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Climate change has emerged as a pressing global concern, prompting diverse stakeholders to actively
seek ways to reduce the environmental impact of human activities on the atmosphere. Market-based
measures have been recognized as key strategies for achieving emission reduction targets. In this con-
text, the inclusion of shipping in the European Union Emissions Trading System (EU ETS) has gained
considerable attention due to its potential to drive significant changes in the energy supply chain within
the EU.
This paper examines the specific implications of integrating shipping into the EU ETS, with a particular
focus on ships involved in the transportation of energy goods within the European Union. Given the
substantial role of ships in delivering essential energy supplies to Europe, understanding the economic
impact and financial exposure of energy carriers to the EU ETS is of paramount importance.
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1. Introduction.

Climate change is a major topic nowadays, this phenomenon
is anthropogenic and has a direct relation with the increase of
population (Papadis and Tsatsaronis 2020) due to the popula-
tion increase seems to be a constant trend, some actions shall
be taken to tackle the climate change.

One of the instruments available for such purpose are the
promulgation of environmental regulations or climate policies
aim to reduce the anthropogenic footprint in a cost-effective
manner (Rhodes et al. 2021). In this regard, Market Based
Measurements (MBMs) is one of the existing approaches used
as climate policies which is using the “polluters-pays” principle
(Lagouvardou et al. 2020), having the advantage of generating
funding to subsidize the investment in green technologies (Car-
iou et al. 2021) which in consequence should accelerate the
climate change mitigation.

Some MBMs have been internationally promulgated since
the International Kyoto Protocol was defined, being Emissions
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Trading System (ETS) one of the mechanisms introduced glob-
ally and expected to be an efficient way towards decarboniza-
tion targets (Villoria-Sáez et al. 2016; Schinas and Bergmann
2021). By coverage, the European ETS (EU ETS), which is in
operation since 2005, is the second biggest cap-and-trade car-
bon market in the world after China’s emissions trading scheme
(Statista 2022). Emissions trading, also known as ‘cap and
trade,’ is a cost-effective way of reducing greenhouse gas emis-
sions (Guo et al. 2020).

Pushed by the European Union (EU), the International Mar-
itime Organization (IMO) has considered the implementation of
MBMs to achieve the target of reducing the carbon emissions
of global shipping by at least 50% in 2050 compared with 2008
(IMO 2018; UNFCCC 2018). As a major step for the mar-
itime transport, the European Parliament, Council of the Eu-
ropean Union, and the European Commission have reached an
agreement on including shipping in the EU ETS from 2024.
Traditionally, ETS has proven to be a powerful motivator for
emissions reduction; as the trading prices get higher, there is an
increased reduction in carbon emissions (Chang et al. 2019).
According to United Nations Conference on Trade and Devel-
opment (UNCTAD), shipping is responsible for more than 80%
of world trade and the total industry contribution to the world



C. González. / Journal of Maritime Research Vol XX. No. II (2023) 141–147 142

economy is estimated at 1-3% of world Gross Domestic Prod-
uct (Ben-Hakoun et al. 2016), so its inclusion into the EU ETS
scheme will have a significant impact on the sector.

The case of including shipping in the EU ETS is based on
the emission allocation methodology based on transport work,
more complex, given the technical and operational differences
among maritime segments. Under the EU ETS each company
with ships trading in the Europe and/or European Economic
Area (EU/EEA) is required to surrender emission allowances
corresponding to a certain amount of its GHG emissions emit-
ted over a calendar year starting with 2024. The emissions will
be reported and verified through the existing EU MRV (Mon-
itoring, Reporting and Verification) system, which will be re-
vised and extended to cover necessary greenhouse gases (GHG)
emissions, ship types and sizes. From 2024 the EU ETS will in-
clude ships above 5000 gross tonnage (GT) transporting cargo
or passengers for commercial purposes. From 2024 the EU ETS
will include CO2 emissions only, while the EU MRV will be ex-
tended the same year to include reporting of methane (CH4) and
nitrous oxide (N2O) which are two other GHG emitted by ships.
From 2026 the EU ETS will also include these two GHGs.
All 100% of emissions on voyages and port calls within the
EU/EEA, and 50% of emissions on voyages into or out of the
EU/EEA are subject to the EU ETS. The regulation will also
include measure to avoid carbon leakage or evasive behaviours.

The economic impact from the inclusion of shipping in the
EU ETS varies depending on the geographical scope of the
system, the price of emission allowances (Christodoulou et al.
2021).

This paper aims to assess the implications of the inclusion
of shipping into EU ETS, more in specific the implications of
this fact in such vital sector as is the energy, analysing the fi-
nancial exposure of the shipping segments involved in the Eu-
ropean energy mix, denominated in this work energy carriers,
and it is included the oil tankers, gas carriers and Liquified Nat-
ural Gas (LNG) carriers. There is another type of energy carrier,
but it has been omitted due to the lack of cargo data, this type
of ship are the bulk carriers transporting coal.

The data used for the assessment come from the EU MRV
system (UE 2015; Bullock et al. 2020), as well as surveys
launched among major brokers to obtain freight fees for the dif-
ferent segments and vessel’s type. The assessment model used
is scenario-based, and include the different coverage per year,
geographical scope of the system and emission allowances al-
location methods.

The rest of this paper is structured as follows: 2. EU Energy
supply chain and the role of the shipping, 3. Methodology and
data, 4. Results and then 5. Conclusions and 6. References.

2. EU Energy supply chain and the role of shipping.

Eurostat has different databases and analysis about the EU
energy mix. The last verified data is for 2020, and it indi-
cates that the energy mix in 2020 consists by 34.5% of oil
and petroleum products, 23.7% of natural gas, 17.4% of renew-
ables, 12.7% of nuclear energy and 10.5% of solid fossil fuels.

Regarding the higher energy consumers, transport, households,
and the industry accounts for 82.5% of the total energy con-
sumed in 2020.

The shipping is having a key role for supplying the raw ma-
terials for the energy mix, transporting crude and product oils,
LNG, liquified petroleum gases (LPG) and coal, which are used
for electrical generation, heating, and transportation.

By looking at the MRV public data for 2021, published by
EMSA, 1,854 crude/products oil carriers called into EU/EEA
ports, 327 LPG carriers and 287 LNG carriers also called to
EU/EEA ports in 2021. The last energy source is the coal which
still is covering part of the EU energy production at quite extent
(Jonek-Kowalska 2022), in 2021, EU/EEA ports receives from
ships 7.5% of the total coal trade worldwide (Hellenic Ship-
ping News Worldwide 2022), it is not possible with the existing
public dataset to know the number of port calls of bulk carriers
transporting coal, but what it is known is that more than 80 mil-
lion tons of coal were trade in EU in 2021 (Hellenic Shipping
News Worldwide 2022).

In 2021, crude oil trade was around 880 million of tons and
product oil trade was 429 million of tons in Europe (UNCTAD
2022). 75.1 million of tons of LNG were received from ships in
Europe in 2021 (IGU 2022). Regarding the LPG trade by ships
in EU in 2021, it was moved 22 million of tons (SIGTTO 2022)
in EU/EAA ports.

3. Method and data.

We investigate the inclusion of shipping in the EU ETS in
the energy supply chain, assessing the economic effect and fi-
nancial exposure of the ships carrying goods which are essential
part in the energy supply chain in Europe. The ship types anal-
ysed are the crude/ product oil tankers, LNG carriers and LPG
carriers. Due to is not possible to identify in the available MRV
dataset the type of cargo carried by ships in EU ports, coal car-
riers have not been analysed.

The methodology used is a scenario-based approach. The
three ship types that are analysed in this paper are crude oil /
product tankers, LNG carriers and LPG carriers.

To assess the exposure of the ships which are transporting
raw products to be used as part of the EU energy mix, the data
used came from the public MRV database managed by the Eu-
ropean Maritime Safety Agency (EMSA) for 2021. Techni-
cal data for the ships is received consulting the IHS Fairplay
database. The daily charter rates have been obtained from pub-
lic sources but also, from surveys across the major ship brokers.

The information available in MRV database includes, among
other, the total fuel consumption and CO2 emissions per ship.
Unfortunately, the cargo type and the fuel type consumed are
not register in the database. We assumed that the three types of
ships under this assessment were carrying cargoes for energy
production either for industry, transportation, or households.

The fuel type consumed is also relevant for our analysis due
to the approach used to calculate the CO2, CH4 and N2O emis-
sions is fuel based (see Table 1), therefore, each fuel type has
associated one emission factor. We have overcome this issue
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using the fuel mix used in the GHG reports published by IMO
(Smith et al. 2014; IMO 2020) for crude/oil tankers and LPG
carriers, while for LNG carriers it is used the fuel mix proposed
in González Gutiérrez et al. (2020,2022).

From 2026, the CH4 and N2O emissions will be considered
in the EU ETS, in addition of the CO2. Most likely, the way
of reporting these three GHG will be expressing them as CO2
equivalent, multiplying each of them by their Global Warming
Potential (GWP) value for 100 years (see Table 2).

Table 1: Emission factors (fuel based) for CO2, CH4 and N2O.

Source: Smith et al. 2015.

Table 2: GWP values for 100 years for GHG considered in EU
ETS (fifth assessment).

Source: GHG Protocol 2016.

To analyse the financial exposure, it has been considered the
minimum, average and maximum price of the carbon credits
for 2022 (Trading Economics 2023), the allowances or carbon
credits used in this work are 60, 85 and 98 EUR per carbon
credit.

The economic impact for the ships is analysed comparing
the daily charter fee in 2023 versus the daily financial exposure
of the EU ETS on these ships.

In general, for the energy carriers considered in this paper,
the daily rates in 2023 are influenced by the war situation be-
tween Russia and Ukraine. The daily rate for oil tankers ships
based on vessel size, is shown in the Table 3. Same information
for LPG ships is shown in the Table 4 and for LNG carriers in
Table 5.

The charter rates are expressed in US Dollar per day, to con-
vert it to EUR per day, 0.94 has been used as exchange factor.

Table 3: Time charter rates for 1 year for oil tankers eco-
tonnage with Scrubber fitted.

Source: Alibra Shipping Limited 2023.

Table 4: Time charter rates for 1 year for LPG ships.

Source: StealthGas 2023.

Table 5: Time charter rates for 1 year for LNG ships.

*These ships are the LNG carriers known as Q-Flex and
Q-max, it has not been possible to find the charter rates as
open access, therefore, it has been decided to set a daily rate
intermediate between steam ships and TFDE. (1 these values
come from surveys among ship brokers and charters.
Source: Splash 24/7, 2023.

4. Results.

In this section, it is shown the results of the economic im-
pact and financial exposure of energy carriers as consequence
of the inclusion of the shipping in the EU ETS.

Using the latest data verified and available in EMSA, which
is for year 2021, the total amount of CO2 emissions is shown in
the Table 6.

Table 6: Total CO2 emissions in EU in 2021.

Most of the CO2 emissions are allocated in voyages from
EU/EEA ports to non-EU/EEA ports with around 42% of the
total CO2 emissions. Around 11% of the total CO2 emissions
are produced for voyages between EU/EAA ports, while ap-
proximate 8% of the total CO2 are emitted at berth.

In 2021, 583 Aframax tankers sailed from/to or within EU/EEA
ports, being the most represented energy carrier operation in
Europe with the 23.6% of the total energy carriers under analy-
sis. The gas carriers between 3200 and 6500 m3 of cargo capac-
ity and the LNG carriers with MSD propulsion system onboard
are the ones accounting lowest number of voyages within the
EU ETS framework.

Analysing the atmospheric impact of each ship type (Ta-
ble 7), in the Gas Carrier fleet operation under the EU ETS
framework, the gas carrier with cargo capacity between 8250
and 28000 m3 are emitting the highest total CO2 emissions for
this fleet. For the LNG carriers, the ships with TFDE are re-
sponsible of the highest total amount of CO2 emission for this
fleet, while for oil tankers, the Aframax tankers are the highest
contributor to the total CO2 emissions for the oil tankers fleet in
2021.
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Table 7: Total CO2 emissions in EU in 2021 per vessel category.

40% of the total population is living near to the coastal ar-
eas (UN 2017), therefore the impact of the energy carriers at
port is also relevant due to its impacts on humans and animals.
As a briefly assessment, from the available data, focusing on
SOx and Particulate Matter (PM) as two pollutants very harm-
ful for the health of the persons and animals, it can be seen
that the oil tankers are responsible of 42% of the SOx and PM
emissions at port of the total energy carriers emissions, and per
ship´s category, the Aframax tankers are the higher individual
contributor with 18% of the SOx and PM emissions at EU/EEA
ports.

4.1. Economic impact of EU ETS for energy carriers.
In this section we analyse the economic impact of the en-

ergy carriers using a scenario-based approach with three differ-
ent prices for the emissions allowance (60, 85 and 98 EUR) as
it is shown in Table 8.

In 2024, the economic impact for the energy carriers could
be from 600 to 1,075 million of EUR depending on the emis-
sions allowance used.

Oil tankers is the type of energy carrier more influenced for
the inclusion of the shipping in the EU ETS. Guessing the cost
of the allowance of 85 EU per ton of CO2, the oil tankers would
need to pay in the first year of implementation of shipping into
the EU ETS, 553 million EUR, also influenced for being the
type of energy carrier which was calling the most in European
ports in 2021, being the 75% of the total energy carriers.

As it has been mentioned in previous sections, in 2026 the
EU ETS will also consider the CH4 and N2O emissions in addi-
tion to the CO2 emissions. All these three pollutants are GHG,
so they are going to be expressed as CO2 equivalent to get a
representative figure for GHG. This fact is going to impact on
ships using LNG as fuel due to the methane slip (Ushakov et
al. 2019; Jensen et al. 2021; Wu et al. 2022; Taghi Zarrinkolah
and Hosseini 2023). As an estimation, the inclusion of CH4 and
N2O on the EU ETS in 2026 would increase around 1.4% the
economic impact, while on LNG carriers that are using LNG as
their primary fuel, the economic impact might go up to 34%.

4.2. Financial exposure of the energy carriers due to its inclu-
sion in EU ETS.

In this subsection we try to contextualize the economic im-
pact comparing the EUA daily exposure versus the daily time

Table 8: Exposure of energy carriers in EU ETS framework.

Source: EUA - European emission allowances.

Table 9: Percentage of the Time Charter daily rate consumed
by daily EUA.

Source: EUA - European emission allowances.

charter fee for each vessel type and category. In addition, it is
going to show a voyage simulation for different energy carriers.

The Table 9 shows the amount of the daily time charter
fee which would be used to buy emissions allowances in 2024,
2025 and 2026, for each vessel type.

With the time charter rates found in March 2023, the data
shows that in general, the Steam LNG carriers and the gas car-
riers with a cargo capacity between 6500 and 8250 m3 are the
ships which would be more exposed by the EU ETS. These two
ship types in 2024, would need to allocate between 5 and 10%
of the daily time charter rate to surrender the daily CO2 emis-
sions depending on the best- and worst-case scenario analysed.
These percentages, keeping the same time charter rate, would
go between 32 to 80% of the total time charter daily rate to pay
the EAUs in 2026. For oil tanker, the VLCC tankers would be
the type of oil tanker which would be more financially exposed
to EU ETS as shown in Table 9.

4.2.1. Voyage simulation for Energy carriers.
It has been done a simulation from a voyage from/to non-

EU/EEA to/from an EU/EEA port, having a distance between
the ports of 4800 nautical miles. We simulate a voyage as well
between EU/EEA ports, where distance sailed assumed 3600
nautical miles. The average speed used for gas carriers were
14.5 knots, 17.2 knots for LNG carriers and 13 knots for oil
tankers.

The voyage definition on the MRV regulation, used as based
for EU ETS, is “berth to berth.” Hence, a voyage starts at berth
of one port of call and ends at berth of the next port of call. The
days at berth used for gas carriers is 1.03, 1.13 for LNG carriers
and 0.98 days for oil tankers.

The simulations have been done for the three categories of



C. González. / Journal of Maritime Research Vol XX. No. II (2023) 141–147 145

Figure 1: EU ETS voyage exposure simulation from/to non-
EU/EEA port to/from EU/EEA port for oil tankers.

Source: Author.

ships separately. For oil tankers, simulating a voyage from/to
non-EU/EEA port to/from a EU/EEA port (Figure 1), VLCC is
the ship with highest exposure with EUA costs from 14k to 23k
EUR per voyage in 2024, from 25k to 41k EUR for the same
voyage in 2025 and from 92k to 151k EUR for same voyage in
2026.

For oil tankers, simulating a voyage between-EU/EEA ports
(Figure 2), VLCC is again the ship with highest exposure with
EUA costs from 49k to 81k EUR per voyage in 2024, from 86k
to 141k EUR for the same voyage in 2025 and from 314k to
513k EUR for same voyage in 2026.

Figure 2: EU ETS voyage exposure simulation within EU/EEA
ports for oil tankers.

Source: Author.

In regards LNG carriers, simulating a voyage from/to non-
EU/EEA port to/from a EU/EEA port (Figure 3), LNG carriers
with MSD and Steam turbines are the ships with highest expo-
sure with EUA costs from per voyage. MSD ships would be the
highest exposure until 2026 when the steam ships become the
LNG carrier type more financially exposed, having the highest
exposure due to the EU ETS between 63k to 67k EUR extra per
voyage until 2025, and from 2026 the exposure goes from 150k

to 263k EUR extra per voyage. Simulating a voyage between-
EU/EEA ports (Figure 4), it is observed the same trend, the
ships with highest exposure would have an additional costs due
to the EU ETS from 63k to 223k EUR extra per voyage un-
til 2025, and from 2026 the exposure goes from 496k to 869k
EUR extra per voyage.

For gas carriers, simulating a voyage from/to non-EU/EEA
port to/from a EU/EEA port (Figure 5), Very Large Gas Carriers
(VLGC) is the gas carrier type with highest exposure with EUA
costs from 9k to 15k EUR per voyage in 2024, from 16k to 27k
EUR for the same voyage in 2025 and from 60k to 99k EUR
for same voyage in 2026. The gas carriers, simulating a voyage
between-EU/EEA ports (Figure 6), again the VLGC is again
the ship with highest exposure with EUA costs from 32k to 52k
EUR per voyage in 2024, from 56k to 92k EUR for the same
voyage in 2025 and from 205k to 334k EUR for same voyage
in 2026.

Figure 3: EU ETS voyage exposure simulation from/to non-
EU/EEA port to/from EU/EEA port for LNG Carriers.

Source: Author.

Figure 4: EU ETS voyage exposure simulation within EU/EEA
ports for LNG carrier.

Source: Author.
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Figure 5: EU ETS voyage exposure simulation from/to non-
EU/EEA port to/from EU/EEA port for Gas Carriers.

Source: Author.

Figure 6: EU ETS voyage exposure simulation within EU/EEA
ports for Gas carrier.

Source: Author.

Conclusions.

The inclusion of shipping in the European Union Emissions
Trading System (EU ETS) holds significant economic impli-
cations for the shipping industry and contributes to the reduc-
tion of atmospheric emissions. The surrendering of emission
allowances (EUAs) based on MRV-reported data will require
ships, particularly oil tankers, gas carriers, and LNG carriers,
which emitted 25 million tons of CO2 in 2021, to navigate
an estimated economic exposure of around 2000 million euros,
with each EUA valued at an average of 80 EUR.

The potential future inclusion of additional greenhouse gases
such as methane and nitrous oxide in the EU ETS from 2026
may pose economic challenges for LNG carriers heavily reliant
on LNG as their primary fuel source, potentially leading to a
negative economic impact of around 34%.

Analysing the case scenarios, we found that energy carriers
operating under the EU ETS regulation would need to allocate
approximately 10% of their daily time charter rate for the pur-
chase of EUAs in 2024. However, by 2026, this percentage
could increase to 80% for LNG carriers with steam ships and

up to a maximum of 50% for other carriers, significantly im-
pacting their voyage economics.

To mitigate the economic effects of the EU ETS, alternative
strategies such as Ship-to-Ship operations and changes in voy-
age routes have been identified as potential options for reducing
emissions exposures. These strategies, known as carbon leak-
age or evasive ports, have been successfully employed in other
vessel segments and warrant consideration for energy carriers
as well.

Moving forward, the implementation of energy-saving de-
vices, optimization of ship designs, and the development of al-
ternative fuel capabilities onboard and onshore will play cru-
cial roles in reducing emissions and adapting to the EU ETS
requirements.

Given the complexity of the shipping industry and the EU
ETS’s goal of accelerating industry decarbonization, it is imper-
ative for all stakeholders to align their interests, acknowledge
the challenges ahead, and work together to share and reduce
the financial exposure of their assets. This calls for increased
transparency and data sharing among different stakeholders.

In conclusion, the integration of shipping into the EU ETS
represents a significant step towards mitigating climate change
impacts in the industry. Continued collaboration and a collec-
tive effort to adopt sustainable practices will pave the way for a
greener and more resilient future for the shipping sector.
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