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Abstract: Ports and terminals are directly related to world economic development due to international trade. In this sense, 
port management has expanded actions in terms of sustainability and mainly linked to circular economy (CE). The port 
environment is not alien to society's developments and for that it needs to improve its efficiency and operability, reducing 
the waste of time, processes and waste generated within it. In this context, this research links the Lean 4.0 concept with 
the circular economy as an alternative for the development of the port sector. The study is based on highlighting the 
challenges and advantages of implementing CE in ports through Lean 4.0. To achieve the objective of this research, a 
literature review was carried out based on the Sytematic Research Flow - SSF method proposed by Ferenhof and 
Fernandes (2016), followed by a content analysis based on Bardin (2011). Based on the findings, it was possible to list 
the key elements linked to Lean 4.0 correlated with the circular economy to stimulate the sustainability of the port sector. 
It was identified that Lean 4.0 presents itself as a simplifier for the implementation of the circular economy culture, since 
it enables the alignment of people to identify waste, stimulates innovation and the development of a culture aimed at 
continuous improvement in the sector. 
 
1 Introduction 

The advance of international trade and its expansion are 
important factors for the economic growth of countries [1]. 
Seaports have an impact on the economy of the port region 
and the environment in which they are located, they are the 
gateway to international trade. A large portion of 
international trade is handled by seaports [2]. In this way, 
policies aimed at the port system play a role directly related 
to the economic development of countries [3]. The port 
sector presents itself as one of the major obstacles to 
international trade in Brazil. The need for adequate 
infrastructure implies significant investment to ensure that 
cargo can flow through ports and terminals [4]. 

With the increase in cargo movement in ports, it 
becomes even more necessary to preserve the ecosystem 
and the search for resources that reduce environmental 
impacts. Research shows that activities related to this 
subject in ports are low, in order to develop initiatives 
focusing on environmental challenges, followed by 

economic ones, this article elucidates positive 
contributions about Lean 4.0 in the port circular economy 
as an alternative for the development of management port 
[5]. 

The circular economy (CE) has become increasingly 
evident in the political sphere, after the release of the plan 
that describes actions for the circular economy published 
in 2015 to the Green Deal, launched in 2019 by the 
European Commission, and the circular economy 
representing the port authorities belonging to the Member 
States of the European Union, legitimizing ports as 
components of great importance when it comes to 
achieving sustainability goals [6]. 

Based on the above, this article seeks to link Lean 4.0 
as a tool to foster the circular economy for the development 
of management in ports. The Lean Port Terminal concept 
comprises a management system based on the Lean 
Thinking concept, which comprises principles, tools, 
methods and management practices for continuous 
improvement, increased earnings and elimination of waste 
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in the port sector from the perspective of the customer [7]. 
The elimination of this waste results in operational 
processes that are more focused on quality, productivity 
and low cost, creating a basis for operational excellence 
and ensuring competitiveness [8]. 

With the implementation of this management system, it 
is possible to create proposals aimed at ensuring the ability 
to compete, maintain, manage and operate the entire port 
system based on the application of the Green Deal (GD) 
using circular economy resources [5].  

In this way, this research links the Lean 4.0 concept 
with the circular economy as an alternative for the 
development of port management. We hope to answer the 
following research question: How can the Lean 4.0 
approach support ports and terminals in the context of the 
circular port economy? Then, this study is based on 
highlighting the challenges and advantages of 
implementing CE in ports through Lean 4.0. To achieve the 
objective of this research, a Systematic Literature Review 
- SLR literature review was carried out based on the 
Systematic Research Flow - SSF method and a content 
analysis. 

The main contribution of this article is to address a 
topic that is still little discussed in the port environment, as 
well as to present alternatives to maximize gains in terms 
of port sustainability with the adoption of Lean Thinking 
and the circular economy. By combining these two 
approaches, it is possible to encourage sustainable 
management for ports, in order to provide operational 
efficiency and reduce the environmental impact with the 
implementation of environmental management systems 
and certifications related to sustainability, based on Lean 
management. together with technologies arising from 
industry 4.0. Lean 4.0 allows the adoption of cutting-edge 
technologies and equipment that promote energy 
efficiency and the reduction of emissions, fostering the 
circular economy through the implementation of reuse 
programs, reduction and recycling of materials, 
investments in research and development of new 
technologies and solutions to promote the circular 
economy and port sustainability. 

 
2 Research background 

Lean emerged in Japan, in view of the observation by 
the Toyota automobile industry that it would not be 
possible to fund the reconstruction of its facilities, which 
were dismantled in the Second World War, and even in this 
scenario it was possible to manufacture a wide range of 
products and reduce defects, inventories, investments and 
workers' efforts [9]. 

One of the pillars of Lean is addressed as the human 
factor, successfully challenged mass production practices, 
providing greater flexibility of production systems and 
processes, resulting in products and supply chains, with 
less waste [10]. The elimination of waste is guided by five 

basic principles established in the book Lean Thinking, by 
Womack and Jones (1996): 

1) Specify value: identify which activities add value; 
2) Map the value stream: create a visual representation 

of all activities to easily identify waste; 
3) Flow: products and services must move immediately 

between activities that add value; 
4) Pull: customer demand should dictate the flow rate; 
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 obtaining lean 
processes with high economic efficiency. Due to this there 
has been a wide adoption of Lean practices in different 
sectors and scenarios in the last three decades [12-14]. 

Through research in manufacturing companies in 
developed countries it is possible to conclude that Lean can 
be a prerequisite for digital technology using technologies 
in production [15]. In this context, Industry 4.0, which 
emerged in Germany, with the idea of an integrated 
industry and expanded to other countries in the world with 
different government initiatives as a global technological 
trend, can help in the prerequisites of Lean [16]. 

Industry 4.0 is characterized by digital transformation 
and is considered the fourth industrial revolution. The core 
of this environment is the integrated use of technologies, 
such as: Internet of Things, Cybersecurity, Augmented 
Reality, Big Data – analysis and interpretation of large 
volumes of data, Robotic Automation, Additive 
Manufacturing, Simulation, Systems Integration, The 
Cloud - Managing Systems in the Clouds [17]. 

Taking the Technische Universität Dortmund study as 
a reference, there are four key components for the 
realization of Industry 4.0 [18]. These elements are 
classified as Cyber-Physical Systems (CPS), Internet of 
Things (IoT) and Internet of Services (IoS) and Smart 
Factory [19].  With Industry 4.0 components, such as the 
use of intelligent transport equipment in order to 
implement a system to gather materials driven by demand, 
it shows when a certain component is ready to be collected 
and only authorizes transport when there is demand. With 
this, there is a reduction of waste, taking employees out of 
an unnecessary activity [20]. 

The automation associated with Industry 4.0, questions 
regarding the integration between approaches and the role 
of Lean in this industrial revolution are ongoing. As an 
example, current and future state mapping is available on 
mobile devices, enabling human-machine integration. As 
all the data is stored in the “cloud”, the information can be 
shared between the different departments, enabling fast-
time requests for spare parts, dynamic scheduling of 
maintenance activities and transparency of the information 
generated. The results show that Industry 4.0 tools can help 
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 decentralized 
intelligence to facilitate the creation of independent 
process management through the interaction of the real and 
virtual worlds. This means that industrial machines no 
longer just deal with products, but products interact with 
these machines to tell them exactly what to do [23]. 

The increase in international competition, the growing 
volatility of the market, the great demand for diversified 
services stands out as the main challenges for 
organizations. Ports are facing a myriad of new complex 
challenges to meet the high complexity in the production 
environment while focusing on customer benefit. [24] 

The combination of Lean Production and Industry 4.0, 
known as Lean 4.0, are interconnected and complex 
elements to implement. It is essential to develop a reference 
implementation strategy for the port system. Faced with 
numerous challenges for the port sector and considering 
that exports and imports pass through ports, it is essential 
to ensure the efficiency of this sector, which is fundamental 
for trade and development [25].  

On the other hand, to extend sustainability throughout 
the supply chain, companies often choose to implement 
different management practices. In the literature, the 
practices used to manage circularity, efficiency and 
optimization of resources are called Circular Economy 
(CE) [26]. EC proposes replacing wasteful and inefficient 
linear and open production cycles with a closed cycle 
where waste is minimized or transformed into inputs and 
value is created in the process, enabling the balance 
between economic growth and a sustainable environment 
[27,28]. 

In an EC model, waste becomes resources to be 
recovered and valued through recycling and reuse, the 
value of the resources we extract and produce must be kept 
in circulation through intentional and integrated production 
chains [29]. Then, a sustainable approach consists of 
minimizing negative environmental impacts, reducing the 
ecological footprint, neutralizing emissions and increasing 
resource efficiency, that is, continuing to do things in the 
same way, only with less intensity, but not changing 
direction, just ensure that future generations are not 
impacted [30,31]. 

The EC has gained significant attention at the policy 
level since the publication of the Action Plan for the EC in 
2015. In 2019, the European Commission launched the 
Green Deal (GD), which is a European green deal with a 
set of strategic policies articulated by the commission 
European Union in order to contain the threat of global 
warming. The circular economy represents an essential 
component for the future sustainability of European 
society. In addition, the GD recognizes ports as extremely 
important entities for achieving sustainability goals [5]. 

In early 2020, the European Sea Ports Organization 
(ESPO), representing port authorities in member states of 
the European Union. A position paper on a GD and circular 
economy was presented, mirroring seaports as strategic 

partners in the implementation of GD objectives. Thus, 
seaports are identified as excellent entities for EC practice 
and implementation. 

This is due to the fact that ports are interconnected with 
industry and urban areas, constantly exchanging flows of 
materials and resources, including waste, with the 
environment of their neighborhood and the interior, so they 
are essential entities to develop the EC, and has focused on 
this transition [32]. 

However, there is limited research on ports and their 
acceleration to a CE, especially from a practical and 
implementation point of view [33-35]. Current EC 
activities in ports are low. Still, substantial improvements 
are anticipated when ports overcome implementation 
hurdles, causing the current implementation inhibition in 
adopting a CE [36] 

To eliminate waste and ensure an appropriate 
destination for waste, in 1996 the term Lean and Green (L 
& G) appears. It addresses the need for environmentally 
conscious manufacturing, integrating process 
improvements with reduced environmental impact. Early 
publications on L&G focused on how to make a link 
between Lean principles, environmental principles and 
practices, with emphasis primarily on manufacturing and 
supply chain management. L&G emerged as a combination 
of environmental and sustainability concepts. It refers to 
the synergy between Lean and environmental preservation. 
More specifically, it focuses on how Lean practices can 
contribute to reducing environmental impact while keeping 
profits primarily in operation as well as service and product 
design. The topic has generated more and more research of 
interest since 2013 [37]. The different industries in the 
transport and logistics sector are often targeted for their 
greenhouse gas (GHG) emissions and their ability to 
pollute on an intercontinental level. Intercontinental supply 
chains are strongly centered on seaports, which, due to 
their interaction with ships that use fossil fuels, generate 
emissions [38]. 

 
3 Research methodology 

The present study aims to recognize the links of Lean 
4.0 in the port circular economy as an alternative for the 
development of port management. In this sense, the present 
work has a qualitative approach, where it is not necessary 
to use statistical techniques, as this research is descriptive 
in nature, aiming at identifying, pointing out and analyzing 
the factors, characteristics, or variables that relate to the 
process [39]. 

In order to answer the problems highlighted in the 
research, firstly, a SLR was conducted based on the SSF 
method, as a way to recognize in the literature the current 
theoretical context of Lean and circular economy in the 
port context [40]. The Figure 1 exposes the steps of SLR 
conducted. 
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Figure 1 - SSF method [40] 

 
Following the method SSF, the Scopus, Emerald, 

Ebsco and Web of Science databases were consulted. The 
query was carried out on October 17, 2022. For the 
calibration of the search string, a set of keywords were 
evaluated, such as Lean, industry 4.0, among others related 
to the scope of the search, but there was no return on the 
queries. searches in the consulted databases. Thus, the 
search string adopted was ("circular economy" AND Lean 
AND port*). Boolean operators such as “AND”, “OR” and 
“NOT” were combined in the string calibration step. Table 
1 presents the results from the searches conducted in the 
databases, according to the SSF method [40]. 

 
Table 1 Number of documents consulted by database 

Source Database Number of documents 
Scopus 61 

Web of Science 52 
Emerald 44 
Ebsco 23 

Total Selected Articles 180 
Duplicated (-51) 

Total Evaluated Articles 129 
 
As shown in Table 1, a total of 180 papers were found 

in the consulted databases, however, 51 papers were 
duplicated, which resulted in a total of 151 papers for 
analysis by the authors. For the analysis of the 151 works, 
the following research questions were used as criteria for 
inclusion or for the analysis of the 151 papers, the 
following research questions were used as criteria for 
inclusion or exclusion from the resulting portfolio: Does 
the paper have any managerial implications linked to Lean 

4.0 for the development of the circular economy in ports? 
Does the paper present any insight linked to the 
development of ports that implies the circular economy? 
Does the paper have any relationship with the adoption of 
industry 4.0 for the development of the circular economy 
in ports? 

Then, the title, abstract and keywords of the papers 
were read, as a first filter. For the resulting papers, the 
reading of the introduction and conclusion of the papers 
was carried out. Finally, the complete reading of the 
resulting papers. Both listed phases were based on the SSF 
method. A total of 16 papers made up the final portfolio. 

Subsequently, the content analysis was conducted. 
Thus, in the first stage, a pre-analysis was carried out, a 
bibliographical survey of studies, articles and documents 
related to the difficulties faced by the port system was 
carried out, which provided the basis for the study [41]. 

After that, the interpretation obtained from the previous 
steps was outlined. In this way, the main limitations to 
adopting the circular economy in the port system were 
highlighted, in addition to listing how Lean 4.0 can 
effectively contribute to solving these challenges for ports. 
With that, the content analysis was developed with the 
composition of information that allow the understanding of 
the researcher in relation to the materials coming from the 
literature in an orchestrated way [42]. 
 
4 Result and discussion 

Based on the application of the filters proposed by the 
SSF method, a total of 16 papers resulted. The jobs are 
listed in Table 2.
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Table 2 Portfolio of works arising from the Bibliographic Review 
Code Title Author (Year) Source 

A1 A Conceptual Model for Measuring a Circular Economy of 
Seaports: A Case Study on Antwerp and Koper Ports 

Rebeka et al., 
(2022) 

Sustainability 

A2 System-based barriers for seaports in contributing to 
Sustainable Development Goals 

Hansini et al., 
(2022) 

Maritime Business Review  

A3 Assessing the Possibilities of Integrating Ports into the 
Circular Economy 

Alen et al., 
(2022) 

Tehnicki Vjesnik 

A4 An overview of operations and processes for circular 
management of dredged sediments 

Crocetti et al., 
(2022) 

Waste Management 

A5 
Nexus of Circular Economy and Sustainable Business 
Performance in the Era of Digitalization: A Comprehensive 
Review and Network Based Analysis 

Rohit et al., 
(2022) 

International Journal of 
Productivity and 
Performance Management 

A6 
Digital Technologies for Sustainable Waste Management 
On-Board Ships: An Analysis of Best Practices From the 
Cruise Industry  

Assunta et al., 
(2022) 

IEEE Transactions on 
Engineering Management 

A7 A Virtuous Circle? Increasing Local Benefits from Ports by 
Adopting Circular Economy Principles 

Toby et al., 
(2021) 

Sustainability 

A8 Port City Sustainability: A Review of Its Research Trends 
Ying et al., 
(2020) 

Sustainability 

A9 
The Role of Seaports in Green Supply Chain Management: 
Initiatives, Attitudes, and Perspectives in Rotterdam, 
Antwerp, North Sea Port, and Zeebrugge 

Theo et al., 
(2020) 

Sustainability 

A10 Seaports as Nodal Points of Circular Supply Chains: 
Opportunities and Challenges for Secondary Ports 

Marta et al., 
(2020) 

Sustainability 

A11 Patterns of Circular Transition: What Is the Circular 
Economy Maturity of Belgian Ports 

Elvira et al., 
(2020) 

Sustainability (Switzerland) 

A12 Port Strategy for Sustainable Development: Circularization 
and Value Creation—Introduction to a Special Issue 

Elvira et al., 
(2020) 

Sustainability  

A13 Circular economy: benefits, impacts and overlapping  
Sehnem, et al., 
(2019) 

Supply Chain Management: 
An International Journal 

A14 
Circular economy approach to facilitate the transition of the 
port cities into self-sustainable energy ports—a case study in 
Copenhagen-Malmö Port (CMP) 

Reza et al., 
(2019) 

WMU Journal of Maritime 
Affairs 

A15 
Securing a port's future through Circular Economy: 
Experiences from the Port of Gävle in contributing to 
sustainability  

Carpenter,  et 
al., (2018) Marine Pollution Bulletin 

A16 
Deep decarbonisation pathways for the industrial cluster of 
the Port of Rotterdam 

Sascha et al., 
(2018) 

ECEEE Industrial Summer 
Study Proceedings 

After analyzing the articles, we highlighted the most 
relevant methodologies and studies regarding the 
opportunities and challenges to be addressed by Lean 4.0 
in the circular port economy as an alternative for the 

development of port management. Table 3 was built after 
a complete analysis of 16 articles, and then it was separated 
into the most relevant topics, separated into groups 
according to frequency.

  
Table 3 Content analysis 

Record Unit Context Unit Freq 

 
Efficiency gains 

A14- Some EC ports have moved towards less dependence on fossil fuels for renewable 
sources, systematic improvement of energy efficiency and optimization of waste management 

8 

A11- Industries use port facilities that operate beyond port boundaries. 
A10- Circular supply chains generate a higher demand for transport compared to linear supply 
chains 
A12- EC transition from ports may imply shorter, more regional and local flows of goods 
when favorable transport modes are used 
A15- EC can help ports respond to challenges and ensure their competitiveness in the face of 
limited resources, while promoting innovation and reducing environmental impacts port 
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transition can imply shorter, regional and locations when favorable modes of transport are 
used 
A15- Research on EC in ports is quite limited, although there are several practical examples in 
European ports 
A15- EC in ports can minimize the use of inputs, eliminate waste and reduce pollution, such 
as maximizing the value created at each stage, improving the management of bio-based 
resource flows and recovery of non-renewable resource flows in circuit closed efficiency 
A15- The EC in ports establishes beneficial relationships between companies to promote a 
circular chain 

Sustainability 

A16- The production of base chemicals in the port can shift from using mineral oil products as 
a feedstock to natural gas liquids, or it can be radically transformed to rely on plastic waste as 
a feedstock in a cycle approach. closed carbon. 

7 

A16- Sustainably produced biomass is a scarce resource that is likely to be needed as a 
feedstock for low-carbon fuel 
A8- Ecology is directly related to ecosystem services and sustainable development 
A8- The development of clean energy technologies contributes to the reduction of pollution in 
ports and port cities 
A4- Acid wash to remove heavy metals evidenced in container 
A15- The port lifecycle in EC literature presents a case study demonstrating how both can be 
combined to help secure a sustainable future for one of Sweden's largest containers (industrial) 
ports 
A15- EC in ports is a synergistic approach that combines economic, logistical and industrial 
activities with the cultural heritage of the port and the creativity of its wider community, 
resulting in a dynamic, complex process and a sustainable system. 

Operational 
Processes 

A1- Transition from linear to circular economy using the 9R method that allows a systematic 
distribution of ten circular economy strategies. These are recovery, recycling, reuse, 
remanufacturing, refurbishment, repair, reuse, reduce, rethink, and refuse strategies. 

5 
A3- “Cradle to Cradle” with the systems thinking approach that aims to extend the usage time 
for all materials 
A4- BioGenesisSM sediment washing technology that uses physical and chemical operations 
to wash and decontaminate pollutants 
A5- Digitization of processes and documents as one of the CE facilitators 
A5- The 3R principle, reuse, reduce and recycle resources to reduce environmental impacts 

Operations 
management 

A2- The importance of port management as a success or failure of sustainability 

4 

A6- Adoption of digital technologies for waste management processes improved sustainability 
goals in ports 
A9- The Sincro Port Platform modality, which aims to implement different means of transport 
for a logistics service provider in a flexible and sustainable way, as well as digital for waste 
management processes, has improved sustainability goals in ports 
A6- Technologies reduce GHG emissions, through synthesis gas generators installed on 
modern ships and the transformation of waste into exploitable fuel 

Integration of 
actors 

A3- The reverse logistics of materials from the closed cycle effectively contributes to the 
competitive potential 

4 
A7- Cooperation between ports and cities can be drivers of progress in the circular economy 
in the port system 
A9- The greening of supply chains building a potential for competitive advantage 
A12- Collaboration between ports and stakeholder co-creation must be organized, this 
effectively impacts the transition to the circular economy 

Cultural 
change 

A11- The evolutionary process in ports consists of successive levels of maturity and provides 
the prerequisites for improvements that lead to the next stage. These levels drive growth based 
on continuous improvement and incremental changes rather than radical transformations. 3 
A3- Industrial Ecology aims to help companies to use their main resources 
A7- Land use is one of the biggest obstacles to port industrial development 
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Investment in 
the sector 

A10- Chains with dangerous loads, require appropriate administrative licenses, or when the 
production plant in the port uses pollution-intensive technology, obstacles can be overcome by 
ports through investment in alternative technologies 

2 
A14- There are port challenges such as insufficient budget, allocation of sources to transition 
from the linear structure of the ports to circular models and integration of port development 
plans in the city's municipal plans. 

Labor 
Qualification 

A14-Ports suffer from a lack of specialists, professional role and validated business for new 
circular models. 

2 
A14- There is no clear balance of responsibilities and gains between the urban areas of the city 
and the port areas 

After Aspects related to the findings presented in Table 
3 for each of the groups are discussed below, in order to 
assess the managerial implications and/or correlation of 
Lean 4.0 for the adoption of the circular economy in the 
port sector. 

 
A) Efficiency gains 
From the adoption of Lean 4.0 Lean 4.0 in the port 

circular economy as an alternative for the development of 
port management, advantages of efficiency gains can be 
observed, since the EC can help ports to respond to 
challenges and ensure their competitiveness in a world with 
limited resources, so that inefficiencies and waste in the 
port sector are combated, as well as the flow can be 
improved in ports [10,12]. 

In this sense, innovation can be a strategy for mitigating 
environmental impacts, from the internal perspective of the 
port and the neighboring community of port regions [15]. 
In this sense, the reduction of pollution through the use of 
alternative fuels can be considered as an example, which 
can impact on the reduction of production costs and 
environmental protection, via the reduction of emissions 
from ports [15]. 

At the same time that it promotes innovation and 
reduces environmental impacts, considering that ports are 
relevant indicators for the world economy, due to their role 
in global production and distribution systems. For this 
reason, they are under increasing pressure to become 
increasingly environmentally conscious [31,61]. 

EC in ports focuses on: minimizing the use of inputs 
and the elimination of waste and pollution, maximizing the 
value created at each stage, management of bio-based 
resource flows and recovery of non-renewable resource 
flows in a closed loop. In this way, the closed-loop model, 
based on the circular economy, becomes viable, seeking to 
add value to the large amount of waste generated in the port 
sector. Some EU ports have moved towards less 
dependence on fossil fuels for renewable sources, 
systematically improving energy efficiency and optimizing 
waste management, in response to resource performance. 
With this, the aim is to replace the linear model that the 
port system currently adopts “take-do-discard” with 
sustainable structures [43]. 

Circular supply chains generate a higher demand for 
transport compared to linear supply chains, which has an 

impact on the efficiency gain of circular chains [32]. 
Circular chains are strategies and have the ultimate goal of 
interactively supporting sustainability [44]. Therefore, via 
Lean 4.0 applied to the port sector, it can positively impact 
the reduction of environmental problems, increase its 
operational efficiency and higher quality of customer 
services, as well as economic benefits and environmental 
preservation for the port sector and society [33]. 

 

B) Sustainability 
Sustainability has become one of the main issues when 

related to development in society and in the industrial 
sector. In port cities, the sustainability relationship related 
to the operating limits between ports and ships is one of the 
factors promoting a with Lean 4.0 approaches, and many 
ports operate beyond their limit. Lean 4.0 brings 
sustainable gains in the sector port, the sustainability 
category brings techniques to reduce gas emissions through 
systems for transforming waste into fuel, which acquire the 
possibilities of being explored by ports [45]. 

The production of base chemicals in ports can shift 
from using mineral oil products as a feedstock to natural 
gas liquids, or it can be radically modified to give rise to 
plastic waste as a feedstock in a cycle approach. closed 
carbon. Sustainably produced biomass, on the other hand, 
is a scarce resource that is likely to be needed as a feedstock 
for low-carbon fuel [46]. 

In this way, the development of clean energy 
technologies seeks to generate a broad perspective for the 
reduction of pollution in ports and cities [47]. For this 
reason, the EC concept is an important factor for ports to 
respond to challenges and ensure their competitiveness in 
the face of limited resources, while promoting innovation 
and reducing environmental impacts [31]. Another strategy 
for removing pollutants is acid washing to remove heavy 
metals and the BioGenesisSM sediment washing 
technology to wash and decontaminate sediments. This 
technology has already been adopted in ports of Venice, 
New York and New Jersey, its removal varies from 60 to 
80%, depending on the sedimentary matrix [48]. In this 
way, we can highlight as an important factor for the impact 
of the environment a “green” management for companies 
that get involved in the supply chain, allowing to obtain a 
competitive advantage and, even so, to contribute to a 
sustainable environment [50].  
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In this sense, studies demonstrate the advancement of 
technology in equipment at container terminals as the main 
factor in creating value in terms of port sustainability, as 
the use of advanced technologies can reduce operating 
costs and improve efficiency, while at the same time 
minimizes the environmental impact. 

For example, equipment such as cranes, forklifts and 
conveyors are responsible for handling cargo within ports 
and with the advancement of technology they have become 
more efficient and less polluting. In addition, the 
technology can also be used to improve safety in the 
workplace by reducing the risk of accidents, with sensors 
and cameras to monitor the movement of equipment and 
loads, and the implementation of warning systems to avoid 
collisions and other risk situations. It is, therefore, a crucial 
sustainability factor in ports, allowing them to become 
more efficient, safe and environmentally responsible [57]. 
 

C) Methodological tools  
In the topic of methodological tools, we highlight the 

use of technologies to assist the port system in the 
transition to EC that can be implemented through the Lean 
4.0 methodology. Smart digitization stands out as one of 
the transitions to EC, creating possibilities for new flows 
and greater data control, reducing the number of leaves that 
are usually used in these processes, and consequently 
reducing carbon emissions into the atmosphere [49,62].  

The 3R principle is an important approach to 
sustainability in the port sector, as it seeks to minimize 
waste and reduce environmental damage in ports, 
promoting the most efficient use of resources and waste 
reduction. Reuse involves the practice of reusing materials 
or products before discarding them, this can include 
reusing transport packaging such as wooden or plastic 
crates rather than simply discarding them after use. The 
reduction, on the other hand, brings a decrease in the 
consumption of resources and materials, involving the 
reduction in the use of energy, water and raw materials in 
the port operation. 

While, recycling, seeks to transform waste into new 
products or materials, reducing the amount of waste that 
ends up in landfills or in the environment, with programs 
for selective collection and recycling of solid waste, such 
as cardboard, plastic and metal. In addition to the 3R, other 
sustainable practices in the port sector include the proper 
management of hazardous waste, the conservation of local 
biodiversity, the use of renewable energy sources and the 
promotion of environmental education among port workers 
and the local community [49]. 

The importance of the transition from the linear to the 
circular economy is highlighted, through the 9R method, 
which uses recovery, recycling, reuse, remanufacturing, 
reform, repair, reuse, reduction, rethink and refuse 
strategies, enabling a systemic structuring of ten circular 
strategies of the economy through the recognition of 
weaknesses, strengths, opportunities and possibilities for 
improvement. This method provides us with a detailed 

view of the circular processes of seaports from the 
indicators and makes it possible to use the method as a 
facilitator for the implementation of this new model in the 
port system, enabling the construction of a human behavior 
in commitment to environment [5]. The Cradle-to-Cradle 
approach of Lean, which consists of creating products and 
industrial processes inspired by natural methods, 
increasing the useful life of materials used in ports, 
contributing to environmental preservation, reducing 
pollution and soil contamination, in addition to energy 
savings [49]. 
 

D) Operations management 
The Operations Management category shows how the 

perception of port management of a port can influence the 
success or decline in development and recognize the 
implications of Lean 4.0 for the development of the port 
circular economy. In this case, an innovative port 
management is necessary in terms of managing the system 
and implementing a new philosophy in the sector [7,52]. 

Ports and maritime shipping networks are essential for 
transporting goods and materials in the global supply 
chain, but they can also be significant sources of energy 
consumption and pollution. Ships and port operations 
consume large amounts of fossil fuels, emitting greenhouse 
gases and other pollutants that affect air and water quality. 
To mitigate emissions from ships in ports, it is essential 
that port managers adopt sustainable practices and seek 
innovative solutions to reduce the environmental impact 
and promote sustainability in their operations [51]. 

Investment and the search for digital technologies are 
presented as a contribution to the development of a “green” 
culture in ports. The adoption of these technologies aims to 
bring about improvements in indicators in the fulfillment 
of sustainability goals when applied, for example, in waste 
management processes. In this way, it is possible for ships 
to map the stages of waste disposal or recycling and 
establish short-term events during the voyage, not only 
sharing data regarding the use of digital technologies in 
individual processes, but also developing best practices in 
the port system [45]. 

At the same time, the flexible and sustainable 
deployment of diverse transport modes in a logistics 
service provider framework. This allows the customer 
(shipper or dispatcher) to obtain an integrated transport 
solution called Synchro modality. Thus, it is defined as the 
flexible and sustainable deployment of different modes of 
transport in a network under the direction of a logistics 
service provider [48]. 
      

E)  Integration of actors 
From the adoption of Lean 4.0 to promoting a CE in the 

port sector, one can observe the advantages of cultural 
change in the face of the challenges of the sector. Despite 
the existing conceptual diversity, it is possible to note that 
the idea of innovation is related to changes and new factors 
that disrupt the existing balance [53]. 
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In view of this, it is essential that this change be 
promoted in view of the transformation of procedures and 
the need for adaptability of employees, resulting in the 
recognition of the benefits achieved with the development 
of the port circular economy. The evolutionary process in 
ports at successive levels of maturity provides the 
prerequisites for improvements leading to the next stage. 

Integration between actors from a Lean 4.0 perspective 
can be characterized, for example, with the collaboration 
of ports with other actors in the business environment, 
which go beyond the value stream (value chain), such as 
universities and centers of research, which require 
knowledge and information to help build the circular 
economy in the port system and can bring many benefits to 
the implementation of this new approach such as 
knowledge sharing, since universities are institutions that 
constantly produce knowledge and innovation, and can 
bring new perspectives and solutions for the challenges 
faced by the port sector and the awareness and engagement 
of the population with the active participation of the whole 
society, including companies, consumers and 
governments, resulting in the development of research 
projects that seek innovative solutions for specific 
challenges faced by the port sector [36,63,65]. 

Industrial ecology and the contribution to the use of key 
resources by companies account for a product throughout 
its life cycle, such as tracking the flows of materials, energy 
and water [52]. At the same time, the use of land as the 
main obstacle in port industrial development, both 
approaches cause a change of culture due to greater 
exploitation of existing resources [36]. 

 
F) Cultural change 
From the adoption of Lean 4.0 to promote a CE in the 

port sector, one can observe the advantages of cultural 
change in the face of the challenges of the sector. Despite 
the existing conceptual diversity, it is possible to note that 
the idea of innovation is related to changes and new factors 
that disrupt the existing balance [53]. 

In view of this, it is essential that this change be 
promoted in view of the transformation of procedures and 
the need for adaptability of employees, resulting in the 
recognition of the benefits achieved with the development 
of the port circular economy. The evolutionary process in 
ports at successive levels of maturity provides the 
prerequisites for improvements leading to the next stage. 
Tiers drive growth based on continuous improvement and 
incremental change rather than radical transformations 
[35]. 

These changes involve the transformation of 
procedures, the need for adaptation of employees and the 
recognition of the benefits achieved with the development 
of the circular port economy. Employees in the port sector 
play a key role in adopting more sustainable practices and 
promoting the circular economy, and it is important that 
they are engaged and committed to this change in the 
routine of professional activities [56] and that they receive 

adequate training and support to become adapt to new ways 
of working and thinking, recognizing the benefits achieved 
with the implementation of the circular port economy, such 
as cost reduction, improved operational efficiency, 
promotion of innovation and strengthening of the 
institutional image [6]. 

In this sense, the promotion of cultural change in the 
port sector requires leadership and commitment on the part 
of companies and institutions in the sector, in addition to a 
long-term strategic vision. Only then will it be possible to 
promote the necessary transformation for the 
implementation of the circular economy and for the 
construction of a more sustainable and efficient port sector 
[36,53,56]. 

Industrial ecology and the contribution to the use of key 
resources by companies account for a product throughout 
its life cycle, such as tracking the flows of materials, energy 
and water [52]. At the same time, the use of land as the 
main obstacle in port industrial development, both 
approaches cause a change of culture due to greater 
exploitation of existing resources [36]. 

In addition, citizens play an important role in driving 
the transition to a circular economy and are increasingly 
central to the implementation of other strategies in different 
sectors, influencing the demand for circular and 
sustainable goods and services, having a positive impact on 
the transition to a sustainable port [58]. 

 
G) Investment in the sector 
From research on the adoption of Lean 4.0 to promote 

a circular economy in the port sector, one can observe the 
need for and importance of investments in the sector. These 
investments can generate positive results, due to the intense 
connection with transport modes, technological 
development, job growth, as well as improvements in the 
infrastructure of the cities in which they are located and 
their surroundings [56]. Investment in alternative 
technologies helping ports to overcome obstacles, such as 
dangerous cargo chains, appropriate administrative 
licenses, when the production plant in the port uses 
pollution-intensive technology [35]. 

The port system faces challenges such as insufficient 
budget, allocation of sources to transition from the linear 
structure of the ports to circular models, integration of port 
development plans in the city's municipal plans, causing 
interference and delay in the development of ports. 

In this way, some measures and investments can be 
considered important for the implementation of these 
practices, such as updating and modernizing the port 
infrastructure, including the implementation of state-of-
the-art technologies and equipment that allow greater 
operational efficiency and lower energy consumption, 
qualification and training of employees to adopt Lean 4.0 
and the circular economy, in addition to creating incentive 
programs so that employees are more engaged and 
committed to sustainability. In addition, the 
implementation of environmental management systems 
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and certification by regulatory bodies can be important to 
ensure that the adopted practices are effective and 
internationally recognized [54]. 

Finally, we can highlight the need for investments in 
research and development of new technologies and 
solutions for the implementation of the CE in the port 
sector. This can be done in partnership with universities 
and research institutions, aiming at innovation and 
continuous improvement of adopted practices [43,62]. 

 

H) Labor qualification 
With the aim of recognizing the main implications of 

Lean 4.0 for the development of the circular port economy, 
the contribution of qualified professionals during this 
transition is important. The results of an organization are 
related to the capacity of its professionals, however, the 
number of companies that prioritize professionals of 
excellence is still low [55]. 

The shipping industry is one of the most globalized of 
all industries, characterized by complex modular supply 
chains, including a large outsourced workforce of 
temporary workers from developing countries and 
countries in transition around the world. Despite long-
standing efforts by international bodies to regulate the 
education and training of seafarers, differences in practices 
and standards persist [43,60]. In this sense, Lean aims at 
the continuous development of people, through 
development through the management of the professionals' 
routine, thus, the organizational culture of employees in the 
port sector aimed at continuous improvement, from the 
perspective of Lean, are based in training and development 
of people based on the scientific method [56]. 
       Due to the lack of qualified professionals, there is no 
clear balance of responsibilities in the port sector, in 
addition to the lack of experts and validated businesses, 
which makes it difficult to develop circular models in ports 
[43]. The qualification of the workforce is an important 
factor for developing professionals, enabling them to 
understand their responsibilities and obtain results such as 
qualified labor and operational efficiency for the 
development of ports in the EC context [10]. In addition, 
Lean 4.0 allows developing new skills and abilities of 
employees through learning routines [40], so that obstacles 
linked to lack of knowledge, methods and techniques for 
adopting EC in the port sector can be developed from the 
Lean perspective. The Toyota Kata concept allows the 
development of a culture of continuous training of 
employees based on Lean and the scientific method to deal 
with the continuous improvement of the port sector and 
change in the culture of the actors in the port sector [56]. 
 
5 Conclusion 

Based on the findings, it was possible to recognize the 
contributions and support coming from Lean 4.0 in ports 
and terminals. Among the impacts include gains in 
efficiency, sustainability, operational processes, 
management of operations, integration of actors, cultural 

change, investments in the sector and qualification of the 
workforce. In addition, Lean 4.0 allows for guidelines for 
actions aimed at reducing errors and operating time in 
production, increasing production and reducing costs and 
using resources, reducing operations and increasing 
supervision. In addition, the management tools arising 
from Lean in line with the technologies of industry 4.0 
make it possible to streamline support in decision-making 
in an agile way. Through the listed actions, port processes 
and operations can be improved from a sustainable 
perspective. Since Lean 4.0 is an enabling approach for 
implementing improvements in the sector. 

Thus, the tools from Lean 4.0 can help deal with the 
root cause of the port sector's obstacles in the transition to 
EC and avoid future problems, driving an improvement in 
port management within the national and international 
competition environment. In this way, it is possible to 
apply the Lean 4.0 concept in the port circular economy 
and obtain efficiency gains, develop a sustainable port, use 
methodological tools for the development of port 
management, promote cultural change and the 
qualification of the workforce. 

Lean 4.0 practices tend to be impactful, as the 
foundations of Industry 4.0 allow a better understanding of 
customer demands and accelerate the processes of sharing 
information in real time. With this, it improves efficiency 
and port operations in order not to exceed service limits 
and promote a circular and sustainable port. 

The achievement of results in ports will depend on 
technology and operations strategies, to be able to operate 
in conjunction with processes, trained and qualified 
professionals is essential to promote a change in culture 
and procedures, since the findings indicated that Lean 4.0 
presents itself as a simplifier for the implementation of EC 
and innovative technologies for the development of ports, 
since it enables the alignment of a new management that 
identifies waste, develops a culture based on the proposed 
model and increases the competitiveness of the sector.  

Based on the findings of the study, we show that Lean 
4.0 allows reducing waste in port processes and operations, 
as well as presenting lean and technological strategies for 
the development of a modern and sustainable port. So that 
the port sector transitions from the linear economy to the 
circular economy, guided by the Lean 4.0 concept. 

This work is limited to theoretical findings arising 
from systematic searches in the literature. Thus, future 
studies can be directed to identify in practice the 
challenges and strategies to adopt EC in ports in the 
perspective of Lean 4.0. 
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