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Abstract: The fight against climate change is one of the main global challenges of our time, and the
European Union (EU) seeks to achieve climate neutrality and energy transition for the continent by
2050 through various policies. This research studies the economic implications of the EU Emissions
Trading System (ETS) on European ports. By analysing various maritime scenarios, the study assesses
how the ETS influences shipping routes, port competitiveness, and overall economic activity. A key
finding is that the ETS imposes significant additional costs on shipping companies, which could
lead to adjustments in routes and a shift in cargo volumes to ports in regions with less stringent
environmental regulations. This could result in job losses in European port communities and reduce
the competitiveness of European ports. In addition, the potential for carbon leakage, where shipping
activities are simply relocated to regions with fewer emission controls, is explored.
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1. Introduction

The fight against climate change is one of the major global challenges of our time,
and the European Union (EU) has been a pioneer in implementing policies to mitigate
greenhouse gas emissions [1]. Taking a firm stance on reducing emissions, not only as an
environmental commitment, but also as an opportunity to lead the transition to a more
sustainable and resilient economy.

With the aim of achieving climate neutrality by 2050, the EU launched the European
Green Deal, an ambitious strategy covering various sectors of the economy, from energy and
transport to agriculture and industry. This roadmap not only aims to reduce greenhouse gas
emissions, but also to transform the European economy, making it more resource-efficient
and less dependent on fossil fuels [2]. In this sense, it also seeks to encourage technological
innovation and the creation of new green jobs.

One of the key pillars of the Green Deal is the Fit for 55 legislative package, presented
in 2021. This package, which covers multiple regulatory areas, has as its main objective to
reduce greenhouse gas emissions by at least 55% by 2030, taking 1990 levels as a reference [3].
To achieve this goal, a number of measures have been proposed that affect different sectors,
including maritime transport, as well as energy production and the use of natural resources.

Within the framework of the Blue Economy, which is all those economic sectors related
to the ocean [4], one of the most notable developments is the inclusion of maritime transport
in the EU Emissions Trading System (EU ETS). Until recently, shipping, responsible for
about 3% of global greenhouse gas emissions, was not subject to the same strict regulations
as other industrial sectors. However, with the expansion of the EU ETS, the maritime sector
will now be forced to reduce its carbon emissions, a crucial step towards achieving the EU’s
climate goals. This system requires shipping companies to purchase permits for every ton
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of CO;, they emit, creating a financial incentive to reduce their carbon footprint and adopt
cleaner technologies [5].

The inclusion of maritime transport in the EU ETS poses a number of important
challenges for the European shipping industry and ports. In terms of competitiveness,
EU ports could face increased costs, as shipping companies will have to pay for their
emissions, which could lead some operators to look for ports in third countries that are
not subject to these regulations [6]. This could lead to carbon leakage, i.e., the transfer of
polluting activities to areas where regulations are less stringent [7]. On the other hand,
ports and shipping companies will have to adapt quickly to new environmental regulations,
which means investments in cleaner technologies, such as alternative fuels like hydrogen
or ammonia, or improvements in the energy efficiency of ships [6].

The main objective of this research is to analyse the economic impacts of the imple-
mentation of the EU ETS on EU ports, with special emphasis on the implications that this
may have on the restructuring of trade routes and on the competitiveness of European
ports vis-a-vis their counterparts outside the European Economic Area.

To meet this objective, a methodology structured in several phases will be used. First,
an Ishikawa diagram will be carried out [8], also known as a cause-effect diagram, to iden-
tify and categorise factors that may influence the success or failure of the implementation
of the EU ETS in shipping. This analysis will allow the problems to be broken down into
key categories, such as technological, economic, regulatory, and social factors, in order to
take a comprehensive view of the challenges faced by the actors involved.

Second, simulations of different maritime scenarios will be carried out to predict how
shipping companies and ports might react to the new regulations. These simulations will
consider variables such as the cost of emission allowances and the competitiveness of ports.
Through these models, we will seek to better understand the implications of the expansion
of the EU ETS and how different actors could adapt to these changes.

Finally, this work will offer conclusions based on the results obtained, with the aim
of mitigating the negative effects of the ETS, protecting the competitiveness of European
ports and ensuring that climate objectives are effectively met.

2. State of the Art
2.1. Fit for 55 Legislative Framework

For some years now, the European Commission has set out to achieve climate neutrality
on the continent by 2050 [1]. To this end, the European Green Deal was developed, which is
carried out through different packages of measures such as RefuelEU, RepowerEU, or Fitfor55.

On 14 July 2021, the European Commission presented the “Fit for 55” package to
achieve the targets of reducing greenhouse gas emissions by 2030 by at least 55% compared
to 1990 levels [3]. This package proposes a series of 14 measures, of which four are closely
linked to maritime transport and therefore to port activities:

ETD Maritime: With the new Directive 2003/96/EC on energy taxation, tax exemptions
for marine fuels are partially ended. Fuels sold in the European Economic Area (EEA), for
travel within the EEA, will no longer be exempt from tax [9]. This directive was still under
review in June 2024.

Alternative fuels infrastructure (AFIR): Boosting the expansion of LNG and shore-
based power supply facilities in the EU’s main ports [10]. The old Alternative Fuels
Infrastructure Directive becomes a regulation.

EU Emission Trade System (EU ETS): Maritime transport is incorporated into the
Community Emissions Trading System. Ships are responsible for 100% of their CO,
emissions in and between EU ports, and for 50% when entering or leaving the EU. They
must pay according to the current carbon market price (€/tonne of CO,) [5].

Fuel EU: This measure seeks to encourage the adoption of low-emission fuels by
imposing limits on the carbon intensity of fuels on board ships. Carbon intensity reduction
levels of fuels will progressively increase along different lines (2% in 2025, —6% in 2030,
75% in 2050) [11].
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2.2. EU Emission Trade System

The European Union’s Emissions Trading System (EU ETS) is a market-based mech-
anism designed to reduce greenhouse gas (GHG) emissions in the most CO;-intensive
sectors [12]. It has been extended to the maritime sector to address rising greenhouse gas
emissions from merchant ships. This market mechanism forces shipping companies to
acquire emission allowances for each tonne of CO, emitted, thus incentivising the adoption
of cleaner technologies and fuels [13]. The inclusion of maritime transport in the EU ETS,
from 2024, represents a significant step towards the decarbonisation of the sector and the
achievement of the EU’s climate objectives. The main application features of this system
are as follows:

e The Maritime Emissions Trading System (ETS) will apply to all cargo ships and
passenger ships over 5000 GT.

e 100% of the emissions of the intra-European routes, 100% of those made while in port,
and 50% of the extra-European routes will be covered.

e  Gradual application between 2024 and 2026. It will be paid for 40% of emissions in
2024, 70% in 2025, and 100% in 2026.

Control is extended to methane (CH4) and nitrous oxides (NOx) from 2026.
In 2026, the inclusion of vessels from 400 GT will be reviewed. Offshore Service Vessels
of more than 5000 GT will be included from 2027.

e Itincludes the measure to redefine the “port of call” to avoid carbon leakage, consid-
ering “transparent” non-European ports with more than 65% transshipment activity,
located less than 300 nautical miles away.

o  If the IMO does not implement measures by 2028, an assessment of the impact of the
directive will be carried out.

2.3. Impacts on the Application of Emission Control Regulations

In recent decades, maritime governance has been undergoing regionalisation that
contributes to a more complex and distributed system, where different actors share the
responsibility for ensuring the sustainability of maritime transport. Traditionally, the In-
ternational Maritime Organization (IMO) has been the main regulatory body for global
shipping; however, due to growing environmental concerns and the perceived ineffective-
ness of the IMO in certain areas, regional initiatives have emerged in the EU [14].

For years, certain maritime areas of the world have been declared Emission Control
Areas (ECAs), which have stricter environmental regulations to reduce emissions of sulphur
and nitrogen oxides from ships [15]. Some studies indicate that ECAs can have a negative
impact on port efficiency. An average efficiency reduction of 15-18% is estimated in ports
within the ECAs. This suggests that measures to comply with environmental regulations
may lead to additional costs that affect the operational efficiency of ports [16].

On the other hand, ECAs impose stricter restrictions on sulphur and nitrogen oxide
emissions, which can affect ship routes and speeds. Mathematical models currently exist
to optimize the speed of a ship considering fuel costs, travel time, and compliance with
emissions regulations [17].

In terms of governance and decision-making model, when implementing emission
regulation measures, there are two main types of regulations: a unilateral one, implemented
by a single region; and a uniform one, applied to all regions [18]. Considering the com-
petition between shipping companies and ports, as well as operational factors, such as
inventory costs and the balance between fleet size and sailing speed, the results indicate
that unilateral regulation can even increase total emissions, while uniform regulation al-
ways reduces them. In addition, both regulations can have asymmetric effects on shipping
companies and ports [19].

In addition, on the one hand, there is a large concentration of fleet, since the five
largest shipping companies own 65% of the container transport [20]; however, this is not
the case with ports. In Spain alone, for example, there are 46 state ports. Competition
between ports can affect the effectiveness of emissions regulations. In addition, the type
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of regulation (unilateral or bilateral) also influences the results. A port subject to strict
regulation may lose competitiveness compared to ports in regions with less stringent
standards and, in addition, different regulations may incentivize or discourage investment
in clean technologies [6].

On the other hand, it should be noted that carbon leakage in shipping emission control
occurs when efforts to reduce emissions in one region or sector lead to an increase in other
areas, undermining global goals, given that air emissions are not a local phenomenon but a
global one [7]. This can happen by shifting trade routes, relocating fleets to countries with
laxer regulations, or evading regulations by changing flags to states with fewer restrictions.
Consequences include a global increase in emissions, competitive inequality, and challenges
to the effectiveness of emission reduction policies [21]. To mitigate carbon leakage, robust
international coordination, which establishes homogeneous regulations and avoids imbal-
ances, is crucial. Organizations such as the IMO are key in the implementation of global
standards [22]. In addition, monitoring and verification mechanisms must be improved to
ensure compliance with regulations, implementation of economic incentives for companies
that adopt sustainable practices, and encouragement of research into and the development
of cleaner and more efficient technologies. Addressing carbon leakage in shipping requires
a comprehensive approach that combines international cooperation, implementation of
homogeneous regulations, and promotion of sustainable technologies [23].

The following are some potential indicators for detecting these carbon leaks:

e  Evolution of the number of calls of ships under 5000 GT. This size of ships is exempt
during these first years from the ETS levy in EU ports; therefore, a significant increase
in the number of calls of this type of ship from other non-European ports could mean a
clear carbon leakage [24]. The mother ships would carry out the unloading operation
at these transit ports and, by means of smaller vessels exempt from the ETS, they
would transport the goods to European ports.

e  Trend in the volume of goods in transit in European ports. If European ports that, due
to their geographical position, capacity, maritime connectivity index, etc., currently
have a high percentage of goods in transit and begin to lose a volume of goods similar
to that gained by their non-European competitors, it would be a clear example of this
migration of routes to ports exempt from ETS [25].

e  Evolution of the distances that the mother ships travel on the last leg of their journey
before the European port. If the distance travelled from the last non-European port is
significantly reduced, it could be a clear indicator for detecting an unusual previous
stopover before the implementation of the ETS in order to pay a lower amount for the
journey made [26].

e Investments that are being undertaken in both European and non-European ports
in terms of increasing the capacity and efficiency of their terminals. If competing
ports are identified as investing to increase their container transshipment capacity, for
example, large amounts of traffic may be diverted to these ports [27].

e As for the Short Sea Shipping lines, study the evolution of the volume of trucks that
are transported. By applying the ETS package to ships without applying the ETS2 to
the road, intra-EU traffic that occurs via SSS pays 100% of the emissions and reduces
profitability for trucks to go by boat [28].

On the purely economic side, the application of the ETS to European ports will have
a significant negative economic impact due to the increased costs associated with calling
at these ports [29]. Shipping companies will face higher operating expenses for having
to acquire emission permits for their vessels, which could result in an increase in port
fees and prices for related services [30]. This increased cost may discourage shipping
companies from using European ports, causing them to opt for alternative routes or ports
in regions with less stringent regulations which, in turn, could reduce maritime traffic and
negatively affect local economies that depend on trade and port activity [27]. In addition,
the competitiveness of European ports could be compromised, affecting related industries
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such as land transport, logistics, and warehousing, and potentially leading to job losses in
these sectors [31].

3. Methodology

The methodology proposed in this research is framed according to the following phases:
The general steps of the methodology are (Figure 1):

Methodology

o1 0o 03 04 05 06

g

Literature
review

e B B #

Mlz::lizgv:i:e Selection of Compiling Performing Analysis of
diagram study and creating calculations results and
scenarios the database of the factors conclusions

studied

Figure 1. Work flow. Source: own elaboration.

Phase 1: Bibliographic review. A comprehensive study was conducted to analyse the
modes of application of the ETS, its legislative framework, and the expected impacts of its
implementation. The literature review covered academic articles, official reports, and EU
policy documents. Key sources included the European Green Deal, the Fit for 55 legislative
package, and studies on the inclusion of maritime transport in the EU ETS. Databases such
as Scopus, Web of Science, and MRV EU repositories were consulted to ensure reliable and
relevant data.

Phase 2: An Ishikawa analysis was carried out to detect the main effects of the
implementation of the ETS in the maritime domain. The Ishikawa diagram was applied as
a structured tool to identify and classify the effects [8] in order to better understand the
critical factors affecting the ports of the EEA due to the implementation of the ETS. Once
this was done, the dimension with the most significant effects when applying the ETS was
quantified according to a panel of experts from shipping companies, ports, consultancies,
and universities.

Phase 3: Selection of study scenarios. Once the Ishikawa analysis was completed,
the study focused on analysing the derived economic aspects in more detail. Different
scenarios of maritime routes that could be affected by the application of the ETS, on both
the Atlantic and Mediterranean coasts, were proposed.

Phase 4: Database collection and creation. Once the routes to be studied were selected,
data were collected from different sources (MRV emissions, SBC, European Commission,
Algeciras Port, etc.) and the database was created.

Phase 5: Realisation of the factors studied. Once the database was created, the economic
effects of a ship’s scale were calculated based on the scenarios outlined in Phase 3.

Phase 6: Analysis of results and conclusions. Once the results were obtained, these
were analysed and the conclusions drawn from the study were compiled.

4. Results and Analysis of Results

The Ishikawa diagram (fishbone) showing the effects of the application of the ETS
to maritime transport in EU ports, categorized into four main areas: Economic, Social,
Governance, and Environmental (Figure 2).
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ISHIKAWA DIAGRAM
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Figure 2. Ishikawa diagram. Source: own elaboration.

Economy (E):

El-Increased costs: shipping companies face higher operating expenses by having to
acquire emission permits.

E2-Traffic reduction: the increase in costs can dissuade shipping companies from using
European ports, reducing the volume of traffic.

E3-Reduced competitiveness: European ports may lose competitiveness to ports in
regions with more lax regulations.

E4-Impact on tariffs/fees: loss of the business volume of a port can translate into an
increase in port tariffs for users who have been maintained to be able to resist the
structure of port expenses.

Social (S):

S1-Loss of jobs: reduced traffic and competitiveness can lead to job losses in the port
sector and related areas.

S2-Impact on port communities: local economies that depend on port trade may suffer
due to decreased activity.

S3-Change in the demand for services: the dynamics in the demand for logistics and
support services may change, affecting local suppliers.

Governance (G):

G1l-Implementation of regulations: the development and application of new regula-
tions is required to control emissions.

G2-Supervision and compliance: it is necessary to establish effective mechanisms to
monitor and ensure compliance with regulations.

G3-International coordination: cooperation between countries is crucial in harmonis-
ing regulations and avoiding competitive inequalities.

G4-Evasion of regulations: companies may attempt to circumvent regulations by
changing flags or alternative routes.

G5-Regulatory uncertainty: shipping companies face uncertainty due to possible
changes in policies and regulations.
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Environmental (EM):

e EMI1-Emission reduction: the main objective of the ETS is to reduce greenhouse gas
emissions from maritime transport.

e  EM2-Impact on marine wildlife: the implementation of the ETS can have both posi-
tive and negative effects on marine fauna, depending on changes in the routes and
technology used.

e  EMB3-Use of green technologies: the need to reduce emissions will encourage the
development and adoption of cleaner and more efficient technologies.

e EM4-Carbon leakage: moving operations to regions with less stringent regulations
can increase global emissions.

This diagram helps to visualize the different areas of impact and the possible conse-
quences that the implementation of the ETS may have on EU shipping and ports.

Once the Ishikawa diagram was developed, a focus group was conducted with a panel
of eight experts, whose affiliations are listed here: three university professors specializing
in Port Operations, one consultant from a maritime traffic consultancy, two representatives
from shipping companies, and two professionals from the operations department of the
public organisation Puertos del Estado.

During the session, the experts were asked to rank the four dimensions where the
effects of ETS application occur in order of importance, from highest to lowest. This process
was carried out in a structured manner, first by collecting individual evaluations and
subsequently by analysing the combined results. The data obtained were processed to
convert them into representative percentages, which allowed the relative impact of each
dimension to be quantified.

Based on this analysis, it was concluded that, of the four dimensions considered, the
economic dimension has the greatest effect on the development of the competitiveness
of European ports (Figure 3). Consequently, in the subsequent phases of the study, these
economic factors were analysed in greater detail.

Importances of ETS impact by sectors
Enviromental (Em)
24.0%

/ Governace (G)

| 20.0%

42.0%
14.0%

/’ Social (S)
gy, —

_ _——

Economic (E)

Figure 3. Impact of ETS application by dimension. Source: own elaboration.

The work scenarios on which the analysis of the study will be carried out are set out
below (Table 1):
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Table 1. Scenarios proposed in the study. Source: own elaboration.
. Scenario Source Intermediate Destination Circumnavigation NOH.-EEA
Scenario Route . Intermediate Port Is
Code Ports Ports Ports of Africa Transparent Port

. Huston . .
Scenario 1.1 El1 (non-EEA) Algeciras (EEA)  Dubai (non-EEA) No
Scenario 1.2 E12 North America— (nl;l;lsé%rg) Algeciras (EEA)  Dubai (non-EEA) Yes

Europe-East ) .

. Huston Tangier .
Scenario 1.3 E13 (non-EEA) (non-EEA) Dubai (non-EEA) No Yes

. Huston Tangier .
Scenario 1.4 El4 (non-EEA) (non-EEA) Dubai (non-EEA) Yes Yes

. Montreal Liverpool
Scenario 2.1 E21 (non-EEA) (non-EEA) Le Havre (EEA) No No
Scenario 2.2 E22 North America- Montreal Le Havre (EEA) No

Northern (non-EEA)
. Montreal Liverpool
Europe P

Scenario 2.3 E23 P (non-EEA) (non-EEA) Le Havre (EEA) No Yes

. Montreal
Scenario 2.4 E24 (non-EEA) Le Havre (EEA) No

. Singapore .
Scenario 3.1 E3.1 (non-EEA) Algeciras (EEA)  Rotterdam (EEA) No
Scenario 3.2 E32 Asia— Singapore Algeciras (EEA)  Rotterdam (EEA) Yes

Mediterranean— (non-EEA) §

. Singapore Tangier
Scenario 3.3 E33 I\]IE(:;;cz;zn (non-EEA) (non-EEA) Rotterdam (EEA) No Yes

. Singapore Tangier
Scenario 3.4 E34 (non-EEA) (non-EEA) Rotterdam (EEA) Yes Yes

Scenario 1: North America—Europe-East sea route. This maritime route has been
chosen because of its importance in connecting the three main continents and the
conjunction of areas that produce and consume goods. Some of the legs of this route
are Huston (non-EEA), Algeciras (EEA), and Dubai (non-EEA).

Scenario 2: North America—Northern Europe sea route. The selection of this route
aims to demonstrate how to reduce the payment of allowances when interspersing a
port in the United Kingdom (non-EEA). The selected example is Montreal (non-EEA),
Liverpool (non-EEA), and Le Havre (EEA).

Scenario 3: Asia-Mediterranean-Northern Europe sea route. This last scenario seeks
to show the effects of applying ETS in ports where, as on the EU’s southern border, in
this case, there are third-country ports with the potential to attract this traffic, as the
ETS would not apply. The example studied is Singapore (non-EEA), Algeciras (EEA),
Singapore (non-EEA), Tangier Med (non-EEA), and Rotterdam (EEA).

Finally, it should be noted that, in both scenarios 1 and 3, due to geopolitical instabili-

ties in the Bad-al-Mandeb Strait, the calculations made include the casuistry of making the
Europe-East route through the Suez Canal or circumnavigating the Cape of Good Hope.
A clear example of this is the route of the Maersk Chicago ship that covers the route of
scenario 1: Huston-Algeciras—Dubai (Figure 4). It shows how, until December 2023, the
logical passage of connection between Asia and Europe took place through the tandem of
choke points between the Suez Canal and the Bab-al-Mandeb Strait. From that date on,
instabilities with the Yemeni Houthis in the area began and it can be observed that, from
January 2024, the route changes to circumnavigate Africa through the Cape of Good Hope.
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Latitud

Latitude

Ruta del bugue MAERSK CHICAGO 2023-2024 Ruta del bugue MAERSK CHICAGO hasta diciembre de 2023

o MAERSK CHICAGO + MAERSK CHICAGO

titud

Lal

0
Longitud
MAERSK CHICAGO vessel route from January 2024 MAERSK CHICAGO vessel route Huston - Algeciras - Dubai

0
Longitud

+ MAERSK CHICAGO + MAERSK CHICAGO

Latitude

E 0 5 m 150
Longitude Longitude

Figure 4. Maersk Chicago vessel GPS position. Source: own elaboration, data: SBC.

Following the indications of the European directive [32], the ETS calculation is made
following Formula (1):
e

Cost ETS = Z:.Z:l(d X @ X 1555 X y) 1)

Being;:

n: number of annual stopovers subject to ETS.

d: distance in nautical miles travelled between ports.

@ situation factor of the ports. If the port of departure is a non-European port, the
factor is 0; if it is a transparent port, it is 0.5 and, if it is European, 1.

e: emissions reported by the ship in MRV (kg CO, /mn).

p: cost of the allowance (€/tonCO;).

With all this, the following tables are obtained (Tables 2—4):
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Table 2. Results of the application of the ETS in scenario 1. Source: Own elaboration.
SCENARIO 1—NORTH AMERICA—EAST ROUTE (HUSTON-ALGECIRAS-DUBAI)
Scenario  Circunavigation Port of Non- Destination Leg1 Leg2 ETS Price Leg Factor  Leg Factor =~ CO, Emissions Factor CO; Emissions Price Leg 1 Price Leg 2 Cost
8 Origin European Port Port (nm) (nm) (€/ton) 1 2 (kg CO,/nm) (ton) 8 8
E1.1 No Huston Algeciras Dubai 5423 4806 69.38 0.5 0.5 597 3053.3565 €112,309.95 €99,531.92 €211,841.87
E12 Yes Huston Algeciras Dubai 5423 9831 69.38 0.5 0.5 597 4553.319 €112,309.95 €203,599.32 €315,909.27
E13 No Huston Tanger Dubai 5423 4806 69.38 0 0 597 0 €0.00 €0.00 €0.00
E14 Yes Huston Tanger Dubai 5423 9831 69.38 0 0 597 0 €0.00 €0.00 €0.00
Table 3. Results of the application of the ETS in scenario 2. Source: Own elaboration.
SCENARIO 2—NORTH AMERICA—NORTH EUROPE ROUTE (MONTREAL-LIVERPOOL-LE HAVRE)
. . . Port of Non- Destination ETS Price Leg Leg CO; Emissions CO; Emissions . .

ESEND ST Origin European Port Port Iz Ty ligg P b (€/ton) Factor 1 Factor 2 Factor (kg CO,/nm) (ton) gl 193l e
E21 Montreal Le Havre 3103 69.38 0.5 1027 1593.3905 €110,549.43 €0.00 €110,549.43
E22 Montreal Liverpool Le Havre 2795.13 501 69.38 0 0.5 1027 257.2635 €0.00 €17,848.94 €17,848.94
E23 If Liverpool were Montreal Le Havre 3103 69.38 0.5 1027 1593.3905 €110,549.43 €0.00 €110,549.43
E2.4 a Transparent Port Montreal Liverpool Le Havre 2795.13 501 69.38 0.5 0.5 1027 1692.56276 €99,581.06 €17,848.94 €117,430.00

Table 4. Results of the application of the ETS in scenario 2. Source: Own elaboration.
SCENARIO 3—ASIA—MEDITERRANEAN—NORTH EUROPE ROUTE (SINGAPORE-ALGECIRAS-ROTTERDAM)
. . .. Port of Non- Destination ETS Price Leg Factor Leg Factor CO; Emissions Factor CO, Emissions . .

Scenario Circunavigation Origin European Port Port Leg 1 (nm) Leg 2 (nm) (€/ton) 1 2 (kg CO,/nm) (ton) Price Leg1  Price Leg 2 Cost
E3.1 No Singapore Algeciras Rotterdam 6889.98 1353.17 69.38 0.5 1 1027 4927.71032 €245,466.77 €96,417.77 €341,884.54
E3.2 Yes Singapore Algeciras Rotterdam 10,694.69 1353.17 69.38 0.5 1 1027 6881.42891 €381,015.76 €96,417.77 €477,433.54
E3.3 No Singapore Tanger Rotterdam 6950.01 1339.36 69.38 0.5 0.5 1027 4256.5915 €247,605.43 €47,716.88 €295,322.32
E34 Yes Singapore Tanger Rotterdam 10,669.83 1339.36 69.38 0.5 0.5 1027 6166.71907 €380,130.09 €47,716.88 €427,846.97
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Table 2 shows the calculations made for Scenario 1. In this case, the ship that makes the
European Huston—Algeciras-Dubai route between legs, and whose emission factor has been
obtained from the emissions declared by the ship in the year 2023 in the MRV, is studied [33].
The ETS price (€/ton CO,) for all scenarios has been obtained from trading economics in
July 2024. The circumnavigation casuistry of the African continent is taken into account,
which implies an increase in crossing distance by 49.1%. The cost of making a stopover
in a European port on the route on which the ship circumnavigates Africa is €104,067.40,
higher than the passage of the Suez Canal. On the other hand, in the event that, due to the
cost of ETS, the ship decides to make an intermediate call in Tangier, a non-European port,
100% of the costs would be saved since none of the legs of the crossing would call at a port
subject to ETS. This represents a saving of €211,841.87 if circumnavigation is not carried
out and €315,909.27 if it is carried out (Figure 5).

COST DIFFERENCE SCENARIO 1
350000

€ 315,909.27

300000

2500001

€211,841.87

200000

150000

Cost Difference (€)

100000

50000

E1.1VSE1l3 E12VSE1l4
Comparisons

Figure 5. Cost difference in scenario comparison 1. Source: own elaboration.

Table 3, belonging to Scenario 2, studies a ship that makes the Montreal-Liverpool-Le
Havre route. In this scenario, the aim is to analyse the effect of including a call at a port
in the United Kingdom for routes between North America and northern Europe. It can
be seen that a ship between Montreal and Le Havre would pay 50% of the emissions
produced on that route but, if Liverpool, a non-European port, is included, the emissions
subject to ETS would become only 50% of those produced in the approximately 500 nautical
miles between Liverpool and the French coast, which represents a saving per stopover
of €92,700.49. In the future event that the EU includes this British port (as it already has
others), modifying the criteria, in the transparent list of ports, it is observed that, in a
stopover in Liverpool, travelling more miles, carbon leakage could not occur because it
would not be economically profitable for the shipping company (Figure 6) (currently the
criteria are that ships are located less than 300 nautical miles from the European port and
that they carry out transshipment activity equal to or greater than 65%).
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COST DIFFERENCE SCENARIO 2

100000 €92,700.49

80000

60000

40000

Cost Difference (€)

20000

I L
. € —6.880.57
E2.1VSE22 E23VSE24
Comparisons

Figure 6. Cost difference in scenario comparison 2. Source: own elaboration.

Finally, Table 4 shows the results of Scenario 3, the Maersk A2 route between Singapore
and Algeciras and Rotterdam (Asia-Mediterranean—Northern Europe). Two main cases are
shown. The first shows an increase in crossings to circumnavigate Africa, which means
an increase in emission rights costs of €135,549.00 per stopover. A second possibility is
being studied; that the shipping company in question decides, due to the cost of calling at
a European port such as Algeciras, to change and start calling in at Tangier (a port located
on the same route with zero deviation). As Tangier is a port classified as transparent by the
EU, the ship would pay 50% of the emissions for the Singapore-Tangier route and 50% for
the emissions of Tangier—Rotterdam. This change would mean the shipping company now
pays approximately €46,562.22 per stopover and vessel (Figure 7).

COST DIFFERENCE SCENARIO 3

50000 | € 49,586.57

€ 46,562.22

40000

30000

Cost Difference (€)

20000

10000

E3.1VSE3.3 E3.2VSE3.4
Comparisons

Figure 7. Cost difference in scenario comparison 3. Source: own elaboration.

5. Conclusions

It is clear that the Emissions Trading System (ETS) represents one of the main tools
that the European Union (EU) has implemented to move towards the continent’s energy
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transition. However, it is critical to develop a clear proposal for how the funds raised
through this system will be allocated. These resources could be channelled towards the
promotion of green technologies and the energy transition of shipping companies, ports,
and other key agents in the logistics chain, thus ensuring a positive and equitable impact.
Additionally, specific legislative measures could be considered, such as fiscal incentives or
direct subsidies for the ports most affected by the loss of competitiveness due to the ETS. A
portion of the funds raised could also be allocated to modernizing port infrastructures and
fostering the transition to sustainable fuels.

The results obtained meet the objective of the research and show that the maritime
trade of European ports will be affected, especially those that have close competitors in
regions outside the EU, which could erode their competitiveness. In this context, the
concept of “transparent ports” could require a revision, adjusting the inclusion criteria to
incorporate ports that, while not currently meeting the threshold of 65% transshipment or
located more than 300 nautical miles from a European port, represent direct competitors in
terms of carbon leakage (such as certain African or British ports). Legislative adjustments
to redefine these criteria could include relevant ports based on their competitive relevance
rather than geographical proximity or current transshipment percentages.

Although a readjustment of routes and a possible loss of traffic in the coming years is
foreseeable, this change will not be immediate. In 2024, only 40% of emissions will be paid,
rising to 70% in 2025 and reaching 100% in 2026. Therefore, the real impact on shipping
routes and traffic is not likely to be fully reflected for two to three years, as shipping
companies consider multiple factors when designing their logistics chains.

One of the main challenges encountered during this research was limited access to up-
to-date, real-time data on ship emissions. The large amount of data required underscores
the need for big data analysis, which would allow for a more comprehensive and detailed
study of a larger part of the global fleet.

Future lines of research could focus on expanding the scope of the study, including a
greater number of routes and vessels. In addition, the impact of the United Kingdom not
being part of the EU and not applying the ETS, which could influence northern European
ports, must be considered. It would also be relevant to analyse the evolution of stopovers
and route changes using satellite information to gain a more detailed understanding of
how ETS affects maritime operations.

Finally, from an environmental perspective, it would be interesting to explore how
ETS could influence Short Sea Shipping (SSS) routes. As these routes are fully subject
to 100% emissions from 2026, it could be economically unfeasible for some shipping
companies to maintain such operations, which could reverse some progress made in terms
of decarbonising land transport and increase emissions again due to greater road traffic.
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ETS Emissions Trading System

EU European Union

EEA  European Economic Area

CO, Carbon Dioxide

MRV  Monitoring, Reporting, and Verification
IMO  International Maritime Organization
ECA  Emission Control Area

GT Gross Tonnage

LNG Liquefied Natural Gas

AFIR  Alternative Fuels Infrastructure Regulation
SSS Short Sea Shipping

CHy Methane

NOx  Nitrogen Oxides
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