancing manufacturing efficiency through dig-
ital means. Led by this, both aforementioned pro-
jects Lean4.0Waste and TTW-MON that are cur-
rently running at the Faculty of Mechanical Engi-
neering — Skopje, the possibilities of sensors in an
attempt to step into the digitalization era without
replacing the legacy equipment are exploring.

As it is planned within both aforementioned
projects, Lean4.0Waste and TTW-MON, by em-
ploying sensors within selected areas of the manu-

Mauwi. unore. nayu. ciive. 41 (2), 123-129 (2023)

facturing, we can foster continuous improvement
and low-cost digitalization (retrofitting). Some of
the examples found in literature for this type of im-
provements include employment of temperature
sensors for avoiding downtime due to machine
overheat [20], or accelerometers for detecting ab-
normal vibrations. Many quality aspects of the prod-
ucts and the processes can be addressed through
low-cost digitalization such as detection of the right
position of the products during the process, avoid-
ing additional operator motion [27, 2], detecting un-
wanted parts in the products and therefore avoiding
rework and defects [8]. Force sensors can help avoid
product variations (therefore avoid defects or re-
works) by measuring the weight of the raw material,
parts, or assemblies [28].

6. CONCLUSIONS

By retrofitting the legacy equipment, many
Lean 4.0 challenges can be addressed. Retrofitting
can foster some of the main Lean aspects such as
continuous improvement and waste elimination.
This paper performed a literature review on three
seemingly different concepts: Lean, 14.0, and retro-
fit, and focuses specifically on the relationship be-
tween Lean 4.0 and retrofit, building upon previous
research that has established and defined the rela-
tionship between Lean and 14.0 [4, 5]. Although
there are not many production-related retrofitting
examples, there are meaningful aspects where both
Lean 4.0 and retrofitting benefit from each other.
Starting from the cost of implementation to the eas-
ier transition from traditional to digital Lean, retrofit
projects could help the manufacturers, especially
SMEs, reach their digitalization goal in an easier
and faster manner while they contribute to keeping
the established Lean standards and/or enhancing
leanness.

Considering the lack of literature in the field of
practical manufacturing applications, more such so-
lutions should be explored and verified. This will
partially be done during the aforementioned pro-
jects Lean4.0Waste and TTW-MON. Additionally,
there is a lack of standardized approach/methodology
to retrofit, specifically in the manufacturing sector
where existing concepts such as Lean, should be
considered in the base.
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