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A comparative CO2 emissions analysis and mitigation strategies
of short-sea shipping and road transport in the Marmara Region

Duygu €Ulkera, _Irşad Bayırhana, Kadir Mersinb and Cem Gazio�glua,c

aDepartment of Marine Environment, Institute of Marine Sciences and Management, Istanbul University, Istanbul, Turkey;
bInternational Logistics and Transportation Department, Istanbul Gelisim University, Istanbul, Turkey; cFaculty of Architecture,
Department of Architecture, Istanbul University, Istanbul, Turkey

ABSTRACT
The Marmara is the most highly trafficked region in Turkey in terms of seaway and highway
transport congestion. The transport mode-based CO2 emissions budget for the region needs
to take more environmentally friendly measures. In this study, 13 ro-ro and ferry lines (RFLs)
are evaluated in the Sea of Marmara to compare ship-generated CO2 emissions with road
transport as if the carried vehicles had used the highway instead of transport by RFL.
Additionally, this study revealed the management strategies for CO2 emissions reduction for
both transport modes under current conditions. The total CO2 emissions budget of 13 RFLs
in the Sea of Marmara is higher than the potential CO2 emissions of their carried vehicles.
Using the methods of Entec UK Ltd and Trozzi and Vaccaro, the amount of CO2 emissions
generated by the RFLs is 204,470.99 and 170,459.85 t/year, respectively. The potential CO2

emissions of road vehicles carried in 2017, 2018 and 2019 are computed by applying Tier 1
methods as 121,690.54, 106,844.89, and 100,921.95 t/year, respectively. It is observed that
shifting trucks from the highway to the seaway contributes to a reduction of the yearly CO2

emissions budget generated from the transport sector to provide sustainable transportation
management in the region.
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CO2 emissions; road
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Introduction

Greenhouse gas (GHG) emissions of all energy
end-use sectors have been increasing since 1970.
This increase has been very steep in the transport sec-
tor, more than doubling with an 80% increased share
from road vehicles [1]. Ship-generated GHG emissions
are mainly carbon dioxide (CO2), methane (CH4) and
nitrous oxide (N2O). CO2 is the dominant contributor
to global warming [2]. The future emission scenarios
of the IPCC show that ship-generated CO2 emissions
will be higher than twice the value of the present
emissions by 2050 if no measures are taken [1]. GHG
emissions from ships have been studied for the last
two decades by the International Maritime
Organization (IMO). According to a report by the IMO,
ship-generated CO2 emissions as a share of total
anthropogenic CO2 emissions increased from 1.8 to
2.8% between 1996 and 2007 [3]. For this reason, IMO
has adopted some measures over the last decade to
manage the reduction of GHG emissions and fuel con-
sumption [4], which are the Energy Efficiency Design

Index (EEDI), the Ship Energy Efficiency Management
Plan (SEEMP), and the IMO 2020 sulfur convention
[5–7]. In keeping with these recommendations, ships
designed to use alternative fuels support reduced
emissions through decarbonization. An example of
this is ships using hydrogen fuel [8].

To be able to make an environmental assess-
ment and take appropriate measures and strat-
egies for maritime transport on a regional scale,
first of all, knowledge about the current situation
must be obtained [9]. This study presents a com-
parative environmental assessment of short-sea
shipping in the Sea of Marmara and road trans-
port, the most competitive transport alternative.
For this reason, the methods of Entec UK Ltd
[10,11] and Trozzi and Vaccaro [12] are applied to
compute yearly CO2 emissions from 13 ro-ro and
ferry lines (RFLs) in the Sea of Marmara . Also, the
Tier 1 method of the European Monitoring and
Evaluation Programme / European Environment
Agency(EMEP/EEA) is applied to compute the
hypothetical CO2 emissions of the road vehicles if
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the vehicles had used the highway instead of
transport by RFL . Estimated CO2 emissions of road
vehicles are referred to as “potential CO2 emissions.”
The current study compared RFLs and highway
routes in terms of distance , voyage density and car-
riage capacity , the results of the Entec UK Ltd and
Trozzi and Vaccaro analyses , and the CO2 emissions
from seaway versus highway . Based on the results
of this comparative study, strategies are
recommended for policymakers and service providers
to provide more environmentally friendly manage-
ment of RFLs in the Sea of Marmara.

Literature review

Increasing the volume of international trade affects
the amount of ship-generated GHG emissions
[13,14]. However, the shipping sector is the sole
international sector that has regulations related to
GHG, and these cover the whole shipping sector
internationally. On the one hand, maritime transport
has the lowest amount of CO2 emissions per ton of
cargo/km when transport modes are compared
[4,15–17]. Long distances and the high loading cap-
acity in the shipping sector offer more CO2 emission
advantages than other modes of transport.
However, these advantages may not be relevant
when applied to short-sea shipping, depending on
carriage capacity, ships’ specifications and other fac-
tors [18,19]. A study by Liao et al. [20] shows that
replacing truck transport with coastal shipping pro-
vides significant reductions of CO2 emissions.

There are two main approaches in the literature
to evaluating exhaust gas emissions from the
maritime sector. These are bottom-up and top-
down approaches [21–25]. Also, there are two
approaches to the integration of bottom-up and
top-down approaches, as mentioned by Miola
et al. [24] and Miola and Ciuffo [25]. The bottom-
up approach is based on the fuel consumption of
a ship in a specific position, while the top-down
approach is based on calculations without consid-
ering the characteristics of a single vessel, which
are later geographically located and assigned to
different ships [25]. In this study, the full bottomup
approach is applied to compute the yearly amount
of CO2 emissions from RFLs in the Sea of Marmara.
This is because this approach provides the most
reliable modelling, and detailed data of the lines
and ships have been obtained for this study.

There are two main methods used to estimate
exhaust gas emissions from the maritime sector,
which are the methods of Entec UK Ltd [10,11]

and Trozzi and Vaccaro [12,26,27]. There are stud-
ies regarding modelling and estimation of the
ship-generated emissions in the Sea of Marmara
and in the Strait of Istanbul applying the method
of Trozzi and Vaccaro [23,28–30]. In the Istanbul
Strait, Kesgin and Vardar [28] calculated CO2 emis-
sions of 170,491 t/year and 173,362 t/year from
passenger ships and transit ships, respectively.
Deniz and Durmuşo�glu [23] estimated CO2

emissions from RFs in the Sea of Marmara to be
41,367 t/year considering eight ships, whereas the
estimate for domestic ships was 295,072 t/year.
Also, they estimated 253,705 t/year from local
passenger ships and sea buses, and 297,797 t/year
from transit and non-transit ships, in the Istanbul
Strait. Kılıç and Deniz [29] computed CO2 emissions
of 254,26 t/year from the ships in Izmit Bay.
Durmuşo�glu [30] computed 63,573 t/year CO2 from
ro-ro ships and ferries in the Sea of Marmara, based
on the statistics of Istanbul Deniz Otob€usleri A.Ş.
(IDO), the company owning the vessels in question.

The location and socio-economic conditions of
the Sea of Marmara offer huge potential for the
carriage of vehicles and passengers in short-sea
shipping in Turkish cabotage [31]. Shipping lines
between the south and north shores of the Sea of
Marmara allow for connections with the full
transportation network of Turkey. A study by Resat
et al. [32] shows the intermodal transport opti-
mization approach in the Sea of Marmara in terms
of transportation cost and time. The north–south
lines in the Sea of Marmara present a comparative
advantage over their competitor transport
modes in terms of both time and distance. For this
reason, ship-owning and management companies
generally choose to offer north–south routes with
ro-ro ships and ferries (RFs). The advantages of RFs
include (1) the easing of highway congestion and
reduction of accident risk, (2) prevention of
financial loss on amortization of road vehicles and
highways, and (3) time and fuel savings of road
vehicles. However, short-sea shipping may have
lower environmental competitiveness compared
with road transport [16]. In the present study, the
environmental performance of RFs in the Sea of
Marmara in terms of CO2 emissions is examined,
discussed and compared with road transport.

Methodology

Data collection

The Republic of Turkey’s Ministry of Transportation
and Infrastructure (MTI) issues yearly maritime
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statistics. They specify five regions in which
vehicles are carried on domestic lines. These are
Istanbul, the Marmara Basin, Çanakkale, _Izmir and
Lake Van. The statistical data of MTI is used for 13
RFLs [33]. A map of the lines is shown in Figure 1.
The voyage data on RFLs in Figure 3 were received
from the Cabotage Line RoRo and Ferry Operators
Association (ROFED), IDO and GESTAŞ Deniz
Ulaşım A.Ş. (GESTAŞ) (one-on-one interview). Some
specifications of 30 ships on 13 RFLs were
obtained from survey certificates of Turkish Lloyds
[34]; these included tonnage of ships, number of
main engines, and power of main engines and
auxiliary engines. The required data for this study
are comprehensively derived and presented in
[dataset] [35].

Study area

The Marmara Region is the highest CO2 emission-
producing area in Turkey [36]. As a semi-enclosed
sea lying between the Çanakkale and Istanbul
straits, the Sea of Marmara hosts congested inter-
national shipping traffic between the
Mediterranean and the Black Sea as well as domes-
tic short-sea shipping traffic. It is also subject to
the effects of urbanization and industrialization
[37]. It is the busiest region for RFLs in Turkey, and
the comparative analysis is applied for 13 RFLs in
the region. Figure 1 shows the shipping lines with
the numbers of their origin–destination (OD) pairs
in the region.

Computation of seaway advantage factor

The seaway advantage factor (SAF) shows the dis-
tance advantage of a short-sea shipping consider-
ing the potential highway distance between the
origin and destination port. High SAF value indi-
cates high distance advantage of shipping compar-
ing with the highway. The formula for calculating
SAF is defined in Equation (1):

SAF %ð Þ ¼ dh � dsx rð Þ½ �x100
dh

(1)

where dh is the highway distance between the ori-
gin and destination ports (km), ds is the seaway
distance between the origin and destination ports
(NM), and r is the km equivalent of 1 NM, which is
1.852 km/NM.

Application of the Entec method

The Entec UK Ltd method [10,11] is based on the
bottom-up approach and is applicable to RFLs in
the Sea of Marmara. Necessary data for the appli-
cation of the method are (1) the type of ship, (2)
the distance covered, (3) the time spent in maneu-
vering, (4) the time spent in port/at anchor, and
(5) the type and power of the main and auxiliary
engines. It is possible to estimate the amount of
ship emissions during sailing, maneuvering, and
port calls when these data are obtained.
This study considered that total emissions pro-
duced by RFLs in the Marmara are equal to the
sum of the emissions in sailing and maneuvering.

Figure 1. Thirteen ro-ro and ferry lines in the Sea of Marmara.
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The emissions produced at the port are not fac-
tored in because the engines are shut down while
in port. The calculations for the emissions pro-
duced while sailing (Equation 2) and maneuvering
(Equation 3) are given below:

Enav ¼ D� ME� 0, 80þ AE� 0, 30½ � � EFnav
V

(2)

Eman ¼ T � ME� 0, 20þ AE� 0, 40½ � � EFman

(3)

where Enav is emissions produced during sailing,
D is distance (NM), ME is main engine power (kW),
AE is auxiliary engine power (kW), EFnav is the
emission factor depending on the ship’s type, V is
the ship’s speed (knot), Eman is the emissions pro-
duced during maneuvering, T is the ship’s maneu-
vering time (h), and EFman is the emission factor
while maneuvering.

It is important to note that the main engine and
auxiliary engine are not operated at full power
during the voyage. This rate is calculated as 80%
for the main engine and 30% for the auxiliary
engine. These rates are given as coefficients in
Equation (2). While maneuvering, the main engine
operating capacity decreases to 20% and the auxil-
iary engine’s operating capacity increases to 40%.
The coefficients can also be seen in Equation (3).

Equations (4) and (5) are derived to compute CO2

emissions of RFs considering the emission factors as
given by the Entec method. The equations are com-
puted for each ship type and number of voyages on
each line as given in [dataset] [35].

Eroro ¼ D� ME � 0, 80þ AE � 0, 30½ � � 655
V

þ T

� ME � 0, 20þ AE � 0, 40½ � � 719

(4)
Eroro�passanger ¼ D� ME � 0, 80þ AE � 0, 30½ �

� 688
V

þ T

� ME � 0, 20þ AE � 0, 40½ � � 741

(5)

Application of the Trozzi and Vaccaro method

This method was introduced by Trozzi and
Vaccaro [12] and revised in 2006 and 2010
[26,27]. The method offers the formulas presented
in Equations (6) and (7), which compute the total
emissions of the pollutants and fuel consumption.
In this study, the method was applied to 13 RFLs
in the Sea of Marmara to compare the results
with the Entec method. All of the required data
are given in [dataset] [35].

Eijklm ¼
X
jklm

Sjkm GTð Þ � tjklm � Fijlm (6)

SjkmðGTÞ ¼ CjkmðGTÞ � Pm (7)

where i is the pollutant type, j is the fuel type, k is
the ship type, l is the engine type, m is the naviga-
tion mode, Eijklm is the total emissions of pollutant
i from the ship’s use of fuel j on ships with type l
engine (kg), Sjkm is the fuel consumption (ton), tjklm
is the daily navigation time (day), Fijlm is the emis-
sion factors of pollutant i for ships with engine
type l using fuel type j (kg/ton), Cjkm is the daily j
type fuel consumption at full power according to
the ship’s tonnage and ship type k (ton), and Pm is
the ratio of the amount of fuel consumption at
navigational mode and at full load.

Computation of potential CO2 emissions
of road vehicles

In this part of the study, the CO2 emissions of the
road vehicles carried by RFs in the Sea of Marmara
are calculated. These are the amounts that would
have been produced if the vehicles had used the
highway instead of RFL. To compute and compare
CO2 emissions of highway and RFL usage, this study
based calculations on the highway distance between
the loading and discharging RF terminals. The dis-
tance between the departure and destination coordi-
nates was obtained from a highway navigation
application. The distances of the RFL lines, including
those to Marmara Island and Avşa Island, have been
converted from nautical miles (NM) to kilometers
(km). They are based on the highway distance sup-
posing there were a bridge that spanned the
Marmara and followed the same route as the RFL.
OD numbers of the Island lines are (1-12), (10-12),
(11-1), (11-10) (see Figure 1). Computing these lines
as the crow flies is not feasible, as the ships do not
travel in a straight line between ports.

Several models can be used to compute the
road vehicles’ generated emissions. The most com-
mon and consistent mathematical models are
based on emission factors [38–42]. One of these
models, the Tier 1 method proposed by EMEP/EEA
[38], is used in this study.

Tier emission calculation methods are divided into
various levels according to their activity and techno-
logical features. Tier 1 is a method that requires less
data compared to the Tier 2 method. It is necessary
to know the fuel consumption statistics for each fuel
type according to four vehicle categories to apply
the Tier 1 method. In the Tier 2 method, vehicle
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categories used in Tier 1 are divided into different
technology subclasses according to emission control
laws. Tier 3 is a more complex method yet. In the
Tier 3 method, a combination of activity data
including precise technical data such as emission
factors is used.
The Tier 1 method is specifically designed to pro-
vide a rough CO2 emission computation where
detailed features and combustion technology are
not known. In this method emission factors are
based on fuel consumption for different vehicle
types. The emission factors are proposed by the
EMEP/EEA Guidebook [38]. The emission factors
from the EMEP/EEA Guidebook are multiplied by
the fuel consumption values. The method is
applied for each vehicle type carried in the RFLs
per km per vehicle. Vehicle types carried in RFLs
are grouped as classified in the Tier 1 method: pas-
senger cars, light commercial vehicles (LCVs),
heavy-duty vehicles (HDVs) and two-wheel vehicles
(L-category). The fuels to be considered include
petrol, diesel, liquefied petroleum gas (LPG) and
compressed natural gas (CNG) or liquefied natural
gas (LNG). Each line carries different percentages
of vehicle types. The total emission values are
found as in Equation (8):

Ei ¼
X

j

X
m
ðFCj,mxEFi, j,m

� �
(8)

where Ei is the emission frompollutant i (g), FCj,m
is the fuel consumption for a vehicle in category j
and using fuel m (kg), and EFi,j,m is the fuel

consumption of the pollutant i for the vehicle of
category j and using fuel m (g/kg). In this study,
Tier 1 typical fuel consumption per km for each
vehicle category and Tier 1 emission factors [38]
for CO2 were calculated considering [dataset] [35].

The percentage distribution of the vehicle types
carried in the 13 RFLs is calculated based on infor-
mation from ROFED. The vehicles that are carried
are predominantly or entirely HDVs for the lines
whose OD pairs are (1-9), (2-9), (3-9) and (10-1) (see
Figure 1). Island lines generally carry passenger cars
in summer, but in the winter the rate of truck car-
riage increases. The line (6-1) carries railway wag-
ons. The other lines generally carry passenger cars.
The percentages of fuel types are estimated for pas-
senger cars in accordance with the Turkish
Statistical Institute [ 43] as follows: LPG (39%), diesel
(33.8%), gasoline (26.7%), and other fuels (0.5%).

Results and discussion

Comparing the seaway and highway route in
terms of distance

RFLs offer several advantages for road vehicles, as
mentioned in the Literature review section. The dis-
tance factor is one of the important advantages when
using the different ro-ro lines [18]. The current study
defined the SAF, which shows the distance benefit of
these lines. As shown in Figure 2, seaway line distan-
ces compared with the highway distances between
the loading and discharging ports and line-based

Figure 2. Highway and seaway distance and seaway advantage factors of nine ro-ro and ferry lines in the Sea
of Marmara.
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SAFs were obtained. The results show a high SAF for
the north–south lines across the Sea of Marmara.

The SAF is important for RF management
companies to evaluate competitiveness and bene-
fits to customers as well as environmental impact.
Figure 2 shows that the SAFs of the lines (1-9), (2-9),
(10-1) and (5-7) are higher. Only the (6-1) line offers
a SAF that is lower than 50%. As shown in Figure 1,
the line (6-1) is 110NM and covers the greatest
east–west distance compared to the other lines. It
might be considered to be less competitive than
the others. However, this line is targeted at a spe-
cific cargo: it carries railway wagons, and conse-
quently the line offers more benefits compared to
the carriage of the wagons by a trailer truck. This is
because of a reduction in the highway traffic and
accident risks, and the connection of multimodal
transportation between Europe and Asia. Full
details of the types of vehicles carried in RFLs as
well as SAF values allow a comprehensive assess-
ment of the line’s competitiveness and advantages.
The types of vehicles carried and SAFs are also
important when comparing the emission amounts
for highways versus seaways in this study.

Comparing the RFLs in terms of voyage density
and carriage capacity

The busiest lines in the Sea of Marmara are the
lines (3-9), (4-7), and (5-7), as can be seen in

Figures 3 and 4. Considering the high number of
voyages and vehicles carried, the high rate of HDV
carried, and the high value of SAF of the line (3-9),
the line plays an important role in the reduction of
truck traffic on highways around the Sea of
Marmara and beyond.

Considering the data of Figure 4, five lines in
the Sea of Marmara offer a high vehicle carriage
capacity and are in high demand. Although the
lines (1-9), (2-9), and (10-1) have a low number of
carried vehicles, their SAF value is higher than
those of the other lines (see Figure 2), and the
vehicle type carried is predominantly HDV.
Consequently, investments in RFL in these regions
especially contribute to the reduction of truck traf-
fic on highways. In light of the above environmen-
tal and economic cost–benefit analysis, the
establishment of new lines in the region could
increase demand potential although the lines cur-
rently have a low carriage capacity.

Comparing the CO2 emissions of RFLs and
potential CO2 emissions of road vehicles carried

The yearly total CO2 emissions of the RFLs depend
on certain factors, including distance, engine
power, number of voyages, ship’s speed, and gross
tonnage as well as the method of calculating emis-
sions. On the one hand, levels of potential CO2

emissions of road vehicles carried depend on

Figure 3. Number of voyages of thirteen ro-ro and ferry lines in the Sea of Marmara in a year.
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highway distance, the number of vehicles, vehicle
type, and fuel. The results of the calculations using
the Entec and Trozzi and Vaccaro methods and the
potential CO2 emissions of road vehicles using
alternative road transport are compared in Figure
5. The line with the best record is the (3-9) com-
pared with road vehicles’ potential CO2 emissions.
This is the case even though it is the line generat-
ing the second-highest level of CO2 emissions. This
result arises from trucks being high-emitting
vehicles, the high SAF of the line, and the large
number of trucks carried in a year. This result also
supports the environmental advantage of replac-
ing the truck transport with intermodal transport
as described by Liao et al. [19].

The lines (4-7), (4-8), (4-9) and (5-7) are served
by fast ferries [35] and their engine power is
higher than that of the others mentioned above.
The ferries of line (4-8) have the highest engine
power, and this is reflected in this line’s higher
amount of CO2 emissions because of high speed
and high engine power.

In Figure 6 the quantity of CO2 emissions from
13 RFLs in the Sea of Marmara, and the potential
CO2 emissions from the road vehicles, were they

to be carried by the RFLs, are compared. The total
CO2 emission amount from the RFLs in the Sea of
Marmara is computed as 204,470.99 t/year by
applying the Entec method and 170,459.85 t/year
by applying the Trozzi and Vaccaro method. The
difference in numbers arises because there are a
greater number of emission factors in the Entec
method than in the Trozzi and Vaccaro method.
Additionally, there are some differences between
these methods in terms of their application. For
example, time is a parameter for the Trozzi and
Vaccaro method (measured in days), but the Entec
method does not use it as a parameter. A second
difference is that engine information must be
known for the Entec method, but it is not neces-
sary for the Trozzi and Vaccaro method.

Previous studies in the region computed CO2

emissions by the Trozzi and Vaccaro method, as
mentioned in the literature review section. These
studies were not specific to the RFLs and aimed to
compute the emissions of ships in the region in
general. Also, they give details about computation
of CO2 emissions for RFs. Deniz and Durmuşo�glu
[23] estimated CO2 emissions of 41,367 t/year in
the Sea of Marmara considering eight ships, and

Figure 4. Number of vehicles carried by thirteen ro-ro and ferry lines in the Sea of Marmara in 2017, 2018, and 2019 (This
figure is derived from the statistical data on [33] ) .

CARBON MANAGEMENT 7



Durmuşo�glu [30] estimated CO2 emissions of
63,573 t/year in the Sea of Marmara and in the
Strait of Istanbul considering IDO statistics. The

current study provides estimates for 13 RFLs
involving 30 RFs in the Sea of Marmara, and thus
is the first study to compute CO2 emissions for

Figure 5. Comparative analysis of the CO2 emission results for the ro-ro and ferry lines and highways, using the
applied methods.

Figure 6. Total CO2 emission computation by the methods of Entec and Trozzi and Vaccaro for the thirteen ro-ro and ferry
lines in the Sea of Marmara in a year, and the hypothetical CO2 emissions for road vehicles carried by the ro-ro and ferry
lines .
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each of the RFLs in the region. Consequently, the
CO2 emissions of 170,459.85 t/year estimated here
by applying the Trozzi and Vaccaro method are
considerably higher than the estimates of Deniz
and Durmuşo�glu [23] and Durmuşo�glu [30].

In the hypothetical scenario in which the road
vehicles carried on RFLs had instead used the
highway, the total potential CO2 emissions of
these road vehicles in 2017, 2018, and 2019 are
calculated as 121,690.54, 106,844.89, 100,921.95 t/
year, respectively (see Figure 6).

Although the yearly CO2 emissions budget of
the RFLs in the Sea of Marmara is higher than the
potential CO2 emissions of road vehicles carried,
seaway transport is more environmentally friendly
for some of the lines. These results show that the
comparative environmental advantages of sea
transport are not present in RFLs. When compared
with a bulk carrier, these advantages could be con-
siderably reduced and even disappear due to RFLs’
smaller cargo capacity and high speed [18]. For
this reason, when focusing on providing a more
environmentally friendly mode of transport, line-
based emission estimation is highly significant for
the evaluation and optimization of RFLs in the Sea
of Marmara. In light of the above, this study sug-
gests that the category of vehicles carried, the SAF
value, and the ship’s engine power should be care-
fully evaluated for the economic and environmen-
tally sustainable management of the lines in the
Sea of Marmara. Investment in environmentally
optimized lines is of great importance for sustain-
ability in the Sea of Marmara. Shifting the road
freight transport there from the highway to RFLs

can contribute to the reduction of yearly CO2 emis-
sions from the transport sector as well as the
reduction of highway congestion.

The level of CO2 emissions in the Sea of
Marmara is important since the region is the most
urbanized region in Turkey and is the region pro-
ducing the highest level of CO2. Consequently,
providing more environmentally friendly
approaches to the management of domestic lines
in the Sea of Marmara will contribute to environ-
mental sustainability.

The development of cleaner alternative energies,
planned for use by newly built ships, will contribute
much more to the reduction of CO2 emissions in the
future [ 44,45]. Short-distance sea transport could
take the first steps to decarbonization through the
adoption of these technologies [16], and the applica-
tion of these technologies for RFs in the Marmara
will create significant emissions advantages in the
future. In addition, other recommendations and man-
agement strategies for reducing CO2 emissions in
short-sea transport are given in Table 1.

Conclusion

The Marmara region is the most highly trafficked
region in Turkey, and the geographical location of
the Sea of Marmara leads to a high level of domes-
tic short-sea shipping as well as international ship-
ping. The RFLs in the Sea of Marmara support
multimodal transportation and the flow of domestic
and international transportation of road vehicles
between Europe and Asia. Considering the increased
CO2 emissions share of the transport sector, current

Table 1. Recommendations and management strategies for reducing carbon dioxide emissions generated from short-
sea shipping.
Stakeholders Recommendations

Policymakers Cost–benefit analysis of transportation management should involve carbon dioxide (CO2) emissions assessment for
the existing and new ro-ro and ferry lines (RFLs) in order to take measures for more environmentally
friendly transport.

To contribute to reducing CO2 emissions, new investments in RFLs should be made for high truck shipment
potency lines.

Priority in a new investment should be given for the lines that have high seaway advantage factor (SAF) value.
The new investments in the regions of the emission-advantaged lines such as (1-9), (2-9), (3-9), which allow trucks

coming from Europe to cross to Anatolia, bypassing Istanbul’s traffic and having a high distance advantage
considering their SAF value.

Truck transport by the ro-ro ships (choosing an appropriate RFL depends on its route) should be supported in the
region at the current situation.

The optimum number of lines for the fast ferries in the Sea of Marmara should be determined considering their high
CO2 emissions generations and service functionality.

Newly purchased ro-ro ships and ferries (RFs) to serve in the Sea of Marmara should be cleaner energy ships. For
this case, ship owners should be supported.

Ship owner/
service providers

CO2 emissions assessment should be a part of transportation managers’ job, and not done just to comply with
International Maritime Organization (IMO) regulations.

Line management should be supported to provide the optimum ship’s speed by captains for the bunker efficiency,
which provides economic and environmental advantages.

High SAF-valued lines in the Sea of Marmara are highly competitive and environmentally friendly compared to lower
SAF-valued lines.

New investments for a new RFL should be evaluated for more CO2 emissions-advantaged origin–destination pairs;
this also supports economic competitiveness.
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and new investments for RFLs should be evaluated
environmentally as well as in terms of economic
cost–benefit analysis. Environmentally friendly meas-
ures should be taken by policymakers, ship owners,
and service providers to provide lower CO2 emis-
sions and greater sustainability. Within this scope,
the approach of our study can be implemented in
the other regions to compare CO2 emissions gener-
ated from highways versus seaways and to develop
CO2 emissions mitigation strategies for the current
situation. In view of the above, this study
emphasizes the following points for the RFLs in
the Sea of Marmara:

� Although maritime transport in general produ-
ces the lowest CO2 emissions per ton of cargo/
km compared to other modes of transport, CO2

emissions from short-sea transport are subject
to different factors and thus can be higher than
those from highway transport. Consequently,
CO2 emissions generated from short-sea ship-
ping should be computed and evaluated for
each line and each region.

� SAF is an important factor in the management
of any RFL worldwide. The north–south lines in
the Sea of Marmara, which have a high SAF
value, offer many advantages in terms of dis-
tance, time, decrease of highway traffic, fuel
savings, and reduction of emissions.

� The carriage of HDV by seaway in the Sea of
Marmara can contribute significant CO2 reduc-
tions depending on SAF. This is because they
minimize the generation of potential CO2 emis-
sions from the highways.

� Fast-car ferries cause far more CO2 emissions in
the Sea of Marmara and higher CO2 emissions
than the same cars cause while using the high-
way. This is due to the ferries’ high engine
power. However, these ferry lines are beneficial
and preferable especially for passenger cars in
terms of reduction of distance and time, and
these lines are necessary due to the sheer
demand for them. Therefore, a line optimization
cost–benefit analysis is important for the ship
owners/service providers and their customers.

� As a form of short-sea transport, the service
functionality of RFLs in the Sea of Marmara is
higher than their environmental functionality,
as is the case for other RFLs in the world.
Consequently, the application of cleaner alter-
native energy to newly built ro-ro ships and fer-
ries is necessary due to the high emissions that
result from short-sea transport.

� SAF, vehicle type, ships’ engine type and
power, fuel consumption, generated emissions,
and potential emissions from alternatives are
factors that should be considered when evalu-
ating an RFL in a region to provide optimum
benefit for service providers, their customers,
and the environment.

Acknowledgements

With special thanks to Mr Atılay €OZAY from ROFED and
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