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Abstract: The main objective of this paper is to present an analytical methodological framework
for the estimation of the external costs of air emissions from passenger ships. We used as a case
study the two main ports of Crete (Souda and Heraklion) and studied all passenger ferries and cruise
vessels that visited these ports in the last 5 years (2017–2021). A detailed inventory was created
containing all technical details for 10 passenger ferries (owned by three different shipping companies)
operating every day, following various itineraries all year around, and 88 different cruise vessels
(which approached both ports mainly during the summer period). The estimated external costs
due to air emissions cover health effects, materials and building damages, biodiversity and crop
losses. Two levels of calculations for the total external costs per pollutant were implemented. At the
first level, a bottom-up approach was applied to accurately calculate the total annual air emissions
(CO2, SOX, NOX, PM2.5, PM10), while for the second level, the cost factors per pollutant were used
as input values to estimate the annual total external costs. One of the most important findings is
that externalities comprise a significant amount of shipping companies’ revenues (about 25–35%),
thus, implying a substantial revenue loss in the case that they would be asked to bear these costs.
Assuming that ship owners will pass these costs on to ticket fares, an attempt is made to allocate the
“externalities surcharge” (i.e., the burden of external costs) to ticket fares per transportation category.

Keywords: shipping; air emissions estimation; ETS; external costs; externalities

1. Introduction

Maritime passenger vessels are divided into two main categories: ferries and cruise
vessels. The former follow routes that are characterized according to fixed time schedules,
while the latter have annually scheduled routes, depending on country, region or touristic
importance and can vary highly between years. The majority of maritime transportation
passengers (excluding cruises) in the European Union (EU) are carried out between ports
located in the same country (74% in 2020), pointing to the significant role of the national
ferry sector [1]. Generally, each continent with populated or touristic islands has a frequent
ferry connection between islands and large volume of freight and passengers. Due to
Eurostat, this applies to Italy and Greece, which classifies them as the two leading mar-
itime transportation passenger countries and some other Mediterranean countries follow,
including Spain, Portugal, Croatia and Malta.

The latest environmental report by the European Sea Ports Organization (ESPO) [2],
shows that ports constantly focus on environmental priorities. Since 2013, air quality has
been the top environmental issue for ports, whereas climate change has been the second
during the last two years. Additionally, energy efficiency is ranked third in terms of
priorities. Air pollution in port areas is caused mainly due to ships navigating in the port,
maneuvering and at berth. Related land vehicle traffic within the port area and other
commercial or industrial port activities are additional air pollution origins. Air quality is
very important to safeguard and protect the health of citizens, working people around the
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port and visitors, since the majority of European ports are located near densely populated
city areas.

A typical example is Piraeus port, which is one of the most populated areas in Greece,
with a population of 163,688 for an area of 11.2 km2 (population density of 14,615 residents
per km2) [3]. Another interesting case is the port of Barcelona, which has two main areas
for cruise ships: one at a very short proximity (854 m) to the city center, while the other
(which hosts the main terminals receiving cruise ships every day) is located at a larger
distance (about 2–2.5 km) from the Barcelona center. It is very likely that air pollution due
to activities related to cruises and ferries can affect the wider urban area of Barcelona and
its residents. [4].

One of the main challenges for ports in their relationship with the local community is
to ensure that cruise and ferry operations remain as sustainable as possible. The potential
impact of air pollutants to human health is emphasized in reports issued by the European
Environment Agency (EEA) and the World Health Organization (WHO) on a regular basis.
Air pollution and the effect to air quality is very often the target of regulatory control
measures and is of constant high priority in public concern, not only for locals but also
for visitors or workers in urban regions and port cities. A worrying fact that justifies the
above is that every year, air pollution causes about 400 thousand premature deaths in the
EU region and EUR hundreds of billions in health-related external costs [5].

1.1. The Concept of External Costs

An external cost (or externality), in general, is interpreted as the cost of the impacts
that arise from the activities (social or economic) of a group of people to another group of
people [6]. External costs are not simple to calculate and they can be distinguished into
seven categories: accident, noise, congestion, habitat damage, air pollution, climate change
and well-to-tank emissions. In most cases, these costs are not taken into account by the
group of people who cause them [7] and, for example, shipping companies argue that
external costs should not be considered at all for their sector due to the social nature of
their activities. This is certainly not very realistic, and even though maritime transportation
promotes economic growth and removes isolation between islands or different geographic
areas in general, it also contributes to the above-mentioned seven impact categories. In
order to evaluate the costs and benefits of shipping to society, it is necessary to consider
all benefits and costs, including the externalities. Using market-based instruments to
internalize external costs is generally regarded as an efficient way to limit the negative
side effects of transport and/or to generate income for the government [6]. Applying these
instruments in an efficient way requires detailed and reliable estimates of external costs.
This is the main objective of this study, which progresses compared to relevant previous
studies and publications from the authors. The European Commission (EC) recently
stated [8] that the full impact of transport may only be accounted for by implementing the
main principles of “polluter pays”. This urges the internalization of external costs, which
means making the transport user accountable for the full costs of their transport decisions.
Towards this, the EC will propose to extend the European Emissions Trading System (ETS)
and include the maritime sector, and to reduce the EU emissions trading system allowances
allocated for free to airlines [8].

1.2. Air Emission Costs

This study focuses on the external costs due to air emissions from passenger ships
(ferries and cruise vessels). The air emissions from shipping can lead to various types of
damage, with the most relevant being the health impacts due to air pollutants. Further,
also relevant is the damage caused to various buildings and monuments, biodiversity
and crop losses. Hofbauer and Putz [9], in their recent publication, presented a literature
review to estimate the number of studies found in academic databases dealing with external
costs for the transportation sector and identified the most commonly used external cost
calculation methods for inland waterways. The results show that while there is already a
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significant amount of papers dealing with the external costs for road (556) and rail (242),
the amount of papers focused on external costs for shipping is rather low (i.e., 20 for inland
waterways and 30 for maritime transport). Thus, it is clear that there is available research
space for more studies on the external costs of shipping with suitable and original case
studies. Further, as far as the authors know, by the time of this analysis, there has been
no recent similar study for passenger ships (both cruise and passenger ferries) for the
presented ports. Additionally, it is always useful for the local communities to know the
environmental burdens of specific sectorial activity (in our case ferries and cruise vessels),
which promote economic development and growth, but ultimately, can cause external costs
to local societies due to emitted air pollutants.

2. Methodological Framework
2.1. External Costs Estimation Methodologies

The externalities in this study cover health effects, materials and building damages,
biodiversity and crop losses loss caused by air emissions. There are two levels of calculation,
which results in the total external costs per pollutant and these are explained by the block
diagram in Figure 1. In the first level, we perform a calculation of the fuel/energy consump-
tion of ports/ships in study and in conjunction to specific emission factors (per emitted
air pollutant) we calculate the total air emissions. In the second level for the calculation
of the total external costs, we use as input values the cost factor per pollutant which is
originally calculated based on the New Energy Externalities Developments for Sustain-
ability (NEEDS) approach and by taking into account the most recent results presented
in the “Handbook on the external costs of transport” [6]. This handbook was prepared
for European Commission Directorate-General for Mobility and Transport and it presents
the best practices on the methodology to estimate different categories of external costs of
transport, extended to all EU member states, including emissions from other sources and
maritime sector. The maritime sector and specifically the inland waterway transport is the
part of the handbook that we focused on. The estimation of cost factors includes a broad
update of the values originally provided by NEEDS. Overall, the cost factors per country
and per air pollutant are derived from the updated cost factors, although further update
is recommended, since NEEDS has not been updated and developed further from 2009.
Additionally, the other similar method for estimation of cost factors, i.e., the “Clean Air for
Europe” (CAFE) Program of the EU, was updated recently, as International Institute for
Applied Systems Analysis (IIASA) reported [10]. For this reason the cost factors presented
in NEEDS have been adjusted as presented in “Handbook on the external costs of transport”
and in our detailed methodological approach.
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2.2. First-Level Calculation—Air Emissions Estimation Methodology

Depending on the availability of data and technical parameters there are various
studies regarding the existing methodologies for estimating ships’ air emissions, with
many different case studies [4,11–17]. In this paper we present an extensive study for
passenger ships (ferries and cruise vessels) for the last 5 years (2017–2021) for the two
major ports of Crete (Souda and Heraklion) that connect the island with mainland Greece
(i.e., the port of Piraeus). All passenger ferries and cruise vessels which approached the two
studied ports for the five-year period, were elaborated and, thus, a detailed inventory was
created containing all technical details for 10 passenger ferries (owned by three different
shipping companies) operating every day following various itineraries all year around
and 88 different cruise vessels (which approached both ports mainly during the summer
period). This extensive technical record makes this work unique, since no similar study has
been performed. The calculated results include the period of the last two years, which was
negatively affected by the pandemic and allowed us to draw useful conclusions about the
measured impacts on passenger ferries and the cruise sector for the studied ports.

All data regarding ships’ arrivals and duration of port calls were collected and val-
idated from port authorities and one of the most reliable web-based cruise portals [18].
Additionally, in order to confirm the data and precisely determine the required duration
of each operating phase per ship call, an extensive search in the related AIS database was
conducted for the itineraries presented in this study.

As resulted from the available data for the last pre-COVID-19 era (year 2019), the
10 major Mediterranean cruise ports hosted a total of about 18.5 million cruise passenger
movements. While this is a 9.23% increase compared to the previous year (2018), Barcelona
reached an all-time record as a major Mediterranean cruise port for the second consecutive
year, hosting more than 3 million cruise passenger movements [19]. Cruise industry was
expected to exhibit a continuously increasing trend, not only for the Mediterranean region
but also globally. Unfortunately, the forecasts have been negatively overtaken by the
pandemic, following the social distancing measures and travel restrictions. Cruise industry
was the travel sector, which has been severely affected, with revenues approaching nearly
zero for several months.

2.2.1. Ship Calls

As presented in Figure 2, the cruise ship calls significantly decreased in the studied
ports during the last two COVID-19 years 2020 and 2021 (2020 vs. 2019: −90.7% for
Heraklion and −100% for Souda and 2021 vs. 2019: −43.1% for Heraklion and −52.7% for
Souda) and as we will see later, this also affected fuel and energy consumption.
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Although the assumption that passenger ferries’ ship calls would decrease due to
COVID-19 (as happened with the cruise sector) seemed reasonable, finally, the observed
reduction was not so significant (2020 vs. 2019: −3.1% for Heraklion and −4.5% for Souda
and 2021 vs. 2019: −5.1% for Heraklion and −3.7% for Souda). Table 1 depicts the variation
in relevant data compared to 2019 (passengers, vehicles and freight cargo vehicles). It
is evident that even if the trend for all transportation categories (passengers, vehicles,
cargo) from 2017 to 2019 is increasing, in 2020, there is a significant decrease, especially to
passengers (around 50% for both ports) and vehicles (−39.6% for Souda and −37.9% for
Heraklion), due to COVID-19 applied travel restrictions and the insecurity of people to
move freely.

Table 1. Passenger ferries data variation compared to 2019.

Souda Heraklion

Year Passengers Vehicles Cargo Passengers Vehicles Cargo

2017 379,553 60,457 26,530 523,448 77,637 59,804
2018 439,043 +15.7 69,287 +14.6 30,067 +13.3 500,163 −4.4 76,490 −1.5 59,138 −1.1
2019 463,669 +5.6 78,669 +13.5 33,431 +11.2 550,590+10.1 86,530 +13.1 57,607 −2.6
2020 224,707 −51.5 47,503 −39.6 29,150 −12.8 271,103 −50.8 53,744 −37.9 54,309 −5.7
2021 269,259 −41.9 65,922 −16.2 33,009 −1.3 311,596 −43.4 71,591 −17.3 62,237 +8.0

Even 2021 was not a recovery year since significant reduction occurred: passengers
−41.9% for Souda and −43.4% for Heraklion, vehicles: −16.2% for Souda and −17.3%
for Heraklion. After 2019, cargo vehicles had a decrease also, but not so significant
(2020: −12.8% for Souda and −5.7% for Heraklion, 2021: −1.3% for Souda and +8% for
Heraklion) such as passengers and vehicles. This is because the population has continuous
needs of goods and freight cargo and this kind of transportation is not affected as much
as others.

All the above significantly affected the revenues of the shipping companies. The Greek
state from the beginning of the pandemic crisis realized that passenger ferries are closely
linked to the viability of Greek islands, the preservation and increase in their population, the
tourism development, the Greek economy and has actively supported shipping companies
to compensate for the losses of revenues due to COVID-19 travel restrictions. This is mainly
the reason for observing a significant decrease in transportation units (i.e., passengers,
vehicles, cargo), while we do not note a similar decrease in ship calls.

2.2.2. Fuel and Energy Consumption

To calculate the fuel and energy consumption for the ships in our study, we followed a
bottom-up methodology, which was described in detail in a recent publication [16]. This
paper employs a well-defined and accurate bottom-up methodology for the calculation of
fuel/energy consumption and air emissions (CO2, SOx, NOx, PM10) for passenger ships.
Regarding PM, the quantities of PM10 were estimated, and it was reported that “there is
virtually no difference between total PM and PM with sizes less than 10 microns for diesel-based
fuels” [20]. Additionally, in the most recent 4th IMO GHG Study, the quantity of PM10 was
reported, while PM2.5 are assumed to represent 92% of PM10 [21], thus, providing a simple
formula to estimate PM2.5.

The five-year results are depicted in Table 2, and as we observe, the most fuel-energy-
consuming sector per ship call differs for the two ports: the passenger ferries dominate in
terms of fuel-energy consumption in Heraklion (until 2019), while for Souda, cruise ships
prevail all year. For 2020 and 2021, Heraklion cruises had a significant increase in average
fuel and energy consumption in port and this is attributed to longer average duration of
stay in port for the cruise vessels, as longer stay means more fuel-energy consumption
at port.
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Table 2. Cruise and passenger ferries fuel and energy consumption.

Sector Year Port Ship Calls
Port Stay
per Ship
Call (h)

Total
Fuel
(t)

Total
Energy
(kWh)

Fuel per
Ship Call

(t)

Energy per
Ship Call

(kWh)

C
ru

is
e

2017
Souda 89 9:59 1239.250 6,616,670.7 13.924 74,344.6

Heraklion 129 8:03 1594.064 8,445,920.1 12.357 65,472.2

2018
Souda 80 10:13 1431.407 7,478,354.7 17.893 93,479.4

Heraklion 188 9:10 2557.107 13,300,590.1 13.602 70,747.8

2019
Souda 148 9:07 1877.984 9,813,756.1 12.689 66,309.2

Heraklion 204 10:26 2619.560 13,675,825.8 12.841 67,038.4

2020
Souda 0 - - - - -

Heraklion 19 15:06 470.068 2,533,515.7 24.740 133,342.9

2021
Souda 70 10:26 1080.044 5,673,167.6 15.429 81,045.3

Heraklion 116 15:14 2291.526 12,427,257.7 19.755 107,131.5

Pa
ss

en
ge

r
fe

rr
ie

s

2017
Souda 382 12:33 3163.416 15,232,445.3 8.281 39,875.5

Heraklion 690 14:20 11,785.039 61,426,194.3 17.080 89,023.5

2018
Souda 536 13:22 3725.798 18,218,715.2 6.951 33,990.1

Heraklion 731 12:33 11,671.577 60,686,025.0 15.967 83,017.8

2019
Souda 709 9:06 7628.536 38,208,089.7 10.760 53,890.1

Heraklion 745 10:06 11,318.339 58,434,802.8 15.192 78,436.0

2020
Souda 677 9:38 6896.137 35,118,325.9 10.186 51,873.5

Heraklion 722 10:50 11,882.128 61,726,969.4 16.457 85,494.4

2021
Souda 683 10:52 7804.122 40,001,254.7 11.426 58,567.0

Heraklion 707 11:47 12,237.923 63,667,330.9 17.310 90,052.8

2.2.3. Air Emissions

The quantities of air emissions are depicted in Table 3, and it is evident that CO2
represents the vast majority of all emissions in the study. Actually, they account for about
97–98% in terms of total air emissions every year.

Table 3. Air emissions for ports Souda and Heraklion (years 2017–2021).

Sector Year Port Ship
calls

CO2
(t)

SOX
(t)

NOX
(t)

PM2.5
(t)

PM10
(t)

C
ru

is
e

2017
Souda 89 3965.619 20.029 71.376 3.873 0.337

Heraklion 129 5100.533 21.942 99.770 4.446 0.387

2018
Souda 80 4581.057 19.504 80.448 3.763 0.327

Heraklion 188 8184.408 25.472 161.019 5.775 0.502

2019
Souda 148 6005.236 29.397 112.526 5.460 0.475

Heraklion 204 8384.526 26.239 157.995 5.603 0.487

2020
Souda 0 - - - - -

Heraklion 19 1493.066 0.478 13.085 0.509 0.044

2021
Souda 70 3430.522 1.098 40.197 1.215 0.106

Heraklion 116 7278.528 2.350 95.801 2.700 0.235

Pa
ss

en
ge

r
fe

rr
ie

s

2017
Souda 382 10,070.270 30.501 185.018 5.833 0.507

Heraklion 690 37,674.482 284.899 670.167 50.652 4.405

2018
Souda 536 11,838.131 52.079 215.637 9.413 0.819

Heraklion 731 37,257.655 287.396 661.509 50.700 4.409

2019
Souda 709 24,296.325 155.804 427.945 27.509 2.392

Heraklion 745 36,035.107 275.153 637.946 48.201 4.191

2020
Souda 677 21,967.771 14.162 391.039 9.591 0.834

Heraklion 722 37,872.275 18.993 671.593 16.522 1.437

2021
Souda 683 24,882.451 14.847 444.048 10.908 0.949

Heraklion 707 39,019.071 17.709 692.375 16.718 1.454

Not all components of air emissions are considered as air pollutants. CO2 is the
primary greenhouse gas emitted due to human activities, but it is naturally present in the
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atmosphere as part of the Earth’s carbon cycle (the natural circulation of carbon among
the atmosphere, oceans, plants, animals, etc.). Human activities are altering the carbon
cycle, both by adding more CO2 to the atmosphere and by influencing the ability of natural
sinks (forests and soils) to remove and store CO2 from the atmosphere. Thus, CO2 is not
a pollutant and it has to be treated separately. The detailed annual CO2 air emissions
quantities during the five-year period 2017–2021 are presented in Figure 3.
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2.3. Second-Level Calculation—Cost Factors—Total External Costs Estimation

In Table 4 (first line), the external cost factors for inland waterway transport of Greece
are presented [6]. “Metropole” applies to port-cities with more than 500 thousand residents,
while “City” applies to port-city population under 500 thousand and rural area is named
when the port is outside of “City” or “Metropole”. In the first line of Table 4, the prices
are per kg of gaseous pollutant during the year 2016. As this study focuses on the last
five years (2017–2021), these cost values were adjusted using country-specific Harmonized
Index of Consumer Prices (HICP). For Greece, the official authority for issuing HICP is the
Hellenic Statistics Authority, and the corresponding value for 2016 is 100.02. Thus, all cost
prices from 2016 onwards were adjusted based on this HICP.

Table 4. Greece’s air pollution external costs in €/kg emission for inland waterway transport.

Year HICP SO2
NOX
(City)

NOX
(Rural)

PM2.5
(Metropole)

PM2.5
(City)

PM2.5
(Rural)

PM10
(Average)

2016(base) 100.02 5.90 5.10 3.10 267.00 86.00 33.00 8.50
2017 100.15 5.91 5.11 3.10 267.35 86.11 33.04 8.51
2018 100.94 5.95 5.15 3.13 269.46 86.79 33.30 8.58
2019 102.46 6.04 5.22 3.18 273.51 88.10 33.81 8.71
2020 101.17 5.97 5.16 3.14 270.07 86.99 33.38 8.60
2021 101.75 6.00 5.19 3.15 271.62 87.49 33.57 8.65

2.4. EU Emission Trading Scheme (ETS)

The overall EU policy regarding the reduction in maritime-originated GHG emissions
focuses on the “polluters pay” principle and the implementation of the MRV system; the
definition of reduction targets and the application of market-based measures [22] aim at
this direction with a long-term target on, including these in the EU ETS.

The estimated CO2 emissions in this study seem to be a good proxy to calculate the
anticipated future cost of CO2 emissions. We could consider it as a variant of the avoidance
cost approach but it is understandable that additional policy interventions are required to
force users to switch to different forms of fuels and energy resources in general.

Figure 5 shows the analytical development of the market price of CO2 emissions (€/tCO2),
data provided by European Energy Exchange (EEX), where the increasing trend is obvious until
the end of 2020 and the strong increase for year 2021.
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At this point, we have to clarify that this price is the CO2 emissions cost and not
“Carbon cost”, since 3.67 tons of CO2 emissions are equivalent to one ton of carbon [24].
In Table 3, we presented annual CO2 emissions and the annual average market price was
taken into account. In Figure 6 and Table 5, the annual market price cost of CO2 in EUR/t
CO2 for years 2017 to 2021 is presented. We observe a significant annual increase, even
from year to year (+168.6% from 2017 to 2018, +68% from 2018 to 2019 and +121% from 2020
to 2021) or from the first year 2017 (+340.5% from 2017 to 2019, +869.5% from 2017 to 2021).
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Table 5. EEX Emissions CO2 market price for years 2017–2021 in EUR/tCO2 [25].

Year Min
(€/tCO2)

Max
(€/tCO2)

Average
(€/tCO2)

Variation from
Previous Year (%)

Variation from
2017 (%)

2017 4.30 7.87 5.58
2018 7.65 24.86 14.99 168.6
2019 18.33 29.42 24.58 64.0 340.5
2020 14.47 30.93 24.48 −0.4 338.7
2021 32.61 87.48 54.10 121.0 869.5

3. Results

The application of the methodology described above (paragraphs 2.1, 2.3), in combina-
tion with air pollutants’ inventory (Table 3) and air pollution cost factors (Tables 4 and 5),
leads to the estimation of air pollutants’ external costs. The results are depicted in Table 6a
for the cruise sector and Table 6b for the passenger ferries sector.

Figure 7 presents the external costs in EUR per ship call, and it is evident that the
sector of passenger ferries at Heraklion port leads for all years, followed by the cruise sector
at Souda port (for 2017–18–19) and cruise at Heraklion port (for 2020–21). For Souda port,
the cruise sector leads with a wider difference for years 2017–18–19 and a small difference
for the last year 2021.
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Table 6. (a) Air emissions externalities for cruise sector of ports Souda and Heraklion. (b) Air emissions externalities for passenger ferries of ports Souda and
Heraklion.

(a)

Year Port Ship
Calls

CO2
(€)

SOX
(€)

NOX
(€)

PM2.5
(€)

PM10
(€)

Total
(€)

Externalities per
Ship Call (€)

2017
Souda 89 22,128.15 118,369.90 364,733.01 333,481.46 2865.83 841,578.35 9455.94

Heraklion 129 28,460.98 129,676.67 509,823.88 382,819.91 3289.82 1,054,071.26 8171.10

2018
Souda 80 68,670.04 116,048.24 414,308.20 326,579.29 2807.43 928,413.19 11,605.16

Heraklion 188 122,684.28 151,557.98 829,246.10 501,255.48 4309.02 1,609,052.87 8558.79

2019
Souda 148 147,608.71 177,559.80 587,383.39 481,044.66 4135.52 1,397,732.08 9444.14

Heraklion 204 206,091.65 158,485.30 824,735.95 493,608.37 4243.53 1,687,164.80 8270.42

2020
Souda 0 - - - - - - -

Heraklion 19 36,550.26 2852.98 67,517.90 44,299.72 380.83 151,601.68 7979.04

2021
Souda 70 185,591.22 6588.04 208,622.98 106,288.12 913.79 508,004.14 7257.20

Heraklion 116 393,768.38 14,101.34 497,205.97 236,237.65 2031.00 1,143,344.34 9856.42

(b)

Year Port Ship
Calls

CO2
(€)

SOX
(€)

NOX
(€)

PM2.5
(€)

PM10
(€)

Total
(€)

Externalities per
Ship Call (€)

2017
Souda 382 56,192.11 180,261.68 945,440.72 502,320.85 4316.77 1,688,532.13 4420.24

Heraklion 690 210,223.61 1,683,750.39 3,424,553.70 4,361,635.10 37,482.41 9,717,645.20 14,083.54

2018
Souda 536 177,453.58 309,871.90 1,110,530.98 816,949.37 7022.87 2,421,828.70 4518.34

Heraklion 731 558,492.25 1,710,003.49 3,406,769.74 4,400,244.95 37,826.54 10,113,336.98 13,834.93

2019
Souda 709 597,203.67 941,058.00 2,233,870.96 2,423,568.90 20,835.30 6,216,536.84 8768.04

Heraklion 745 885,742.94 1,661,924.97 3,330,075.83 4,246,471.25 36,506.70 10,160,721.69 13,638.55

2020
Souda 677 537,771.02 84,548.36 2,017,762.39 834,327.89 7172.46 3,481,582.12 5142.66

Heraklion 722 927,113.29 113,388.98 3,465,418.71 1,437,278.01 12,355.83 5,955,554.82 8248.69

2021
Souda 683 1,346,140.60 89,081.16 2,304,611.58 954,338.26 8204.69 4,702,376.29 6884.88

Heraklion 707 2,110,931.74 106,254.73 3,593,428.12 1,462,692.28 12,575.14 7,285,882.01 10,305.35
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As we notice from the air emissions inventory (Table 3), there was a significant reduc-
tion in SOX and PMs for 2020–2021 due to new regulations initiated from 2020 (scrubbers,
0.5% S fuel). This reduction affected external costs also, even if at the last year (2021), CO2
price was +121% higher.

One way to understand the true cost of the externalities is by comparing them with the
shipping companies’ revenues and estimate the impact they would incur if they were asked
to pay this cost. Currently, this comparison is possible only for the passenger ferries sector,
since there are publicly available data: average ticket fare price per transportation category
of passengers, vehicles and cargo vessels, shipping companies’ annual financial statements
and/or info from travel agents, which allows the calculation of the annual revenue per
transportation category and route line. Table 7 depicts the total annual revenue and by
combining the externalities per port and year, we can derive some important findings (last
column). Thus, the externalities represent a significant amount of total revenue (about
25–35% from 2019 to 2021), which means that if shipping companies are called to pay for
these costs, then a significant revenue loss will occur. Most likely, this is not something that
ship owners could absorb and they would probably pass this cost to ticket fares and adopt
it as “Externalities Surcharge”.

Table 7. Annual revenue and external costs for passenger ferries (ports of Souda and Heraklion).

Year Port Ship Calls
Total

Revenue
(EUR)

Revenue per
Ship Call

(EUR)

Total
Externalities

(EUR)

Externalities
per Ship

Call (EUR)

Externalities/
Income

(%)

2017
Souda 382 18,854,631.91 49,357.68 1,688,532.13 4420.24 9.0%

Heraklion 690 31,941,528.12 46,292.07 9,717,645.20 14,083.54 30.4%

2018
Souda 536 20,486,784.86 38,221.61 2,421,828.70 4518.34 11.8%

Heraklion 731 30,643,770.70 41,920.34 10,113,336.98 13,834.93 33.0%

2019
Souda 709 22,363,264.02 31,541.98 6,216,536.84 8768.04 27.8%

Heraklion 745 29,908,545.52 40,145.70 10,160,721.69 13,638.55 34.0%

2020
Souda 677 14,940,490.81 22,068.67 3,481,582.12 5142.66 23.3%

Heraklion 722 22,654,566.23 31,377.52 5,955,554.82 8248.69 26.3%

2021
Souda 683 18,415,386.68 26,962.50 4,702,376.29 6884.88 25.5%

Heraklion 707 27,361,421.93 38,700.74 7,285,882.01 10,305.35 26.6%



Climate 2022, 10, 100 12 of 15

From this point of view, this “Externalities Surcharge” was estimated. Assuming that
the total annual revenue represents the total annual external costs, then according to the
revenue sharing per transportation category and year, we can share the external costs.

Using the same methodology that we followed to complete Table 7 and based on the
data presented in Table 1, we calculate the percentage of annual revenue sharing, which is
depicted in Table 8.

Table 8. Sharing of annual revenue for passenger ferries per transportation category.

Year Port Passengers
%

Vehicles
%

Cargo Vehicles
%

2017
Souda 54.2% 14.7% 31.1%

Heraklion 42.0% 11.1% 46.9%

2018
Souda 56.9% 14.2% 28.9%

Heraklion 40.7% 11.0% 48.3%

2019
Souda 56.3% 12.7% 31.0%

Heraklion 39.6% 11.2% 49.2%

2020
Souda 45.2% 12.3% 42.5%

Heraklion 28.9% 9.7% 61.4%

2021
Souda 46.5% 14.1% 39.3%

Heraklion 30.0% 11.1% 58.9%

By combining the above data with annual external costs of passenger ferries (Table 6b),
we can estimate the total annual external cost per transportation category (Table 9) and
by this, it is possible to make an approach to the “Externalities surcharge”, by dividing
the external cost amount, in EUR, of each category by its transportation units, provided by
Table 1. This is depicted in Table 10a for Souda port and 10b for Heraklion port, where we
observe a remarkable additional amount for each category.

Table 9. Allocation of total annual external costs per transportation category (passenger ferries).

Year Port Passengers
EUR

Vehicles
EUR

Cargo Vehicles
EUR

2017
Souda 914,974.03 248,452.75 525,105.35

Heraklion 4,077,030.88 1,082,065.49 4,558,548.83

2018
Souda 1,379,052.53 343,807.97 698,968.21

Heraklion 4,116,792.29 1,114,360.19 4,882,184.49

2019
Souda 3,499,181.43 789,317.74 1,928,037.67

Heraklion 4,024,674.45 1,134,300.26 5,001,746.98

2020
Souda 1,572,985.68 428,022.32 1,480,574.11

Heraklion 1,718,974.43 579,360.60 3,657,219.80

2021
Souda 2,188,378.56 663,637.69 1,850,360.03

Heraklion 2,187,078.84 809,982.08 4,288,821.08

This additional fare cost is a significant amount of the average fare per transportation
category and corresponding surcharge percentages are depicted in Table 11.
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Table 10. (a) Additional fare cost for per transportation category for passenger ferries (Souda port).
(b) Additional fare cost for per transportation category for passenger ferries (Heraklion port).

(a)

Year Passengers
EUR

Vehicles
EUR

Cargo Vehicles
EUR

2017 2.41 4.11 19.79
2018 3.14 4.96 23.25
2019 7.55 10.03 57.67
2020 7.00 9.01 50.79
2021 8.13 10.07 56.06

(b)

Year Passengers
EUR

Vehicles
EUR

Cargo Vehicles
EUR

2017 7.79 13.94 76.22
2018 8.23 14.57 82.56
2019 7.31 13.11 86.83
2020 6.34 10.78 67.34
2021 7.02 11.31 68.91

Table 11. Additional fare cost percentage per transportation category (passenger ferries).

Year Port Passengers Vehicles Cargo Vehicles

2017
Souda-Chania 9.1% 9.1% 9.0%
Heraklion 30.7% 31.2% 30.4%

2018
Souda-Chania 11.8% 11.7% 11.7%
Heraklion 33.5% 34.0% 33.0%

2019
Souda-Chania 28.0% 27.7% 27.9%
Heraklion 34.2% 33.9% 34.0%

2020
Souda-Chania 23.5% 23.3% 23.2%
Heraklion 26.8% 26.6% 26.3%

2021
Souda-Chania 25.5% 25.4% 25.6%
Heraklion 27.1% 26.9% 26.6%

4. Discussion and Conclusions

The main objective of this paper is to present an analytical methodological framework
to estimate the external costs of air emissions from passenger ships. The studied ports
reported significantly decreased cruise ship calls during the last two COVID-19 years
(i.e., 2020 vs. 2019: −90.7% for Heraklion and −100% for Souda and 2021 vs. 2019: −43.1%
for Heraklion and −52.7% for Souda) and this affected both fuel and energy consumption.
Although the assumption that passenger ferries’ ship calls would decrease due to the
pandemic (as happened with the cruise sector) seemed reasonable, finally, the observed
reduction was not so significant (2020 vs. 2019: −3.1% for Heraklion and −4.5% for Souda
and 2021 vs. 2019: −5.1% for Heraklion and −3.7% for Souda). Based on the presented
results in this study, it is evident that even if the trend on all ship types (passengers, vehicles,
cargo) from 2017 to 2019 is increasing, in 2020, there was a significant decrease, especially to
absolute passenger numbers (around 50% for both ports) and vehicles (−39.6% for Souda
and −37.9% for Heraklion), due to COVID-19 applied travel restrictions and the insecurity
of people to move freely.

Even 2021 was not a recovery year, since a significant reduction was observed: in
passengers −41.9% for Souda and −43.4% for Heraklion, in vehicles: −16.2% for Souda
and −17.3% for Heraklion. After 2019, cargo vehicles had a decrease also, but not so large
(2020: −12.8% for Souda and −5.7% for Heraklion, 2021: −1.3% for Souda and +8% for
Heraklion) as for passengers and vehicles.
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The most fuel-energy consuming sector, and as a consequence, the most air polluting
sector per ship call, differs for the two ports: the passenger ferries dominate in terms of
fuel-energy consumption in Heraklion (until 2019), while for Souda, cruise ships prevail
for all years. For 2020 and 2021, the Heraklion cruise sector had a significant increase
in average fuel and energy consumption in port and this is attributed to longer average
duration of stay at port for the cruise vessels.

The calculated externalities in the study cover health effects, materials and building
damages, biodiversity and crop losses, caused due to air emissions. We also examined and
presented the annual CO2 emissions and calculated the annual market price cost of CO2 for
the years 2017 to 2021, where we see a significant increase, even annually (+168.6% from
2017 to 2018, +68% from 2018 to 2019 and +121% from 2020 to 2021) or from the first year of
study (+340.5% from 2017 to 2019, +869.5% from 2017 to 2021).

A useful index about externalities is the external costs in EUR per ship call
(Table 6a,b—last column) where constantly, in first place per ship call is the sector of pas-
senger ferries at Heraklion port, followed by the cruise sector at Souda port (for 2017–2019)
and cruise at Heraklion port (for 2020–2021). The Souda port cruise sector is in first place
(compared with passenger ferries) with wider differences for years 2017–2019 and a small
difference for 2021. As we noticed, SOX and PM significantly reduced for 2020–2021 due
to new regulations initiated from 2020 onward (scrubbers, 0.5% S fuel). This reduction
affected external costs also, even if during the last year (2021), CO2 price was +121% higher.

From all the above, we conclude that the amount of port-related externalities is
significant and when compared to revenues, it ends up being about 25–35% for the last
3 years of our study (2019 and onwards). Obviously, this is a significant revenue loss
for shipping companies and assuming that ship owners will eventually pass these costs
to ticket fares, an attempt was made to estimate the “Externalities surcharge” (which is
defined as the burden of external costs to ticket fares per transportation category). This
surcharge estimation indicates a significant additional ticket cost and, specifically, for the
year 2021:

� For Souda, about +25.5% to all transportation categories: EUR +8.13 for passengers,
EUR +10.07 for vehicles and EUR +56.06 for cargo vehicles

� For Heraklion, about +26.6 to +27% to all transportation categories: EUR +7.02 for
passengers, EUR +11.31 for vehicles and EUR +68.91 for cargo vehicles.
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