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Abstract: Ports are very important international hubs within transport networks where various industrial and logistical activities are performed. However, by use of the closed-
loop mechanism the circular economy would reduce the need for imported primary raw materials because it would treat waste as a secondary raw material. This would 
greatly affect the way in which ports operate because primary raw materials make up most of their cargo volume. Therefore, it is essential to evaluate the possibilities of 
integrating ports into the circular economy. This paper aims to use the descriptive research method to assess ports on their role in the circular economy, and based on the 
SWOT analysis has highlighted the key elements of circular analysis of waste streams to objectively evaluate the closed - loop mechanism. The conclusion is that due to the 
decline in primary raw material volumes within the circular economy, ports would therefore become centers of innovation in order to attract as many new industries as 
possible within their sector. The circular business model of ports would also require renewed cooperation from key actors within the port sector, the most important being 
the port authority, industrial clusters and academic institutions. 
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1 INTRODUCTION 
 

The twenty first century is a century of changing 
economic circumstances. The unprecedented side effects 
of the linear economy have manifested themselves on the 
environment as extreme depletion of primary raw materials 
and waste generation. In order to prevent the negative 
effects of the linear economy, sustainability is becoming 
one of the main developmental focuses in every segment 
of human activity. The traditional linear economy model 
based on the 'take, make, dispose' paradigm seeks to be 
replaced by the new paradigm of economic thought called 
the circular economy. The main driver of change towards 
the circular economy in the sovereign territory of the 
European Union is the Circular Economy Action Plan. The 
goal of the plan is to prevent extreme depletion of primary 
raw materials and waste generation. It seeks to achieve this 
via a closed loop mechanism within which waste would be 
treated as a secondary raw material. The treatment of waste 
as a secondary raw material would create opportunities to 
be reused (circularly) in a productive way that would 
constantly generate added value. This would extend the life 
cycle of (secondary) commodity flows within the supply 
chain and reduce the extreme depletion of primary raw 
materials and waste generation. Due to the fact that about 
90% of the world trade is transported by sea, it can be 
concluded that ports are an important factor in the economy 
of the EU. The possible transition from a linear economy 
to a circular economy will cause structural changes in trade 
and logistics, and thus in the way how ports operate as 
complex industrial and logistics hubs. Therefore, assessing 
the possibilities of integrating ports in the circular economy 
is of utmost importance. 

Considering the fact that there are no comprehensive 
documents containing guidelines for the implementation of 
ports in the circular economy, the aim of this paper is to 
present as precisely as possible the key guidelines through 
which the facilitation of ports into the circular economy 
would be anticipated.  This was achieved through the 
analysis of ports based on two aspects: (1) the role of ports 
in the circular economy as hubs for primary raw material 
streams and waste streams and (2) waste streams are 
analyzed in industrial port clusters that could be used as 

secondary commodity flows. The first aspect has been 
clarified in such a way that the aforementioned 
implementation requires a synergistic approach by 
different actors within the port sector across seven key 
areas. Within the second aspect, a circularity analysis of 
various types of waste was performed, highlighting the 
most important ones, such as construction, steel, electronic 
and plastic waste. Both aspects should be monitored on a 
micro, meso and macro level. 

There are a number of challenges that ports face if they 
are to be integrated into the circular economy. The closed 
loop mechanism would reduce the amount of negative 
externalities because waste would be treated as a secondary 
raw material and the use of primary raw materials would 
be reduced. A decrease in the use of primary raw materials 
would result in a decrease in the amount of commodity 
flows in ports because primary raw materials make up the 
majority of cargo volumes in ports. In order to better adapt 
to such change, ports should develop as much synergy as 
possible with existing industries within their sectors, and 
should develop various marketing models to attract new 
industries. Their initial advantage is that they have an 
exceptionally good connection with the waterfront and the 
hinterland and this opens for new industries a wide range 
of business opportunities within the circular economy. 
 
2 DRIVERS OF CHANGE TOWARDS A MORE 

SUSTAINABLE ECONOMIC MODEL 
 

The effects of constant economic development, 
industrialization and urbanization have begun to have a 
negative impact on society through the generation of large 
quantities of waste. Managing the rapid growth of 
quantities of solid and hazardous wastes is becoming ever 
so complex and problematic for contemporary 
governments. Inappropriate handling of waste leads to 
threats to the environment, such as greenhouse gas 
emissions, land degradation, water and resource pollution 
[1]. It has been identified that waste disposal and primary 
raw material depletion are two of the most urgent problems 
facing humanity. These two problems create the 
consequences that current supply chains face significant 
material losses between the excavation phase and the 
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production phase. Based on Sustainable Europe Research 
Institute (SERI) data, the Organization for Economic Co - 
operation and Development (OECD) member states have 
consumed on an annual basis more than 21 billion tons of 
raw materials that were not physically incorporated into the 
final product [2]. 

Examples of such unutilized raw materials within the 
economic system are overburden materials and parting 
materials during mining; bycatch from fishing; agricultural 
and harvesting losses, as well as losses suffered from soil 
excavation and dredged materials from construction 
activities. The chances of recycling most of the 
aforementioned raw materials at the end of their functional 
life are quite low relative to primary production rates. 
Based on data from the Ellen MacArthur Foundation, it has 
been estimated that around 65 billion tons of raw materials 
entered the global economic system in 2010. It has also 
been forecast that by 2020 raw materials will grow by 82 
billion tons. The European Union has generated 2.7 billion 
tons of waste in 2010. Of that amount, only 40% was 
reused, recycled, composted or recovered [3]. The 
inadequate management of large quantities of waste that 
has the potential to be reintegrated into the supply chain 
results in the loss of waste itself as a secondary raw 
material and as a source of energy. 

Waste management is of particular concern for the 
European Union because it is highly dependent on 
imported raw materials. Trade in imported raw materials is 
extremely important for the sustainability of European 
countries and their economies. The import / export values 
are depicted in Fig. 1. It can be concluded that the 
European Union has been experiencing a trade deficit in 
imported raw materials since 2002. Trade dropped in 2009 
because of the financial crisis of 2008, but then it quickly 
recovered. The highest rate of imports was recorded in 
2011 at a value of €85 billion and the highest rate of exports 
was recorded in 2012 at a value of €48 billion. After the 
peaks of 2011 and 2012, there has been a steady decline 
until 2016 when imports were at the value of €68 billion 
and exports at the value of €42 billion.  

Based on the data presented in Fig. 1, it can be 
concluded that the EU must increase the rate of waste 
recycling if it seeks to reduce its dependence on imported 
primary raw materials. The EU managed to recycle 55% of 
all types of waste in 2016; compared to 2010, when the 
total amount of recycled waste was 40% [3]. 
 

 
Figure 1 Trade balance of raw materials in the European Union [4] 

 
In 2016, the recycling rate for construction and 

demolition waste was 89%. The recycling rate of 
packaging waste reached 67% in 2016, compared to 64% 

in 2010, while the rate of plastic packaging was over 42% 
in 2016, compared to 24% in 2005. In 2017, municipal 
waste recycling rates were 46% compared to 35% in 2007. 
Electrical and electronic equipment waste, such as 
computers, televisions, refrigerators and cell phones, 
which include valuable e - waste materials in the European 
Union, reached 41%, compared to 28% in 2010. The 
overview of recycling rates of different waste streams is 
depicted in Fig. 2. 
 

 
Figure 2 Recycling rates of different waste streams [5] 

 
In spite of these high recycling rates, on average only 

12% of secondary raw materials used in the EU in 2016 
came from recycled products and recovered materials-thus 
poorly saving extraction of primary raw materials [6]. This 
indicator, called circular material use rate, measured the 
contribution of recycled materials to overall demand [7]. 
The indicator is lower than recycling rates, which measure 
the share of waste which is recycled, because some types 
of  materials cannot be recycled, e.g. fossil fuels or biomass 
that are incinerated to produce energy. It is hard to pinpoint 
direct links between raw material use and waste generation 
regarding quantification with current indicators. The 
reason for this is because of the difference in calibration 
methods for waste generation and resource use, and a lack 
of long-term time-series data. 

The EU seeks to change its dependence on imported 
raw materials and how they are used in production 
processes to ensure sustainable economic growth and 
social cohesion. It seeks to achieve this by reducing the 
impacts of waste on the environment and human health by 
improving the utilization of its own sources of primary raw 
materials. The long term goal is to turn Europe into a 
recycling society, by avoiding waste generation and by 
promoting the use of waste as a secondary raw material 
whenever possible. The aim is to achieve much higher 
levels of recycling and to minimize the extraction of 
additional primary raw materials. Proper waste 
management is a key element in ensuring raw material 
efficiency and the sustainable growth of European 
economies. The basic concepts and definitions regarding 
waste definition, waste management, waste recycling and 
waste recovery are stated within the EU Waste Directive 
2008/98/EC. The directive stipulates that waste legislation 
and policy of the EU member states shall apply as a priority 
order in the following waste management hierarchy: [8] 
1. Prevention: Measures taken before a substance, 
material or product becomes waste, which reduce: 
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a. The quantities of waste, including reduction in reuse of 
the product or extending its life; 
b. Adverse effects of waste on the environment and 
human health; 
c. The content of harmful substances in materials and 
products. 
2. Preparation for reuse: Recovery operations, such as 
inspection, cleaning or repair, that prepare products or parts 
of products that have become waste so that they can be 
reused without further pre-treatment. 
3. Recycling: Any recovery operation by which waste 
materials are processed into products, materials or 
substances for original or other purposes. 
4. Other recovery processes: E.g. energy recovery;  
5. Disposal: Any non-recoverable operation, even when 
the operation has a secondary effect on the recovery of the 
substance or energy. 

In order to further the facilitation of the use of waste 
as a secondary raw material, the European Union has 
devised the Circular Economy Action Plan. The main 
objective of the plan is to promote a systematic approach 
of life-cycle thinking in waste management in order to 
reduce environmental impacts and enhance a more 
efficient raw material use across entire value chains [9]. 
The insurance of raw material efficiency through recycling 
and reuse has been identified for the next four priority 
sectors: production, consumption, waste management and 
secondary raw resources.  The wastes that must be recycled 
and reused as secondary raw materials are: biomass and bio 
based products, plastics, food waste, critical raw materials 
and construction and demolition. Tab. 1 shows the key 
objectives and key actions of the Circular Economy Action 
Plan that have to be reached in order to facilitate a more 
sustainable form of economic growth. 

 
Table 1 Key objectives and key actions of the Circular Economy Action Plan [10-12] 

PRODUCTION 

Objectives 
 Provide Incentives to boost circular product design 
 Innovative and efficient production processes 

Key actions 

 Durability, reparability and recyclability of products - Ecodesign Directive, Extended Producer Responsibility 
 Best practices for waste management and resource efficiency in industrial sectors - BREFs 
 Industrial symbiosis, remanufacturing 
 Coherent policy framework for products, tools for SMEs 

CONSUMPTION 

Objectives 
 Repair and reuse of products 
 Reliable information to consumers 

Key actions 

 Better labelling: EU Eco - label, Environmental Footprint labelling 
 New forms of consumption - collaborative economy, digital platforms 
 Guarantees and action on false green claims 
 Independent testing programme to assess possible planned obsolesence  
 Circular Economy criteria in Green Public Procurement 

WASTE 
MANAGEMENT 

Objectives 
 Improve waste management in line with the EU waste hierarchy 
 Adress existing implementation gaps 
 Provide long - term vision and targets to guide investments 

Key actions 

 Revised EU targets for recycling 65% of municipal waste and 75% of packaging waste by 2030. 
 New binding target to reduce landfill to a maximum of 10% of total waste by 2030. 
 Improve waste management, new investments in recycling capacity, avoid overcapacity in incineration and 

mechanical - biological treatment 
 Ensure coherence between waste investments under EU Cohesion Policy and the waste hierarchy 

SECONDARY 
RAW 

MATERIALS 

Objectives 

 Increase the use of secondary raw materials 
 Increase the use of recycled nutrients and water 
 Safely managed chemicals 
 Improve knowledge of material flows 

Key actions 

 EU regulation on fertilisers 
 Legislative proposal on min. requirements for reused water 
 Quality standards for secondary raw materials 
 Analysis on the interface between chemicals, product, and waste legislation 
 EU-electronic system for cross-border transfers of waste 

3 COMPARATIVE ANALYSIS BETWEEN THE LINEAR 
AND THE CIRCULAR ECONOMY 

 
The linear economy is the dominant economic form of 

conduct in the contemporary world. It is a historical 
product of unequal distribution of wealth across 
geographical regions. The aforementioned unequal 
distribution of wealth was manifested through the creation 
of the Western society as the richest and most developed 
geographical region, which collected primary raw 
materials from neighboring regions. In this way, the 
industrial states of the West experienced an abundance of 
primary raw materials and energy. The enormous 
abundance of allocated primary raw materials created 
conditions for their inexpensive use via human labor for the 
enterprises' manufacturing facilities. This resulted in the 

adoption of business models that neglected the 
environmental aspect of conducting business while relying 
on the vast amounts of collected primary raw materials. 
Considering the aspect of competition in the free market, 
this has resulted in an even more irresponsible exploitation 
of primary raw materials and energy in order to achieve a 
competitive edge. The natural consequences of 
inexpensive primary raw materials and expensive labor 
were the usual neglect of recycling, reuse and putting great 
emphasis on waste [2]. The linear economy was further 
perpetuated through the elements of its own system 
structure. It has achieved this through fiscal, accounting 
and regulatory standards by failing to develop an external 
cost recovery mechanism; which would result in 
manufacturers considering the external costs of their 
manufacturing facilities. In addition, the system is 
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inherently inert because formal product approval 
procedures favor existing practices rather than radical 
changes and the reinvention of basic principles [2]. Fig. 3 
depicts the three phases of the linear economy and the steps 
that occur within them. 
 

 
Figure 3 The three phases of the linear economy [13] 

 
It can be seen from Fig. 1 that the linear economy 

consists of three phases. Each phase has one or more 
separate actions. The first phase, named "take", contains 
the primary raw material extraction activity. During this 
phase, the company collects the necessary primary raw 
materials to help it conduct its business. After that, the 
second phase, called "make" begins. This phase consists of 
three actions: production, distribution, consumption. In this 
phase, the company manufactures goods by using the 
primary raw materials it extracted. After the goods are 
manufactured, they are distributed within the supply chain 
to end-users who buy them with the aim to consume them. 
The third and the last phase called "waste" is composed of 
only one action; dispose. After the end-user has made full 
use of the product's life cycle value, he discards it, thus 
creating waste. It can be concluded that the production 
method of the linear economy is unsustainable as it 
generates large quantities of waste. 

The problem with the linear economy is that it is based 
on the incorrect assumption that primary raw materials are 
inexhaustible and that planet Earth has room for unlimited 
waste disposal. In the long run, the linear economy 
significantly increases the costs that will be encountered in 
solving various environmental problems, unemployment 
and lack of resources. At first glance, the system seems 
simple, efficient and without setbacks; but in reality, it is 
reaching a tipping point. The byproducts of the linear 
economy model can be mitigated or solved by a new 

emerging economic concept, called the circular economy 
concept. The circular economy concept is rooted in a 
variety of schools of thought that aim to further develop the 
aspect of sustainability in economics. There are five 
schools of thought that are accepted as the basis for the 
circular economy concept:[14] 
1. The performance economy: The main focus of this 
type of economy is on selling performance (services) 
instead of goods, internalizing all costs (closing the loops). 
It believes this will we achieved by combining system 
design, technical and commercial innovation-mainly 
within regional economies, developing business models of 
remarketing goods (reuse), and extending the product life 
of goods and components (eg through remanufacturing and 
upgrading) to create local jobs, increase "resource 
husbandry" and prevent waste. 
2. Natural Capitalism:This type of economy imagines a 
new industrial revolution, where environmental and 
business interests overlap, and companies can 
simultaneously improve profits, help solve environmental 
problems and feel positive about their impacts. Natural 
capital encompasses both natural resources and ecological 
systems, providing vital life support services to all living 
things. 
3. Industrial Ecology:The main goals of this type of 
economy is to help businesses in their understanding of 
how they use key resources, track material, energy and 
water flows, and how to account for a product through its 
life-cycle. It aims to change resource use from being 
implicit to explicit, from the beginning of the cycle to the 
end of use.  
4. Blue Economy:This type of economy bases its 
solutions on physics, using nature's systems of cascading 
nutrients, matter and energy as the ideal model. In the blue 
economy, waste does not exist, and any by-product can be 
the source for a new product. 
5. Cradle to Cradle:This type of economy stipulates the 
importance of treating materials as biological or technical 
nutrients and extending the "use period" for all materials. 
It encourages a systems-thinking approach, reframing 
design to be regenerative, and constantly progressing from 
being "less bad" to doing "more good". 

 
Table 2 Various definitions of the circular economy concept - current research [15-20] 

Ordinal Number Author(s) Definition 

1 Preston (2012) 
Circular economy is an approach that would transform the function of resources in the economy. Waste from 
factories would become a valuable input to another process, and products could be repaired, reused, or upgraded 
instead of thrown away. 

2 Bastein et al. (2013) 
The circular economy transition is an essential condition for a resilient industrial system that facilitates new 
kinds of economic activity, strengthens competitiveness, and generates employment 

3 Mitchell (2015) 
A circular economy is an alternative to a traditional linear economy (make, use, dispose) in which we keep 
resources in use for as long as possible, extracting the maximum value from them while in use, then recovering 
and reusing products and materials 

4 
European 

Commission (2015) 

The circular economy is an economy "where the value of products, materials, and resources is maintained in the 
economy for as long as possible, and the generation of waste minimized." The transition to a more circular 
economy would make "an essential contribution to the EU's efforts to develop a sustainable, low-carbon, 
resource-efficient, and competitive economy" 

5 Sauvé et al. (2016) 
Production and consumption of goods through closed-loop material flows that internalize environmental 
externalities linked to virgin resource extraction and the generation of waste (including pollution) 

6 Mao et al. (2018) 

A circular economy is an economic form with material circular flow as its core, and it attempts to reduce the 
influences of human activity on the natural environment system via the flow of closed material in the human 
socio-economic system, based on phased and efficient utilization of the energy flowing into the human socio-
economic system 
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The circular economy is an amalgamation of the 
aforementioned five schools of thought. Owing to the fact 
that the circular economy is an emerging concept of 
enterprise management, the consensus of an adequate and 
comprehensive definition has not yet been achieved. 
However, there is much agreement on the elements of the 
circular economy concept in the scientific research 
literature. Tab. 2 incorporates various definitions of the 
circular economy concept from 2012 towards 2018. 

The selected definitions in Tab. 2 provide insight into 
the key features of the circular economy. All definitions 
point to the fact that the circular economy is an economic 
model where raw materials, production processes and 
products are used cyclically within the stages of 
production, distribution, exchange and consumption while 
respecting the environmental criterion. Preston's definition 
indicates that waste from one production system to another 
would be treated as a raw material. Therefore it can be 
concluded that the circular economy treats waste as a 
secondary raw material. This is in line with Bastein's 
definition because the emergence of secondary raw 
materials would create new economic activities and 
increase the number of workforce to perform these 
activities. Mitchell's definition is the continuation of 
Bastein's because it highlights the difference between the 
circular economy and the linear economy by highlighting 
key circular activities: increasing product life cycle, 
maximizing value extraction, recycling and reuse. The next 
definition in the series is from the European Commission. 
This definition is of key importance because it reflects the 
basic objectives of the Circular Economy Action Plan, such 
as reducing imported primary raw materials and increasing 
the focus on treating waste as a secondary raw material. 
Subsequently, Sauvé's definition stands out because it 
mentions the closed-loop mechanism that is the 
fundamental feature of the circular economy. By the 
closed-loop mechanism the circular economy seeks to 
achieve cyclicality of primary and secondary raw materials 
to reduce externalities. The last definition in the series is 
from Mao. Its key point is that it holistically encompasses 
all other definitions. It does so by further emphasizing the 
closed-loop mechanism by mentioning energy efficiency 
through the use of renewable energy in all segments of 
human activity. 

Therefore, it can be concluded that the fundamental 
difference between the linear economy and the circular 
economy stands out in the closed-loop mechanism which 
the circular economy possesses as opposed to the linear 
economy. Through this type of mechanism, recovered 
products, parts and materials are used for reuse or for the 
creation of new products. This mechanism allows the 
circular economy to control the amount of raw material 
consumption and waste discharges into the environment. It 
allows the creation of conditions within which raw 
materials circulate within the production and consumption 
system. The goal of the circular economy is to optimize the 
use of primary raw materials and reduce waste pollution. It 
seeks to achieve the stated aim by reusing waste as a 
secondary raw material in each circular step, as far as 
possible and desirable. Fig. 4 shows the difference between 
the linear economy and the circular economy. 
 

 
Figure 4 The difference between the linear and the circular economy [19]  

 
The circular economy concept is increasingly 

attracting attention from the private and public sector 
because of financial, social and environmental reasons 
[21]. It is accepted that the concept of the circular economy 
is a sustainable development strategy that needs to find 
solutions to address the negative impacts of waste disposal 
on the environment and the lack of basic raw materials. The 
importance of the circular economy concept is that it is a 
model for overcoming the current linear economy model. 
It aims at increasing the efficiency of raw material use, 
especially when it comes to industrial waste, thereby 
achieving harmony between the economy, the environment 
and society [22]. 

 
Table 3 Circular Economy SWOT analysis 

STRENGTHS WEAKNESSES 
 Stable economic growth. 
 The closed loop enables reverse material logistics, which 

represents a potential competitive advantage. 
 Removal of waste from supply chains represents an opportunity 

to reduce system costs. 
 Treatment of waste as a secondary raw material reduces 

dependence on primary raw materials. 
 Due to the closed loop mechanism, the economy is less exposed 

to fluctuations in commodity prices. 

 The circular economy still requires amalgamation of the entire product life 
cycle. 

 There are no specific guidelines for how to implement the circular economy 
in individual areas of human activity. (eg The martime industry) 

 There are no internationally recognized standards or institutions regulating 
the circular economy. 

 There is no legislative basis for regulating business within the circular 
economy. 

 Waste is not perceived as a secondary raw material. 
OPPORTUNITIES THREATS 

 Reducing excess input of primary raw materials would save 
large amounts of capital. 

 The European Union could save up to 600 billion dollars in 
material costs. 

 Due to the closed - loop mechanism, production costs would be 
lower. This would make them cheaper, meaning that the product 
would be economically more accessible to the user 

 The creation of new business opportunities for individuals of 
diverse knowledge and expertise. 

 If companies can control the entire product life cycle, they can easily 
subsidize various activities, which can result in high product prices. 

 Full product life cycle management and strong collaboration can create cartel 
structures. 

 Gradual disruptions to the financial system can cause negative outcomes for 
an interdependent individual sector due to a complex and interconnected 
sector. 
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Waste elimination from supply chains would be 
beneficial because it would result in the reduction of 
systemic and direct material costs, as well as raw material 
dependency. Therefore, the circular economy possesses the 
potential to benefit operational and strategic enterprises 
because it would lower the input rates of scarce primary 
raw materials, which would result in saving large sums of 
capital. The Ellen MacArthur Foundation stipulates that 
the European Union would save up from 400 to 600 billion 
dollars worth of material costs yearly, mainly in the 
automobile and machinery sectors [3]. Considering this 
point of view, the closed-loop mechanism would enable the 
economy to be more resilient on price fluctuations of 
primary raw materials and the flattened cost curve 
ultimately results in a more efficient use of primary raw 
materials in terms of both value and volume. Despite the 
benefits and opportunities that the circular economy is 

fostering, it is also important to note the challenges that 
may arise during its realization. A more comprehensive 
view of the circular economy is presented through the 
SWOT analysis in Tab. 3. The circular economy can be 
considered as a certain upcoming phase of the capitalist 
socio - economic system, which tries to achieve as much as 
possible through the closed loop mechanism the flow of 
primary and secondary materials in every segment of 
human activity. Its main objective is to separate the 
constant economic growth from the overexploitation of 
raw materials while taking into account environmental 
conservation. It can be considered as the diametrical 
opposite of the linear economy because the linear economy 
does not sufficiently take into account the environmental 
and social consequences of achieving economic goals. The 
fundamental differences between the linear and circular 
economy are shown in Tab. 4. 

 
Table 4 Fundamental differences between the linear and the circular economy 

The linear model The circular model 
It is irresponsible for the use of raw materials. (Creates wealth regardless of 
the environment). 

It is responsible for the use of raw materials. (Creates wealth by considering 
the environment) 

Treats waste as an economically useless entity. (Waste is a structural 
component of the linear economy). 

Treats waste as a secondary raw material. 

It is based on the take, make, dispose paradigm by which resources are 
excavated, produced, consumed, and eventually discarded as waste. 

It is based on the paradigm of the closed-lop mechanism through which it 
seeks to hold raw materials in circulation as long as possible. 

The model is based on a single use of the product. The model is based on reusable products (through repairs, recycling, reuse, 
etc.) 

The model ignores the concept of product life cycle. The model takes into account the concept of product life cycle and seeks to 
extend it. 

It does not place emphasis on renewable energy sources during production 
processes. 

It emphasizes renewable energy sources during production processes. 

Considers recycling as a side activity through which waste is reduced. It considers recycling as a key component of the system through which it 
eliminates waste by treating it as a secondary raw material. 

4 THE ROLE OF PORTS IN THE CIRCULAR ECONOMY-
OPPORTUNITIES AND CHALLENGES 

 
Maritime transport remains the backbone of globalized 

trade and the manufacturing supply chain, as more than 
four fifths of world merchandise trade by volume is carried 
out by sea [23]. The key nodal points in between maritime 
transport and land transport are ports. Ports can be defined 
as land areas with maritime and hinterland accesses that 
have developed into a logistics and industrial center, 
playing an important role in global industrial and logistics 
networks [24]. They are facing sustainability challenges 
due to effects of economic structural change and 
globalization. As a result, they are forced to rethink their 
strategies and operations in an environment of increased 
scrutiny of action to reduce externalities. They are 
considered as crucial actors in the global movement of 
commodity flows, as well as the gates to and from their 
markets because they link international supply chains and 
are critical to the global economy and the trading system. 
Ports have the potential to strengthen the circular economy 
globally and locally because they are key links within the 
supply chain. After the economic crisis of 2008, the 
sustainable long-term development of ports and port areas 
has been focused on the first two principles, with the 
addition of a third principle: [25, 26] 
1. The synergy principle between different 
actors/systems, in particular, the sociocultural and 
economic system. 
2. The creativity and innovation principle. 
3. The circularization principle. 

If a port is to become sustainable, it must be developed 
through adherence to these three principles and it can be 
considered sustainable when it has achieved a long term 
and effective balance of social, economic and 
environmental values. A sustainable sea port is a sea port 
where social, economic and environmental values are 
balanced in a long term and efficient way. Sustainable sea 
ports would realize the closed-loop mechanism regarding 
material and energy flows in circular activities between 
various stakeholders and actors. Considering that they 
serve as gateways to global trade and they are facilities 
where value added services on all kinds of resources are 
provided, it can be concluded that they can also perform 
circular activities regarding waste reuse as secondary raw 
materials. If sea ports are considered as the "crossing-
points" for waste and primary raw materials, then it makes 
sense why they are ideal for developing the circular 
economy [27]. The execution of circular economic 
activities in ports is likely to be more profitable because of 
industrial parks, clustering activities and megacities in the 
proximity of ports [28]. Therefore, it is important to 
analyze ports with regard to two aspects: 
1. Define the role of sea ports in the circular economy as 
hubs for waste streams and material streams. 
2. Analyse waste streams in sea port industrial clusters 
that could be used as secondary material streams in order 
to achieve and facilitate the closed-loop mechanism. 

In the circular economy, waste streams in the port 
sector would be used as secondary raw materials in all parts 
of the supply chain, thus shifting the focus on closing the 
loop through reduction, reuse and recycling through an 
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institutionalized and systemic way [29, 30]. This requires 
a complete restructuring of industries, their production 
processes and consumption activities [31, 32]. The 
integration of the port sector in the circular economy would 
be addressed through next key areas: [33-35] 
1. Minimize input usage of primary raw materials and 
eliminate waste and pollution. 
2. Maximize the usage of renewable sources of energy 
and secondary raw materials. 
3. Maximize the creation of value of secondary raw 
resources at each stage of the closed-loop mechanism. 
4. Enable bio-based resource flow management and 
closed-loop recovery of non-renewable resources. 
5. Studying feedback loops within the sea port system to 
optimize the entire conglomerate of the industrial 
production system within the sea port system. 
6. Establish a mutually beneficial relationship between 
companies within the circular supply chain. 

7. Maximizing the usage value of products through 
sharing them among users and prolonging their life through 
reuse, maintenance and repair. 

Such integration requires a synergistic approach from 
different stakeholders within the port sector. This would be 
achieved through a combination of economic, logistical 
and industrial activities with the cultural heritage of the 
port and the creativity of the wider community [28]. The 
result would be a dynamic, complex and sustainable 
system. Each port would have a different approach for 
solving the emerging circular waste management challenge 
because of the different types of waste generated by the 
industrial cluster located within the port sector. A circular 
analysis of waste streams from various industries that could 
be used in port industrial clusters as secondary raw material 
flows through a closed loop mechanism as stated in Tab. 5. 

 
Table 5 Circularity analysis of waste streams [36-40] 

Type of Waste Circularity Analysis 

Construction Waste 
Construction waste is an endless source of secondary raw materials for various purposes if it is effectively recycled and sorted. 
Construction waste includes concrete, bricks, gypsum, wood, glass, metals, plastics, and solvents, asbestos and excavated soil. 
The European Union has a construction waste recycling rate of approximately 89%. 

Steel Scrap 

In 2015, recycling of steel scrap amounted to around 550 million tons globally. This is approximately one - third of total steel 
production. However, recycling rates are higher than would be expected because the life cycle of steel is very long. Some countries 
produce a high proportion of recycled steel, such as the US (approx 70%) and the EU (approx 50%). Important recyclables include 
ships and coastal installations. Both require specific facilities for removal, separation and decomposition. 

Wastewater 
Wastewater contains phosphate. Phosphate is excavated and used as fertilizer. Phosphate is often not recovered from wastewater 
or sewage. There are emerging initiatives to separate phosphate from wastewater (secondary phosphate). 

Tires 

Car tires are closely linked to the concept of recycling. About 1 billion tires (approx 13.5 million tons) are removed annually from 
vehicles. Tire recycling rates in the European Union are generally low (less than 40%). Tires contain a significant amount of 
valuable high quality carbon black. Contemporary innovative processes allow the carbon black to be recovered from tires, thereby 
improving the circularity of tires in the supply chain. 

Electronic Waste 
Almost 42 million tons of e-waste are generated globally. That number is expected to increase to 50 million tons in the future. 
Consumer electronics recycling rates are low (less than 40%). European Union exports e-waste to low-income countries. However, 
initiatives for e-waste recycling are emerging. 

Plastic Waste 

Global plastics production is over 300 million tons. Plastics are mainly used in packaging (approx 40%) and construction (approx 
20%). Plastics recycling is an established industry, especially for waste from factories (which is relatively clean, of limited variety 
and collected in large quantities) and has a considerable recycling rate. About 25 million tons of plastic waste has been generated 
in the European Union after use. This amounts to approximately 20 - 30 kg of plastic waste per person per year. 

Textile Waste 

Global textile production is around 90 million tons. Most textiles are based on chemicals, while one - third are based on natural 
resources such as cotton. Advances in textile sorting technology based on the fiber composition of fabric make recycling 
sustainable and will eventually enable the closed-loop textile industry. Textile recycling is of global nature and developing 
countries have a higher recycling rate than developed countries. 

Paper Waste 

Total paper and cardboard production is approximately 400 million tons. The current recycling rate in most EU countries is 55% 
to 60%. The quantities of imported and exported paper pulp are significant. For example, the US exports about 1.2 million TEU 
of waste paper per year, making it their largest export commodity. Most paper waste is returned to the US in form of packaging. 
Paper recycling rates can increase, especially in emerging economies. 

Glass Waste 
The global glass market consists of over 100 million tons of glass annually. It is divided into flat glass for construction and 
automobile industry and container glass for food and beverages. Glass has a high recycling rate (approx 70%) and can be recycled 
multiple times without significant loss of quality. 

The synergy and cooperation between ports and their 
industrial clusters within the circular economy supply 
chains should be studied in greater depth on three 
levels:[41, 32] 
1. Micro-level: Focuses on improving the environmental 
performance of an individual enterprise by reducing 
resource consumption, reducing pollution, by designing 
more environmentally friendly products. An example for 
the seaport sector would be the reuse of waste as a 
secondary raw material within one company within a port 
industrial cluster. 
2. Meso-level: Focuses on eco-industrial networks 
aiming to improve regional production systems and 
environmental protection, energy cascade, product 
exchange, waste recycling and local infrastructure sharing. 
Typical practice at this level is the development of eco-

industrial parks. An example for the port sector would be 
an industrial symbiosis of two or more companies within a 
port industrial cluster. 
3. Macro-level: Focuses on municipalities, cities, regions 
or provinces to develop a sustainable production as well as 
a sustainable consumption system. An example for the port 
sector would be the creation of an inter-regional exchange 
network for transporting secondary raw materials between 
two or more port industrial clusters. 

A shift from the traditional linear economy supply 
chain towards the new circular economy supply chain 
poses several challenges for ports. Changing the structure 
of supply chains from linear towards circular would reduce 
the flow of primary raw materials through ports because 
the system would close or narrow down due to the closed-
loop mechanism. The decrease in demand for primary raw 
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materials would lead to the decrease in primary bulk 
materials that represent a majority of the volume of cargo 
that is manipulated in most ports.Therefore, it can be 
concluded that traffic within the port would be diminished. 
This also creates the possibility of a conflict of interest 
between the port authority and the circular economy policy 
makers. This is because port authorities pursue a mixture 
of economic objectives such as financial sustainability of 
the port, maximization of added value and their most 
important objective, maximization of port throughput [42]. 
The challenge would be to reach enough critical mass of 
secondary raw resources in the port circular economy 
business model for certain waste to obtain economic 
profitability. 

The closed loop mechanism would accelerate the shift 
from global supply chains towards regional supply chains 
due to increased recycling rates and raw materials 
efficiency. This would affect the competitiveness of ports 
because the presence of traditional large fossil fuel based 
industrial complexes becomes less relevant [36]. The shift 
from the linear supply chains towards the circular supply 
chains would result in formation of new development 
pathways. However, industrial cluster synergy would still 
be of great importance for the port sector. This means that 
ports that already possess industrial cluster synergy can 
gain an early competitive advantage by attracting new 
circular economy activities in lieu of ports that do not 
possess industrial cluster synergy. Although ports compete 
with other ports, they would also compete with alternative 
industrial clusters that are not encompassed within their 
sector. In this case scenario, ports would also gain an early 
competitive edge because of their high quality connectivity 
(the waterfront and the hinterland), which would enable 
them an economically more acceptable access to secondary 
raw resources within the market of circular supply chains. 
This would have the potential for ports becoming sites 
where there is a concentration of demand for circular 
products such as energy, fuel and raw materials. 

There are no comprehensive documents that have 
specific guidelines for the integration of ports in the 
circular economy on a legislative level. The documents that 
are closest for establishing a legal framework for the 
integration of ports towards a circular economy are 
Directive 2008/98/EC on the prevention or reduction of the 
adverse effects of waste production and management and 
Directive 2000/59/EC on port reception facilities for ship - 
generated waste and cargo residues [12, 43]. Ports would 
also face next challenges: [44, 45] 
1. Knowledge of the contribution of a particular 
economic activity to the environment. 
2. Training the workforce with adequate skills. 
3. Lack of experts and professionals to implement the 
circular economy into the port sector 
4. Raising awareness and increasing recycling capacity in 
enterprises. 
5. Changing consumer behaviour. 
6. Changing the relationship between consumer and 
producer liability regimes. 
7. Pricing goods and services to reflect the full costs and 
set policies that promote a circular economy. 
8. Lack of space in the sea port sector for the installation 
of new recycling facilities (industrial clusters would need 
to be expanded). 

9. Overall negative public opinion on waste makes it 
difficult to install recycling facilities within the seaport 
sector. 
10. The development and implementation of circular 
economy strategies requires renewed cooperation between 
the various actors within the sea port sector (port 
management body, harbour master's office, freight 
forwarding companies, industry clusters, academic 
institutions) and even cooperation with citizens' 
associations because the port is an integral part of the city. 
11. Sea ports handle a huge volume of nonrenewable 
(linear) resources. The trend toward circularity would most 
likely lead to a decline of these volumes, therefore putting 
into question the economic feasibility of sea port business. 
 
5 CONCLUSION 
 

The negative side effects of the linear economy such 
as extreme primary raw material depletion and waste 
generation have given rise to the idea of sustainable raw 
material management on a world-wide level. The leading 
government authorities seek to change these side-effects by 
increasing focus on recycling and reuse in order to achieve 
better raw material efficiency. The economic model that 
provides possibilities for recycling and reuse is called the 
circular economy. This model provides new opportunities 
for economic growth because it enables the circulation of 
waste as a secondary raw material within supply chains. By 
enabling this way of economic conduct, the extreme 
extraction of primary resources would be lower, as well as 
waste generation, because waste would be used in 
production processes, instead of being discarded. 

The European Union has developed the Circular 
Economy Action Plan by which it aims to implement the 
circular economy on its sovereign territory. The 
restructuring of the European Union's economy from the 
traditional linear model towards the innovative circular 
model would decrease the European Union's primary raw 
material dependency. This would benefit the European 
Union economically and geopolitically because large sums 
of capital would be saved. However, neither the Action 
Plan nor the other legal documentation provide guidelines 
and steps to integrate ports into the circular economy. The 
documents that are closest for establishing a legal 
framework for the integration of ports towards a circular 
economy are Directive 2008/98/EC on the prevention or 
reduction of the adverse effects of waste production and 
management and Directive 2000/59/EC on port reception 
facilities for ship - generated waste and cargo residues. 

The integration of ports into the circular economy of 
the European Union can be considered of great importance 
because today's ports are complex industrial and logistical 
hubs where various value-added economic activities are 
carried out.  The restructuring of the European Union's 
economy from the traditional linear model towards the 
innovative circular model would affect the way how ports 
conduct business. The aforementioned possible change in 
economic circumstances creates pressure on ports 
regarding their competitive edge because they would face 
economic, environmental, social and cultural changes. 
Ports play a significant role in the movement of the 
European Union's commodity flows because more than 
90% of imported European goods pass through them. The 
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circularity in supply chains would reduce the stated amount 
of imported commodity flows because the closed loop 
mechanism would treat waste as a secondary raw material, 
which would reduce the need to import primary raw 
materials. 

The practical implication for ports with regard to their 
adaptation in the circular economy is therefore the focus on 
creating strong synergies with existing industrial clusters. 
They should also create and develop favorable and 
interesting circular economic opportunities with the aim of 
attracting new industries within their port cluster. The first 
competitive advantage in attracting new industries within 
their cluster would be their excellent connectivity with the 
waterfront and the hinterland. 

The challenges of integrating ports into the circular 
economy would be manifested by the fact that each port is 
a separate individual hub within a transport network that 
possesses synergy with different actors. The scientific 
implication should be based on the analysis of ports 
established on the diversity of their size, function, 
organizational structure, geographical location and 
economic market position, because these criteria create 
different and unique strategies for their integration into the 
circular economy. 

Future research directions should be formed on the 
development and implementation of the circular economy 
strategies by constructing renewed cooperation 
frameworks between the various stakeholders in the port 
sector. The key stakeholders would be the port authority, 
the harbor master's office, freight forwarding companies, 
industrial clusters, academic institutions and even the 
citizens' associations because the port is an integral part of 
the city. The monitoring, surveillance and development of 
cooperation between the various stakeholders in the port 
sector within the circular economy should be studied from 
the point of view of micro-level, meso-level and macro-
level. 
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