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Abstract: Ports and terminals are directly related to weddnomic development due to international tradéhifsense,
port management has expanded actions in termssteisability and mainly linked to circular econofGE). The port
environment is not alien to society's developmantsfor that it needs to improve its efficiency aperability, reducing
the waste of time, processes and waste generatieith Vi In this context, this research links thealn 4.0 concept with
the circular economy as an alternative for the kbgreent of the port sector. The study is basedighlighting the
challenges and advantages of implementing CE its pbrough Lean 4.0. To achieve the objective ©f thsearch, a
literature review was carried out based on the rBgtee Research Flow - SSF method proposed by Fefenid
Fernandes (2016), followed by a content analysiedan Bardin (2011). Based on the findings, it p@ssible to list
the key elements linked to Lean 4.0 correlated thighcircular economy to stimulate the sustainighilf the port sector.
It was identified that Lean 4.0 presents itself amplifier for the implementation of the circulronomy culture, since
it enables the alignment of people to identify wastimulates innovation and the development afilue aimed at
continuous improvement in the sector.

1 Introduction economic ones, this article elucidates positive

The advance of international trade and its exparesie ~contributions about Lean 4.0 in the port circuleoreomy
important factors for the economic growth of coiestf1]. as an alternative for the development of managemenmt
Seaports have an impact on the economy of theggign  [5]-
and the environment in which they are located, tireythe The circular economy (CE) has become increasingly
gateway to international trade. A large portion ofVidentin the political sphere, after the releafsthe plan
international trade is handled by seaports [2thla way, that describes actions for the circular economylipd
policies aimed at the port system play a role diyeelated in 2015 to the Green Deal, launched in 2019 by the
to the economic development of countries [3]. Tooet p European Commission, and the circular economy
sector presents itself as one of the major obstairle representing the port authorities belonging toNtenber
international trade in Brazil. The need for adegquatStates of the European Union, legitimizing ports as
infrastructure implies significant investment tcsere that components of great importance when it comes to
cargo can flow through ports and terminals [4]. achieving sustainability goals [6].

With the increase in cargo movement in portsi it Based on the above, this article seeks to link l4&8n
becomes even more necessary to preserve the esnsysts a tool to foster the circular economy for theettepment
and the search for resources that reduce envirdamer?f management in ports. The Lean Port Terminal epnhc
impacts. Research shows that activities relatedhi® COMprises a management system based on the Lean
subject in ports are low, in order to develop atities Thinking concept, which comprises principles, tpols

focusing on environmental challenges, followed bynethods and management practices for continuous
improvement, increased earnings and eliminationasite
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in the port sector from the perspective of the austr [7].

basic principles established in the book Lean Tihopkby

The elimination of this waste results in operationaVomack and Jones (1996):

processes that are more focused on quality, privityct
and low cost, creating a basis for operational kxoee
and ensuring competitiveness [8].

With the implementation of this management system,
is possible to create proposals aimed at ensuhnghility
to compete, maintain, manage and operate the gite
system based on the application of the Green O0&@) (
using circular economy resources [5].

In this way, this research links the Lean 4.0 cphce
with the circular economy as an alternative for th

1) Specify value: identify which activities add we|

2) Map the value stream: create a visual repreenta
of all activities to easily identify waste;

3) Flow: products and services must move immedjiatel
between activities that add value;

4) Pull: customer demand should dictate the flow;ra

5) Perfection: improvement must be continuous

Lean brings benefits for organizations to be more
competitive, as it creates value for customers by
eliminating all waste from activities and obtainifean

development of port management. We hope to answer fprocesses with high economic efficiency. Due te there

following research question: How can the Lean 4.
approach support ports and terminals in the cortettie

Bas been a wide adoption of Lean practices in rdiffie
sectors and scenarios in the last three decadesi]12

circular port economy? Then, this study is based on Through research in manufacturing companies in

highlighting the challenges and advantages
implementing CE in ports through Lean 4.0. To aghite
objective of this research, a Systematic LiteraRegiew

afeveloped countries it is possible to concludeltkan can

be a prerequisite for digital technology using teslbgies
in production [15]. In this context, Industry 4.@hich

- SLR literature review was carried out based om themerged in Germany, with the idea of an integrated
Systematic Research Flow - SSF method and a contémustry and expanded to other countries in thddweith

analysis.

The main contribution of this article is to address
topic that is still little discussed in the portvéonment, as
well as to present alternatives to maximize gaineims
of port sustainability with the adoption of Leanifking
and the circular economy. By combining these tw
approaches,
management for ports, in order to provide operation
efficiency and reduce the environmental impact wiith

different government initiatives as a global tedbgeal
trend, can help in the prerequisites of Lean [16].
Industry 4.0 is characterized by digital transfotiora
and is considered the fourth industrial revolutidhe core
of this environment is the integrated use of tetbgies,
such as: Internet of Things, Cybersecurity, Augreént

it is possible to encourage sustainalfteality, Big Data — analysis and interpretationlarbe

volumes of data, Robotic Automation, Additive
Manufacturing, Simulation, Systems Integration, The

implementation of environmental management systen@®oud - Managing Systems in the Clouds [17].

and certifications related to sustainability, based_ean

Taking the Technische Universitat Dortmund study as

management. together with technologies arising from reference, there are four key components for the

industry 4.0. Lean 4.0 allows the adoption of cgtedge
technologies and equipment that
efficiency and the reduction of emissions, fosigrthe

realization of Industry 4.0 [18]. These elementg ar

promote energyassified as Cyber-Physical Systems (CPS), Inteshe

Things (IoT) and Internet of Services (IoS) and 8ma

circular economy through the implementation of esusFactory [19]. With Industry 4.0 components, susttte

reduction and

in

programs,
investments

recycling of

materials)se of intelligent transport equipment in order to
research and development of newplement a system to gather materials driven lnyade,

technologies and solutions to promote the circulat shows when a certain component is ready to Beated

economy and port sustainability.

2 Research background

Lean emerged in Japan, in view of the observation
the Toyota automobile industry that it would not b
possible to fund the reconstruction of its fa@kti which
were dismantled in the Second World War, and ewénis
scenario it was possible to manufacture a wide eanfg
products and reduce defects, inventories, invegsrad
workers' efforts [9].

One of the pillars of Lean is addressed as the hum
factor, successfully challenged mass productiontjues,
providing greater flexibility of production systenand
processes, resulting in products and supply chaith,
less waste [10]. The elimination of waste is guitgdive

and only authorizes transport when there is deméfiith
this, there is a reduction of waste, taking empésyaut of
an unnecessary activity [20].

p The automation associated with Industry 4.0, qaesti
Jegarding the integration between approaches antbth

of Lean in this industrial revolution are ongoifgs an
example, current and future state mapping is availan
mobile devices, enabling human-machine integratfen.
all the data is stored in the “cloud”, the inforinatcan be
shared between the different departments, enafdisiy
gme requests for spare parts, dynamic schedulihg o
maintenance activities and transparency of thermdion
generated. The results show that Industry 4.0 wasishelp
Lean achieve the objectives [10].

The general objectives of Industry 4.0 are to allow

improvements in the value streams of companies,
addressing issues related to processes and
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products/services [21,22]. Industry 4.0 is deedized partners in the implementation of GD objectivesugh
intelligence to facilitate the creation of indepentd seaports are identified as excellent entities foreactice
process management through the interaction oftileand and implementation.

virtual worlds. This means that industrial machimes This is due to the fact that ports are intercoregutith
longer just deal with products, but products intesgith  industry and urban areas, constantly exchangingsflof
these machines to tell them exactly what to do.[23] materials and resources, including waste, with the

The increase in international competition, the dngw environment of their neighborhood and the integorihey
volatility of the market, the great demand for dsiled are essential entities to develop the EC, anddasséd on
services stands out as the main challenges fthis transition [32].
organizations. Ports are facing a myriad of new glem However, there is limited research on ports and the
challenges to meet the high complexity in the potida acceleration to a CE, especially from a practicadl a
environment while focusing on customer benefit][24  implementation point of view [33-35]. Current EC

The combination of Lean Production and Industry 4.@ctivities in ports are low. Still, substantial impements
known as Lean 4.0, are interconnected and complexe anticipated when ports overcome implementation
elements to implement. It is essential to develmderence hurdles, causing the current implementation intabiin
implementation strategy for the port system. Faséd adopting a CE [36]
numerous challenges for the port sector and corisgle To eliminate waste and ensure an appropriate
that exports and imports pass through ports,ésgential destination for waste, in 1996 the term Lean arek@i(L
to ensure the efficiency of this sector, whichuisdamental & G) appears. It addresses the need for enviroratignt
for trade and development [25]. conscious manufacturing, integrating process

On the other hand, to extend sustainability thraugh improvements with reduced environmental impactlyEar
the supply chain, companies often choose to imphtmepublications on L&G focused on how to make a link
different management practices. In the literatut®e between Lean principles, environmental principlesi a
practices used to manage circularity, efficiencyd anpractices, with emphasis primarily on manufacturamg
optimization of resources are called Circular Ecopo supply chain management. L&G emerged as a combmati
(CE) [26]. EC proposes replacing wasteful and ingfiit  of environmental and sustainability concepts. fere to
linear and open production cycles with a closedlecycthe synergy between Lean and environmental presanva
where waste is minimized or transformed into inpangd More specifically, it focuses on how Lean practices
value is created in the process, enabling the balancontribute to reducing environmental impact whieging
between economic growth and a sustainable envirohmeorofits primarily in operation as well as servicelgroduct
[27,28]. design. The topic has generated more and morerchsefa

In an EC model, waste becomes resources to beerest since 2013 [37]. The different industriasthe
recovered and valued through recycling and reuse, ttransport and logistics sector are often targetedHeir
value of the resources we extract and produce beusept greenhouse gas (GHG) emissions and their ability to
in circulation through intentional and integrateddquction  pollute on an intercontinental level. Intercontitaisupply
chains [29]. Then, a sustainable approach consikts chains are strongly centered on seaports, which,tdu
minimizing negative environmental impacts, reduding their interaction with ships that use fossil fuegjenerate
ecological footprint, neutralizing emissions ancr@asing emissions [38].
resource efficiency, that is, continuing to do gsnn the
same way, only with less intensity, but not chaggin3 Research methodology
direction, just ensure that future generations aog The present study aims to recognize the links a@inlLe
impacted [30,31]. 4.0 in the port circular economy as an alternafivethe

The EC has gained significant attention at thecgoli development of port management. In this sensereent
level since the publication of the Action Planfioe EC in work has a qua“tative approach, where it is nmﬁeary
2015. In 2019, the European Commission launched th§ yse statistical techniques, as this researdkssriptive
Green Deal (GD), which is a European green dedl wit in nature, aiming at identifying, pointing out aamalyzing
set of strategic policies articulated by the consimis the factors, characteristics, or variables thaiteeto the
European Union in order to contain the threat abgl process [39].
warming. The circular economy represents an esdenti |n order to answer the problems highlighted in the
component for the future sustainability of Europeapesearch, firstly, a SLR was conducted based oS8te
society. In addition, the GD recognizes ports dseexely  method, as a way to recognize in the literaturectiveent
important entities for achieving sustainability Gog]. theoretical context of Lean and circular economghin

In early 2020, the European Sea Ports Organizatigjrt context [40]. The Figure 1 exposes the sté|8i &
(ESPO), representing port authorities in membdestaf conducted.

the European Union. A position paper on a GD aralitar
economy was presented, mirroring seaports as gicate
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Figure 1 - SSF method [40]
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Following the method SSF, the Scopus, Emerald,0 for the development of the circular econompants?

Ebsco and Web of Science databases were constihed.

Does the paper present any insight linked to the

query was carried out on October 17, 2022. For thdevelopment of ports that implies the circular eoop?

calibration of the search string, a set of keywondse
evaluated, such as Lean, industry 4.0, among otbakated
to the scope of the search, but there was no returthe
queries. searches in the consulted databases. Thais,
search string adopted was ("circular economy" AN
AND port*). Boolean operators such as “AND”, “OR‘ic
“NOT” were combined in the string calibration st&pble

1 presents the results from the searches condirctin
databases, according to the SSF method [40].

Table 1 Number of documents consulted by database

Sour ce Database Number of documents

Scopu 61
Web of Scienc 52
Emeralc 44
Ebsc( 23

Total SelectecArticles 18C

Duplicatec (-51)

Total Evaluated Articles 12¢

Does the paper have any relationship with the aoloof
industry 4.0 for the development of the circulaoreamy
in ports?

Then, the title, abstract and keywords of the paper
were read, as a first filter. For the resulting guap the
reading of the introduction and conclusion of tlapgrs
was carried out. Finally, the complete reading loé t
resulting papers. Both listed phases were baséaeoB8SF
method. A total of 16 papers made up the finalfpbot

Subsequently, the content analysis was conducted.
Thus, in the first stage, a pre-analysis was chroigt, a
bibliographical survey of studies, articles andudoents
related to the difficulties faced by the port systevas
carried out, which provided the basis for the stj4th}.

After that, the interpretation obtained from thepous
steps was outlined. In this way, the main limitaido
adopting the circular economy in the port systemewe
highlighted, in addition to listing how Lean 4.0nca
effectively contribute to solving these challenfrsports.
With that, the content analysis was developed it

As shown in Table 1a total of 180 papers were foundcomposition of information that allow the understiag of
in the consulted databases, however, 51 papers wihe researcher in relation to the materials corfrioig the

duplicated, which resulted in a total of 151 papiers
analysis by the authors. For the analysis of tHewérks,
the following research questions were used asrierifer

literature in an orchestrated way [42].

4 Reault and discussion

inclusion or for the analysis of the 151 paperss th Based on the application of the filters proposedhiey

following research questions were used as critéota
inclusion or exclusion from the resulting portfoliboes
the paper have any managerial implications linkeldean

SSF method, a total of 16 papers resulted. Thegabs
listed in Table 2.
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Table 2 Portfolio of works arising from the Bibliaghic Review

Code [Title Author (Year) |Source
Al A Conceptual Model for Measuring a Circular Econaofiy |Rebeka et al., Sustainabilit
Seaports: A Case Study on Antwerp and KcPort: (2022 Y
System-based barriers for seaports in contributng Hansini et al., - : .
A2 Sustainable Development Gc (2022 Maritime Business Review
A3 Assessing the Possibilities of Integrating Ports the Alen et al., Tehnicki Viesnik
Circular Econmy (2022 J
A An overview of operations and processes for circula  |Crocetti et al., Waste Management
management of dredged sedim (2022 9
Nexus of Circular Economy and Sustainable Business Rohit et al International Journal of
A5 Performance in the Era of Digitalization: A Compgakive (2022) N Productivity and
Review and Network Based Analy Performance Managem
Digital Technologies for Sustainable Waste Manageme .
A6 On-Board Ships: An Analysis of Best Practices Fthen és;;zn)ta etal, :EEnElfnZg?{:]saﬁfr?j ?err]nent
Cruise Industn 9 9 9
A Virtuous Circle? Increasing Local Benefits frorare by |Toby et al., S
AT Adopting Circular Economy Principl (2021 Sustainability
A8 Port City Sustainability: A Review of Its Reseafaiends zg(n)goet al, Sustainability
The Role of Seaports in Green Supply Chain Managem Brheo et al
A9 Initiatives, Attitudes, and Perspectives in Rotend (2020) N Sustainability
Antwerp, North Sea Port, and Zeebru
Seaports as Nodal Points of Circular Supply Chains: |Marta et al., -
A10 Opportunities and Challenges for Secondary | (2020 Sustainability
Patterns of Circular Transition: What Is the Ciagul Elvira et al., Lo .
All Economy Maturity of Belgian Pol (2020 Sustainability (Switzerland)
Port Strategy for Sustainable Development: Cirézéadion |Elvira et al., -
Al2 and Value Creatic—Introduction o a Special Iss! (2020 Sustainability
. ) o . Sehnem, et al., |Supply Chain Management;:
A13 |Circular economy: benefits, impacts and overlapping (2019 An International Journ
Circular economy approach to facilitate the traosiof the Reza et al WMU Journal of Maritime
Al4 |port cities into self-sustainable energy ports—secstudy in (2019) " Affairs
Copenhage-Malmé Port (CMF
Securing a port's future through Circular Economy: Carpenter. et
A15 |Experiences from the Port of Gavle in contributiog b ' Marine Pollution Bulletin
e al.,, (2018)
sustainability
A16 Deep decarbonisation pathways for the industrigdter of |Sascha et al., |[ECEEE Industrial Summer
the Port olRotterdan (2018 Study Proceedin

After analyzing the articles, we highlighted thesho development of port management. Table 3 was bitidt a

relevant

methodologies and studies regarding tlecomplete analysis of 16 articles, and then itsegsrated

opportunities and challenges to be addressed by 4€n into the most relevant topics, separated into gsoup
in the circular port economy as an alternative tog according to frequency.

Table 3 Content analysis

Record Unit Context Unit Freq

Efficiency gains

Al4- Some EC ports have moved towards less depeadenfossil fuels for renewable
sources, systematic improvement of energy effigiema optimization of waste managen
Al1- Industries use port facilities that operate beyport boundarie

A10- Circular supply chains generate a higher dehfantransport compared to linear supply
chain: 8
Al12- EC transition from ports may imply shorter, nmoegional and local flows of goods
when favorable transport modes are |

A15- EC can help ports respond to challenges asdrertheir competitiveness in the face pf
limited resources, while promoting innovation aaducing environmental impacts p
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transition can imply shorter, regional and locasisrhen favorable modes of transport are
usel

A15- Research on EC in ports is quite limited, althotigite are several practical examplg
European por

A15- EC in ports can minimize the use of inputsnelate waste and reduce pollution, sugh
as maximizing the value created at each stagepwimg the management of bio-based
resource flows and recovery of r-renewable resource flows in circuit closed efficig

A15- The EC in ports establishes beneficial retatfops between companies to promote g
circular chail

Sustainability

A16- The production of base chemicals in the port céfh fsbm using mineral oil products
a feedstock to natural gas liquids, or it can hficedly transformed to rely on plastic waste|as
a feedstock in a cycapproach. closed carb

A16- Sustainably produced biomass is a scarce mesdoat is likely to be needed as a
feedstock for lov-carbon fue

A8- Ecology is directly related to ecosystem servigebsustainable developm

A8- The development of clean energy technologiedritutes to the reduction of pollution|in
ports and port citi¢ 7

A4- Acid wash to remove heavy metals evidenced in dogr

A15- The port lifecycle in EC literature presentsase study demonstrating how both can|be
combined to help secure a sustainable future ferafifsweden's largest containers (indus
ports

A15- EC in ports is a synergistic approach that loiols economic, logistical and industria)
activities with the cultural heritage of the pomidethe creativity of its wider community,
resulting in a dynamic, complex process and a ik systen

Al- Transition from linear to circular economy ugitme 9R method that allows a systemati
distribution of ten circular economy strategiese3é are recovery, recycling, reuse,
remanufacturing, refurbishment, repair, reuse, cedrethink, and refuse strateg

c

A3- “Cradle to Cradle” with the systems thinkingoapach that aims to extend the usage §me

Operational for all material 5
Processes A4- BioGenesisSM sediment washing technology teasphysical and chemical operatiohs
to wash and decontaminate polluti
A5- Digitization of processes and documents as onleeo€CEfacilitators
A5- The 3R principle, reuse, reduce and recycle resgurcreduce environmental imp:
A2- The importance of port management as a successlurefof sustainabilit
A6- Adoption of digitaltechnologies for waste management processes ingsustainability
goals in port
Operations A9- The Sincro Port Platform modality, which ainosmplement different means of transplort,
management  [for a logistics service provider in a flexible asustainable way, as well as digital for wastg

management processes, has improved sustainalulitg @ port

A6- Technologies reduce GHG emissions, throughh®gis gas generators installed on
modern ships and the transformation of waste inpboitable fue

Integration of
actors

A3- The reverse logistics of materials from theseld cycle effectively contributes to the
competitive potentii

A7- Cooperation between ports and cities can beedsiof progress in the circular economly
in the port syste| 4

A9- The greening of supply chains building a poteribalcompetitive advanta

A12- Collaboration between ports and stakeholdecreation must be organized, this
effectively impacts the transition to the circudgmonom

Cultural
change

Al1l- The evolutionary process in ports consistsuafcessive levels of maturity and provides
the prerequisites for improvements that lead tathe stage. These levels drive growth ba
on continuous improvement and incremental charagber than radicaransformation: 3

A3- Industrial Ecology aims to help companies to usg timain resourct

A7- Land use is one of the biggest obstacles to pdusimial developme
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A10- Chains with dangerous loads, require apprtgeaadministrative licenses, or when thd
production plant in the port uses pollutimiensive technology, obstacles can be overcon
ports through investment in alternative technolg

Al4- There are port challenges such as insuffiddedget, allocation of sources to transitign
from the linear structure of the ports to circutamdels and integration of port developmen
plans in the city's municipal pla

Al4-Ports suffer from a lack of specialists, prefesal role and validated business for ne
circular models

Al4- There is no clear balance of responsibilities aidgbetween the urban areas of thg
and the port are

Investment in
the sector

—

<

L abor
Qualification

After Aspects related to the findings presentetiahle
3 for each of the groups are discussed below, deraio
assess the managerial implications and/or coroeladf
Lean 4.0 for the adoption of the circular economyhe
port sector.

impact on the efficiency gain of circular chain2][3
Circular chains are strategies and have the ukigaal of
interactively supporting sustainability [44]. Thine, via
Lean 4.0 applied to the port sector, it can posigivmpact
the reduction of environmental problems, increase i
operational efficiency and higher quality of cusesm
A) Efficiency gains services, as well as economic benefits and envieoitah
From the adoption of Lean 4.0 Lean 4.0 in the pogreservation for the port sector and society [33].
circular economy as an alternative for the develemnof
port management, advantages of efficiency gainsbean  B) Sustainability o
observed, since the EC can help ports to respond to Sustainability has become one of the main issuenwh
challenges and ensure their competitiveness irrlalwith ~ related to development in society and in the inualst
limited resources, so that inefficiencies and wastéhe Sector. In port cities, the sustainability relagbip related
port sector are combated, as well as the flow oan K° the operating limits between ports and shipmesof the
improved in ports [10,12]. factors promoting a with Lean 4.0 approaches, aadym
In this sense, innovation can be a strategy fdgating Ports operate beyond their limit. Lean 4.0 brings
environmental impacts, from the internal perspectifthe ~Sustainable gains in the sector port, the sustdityab
port and the neighboring community of port regift]. ~ category brings techniques to reduce gas emistiiomsgh
In this sense, the reduction of pollution throulyd tise of ~Systems for transforming waste into fuel, whichuacgjthe
alternative fuels can be considered as an examplieh Possibilities of being explored by ports [45].
can impact on the reduction of production costs and The production of base chemicals in ports can shift

environmental protection, via the reduction of esigss
from ports [15].

from using mineral oil products as a feedstock atural
gas liquids, or it can be radically modified to gisise to

At the same time that it promotes innovation an@lastic waste as a feedstock in a cycle approdosed

reduces environmental impacts, considering thatsppne
relevant indicators for the world economy, dueh&irtrole
in global production and distribution systems. Fais

carbon. Sustainably produced biomass, on the i,
is a scarce resource thatis likely to be needadesxdstock
for low-carbon fuel [46].

reason, they are under increasing pressure to ecom In this way, the development of clean energy

increasingly environmentally conscious [31,61].

technologies seeks to generate a broad perspéatitiee

EC in ports focuses on: m|n|m|z|ng the use of inutreduction of pO”UtiOﬂ in pOftS and cities [47] rFthis

and the elimination of waste and pollution, maximigthe

reason, the EC concept is an important factor éstspto

value created at each stage, management of biokba&espond to challenges and ensure their competésein
resource flows and recovery of non-renewable resourthe face of limited resources, while promoting ivaion
flows in a closed loop. In this way, the closeddanodel, and reducing environmental impacts [31]. Anotheatsgy
based on the circular economy, becomes viablejregak for removing pollutants is acid washing to remoeavy
add value to the large amount of waste generatitiport Metals and the BioGenesisSM sediment washing
sector. Some EU ports have moved towards lefgchnology to wash and decontaminate sediments Thi
dependence on fossil fuels for renewable sourcetechnology has already been adopted in ports ofcéen
systematically improving energy efficiency and opiing New York and New Jersey, its removal varies fromd0
waste management, in response to resource perfoemar80%, depending on the sedimentary matrix [48].hiis t
With this, the aim is to replace the linear modelttthe Way, we can highlight as an important factor fer ipact
port system currently adopts “take-do-discard” wittPf the environment a “green” management for comgni
sustainable structures [43]. that get involved in the supply chain, allowingalatain a

Circular supply chains generate a higher demand fépmpetitive advantage and, even so, to contribote t
transport compared to linear supply chains, whigh &an  Sustainable environment [50].
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In this sense, studies demonstrate the advanceshenview of the circular processes of seaports from the
technology in equipment at container terminalhasiain indicators and makes it possible to use the metwd
factor in creating value in terms of port sustailighas facilitator for the implementation of this new modethe
the use of advanced technologies can reduce apgratport system, enabling the construction of a hunedralsior
costs and improve efficiency, while at the sameetimin commitment to environment [5]. The Cradle-to-dlea
minimizes the environmental impact. approach of Lean, which consists of creating prtsland

For example, equipment such as cranes, forklifts afmndustrial processes inspired by natural methods,
conveyors are responsible for handling cargo wiglurts  increasing the useful life of materials used intgor
and with the advancement of technology they haeerbe contributing to environmental preservation, redgcin
more efficient and less polluting. In addition, thepollution and soil contamination, in addition toeegy
technology can also be used to improve safety & tlsavings [49].
workplace by reducing the risk of accidents, withsors
and cameras to monitor the movement of equipmethit an D) Oper ations management
loads, and the implementation of warning systenastid The Operations Management category shows how the
collisions and other risk situations. Itis, theref a crucial perception of port management of a port can infteethe
sustainability factor in ports, allowing them tocbene success or decline in development and recognize the
more efficient, safe and environmentally respomsibl/].  implications of Lean 4.0 for the development of fat

circular economy. In this case, an innovative port

C) Methodological tools management is necessary in terms of managing gtersy

In the topic of methodological tools, we highlighe and implementing a new philosophy in the sect®@],
use of technologies to assist the port system & th Ports and maritime shipping networks are essefatial
transition to EC that can be implemented throughL#san transporting goods and materials in the global supp
4.0 methodology. Smart digitization stands out as of chain, but they can also be significant sourcesrnargy
the transitions to EC, creating possibilities femnflows consumption and pollution. Ships and port operation
and greater data control, reducing the numberaaEgthat consume large amounts of fossil fuels, emittinggh®use
are usually used in these processes, and consBguegtses and other pollutants that affect air andveptality.
reducing carbon emissions into the atmosphere249,6 To mitigate emissions from ships in ports, it isestial

The 3R principle is an important approach tdhat port managers adopt sustainable practicesseek
sustainability in the port sector, as it seeks foimize innovative solutions to reduce the environmentgbaot
waste and reduce environmental damage in pornd promote sustainability in their operations [51]
promoting the most efficient use of resources andtev Investment and the search for digital technologies
reduction. Reuse involves the practice of reusiatenials presented as a contribution to the developmentgriesen”
or products before discarding them, this can irelucculture in ports. The adoption of these technolegies to
reusing transport packaging such as wooden oriplasbring about improvements in indicators in the fltfent
crates rather than simply discarding them after ibe of sustainability goals when applied, for exampieyaste
reduction, on the other hand, brings a decreasthdn management processes. In this way, it is possiolsHips
consumption of resources and materials, involving t to map the stages of waste disposal or recyclingy an
reduction in the use of energy, water and raw ri@sein  establish short-term events during the voyage, amby
the port operation. sharing data regarding the use of digital techriebin
While, recycling, seeks to transform waste into neundividual processes, but also developing besttigein
products or materials, reducing the amount of wiste the port system [45].
ends up in landfills or in the environment, wittograms At the same time, the flexible and sustainable
for selective collection and recycling of solid wegssuch deployment of diverse transport modes in a logistic
as cardboard, plastic and metal. In addition t@B®Reother service provider framework. This allows the custome
sustainable practices in the port sector incluéepitoper (shipper or dispatcher) to obtain an integratedsipart
management of hazardous waste, the conservationaf solution called Synchro modality. Thus, it is defiras the
biodiversity, the use of renewable energy sourcesstbe flexible and sustainable deployment of differentdes of
promotion of environmental education among portkees  transport in a network under the direction of aidtigs

and the local community [49]. service provider [48].
The importance of the transition from the lineathe
circular economy is highlighted, through the 9R moe; E) Integration of actors

which uses recovery, recycling, reuse, remanufaxgur From the adoption of Lean 4.0 to promoting a Cthé

reform, repair, reuse, reduction, rethink and mefugort sector, one can observe the advantages afrallt
strategies, enabling a systemic structuring ofdiecular change in the face of the challenges of the seDespite

strategies of the economy through the recognitibn d¢he existing conceptual diversity, it is possildentte that

weaknesses, strengths, opportunities and posgibifibr the idea of innovation is related to changes amdfaetors

improvement. This method provides us with a defailethat disrupt the existing balance [53].
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In view of this, it is essential that this change badequate training and support to become adaptiaovags
promoted in view of the transformation of procedua@d of working and thinking, recognizing the benefithi@ved
the need for adaptability of employees, resultinghie with the implementation of the circular port econgisuch
recognition of the benefits achieved with the depeient as cost reduction, improved operational efficiency,
of the port circular economy. The evolutionary megin promotion of innovation and strengthening of the
ports at successive levels of maturity provides tlinstitutional image [6].
prerequisites for improvements leading to the stage. In this sense, the promotion of cultural changéhin

Integration between actors from a Lean 4.0 perspect port sector requires leadership and commitmenhempart
can be characterized, for example, with the colatimn  of companies and institutions in the sector, intaailto a
of ports with other actors in the business enviremtn long-term strategic vision. Only then will it begsible to
which go beyond the value stream (value chain)h @& promote the necessary transformation for the
universities and centers of research, which requiimplementation of the circular economy and for the
knowledge and information to help build the circulaconstruction of a more sustainable and efficiemt gector
economy in the port system and can bring many fistef [36,53,56].
the implementation of this new approach such ¢ Industrial ecology and the contribution to the abkey
knowledge sharing, since universities are instindithat resources by companies account for a product thiamutg
constantly produce knowledge and innovation, and cits life cycle, such as tracking the flows of maks; energy
bring new perspectives and solutions for the chglts and water [52]. At the same time, the use of landhe
faced by the port sector and the awareness angemgat main obstacle in port industrial development, both
of the population with the active participationtioé whole approaches cause a change of culture due to greater
society, including companies, consumers arexploitation of existing resources [36].
governments, resulting in the development of retear In addition, citizens play an important role inwing
projects that seek innovative solutions for specifithe transition to a circular economy and are irgiregy
challenges faced by the port sector [36,63,65] central to the implementation of other strategiedifferent

Industrial ecology and the contribution to the ofkey  sectors, influencing the demand for circular and
resources by companies account for a product thimutg sustainable goods and services, having a positipadt on
its life cycle, such as tracking the flows of méatks; energy the transition to a sustainable port [58].
and water [52]. At the same time, the use of lasidhe
main obstacle in port industrial development, both G) Investment inthe sector
approaches cause a change of culture due to greaterFrom research on the adoption of Lean 4.0 to premot

exploitation of existing resources [36]. a circular economy in the port sector, one can rvsthe
need for and importance of investments in the setlhese
F) Cultural change investments can generate positive results, duetmtense

From the adoption of Lean 4.0 to promote a CE @& thconnection  with  transport modes, technological
port sector, one can observe the advantages afrault development, job growth, as well as improvementh@n
change in the face of the challenges of the seDispite infrastructure of the cities in which they are l@zhand
the existing conceptual diversity, it is possildentte that their surroundings [56]. Investment in alternative
the idea of innovation is related to changes amdfaetors technologies helping ports to overcome obstacled as
that disrupt the existing balance [53]. dangerous cargo chains, appropriate administrative

In view of this, it is essential that this change blicenses, when the production plant in the portsuse
promoted in view of the transformation of proceduaed pollution-intensive technology [35].
the need for adaptability of employees, resultinghe The port system faces challenges such as insuificie
recognition of the benefits achieved with the depeient budget, allocation of sources to transition frora limear
of the port circular economy. The evolutionary @exin structure of the ports to circular models, inteigrabf port
ports at successive levels of maturity provides th#gevelopment plans in the city's municipal plansjsazg
prerequisites for improvements leading to the mtagie. interference and delay in the development of ports.

Tiers drive growth based on continuous improvenagict In this way, some measures and investments can be
incremental change rather than radical transfoonati considered important for the implementation of ¢hes
[35]. practices, such as updating and modernizing thé por

These changes involve the transformation dhfrastructure, including the implementation oftstaf-
procedures, the need for adaptation of employeédtan the-art technologies and equipment that allow great
recognition of the benefits achieved with the depelent operational efficiency and lower energy consumption
of the circular port economy. Employees in the gedtor qualification and training of employees to adopahet.0
play a key role in adopting more sustainable prastand and the circular economy, in addition to creatimgentive
promoting the circular economy, and it is importtmt programs so that employees are more engaged and
they are engaged and committed to this change eén tbommitted to sustainability. In addition, the
routine of professional activities [56] and thatyhreceive implementation of environmental management systems
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and certification by regulatory bodies can be ingatrto

change, investments in the sector and qualificatiotie

ensure that the adopted practices are effective eworkforce. In addition, Lean 4.0 allows for guidels for

internationally recognized [54].
Finally, we can highlight the need for investmeints

research and development of new technologies ausing resources,

solutions for the implementation of the CE in thartp
sector. This can be done in partnership with usities

actions aimed at reducing errors and operating fime
production, increasing production and reducing <esid
reducing operations and increasing
supervision. In addition, the management toolsirayis
from Lean in line with the technologies of industyd

and research institutions, aiming at innovation armake it possible to streamline support in decisiaking

continuous improvement of adopted practices [43,62]

H) Labor qualification

in an agile way. Through the listed actions, poocpsses
and operations can be improved from a sustainable
perspective. Since Lean 4.0 is an enabling appréach

With the aim of reCOgniZing the main |mpllcat|0rf5 [0} imp|ementing improvements in the sector.

Lean 4.0 for the development of the circular podremy,
the contribution of qualified professionals duritigis
transition is important. The results of an orgatiizaare
related to the capacity of its professionals, havethe
number of companies that prioritize professionafs
excellence is still low [55].

Thus, the tools from Lean 4.0 can help deal with th
root cause of the port sector's obstacles in #resition to
EC and avoid future problems, driving an improvetien
port management within the national and internation
‘competition environment. In this way, it is possilib
apply the Lean 4.0 concept in the port circularnecoy

The shipping industry is one of the most globalinéd and obtain efficiency gains, develop a sustainpbte use

all industries, characterized by complex modulgspbu

chains, including a large outsourced workforce (management,

methodological tools for the development of port
promote cultural change and the

temporary workers from developing countries anqualification of the workforce.

countries in transition around the world. Despibad-
standing efforts by international bodies to regulgte
education and training of seafarers, differencgsaatices
and standards persist [43,60]. In this sense, lagas at
the continuous development of people,
development through the management of the profiesisio
routine, thus, the organizational culture of empleyin the

Lean 4.0 practices tend to be impactful, as the
foundations of Industry 4.0 allow a better undevdiag of
customer demands and accelerate the processeasrivigsh
information in real time. With this, it improvesfiefency

throughnd port operations in order not to exceed setingiés

and promote a circular and sustainable port.
The achievement of results in ports will depend on

port sector aimed at continuous improvement, fro® t technology and operations strategies, to be abipécate

perspective of Lean, are based in training andldprreent
of people based on the scientific method [56].

Due to the lack of qualified professiondlgre is no
clear balance of responsibilities in the port secto
addition to the lack of experts and validated besses,
which makes it difficult to develop circular modetgports
[43]. The qualification of the workforce is an imemnt
factor for developing professionals, enabling thémn
understand their responsibilities and obtain resaith as

in conjunction with processes, trained and qualifie
professionals is essential to promote a changallinre
and procedures, since the findings indicated tleainL4.0
presents itself as a simplifier for the implementabf EC
and innovative technologies for the developmerasts,
since it enables the alignment of a new managethant
identifies waste, develops a culture based on thegsed
model and increases the competitiveness of thersect
Based on the findings of the study, we show thain_e

qualified labor and operational efficiency for thes 0 allows reducing waste in port processes anchtipas,

development of ports in the EC context [10]. Ini&dd,

Lean 4.0 allows developing new skills and abilitifs
employees through learning routines [40], so thatacles
linked to lack of knowledge, methods and technicfoes
adopting EC in the port sector can be developenh fite

as well as presenting lean and technological gfiegefor
the development of a modern and sustainable porth&
the port sector transitions from the linear econdamyhe
circular economy, guided by the Lean 4.0 concept.
This work is limited to theoretical findings arigin

Lean perspective. The Toyota Kata concept alloves throm systematic searches in the literature. Thutsyé
development of a culture of continuous training oktudies can be directed to identify in practice the

employees based on Lean and the scientific methddal
with the continuous improvement of the port seand
change in the culture of the actors in the portasg86].

5 Conclusion

Based on the findings, it was possible to recogtiize
contributions and support coming from Lean 4.0 ante
and terminals. Among the impacts include gains
efficiency,  sustainability,  operational
management of operations, integration of actorkyuial

challenges and strategies to adopt EC in portsan t
perspective of Lean 4.0.

Acknowledgement

The authors acknowledge the financial support from
PROAES/UFF for supporting the authors Pamela Ghwvei
iArcanjo and Maria Juliane Goncalves in this researc

processes,

~ 300 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 10 2023

Issue: 2 Pages: 291-304 ISSN 1339-5629

the sector

Cunha da Silveira

Lean 4.0 in port management: an alternative to support the development of the circular economy in

Andrei Bonamigo, Pamela Oliveira Arcanjo, Maria Juliane Goncalves, Newton Narciso Pereira, Dierci Marcio

[2] DE

References
[1] JUNIOR, A.J.D.A., DA SILVA, A.G., DE MORAES,

CIRP, Vol. 41, pp. 1119-1124,
https://doi.org/10.1016/j.procir.2016.01.012

2016.

1.J.B., DOS SANTOS, N.J.C..O processo de [13] COSTA, F., LISPI, L., STAUDACHER, AP,

integracédo centro-america No para o]
DesenVolvimento Econdémico e social regional por
meio do Comércio InternaciondRUNA - Repositorio
Universitario da Anima, Dec. 13, 2021. (Original in
Portuguese)

LANGEN, P.W., SORNN-FRIESE,
HALLWORTH, J.: The role of Port Development
Companies in transitioning the port business

ecosystem; the case of Port of Amsterdam’s circular
activities, Sustainability Vol. 12, No. 11, p. 4397, [15] FETTERMANN,

2020. https://doi.org/10.3390/su12114397

[3] JUCA, P.R.:Regulacdo do setor portuérioGrupo

Almedina, 2021. (Original in Portuguese)

[4] MUSI, M.: Port, maritime and transport law between

legacies of the past and modernizatiBonomo, 2018.

the conceptual framework of Green Port
Implementation in Indonesia using Circular Economy:
The Case Study of Benoa Public and fishing terrajnal

ROSSINI, M., KUNDU, K., CIFONE, F.D.: How to
Foster Sustainable Continuous Improvement: A
cause-effect relations map of Lean Soft Practices,
Operations Research Perspectivésl. 6, p. 100091,
2019. https://doi.org/10.1016/j.0rp.2018.100091

H., [14] PEKARCIKOVA, M., TREBUNA, P., KLIMENT,

M.: Digitalization effects on the usability of Lean
Tools, Acta logistica Vol. 6, No. 1, pp. 9-13, 2019.
https://doi.org/10.22306/al.v6i1.112

D.C., ECHEVESTE, M.E,
TORTORELLA, G.L.: The benchmarking of the use
of toolkit for mass customization in the automobile
industry, Benchmarking: An International Journal
Vol. 24, No. 6, pp. 1767-1783, 2017.
https://doi.org/10.1108/B1J-01-2016-0002

[5] GURNING, R.O.S., TANGKAU, D.I.: The analysis of [16] HOFMANN, E., RUSCH, M.: Industry 4.0 and the

current status as well as future prospects on Liogjs
Computers in IndustryVol. 89, pp. 23-34, 2017.
https://doi.org/10.1016/j.compind.2017.04.002

Sustainability Vol. 14, No. 10, p. 6083, 2022.[17] MOURA, D.A.: Logistica Portuaria Sustentavel —

https://doi.org/10.3390/su14106083

[6] BONAMIGO, A., GONCALVES, M.J., ARCANJO,

P.O., PEREIRA, N.N.: Lean port terminal: Uma

uma andlise de experiéncias internaciorfieduto
& Producdq Vol. 22, No. 3, pp. 2021.
https://doi.org/10.22456/1983-8026.109347

estratégia para adogdo da gestdo enxuta no sdif]l MEISSNER, A, MULLER, M., HERMANN, A,

portudrio, Congresso Internacional de Desempenho
Portuario, Vol. 1, No. Nov., 2022. (Original in
Portuguese)

[7] JAVAID, M., HALEEM, A., SINGH, R.P., RAB, S.,

SUMAN, R. KHAN, S.: Exploring relationships

METTERNICH J.: Digitalization as a catalyst for
lean production: A learning factory approach for
Digital Shop Floor Management, Procedia
Manufacturing Vol. 23, pp. 81-86, 2018.
https://doi.org/10.1016/j.promfg.2018.03.165

between Lean 4.0 and manufacturing industry19] JARDIM, M.L.P.: Dispositvo para triagem e

Industrial Robot: the international journal of robos
research and applicatigriVol. 49, No. 3, pp. 402-414,
2021. https://doi.org/10.1108/IR-08-2021-0184

[8] KOVACIC LUKMAN, R., BRGLEZ, K., KRAINC,

Avaliacbes Qualitativas de Pacientes Atendidos a
domicilio por equipes de sa(d®nline], Available:
http://hdl.handle.net/10183/217615 [25 Feb 2023],
2020. (Original in Portuguese)

D.: A conceptual model for measuring a circulaf20] SCHLICK, J., STEPHAN, P., LOSKYLL, M.,

economy of seaports: A case study on Antwerp and

Koper Ports,Sustainability Vol. 14, No. 6, p. 3467,
2022. https://doi.org/10.3390/su14063467

[9] BHAMU, J., SANGWAN, K.S.: Lean manufacturing:

literature review and research issuésternational
Journal of Operations & Production Management,
Vol. 34, No. 7, pp. 876-940, 2014.
https://doi.org/10.1108/IJOPM-08-2012-0315

[10] LIMA, V.B.: Contribui¢do de Lean Thinking para a

implementacdo da Indastria 4.0 Doctoral
dissertation, Universidade do Minho, 2018. (Origina
in Portuguese)

[11] WOMACK, J., JONES, D.T.Lean Thinking Simon

& Schuster, New York, 1996.

[12] LODGAARD, E., INGVALDSEN, JA,
ASCHEHOUG, A.S., GAMME, |I.: Barriers to
continuous improvement: Perceptions of top

managers, middle managers and workBrgcedia

LAPPE, D.: Industrie 4.0 in der praktischen
AnwendungIn: Vogel-Heuser, B., Bauernhansl, T.,
ten Hompel, M. (eds) Handbuch Industrie 4.0 Bd.2.
Springer Reference Technik, Springer Vieweg,
Berlin, Heidelberg. 2017. (Original in German)
https://doi.org/10.1007/978-3-662-53248-5_46

[21] LIAO, Y., DESCHAMPS, F., DE LOURES, E.,

RAMOS, L.F.: Past, present and future of Industry
4.0 - A systematic literature review and Research
Agenda Proposal International Journal of
Production ResearghVol. 55, No. 12, pp. 3609-
3629, 2017.
https://doi.org/10.1080/00207543.2017.1308576

[22] BUER, S.V., STRANDHAGEN, J.O., CHAN, F.T.

The link between Industry 4.0 and Lean
Manufacturing: Mapping Current Research and
establishing a research agend&ernational Journal

of Production Researchvol. 56, No. 8, pp. 2924-
2940, 2018.

~ 301 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics

Volume: 10 2023 Issue: 2 Pages: 291-304 [ISSN 1339-5629

Lean 4.0 in port management: an alternative to support the development of the circular economy in
the sector

Andrei Bonamigo, Pamela Oliveira Arcanjo, Maria Juliane Goncalves, Newton Narciso Pereira, Dierci Marcio
Cunha da Silveira

https://doi.org/10.1080/00207543.2018.1442945 Pollution Bulletin Vol. 128, pp. 539-547, 2018.
[23] MACDOUGALL, W.: Industrie 4.0: Smart http://dx.doi.org/10.1016/j.marpolbul.2018.01.065
manufacturing for the futureGermany Trade & [34] MANKOWSKA, M., KOTOWSKA, I., PLUCNSKI,
Invest, 2014. M.: Seaports as Nodal points of circular supply
[24] BIANCO, D.: Competéncias da Lideranca No lean chains: Opportunities and challenges for secondary
manufacturing e na Inddstria 4.0: Identificacdo e ports, Sustainability Vol. 12, No. 9, p. 3926, 2020.

relacionamentagOnline], Available: https://reposit

orio.ufscar.br/handle/ufscar/13240

2020. (Original in Portuguese)
[25] DILLINGER, F., KAGERER, M., REINHART, G.:

Concept for the development of a lean 4.0 reference
manufacturing

implementation  strategy  for

https://doi.org/10.3390/su12093926

[25 Feb 2023][35] HAEZENDONCK, E.: Port Strategy for Sustainable

Development: Circularization and value creation—
introduction to a special issugystainability VVol. 12,
No. 23, p. 9914, 2020.
https://doi.org/10.3390/su12239914

companiesProcedia CIRR Vol. 104, pp. 330-335, [36] ROBERTS, T., WILLIAMS, |, PRESTON, J.,

2021. https://doi.org/10.1016/j.procir.2021.11.056

CLARKE, N., ODUM, M., O'GORMAN, S.: A

[26] SEHNEM, S., VAZQUEZ, D., PEREIRA, S.C., virtuous circle? Increasing local benefits fromtpor
CAMPOS, L.M.S.: Circular economy: Benefits, by adopting circular economy principles,
impacts and overlappin§upply Chain Management: Sustainability Vol. 13, No. 13, p. 7079, 2021.
An International JournalVol. 24, No. 6, pp. 784- https://doi.org/10.3390/su13137079
804, 2019. [37] GIL-VILDA, F., YAGUE-FABRA, J.A., SUNYER,
http://dx.doi.org/10.1108/SCM-06-2018-0213 A.: From Lean Production to Lean 4.0: A Systematic

[27] BLOMSMA, F., RENNAN, G.: The emergence of Literature Review with a Historical Perspective,
Circular Economy: A new framing around prolonging Applied Sciencesvol. 11, No. 21, p. 10318, 2021.
resource productivityJournal of Industrial Ecology https://doi.org/10.3390/app112110318
Vol. 21, No. 3, pp. 603-614, 2017. [38] LAVISSIERE, A., MANDJAK, T., HOFMANN, J.
https://doi.org/10.1111/jiec.12603 FEDI, L.: Port marketing as manifestation of

[28] DHONDE, B., PATEL, C.: Implementing Circular sustainable marketing in a B2B contelburnal of
Economy Concepts for sustainable urban freight Business & Industrial Marketing/ol. 35, No. 3, pp.
transport: Case of Textile Manufacturing Supply 524-536, 2020.

Chain, Acta logistica Vol. 7, No. 2, pp. 131-143, http://dx.doi.org/10.1108/JBIM-12-2018-0409
2020. https://doi.org/10.22306/al.v7i2.172 [39] BAIRAGI, V.E., MUNOT, M.V.: Research

[29] GREGSON, N., CRANG, M., FULLER, S, methodology: A practical and scientific approach,
HOLMES, H.: Interrogating the Circular Economy: Boca Raton, CRC Press, 2019.
The Moral Economy of Resource Recovery in th40] FERENHOF, H.A.,, DA
EU, Economy and Societyol. 44, No. 2, pp. 218-
243, 2015.

CUNHA, AH.
BONAMIGO, A., FORCELLINI, F.A.: Toyota kata
as a km solution to the inhibitors of implementing
https://doi.org/10.1080/03085147.2015.1013353 lean service in service compani®NE Journal of
[30] HITCHENS, D.M., CLAUSEN, J., FICHTER, K.: Information and Knowledge Management Systems
World Business Council for Sustainable Development  Vol. 48, No. 3, pp. 404-426, 2018.
— WBCSD In: Hitchens, D.M.W.N., Clausen, J., http://dx.doi.org/10.1108/VJIKMS-11-2017-0083
Fichter, K. (eds) International Environmental[41] BARDIN, L. Anilise de Contado, Lisboa, Edioes
Management Benchmarks, Springer, Berlin, 70, 2010. (Original in Portuguese)
Heidelberg, 1999. [42] ZANELLI, J.C.: Pesquisa Qualitativa em Estudizs
https://doi.org/10.1007/978-3-642-58442-8_35 Gestdo de Pessodsstudos de PsicologiéNatal),
[31] DYLLICK, T., HOCKERTS, K. Beyond the business Vol. 7, pp. 79-88, 2002.
case for Corporate Sustainabiliusiness Strategy https://doi.org/10.1590/S1413-294X2002000300009
and the Environmentvol. 11, No. 2, pp. 130-141, (Original in Portuguese)
2002. https://doi.org/10.1002/bse.323 [43] KARIMPOUR, R., BALLINI, F., OLCER, A.L:

[32] FEIFERYTE-SKIRIENE, A., STASISKIENE, Z.:
Seeking circularity: Circular urban metabolismhie t
context of industrial symbiosi§ustainability Vol.
13, No. 16, p. 9094, 2021.
https://doi.org/10.3390/su13169094

[33] CARPENTER, A., LOZANO, R., SAMMALISTO,

Circular economy approach to facilitate the traosit

of the port cities into self-sustainable energytger

a case study in Copenhagen-Malmé Port (CMP),
WMU Journal of Maritime Affairsvol. 18, No. 2, pp.
225-247, 2019.
http://dx.doi.org/10.1007/s13437-019-00170-2

K., ASTNER, L.: Securing a port's future throughl44] GEISSDOERFER, M., SAVAGET, P., BOCKEN,
Circular Economy: Experiences from the Port of N.M. HULTINK, E.J.: The circular economy — a new
Géavle in contributing to sustainabilityMarine sustainability paradigm?,Journal of Cleaner

~ 302 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume:

10 2023 Issue: 2 Pages: 291-304 ISSN 1339-5629

the sector

Cunha da Silveira

Lean 4.0 in port management: an alternative to support the development of the circular economy in

Andrei Bonamigo, Pamela Oliveira Arcanjo, Maria Juliane Goncalves, Newton Narciso Pereira, Dierci Marcio

[46] SAMADI, S,

[52] JUGOVIC, A.: Assessing

Production Vol. 143, pp. 757-768,
https://doi.org/10.1016/].jclepro.2016.12.048

2017.

[45] DI VAIO, A., HASSAN, R.A., D'AMORE, G.,

DELLO STROLOGO, A.: Digital Technologies for
Sustainable Waste Management on-board ships: An

reais, Valuation of port structure flexibilitiesna
approach by real option&NDES Rio de Janeiro,
Vol. 27, No. 53, p. 89-121, 2020.
http://web.bndes.gov.br/bib/jspui/handle/1408/20344
(Original in Portuguese)

analysis of best practices from the cruise indystry55] CERTO, S.T., BUSENBARK, J.R., KALM, M.,

IEEE Transactions on Engineering Management
Vol. 2022, pp. 1-14, 2022.
https://doi.org/10.1109/TEM.2022.3197241
SCHNEIDER, C,
LECHTENBOHMER, S.: Deep decarbonisation

LEPINE, J.A.: Divided we fall: How ratios
undermine research in Strategic Management,
Organizational Research Methqdgol. 23, No. 2,
pp. 211-237, 2020.
https://doi.org/10.1177/1094428118773455

pathways for the industrial cluster of the Port off56] ROTHER, M.: Toyota kata: Managing people for

Rotterdam In ECEEE Industrial Summer Study
proceedings, Industrial Efficiency 2018: Leading th
low-carbon transition, 2018.

[47] ZHENG, Y., ZHAO, J., SHAO, G.: Port City

Sustainability: A review of its research trends,

[57] CAGLAR, V.:

improvement, adaptiveness and superior results,
New York, McGraw-Hill, 2010.

Sustainable container terminal
operations: challenges and enhancemdois;nal of
Black Sea Studie¥ol. 49, pp. 141-156, 2016.

Sustainability Vol. 12, No. 20, p. 8355, 2020.[58] CARPENTER, A., LOZANO, R., SAMMALISTO,

https://doi.org/10.3390/su12208355

[48] CROCETTI, P., GONZALEZ-CAMEJO, J., LI, K.,

FOGLIA, A., EUSEBI, AL. FATONE, F.: An
overview of operations and processes for circular
management of dredged sedimentdNaste
Management, Vol. 146, pp. 20-35,
https://doi.org/10.1016/j.wasman.2022.04.040

[49] AGRAWAL, R., WANKHEDE, V.A., KUMAR, A,

UPADHYAY, A., GARZA-REYES, J.A.: Garza-
Reyes, Nexus of Circular Economy and sustainable
business performance in the era of Digitalization,
International Journal of  Productivity
Performance Managemenyol. 71, No. 3, pp. 748-
774, 2021. 10.1108/1JPPM-12-2020-0676

[50] KATUWAWALA, H.C., BANDARA, Y.M.: System-

based barriers for seaports in contributing to
Sustainable Development GoalMaritime Business

Review Vol.
https://doi.org/10.1108/MABR-02-2021-0007

[51] NOTTEBOOM, T., VAN DER LUGT, L., VAN

SAASE, N., SEL, S., NEYENS, K.: The role of
seaports in Green Supply Chain Management:
Initiatives, attitudes, and perspectives in Rotend
Antwerp, North Sea port,
Sustainability Vol. 12, No. 4, p.
https://doi.org/10.3390/su12041688

the possibilities of
integrating ports into the circular ecoonfghnicki
vjesnik - Technical Gazett¥ol. 29, No. 2, pp. 420-
426, 2022.
https://doi.org/10.17559/TV-20200327221233

1688,

[53] LOPES, D.P.T.lnovagao — Conceitos, Metodologias

e Aplicabilidade. Articulando um Construto a
Formulagdo de Politicas Plblicas — Uma Reflexao
sobre a Lei de Inovacdo de Minas Geraldesis,

Xlll  Seminério sobre a Economia Mineira,
Diamantina, Brazil, 2015. (Original in Portuguese)

[54] SILVA, R.1.D.: Avaliacdo de flexibilidades em

and Zeebrugge|62] VASCONCELOS,

K., ASTNER, L.: Securing a port's future through
Circular Economy: Experiences from the Port of
Gavle in contributing to sustainabilityMarine
Pollution Bulletin Vol. 128, pp. 539-547, 2018.
https://doi.org/10.1016/j.marpolbul.2018.01.065

2022. [59] ZHEN, L., ZHUGE, D., MURONG, L., YAN, R,

WANG, S.: Operation management of Green Ports
and shipping networks: Overview and research
opportunitiesFrontiers of Engineering Management
Vol. 6, No. 2, pp. 152-162, 2019.
https://doi.org/10.1007/s42524-019-0027-2

and [60] BLOOR, M., SAMPSON, H., GEKARA, V.: Global

governance of training standards in an outsourced
labor force: The training double bind in seafarer
license and certification assessmeiRsgulation &
Governance Vol. 8, No. 4, pp. 455-471, 2013.
https://doi.org/10.1111/rego.12042

7, No. 3, pp. 255-269, 2022.[61] FAROOQUE, M., ZHANG, A., THURER, M., QU,

T., HUISINGH, D.: Circular Supply Chain
Management: A definition and structured literature
review,Journal of Cleaner Productigi/ol. 228, pp.
882-900, 2019.
https://doi.org/10.1016/j.jclepro.2019.04.303

AF., DE PEREIRA, V.
Trabalhando a modelagem Matematica para tratar
problemas ambientais causados pela extincdo de
Abelhas com Foco No Maracujsleio Ambiente em
Focg Vol. 12, pp. 47-55, 2020. (Original in
Portuguese)

[63] DE MARTINO, M., MORVILLO, A.: Activities,

resources and inter-organizational relationships K
factors in port competitivenesklaritime Policy &
Management Vol. 35, No. 6, pp. 571-589, 2008.
https://doi.org/10.1080/03088830802469477

[64] GUO, M.: The 3R principles for applying biocha

improve soil healthSoil Systemsvol. 4, No. 1, pp.
1-15, 2020.
https://doi.org/10.3390/soilsystems4010009

infraestrutura portuaria: uma abordagem por opc¢des

~303 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 2 Pages: 291-304 ISSN 1339-5629

Lean 4.0 in port management: an alternative to support the development of the circular economy in
the sector

Andrei Bonamigo, Pamela Oliveira Arcanjo, Maria Juliane Goncalves, Newton Narciso Pereira, Dierci Marcio
Cunha da Silveira

[65] BONAMIGO, A., DE AZEREDO, R.R., FILHO, J.E. Research and Behavioral Sciep®®l. 1, No. 1, pp.
M., ANDRADE, H.S.: Lean 4.0 in the value co- 1-16, 2023. https://doi.org/10.1002/sres.2950
creation in agro-industrial services: An agenda for
future studies for the efficient resource USgstems Review process

Single-blind peer review process.

~ 304 ~

Copyright © Acta Logistica, www.actalogistica.eu



