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1. Introduction

The aim and scope of tHdIMOSA project is to create the knowledge and factual
preconditions for more sustainable transport which nowadays rtedae more
environmentally friendly. Furthermore, this analysis draws on the knowledge to assess the
OF Nb 2y T2 20 LINR ychoicesFAlsa, &iS deliderabie 8 gravd fidindhe 0.3.5
Crossborder Transport Sustainability Action Plan and will benected to the future
deliverables of WP4 aiming at the definition of a Cdessder Transport Planning model
(0.4.3) and of a positigpaper about lowcarbon technological solutions (0.4.4). The
following diagram framethis document in the strict conté of its direct interlinkages with
other MIMOSA outputs and deliverables.

D.3.21
0.4.4
METHODOLOGY FOR REVIEWING OF TECHNOLOGI CAL 0.3.3
SOLUTIONS FOR THE IMPROVEMENT OF SUSTAINABLE ANALYSIS TO ASSESS THE TE%L%%?%E?C?T?SLﬁ?TPSSSOFNOR
AND MULTIMODAL / CROSS-BORDER PASSENGER CARBON FOOTPRINT OF THE
EMISSION REDUCING
SERVICES PASSENGERS' CHOICES
D.3.3.1 0.35 D.4.5.1 045
METHODOLOGY FOR ELABORATING A CROSS-BORDER o METHODOLOGY FOR c
CROSS-BORDER TRANSPORT MIMOSA CROSS-BORDER
MODEL OF TRANSPORT SUSTAINABILITY ACTION ——p|ELABORATING A CROSS-BORDER
PLAN SUSTAINABILITY ACTION PLAN PLANNING MODEL PLANNING MODEL

D.3.1.2
SEGMENTATION ANALY SIS

Figurel. Interlinkages between tkidocument, its direct premises and further steps

¢CKS /IFNB2y F2204LINAY (G 2F (KSinthe facttdyitlheE Q OK2 A
predecessor to the future output documents. Furthermore, the information contained in

the depicted deliverable and output documentation is of significant ccdssrder

dimension because it will provide crucial decismaking gidelines for addressing and
achieving the environmental sustainability of Itglroatia crosg border transport

practices in terms of greenhouse gas (GHG) emissions reduction. Thelpaease of the
Italy ¢ Croatia crosg border area indicates trass of unimodal transport mode selection
practices in terms of excessive utilization of private vehicles (cars). This creates further
road transport networks overcapacity, bottlenecks, artd@&emissions, while negatively
reflecting on the inclusion and imgrhentation of environmentally friendlier transport

modes such as trains, busses, and ships. Such practices will be mitigated within the stated
deliverable and documentation by following tlekear path set for achieving transport

systems efficiency by reding excessive car utilization, and by promoting sustainability
benefits of publidransport options within the maritime and hinterland domains.

Furthermore, the Analysisto assess @bz y FT22 GLINAY (G 2F (GKS LI aasSy
organizedas follows. Capter 2 presents the characteristics and significant emissions
generated by different passengers' transport mode choices. Also, Carbon Footprint in
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Transport Sector together with Reductigmtiatives is pointed. Chapter 3 presents the

methodological framevork for Carbon Footprint calculation with respect to different

LI a3SY3ISNEQ GNIYaLR2NI Y2RS OK2A0Sad ¢KS Sadl
technical characteristics and modekaperation for each transport mode entity, different

industry reguations and models for calculating and reporting emissions, and data

I @ AfFroAfAGED® / KFLIWGSNI n LINBaSyida GKS /It Odz I
Transport Mode Choicesltaly-Croata Case. Due to the research, passenger

transportation mode choicen the specific region is based on Maritime, Road and Railway
transportation mode. For this analysis, the current state of lggBroatia passenger

transportation network isanalyzedaccoding to the several main regions identified in the

Adriatic Sea amethat connects Italy Croatia national borders. Aftemalyzinghe

importance of the specific origin and destination travel pairs defined in the Adriatic Sea

area, the considered areadvided into three main regions: North Adriatic, Middle

Adriatic,and South Adriatic. Based on the factors affecting the route selection in the

defined Adriatic regions, the following routes were selected and divided accordingly into

five case studies:

Case study 1: VeniggPulact 2 Nd/énice

Case study 2: ZadgqrAncona

Case study 3: BariDubrovnik

Case study 4: PesacdNovaljaca I f A ¢[Pés@ra y 2
Case study 3:ignanoc Gradog Triesteca | £ A j [ 2 OA Y

aprwdE

Chapter 5 is based on Castedies results with evaluation and comparative analysis from
the established methodology considering the carbon footprint in K€ -passenger
according to the occupancy rates for each transportation mode choice. Furthermore,
optimal transportation moé coice with respect to the different relative occupancy rates
together with the total carbon footprint for each transportation mode based on the
reference capacity is elaborated in this deliveral@bapter 6 is based ohght emissions

from travel betweenmain ItalyCroatia programme area airporfShe results of air travel
emissions for four different aircrafts have been compared with other transportation nodes.
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2. Characteristics and Significant Emissions Generated by

Different Passengers' Transport Mode Choices

The European Union (EU) strongly promotes sustainable transitions within its economic,
social, and environmental domains by constantly adopting new and revised strategic
approaches, initiatives, and legislative acts with the aim of transfogrthe EU int@a

modern, resource efficient, and competitive geopolitical entity. This creates emphasis
G261 NRa GKS 9! YSYO6SNI adl GSaasaddadtiviteSthas y
strive on improving their social and economic possibilities feating a justsustainable,

and inclusive transformation of the European society and economy on a national territorial
geospatial level and international crosborder geospatial level. It is important to state

that unhindered soci@ economic cooperatin and progresss not possible without

sufficient and appropriate transport infrastructure. This leads to the conclusion that
transport infrastructure is a critical constituent in the connections of crdssrder regions
because it strongly influences ertegional, loal, and urban development. Thus, both
member states of Italy and Croatia must accept the fact that the transport sector is an
indispensable element of the ItatyCroatia crosg border area by regarding it as a crucial
common tool for colletive developmat and cohesion building.

The contemporary paradigm of sustainability dictates that transport systems are deemed
sustainable when they possess the capacity for supporting the mobility needs of a society
by adhering towards the least sodiahnd environmatally detrimental mobility options in
terms of preserving and enhancing the mobility needs of subsequent generations.
Numerous environmentally friendly soaieeconomic aspects serve as indispensable
evaluation factors for assessing thdigtncy of trasport systems from a sustainability
perspective. The economic aspect of transport sustainability requires adherence towards
factors such as enabling financial affordability in each transportation mode for every
subsequent generation, fosteg design and erations most suitable towards maximizing
economic efficiency and cost reduction, creating a strong, diverse, and healthy economy.
The societal aspect of transport sustainability requires adherence towards factors such as
promoting sociainclusivity by poviding equity of access for people of all ages and social
groups in each transportation mode for every subsequent generation, enhancing human
health by adequate safety and security measures, limiting noise levels that create long
term detrimental effeds on the individual and the community as transport users. The
ecological aspect of transport sustainability requires adherence towards factors such as
recycling natural resources in vehicles and infrastructure when they become obsolete
(plastics, steel, lgss, etc.), implementation of renewable power sources in terms of
alternative and inexhaustible energy solutions (solar power from PV modules, electricity
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power from batteries etc.), coupling transport modes with circular economies ing@fm
mitigatingGHG emissions and waste disposal in the environment by recycling and
sequestrating.

However, the ecological aspect in specific terms of transport GHG emissions varies
significantly in each individual transport mode due to differences @iospeconomic
characteristics of which the most influential are identified as occupancy rate, distance
length, frequency of utilization, and price. Such GHG emissions variations dependency on
individual characteristics of transport modes is further exbhaged inspillove's on macro

levels due to significant variance and differences in technical characteristics, operations
practices, industry regulations and standards, and data availability. Structural approaches
towards addressing the aforementioned mia@nd macro levelg) terms of mitigation

efforts of transportation mode GHG environmental externalities are thoroughly researched
within the MIMOSA project.

Between 2013 and 2019, greenhouse gas emissions from the EU's transport sector
increased steadilyrepresenting arend that differed significantly from other sectors in the
same period. Due to the decreased activity during the gl@faVI1B19 pandemic, the
preliminary estimates for 2020 show a significant drop in the emissions generated by the
transpat sector. Howeve after 2020, it is expected that transport emissions will increase
again. The domestic transport emissions will only drop below the 1990 levels in 2029,
according to the national predictions compiled by the European Environment Agdeky, (E
even takingnto account the actions currently proposed in the Member States. Moreover,
the emissions generated by international transport, including international aviation and
international maritime transport, are expected to continue to risEy][

Figure2 shows thetrend in the greenhouse gas emissions in the transport sector since 1990, as
well as projections for the ER7 until 2040. The data in FiguBealso includes the preliminary
emission estimates for 2020 submitted by the Member Statesdd@ktiestic transpdremissions

are included in the data shown in Fig2eHowever, this data does not include the emissions
generated by the international aviation and international maritime transport, as well as the
emissions generated by the productiohalectrical powermsed for transportation purposes, i.e.,

for the electrical propulsion of vehicles, such as electric cars, trains, and tramways. The
greenhouse gas emissions, whose values are shown in Flgare measured in a milliotons
carbon dioxile equivalent (MtCQe). The projections denoted in FiguPeas projectionsWith
Existing Measures'(WEM) include the already existing policies and measufes emission
reduction In contrast, the projectionsvith additionalmeasures{WAM)represent tte projections
taking into account the future policies and measures planned by the Member Sthgls/,14,16]

European Regional Development Fund



{ interrey

*

Italy - Croatia [

E MIMOSA EUROPEAN UNION

1000
900
800 ‘
700 !
600
500
400
300

200
100

Million tonnes of CO2 equivalent (Mt CO2e)

0
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Year

- Historical greenhouse gas emissions Projections 'with existing measures'

Projections 'with additional measures'

Figure2. Greenhouse gas emissions from transport in Euaqueording tq15]

Between 2018 and 2019, the EWsmesic transport emissions saw an increase of 0.8%. As
mentioned above, the global@/ID19 pandemic caused a dramatic decline in transportation
activities, which resulted in the preliminary estimates for 2020 reporting the drop of 12.7% in the
domestictransport emissions. This drop represents a substantial reduction, especially considering
the comparison with the global economic crisis in 2008 that led to the decrease in the emissions in
the following years, but only in the range oB% per year.15]

Accoding to the national predictions done by the Member States, a significant rebound in transport
emissions is expected beyond 2020. Without the proposal and proper implementation of the
additional measures, an increase in the emission levels might &e gdil 2025. The predicted
reductions that would follow after would still leave transport emissions roughly 10% higher in 2030
than in 1990. However, if the additional measures and policies proposed to reduce transport
emissions are adequately implemendtéythe Member States, the transport emissions would peak

in 2022 and then decline. Emissions would thus be 6% lower in 2030 than they were in 1990. The
majority of the planned and proposed policies and measuresréducingtransport emissions
promote ekctric cars and lovecarbon fuels and promote the modal shift to public transpatg][

Figure3 shows the historical trend in the EU's greenhouse gas emissions generated by transport for
the period between 1990 and the present, as well as the projectidrieeoemission values up to
2040. The data iRigure 3 breaks down the total transport emissions into the individual subsectors,
i.e., the different transport modes, including international aviation, international maritime
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transport, domestic aviation, r@htransport, domestic navigation, and railways. The data values
shown for each transport mode represent the change in emission levels with respect to the level in
1990, denoted by the value of 100. Moreover, there are two types of emission value progection
WEMandWAM projections. 15,17,14,16]

As seen in Figurg the emissions generated by the domestic navigation and railways are the only
ones whose values have decreased compared to the 1990 level. Moreover, only the emissions
associated with road trap®rt are expected to decrease until 2030. Besides the domestic transport
categories, the international aviation and the international maritime transport modes are also
considered to calculate the total greenhouse gas emission generated by the transport. Sée
emissions from these two transport modes have increased since 1990. [15]

300
250
200
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100
50
0
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
——Domestic Aviation Road transport
Railways Domestic navigation
——International aviation ——International maritime transport
—8—Projections WEM Domestic Aviation —— Projections WAM Domestic Aviation
—e—Projections WEM Road Transportation —e—Projections WAM Road Transportation
—e—Projections WEM Railways —e—Projections WAM Railways
—e—Projections WEM Domestic Navigation Projections WAM Domestic Navigation
Projections WEM International aviation Projections WEM International Maritime Transport

Figure3. Greenhouse gas emissions from transport in the EU, including different transport modes
and projection scenariagccording td15]

Figured shows the share of the EU's transport greenhouse gas emissions by the individual transport
modes in 2019. As seeémFigured, road transport generates 71.7% of all transport emissions, while
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13.9% of the transport emissions are caused by aviation. Thetime transport emissions
constitute 13.4% of the total transport emissions, 0.5% of the transport emissiorssaoeiated
with the railways, and the rest (0.5%) are generated by the other transport mabs. [

0.5%_ 0.5%

13.4%

m Road transport = Aviation
Maritime transport Railways

m Other transportation

Figured. Shae of the EU's transport greenhouse gas emissions by the individual transport modes in
2019

As seen in Figuré, road transport represents the transport mode with the highest proportion of
the total transport emissions, constituting 71.7% of all domestid @nternational transport
greenhouse gas emissions in 2019. Therefore, most of the exisi@agures and the measures
planned by the Member States are focused on emission reduction in the road transport sector. In
addition, road transport decarbonizes fas than other transport modes, so its share in the total
transportgenerated emissions ixpected to decreaselp]

Figure5 shows the proportions of the individual road transport modes in the total emissions
generated by transport in 2019. As seen igue 5, the majority of the road transport emissions
are produced by cargl4.3%). Moreover, heawgduty trucks and buses generai®.2%, whileB.7%

of these emissions are generated by lightty trucks. Motorcycles are responsible % of the
emissiors, and the rest of the emissions are associated with other road transportatouies [L8]

10
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Figure5. Share of the EU's transport greenhouse gas emissions generated by the road transport in
2019

The most significant increases time emissions up to 2030 are expected in the aviation sector,
followed by intermational maritime transport. Thus, these transport modes are expected to
represent higher proportions of the total transport sector emissions in the future. The reason for
the emission increase in these two subsectors lies in these subsectors not beintgzedoin the
national policies and emission reduction measur&$§] [

Although the aviation sector was particularly affected by @@VIBL9 pandemic in 2020, resulting

in the emissions generated by international aviation being 54% lower in 2020 th20il® this
reduction is expected to be temporary. Moreover, the flight numbers are expected to return to 2019
levels by 2024.15,5]

2.1 CarbonFootprint¢ The Transport Setor

Many carbon footprint calculations have been conducted with a growing undedstgrof the
importance of climate change and its representation in media and paliTiesse studies include
various approaches: from the basic calculator tools availabhlme to complex methods and e
cycle analyses. Carbon footprint represents Hrmount of gaseous emissions related to climate
change and generated by human activities, including production and consumption. The methods to

11
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quantify carbon footprint inclde a broad spectrum of approaches, ranging from direct carbon
dioxide (©2) emissiongo full life-cycle greenhouse gas emissions expressedheguivalents
which account for the climate effects of different gases, including methane, nitrous xithey;
hexafluoride etc. [36,32)

Carbon footprint analyses are also conducted ¢biferent sectors and subsectors of human
activities, as well as for specific locations or regions. As elaborated above, the transport sector has
a significant impact on totalrgenhouse gas emissions. Therefore, the calculation and analysis of
the transpat sector's carbon footprint, as well as the carbon footprint of the different transport
modes comprised by it, are critical in planning and implementing initiatives and jgdiecieduce
greenhouse gas emissions affecting climate change. Thus, mangsstudithe carbon footprint
calculation in the transport sector can be found in the recent scientific literat@.31,28,25]

2.2 CarbonFootprint¢ Reductionnitiatives

The carbonneutral EU requires the decarbonization of all sectors. This goal ésldorbe achieved
by 2050, as defined by thHeuropean Green De&COM (2019) 640 finaljl2]. The European
Commission proposed to increase the intermediate target for theegheuse gas emission
reduction for 2030 to 55% in its proposal for tB&mate LawCOM (2020) 80 final) J0]. The
European Council accepted this proposal at the end of 2A3). |

Furthermore, the European Commission published the 'Sustainable and SrohititiStrategy'
(COM(2020) 789 finalp] in December 2020. This documedéfined the plans for the green
transformation of the EU transport sectoflq]

The transport sector causebove 30%f the EU's total greenhouse gas emissions. Moreover, when
compared to other sectors, the transport sector has not experienced the sardectiens in
greenhouse gas emissions since 1990 due to the difficulties in its decarbonization. Therefore, the
transport sector represents an important factor in the future redantof greenhouse gas emissions

and requires additional attention in implemeng the already adopted policies and measures, as
well as in defining the future measures by the EU Member Stalék. |

The implementation of the 2030 Climate and Energy Frannkevt3] includes the commercial
aviation sector being covered by tliJ Emisens Trading Schem®8,,11]. Except for international
shipping, all other transport modes are covered by Effort Sharing RegulatioB][ [15]

12
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3. Methodological Framework for Carbon Footprint Calculation

With Respect to Different Passenge

The approach in the methodology to calculate the carbon footprint is different for gaalsport
mode. The main reasons are:

- different technical characterists and modes of operation for eatfansportmode entity,
- different industry regulations anchodels for calculating and reporting emissions,
- dataavailability.

The carbon footprint calculation for the amtime transport mode is based oe engine fué
consumptionfor the correspondingngine power orthe particularroute schedule. Route schedules
are based on 2016ata, where the distribution of the ship operation is determined for each ship
employed on a particular routeThe ship operation distribudn is basedon the vessel speed
calculation andhe propulsion m&hinery load.

Tablel. Operation dstribution of a single trip

Ship operation(j) Period(ti) Relative period (%)
Navigation(incl. man)j.) t1 tJ/S
Port stay oigin (2) t2 t2/S
Port stay destinationj) ts ta/S
Y 0 oTY

Vessel carbon footprint is calculated based wel tonsumediuringparticular tripandis calculated
based orthe IMO modes$ presented in [23hnd as mationed in[35] and [34)jwith formulas

(1)

, 0 "Ow

where fuel consumption is calculated

13
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"Ow 0 YO0 6 0O 0 "Y'OU & (2)
and:

"O® 0 "YOU & 3)

The dependency of the propulsi@mginesload onthe vessel speed is calculatadth the Admiralty
coefficientAc, asdescribed in [P

C2
c-

4)

TheAdmiralty coefficienfAcis calculated separatefpr eachvessebased orthe maximum service
speed main enginesmaximum continuous ratingMCR and vessel displacemenffterwards
obtained coefficient is used to further cailate propulsion engine(spower point based onactual
vessel speed obtaineddm vessel schedul&Vhereauxiliary engines power data were not availgble
accordingo [24], the auxiliary engins power idaken as

- Auxiliary engine powelor ferry vessed ¢ 10%of main propulsion engine(s) power,
- Auxiliary engine power for high speed vessels% ofmain propulsion engine(s)
power.
Soecific fuel oil consumption for diesel engines is taken as a functidheafelative engine load,
engine speed, and engirienction:

"Y'O0 6 "Q0  RY 0 @) Or6 O, (5)
and is withinthe rangeof 180- 340 g/kWh,asdefined in[1].

The emission conversion fact@ is taken as 3.206 kg@&g fuel as definedby hternational
Maritime Organization fO) [23]. This coresponds to thduel grade marked aBMA in ISO 8217
which is taken as a base fuel for use onboard vessels during this research

In the abovedefined carbon footprint calculation procedure, the followwaiables are used
F ¢ Fuel consumptiortkg)

Puve ¢ Propulsion engine power (kW)

Pae ¢ Auxiliary engine power (kW)

NME¢ Number of main engines (total propulsion power)

14
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SFOE Specific fuel oil consumptiotkd/kWh),

t ¢ Timeframe period of single operation mode,(h)
G ¢ Fuel- CQ conversim factor kgCQ/kg Fuel)

] - Number of vessel operation mode

i ¢ Number ofmain propulsiordiesel engines

% co2¢ Carbon footprintfor avesse(kgCQ),

D ¢ Vessel displacement (tons)

Acc Admiralty coefficient

Veft ¢ Vessel speed (kn)

The carbon fotprint cakulation of the pad transport mode is based on publicly available emission
factors for average personal car apdblicbuses The average personal car taken asa 5-seatcar
with an internal combustion enginelhe wsage of electric and hybridars in ths studyis not
considered

The averagearage in the EU is taken as.1Qearsas perthe Automotive Information centef21].
Accordinglythe average emission for newly registered dard011 was 135 gC@vehicle-km, and
this was taken s.an averagéor thisreseard [19]. The dtainedvalueisbased orthe New European
Driving CycléNEDCdest methodology for new cars.

=
09
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Figure6. The average carbon footprint of a newly registered car in theaBtdrding to [9]

The arbonfootprint for personal cars oa specific route ishen calculatedas

15
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: —q, (6)

where:

Vecoz¢ Carbon footprint fora personal catkgCQ),
Ec ¢ Average car emission factor (gsZion),

Ir ¢ Traveled distancém).

The aerage bus size is based on a standard 49 seatthsa diesel engie. Emission factors in
gCQ/km for buses are different based dhe legislation for eaclt URQlass andhe different road
types. The factorpresentedin Table 2 are based on emissiorests on a limited sample of buses
over different drive cycles carriexlit at different research facilities in Europg and [38§.

Table2. CQ emissions from different bus emission classes from the UK GHG Inventory

Emission based on road type (g&kin)

EURO Class Highway¢ Single Highway ¢ Multi
Urban Motorway
Lane Lane
EURO | 1003 613 656 669
EURO I 905 600 640 654
EURO I 905 600 640 654
EURO IV 878 582 620 635
EURO V 851 564 601 615
EURO V 787 521 556 568

An averageof 601 gCQ@/km is taken in this research. In that casiee averageemission factor is
taken for Highwayc Multi Lane. The gadation emission factor for each rodagpe on a particular
route was not consideredlhe @rbon footprint for a public bus is calculated with the same model
as a personal caexcept different emigsn factor is used:

: — q, (7)

where:

Wcozg Carbon footprint fora public bus (kgC
Eb ¢ Averagebusemission factor (gCgkm),

Ir ¢ Traveled distancé&m).

Road distances for personal cars are estimated tthbsame i.e.; it was not consideretthat public
buses orthe observed routes might havadditionalwaypoint (public bus stations)

16
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Railvay carbon footprint s calculated based othe fixed emission factors availabfer electric
trains, while for diesl railway segments is calculated as per fuel consumption aredage speed
on nonelectrified railway sectionsAverage emissiofactor for electric train is taken as 6@02e
per passengekm as emission presented lurostarand DEFRRO0]. Averagecarbon footprint for
non-electrifiedrailway sections is calculatdshsed ornaverage fuel consumptiowhichtakenas 60
lit/h [30] and averagdrain speed in Croatia (neelectrified railroad sections are located only in
Croatia) Average speed is taken as 95 knih [42]. Train capacity is &dsed o209 seat capacitfor
Gredelj Low Floor Diesel Multiple Unit9)3and employed withirCroatianpassengerQailways as
conventonaltrain model.Fuel used in trains is based on diefsdl with specific gravityf 0,890
kg/ltr as per ISO 821 Tonversion factor for fuel to G@ this case is taken as 3,140 kg®@ fuel
as defined by EEA [30].

Considering that the railway cannot reach some destinations due to the infrastructure being
nonexistent the carbonfootprint is then calculated based othe railwaytransportation tothe
closestpublic railwaystation. In this case, the carbon footprint calculation for the remaining
distance considers the bus transportation mode by considering the average number of buses
required to reachtrain capacity Therefore, depending on the railway infrastructure destinations
availability, a totality of four different railway carbon footprint modelg attilized as follows:

1. Carbon footprint calculation model farsingelectrified milwayson a route

@]
, 6 a (8)
PTTT
2. Carbon footprint calculation model farsingnon-electrified railwag on a route
. "Ow .
: X 0T— « 9)

3. Carbon footprint calculation odel forusinga combination of electrified railway section,
non-electrified railway section and public baa a railway route
: : : mmmnio a (10)

4. Carbon footprint calculation model farsing a conbinationof electrified railway section
and public busn a railway route
: : mmno (11)

in where:

Meco2G Carbon footprint forelectrifiedrailwayroute (kgCQ),

Mneco2G Carbon footprint for norelectrified railwayroute (kgCQ),

Vicco2G Carbon footprint for railwaygelectric and norelectric)and public bus on combined
railwayroute (kgC0Q),

Eipax ¢ Averagerailwayemission factofor electric trainggCQ/ passengekilometer),

17
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Ew ¢ Average bus emigm factor (gC@km),

Ir ¢ Traveled distance by public b(len),

le ¢ Distanceof electrifiedrailway section(km),

lne ¢ Distance of norelectrified railway section (km),

Faravg ¢ Average diesel train fuel consumption per hr (ltr/hr),
Viravg ¢ Averagediesel train speed (km/h),

G ¢ Average train apacity(taken as 209 for model tramssumptiorn).

European Regional Development Fund
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4. Cal cul ati on of Carbon Footprint

Mode Choices i Italy-Croatia Case Studies

4.1. Current state of ItakCroatia interconneabin network

Forthis researchthe current state of Italy; Croatia passenger transportation networkaisalyzed
according tahe several main regions identified in ti@riatic Seareathat connects Italy; Croatia
national borders Moreover, the analysitakes into accounthe different transportation mode

choices available for travel realization.

After analying the importance ofthe specific origin and destination travehirs defined in the
Adriatic Sea area, theonsideredarea is divided into threenain regions: North AdriatjidMiddle
Adriatic, and South Adriati@hedefined regions aréepictedin Figurer.

-,
_Teento .. liubljana

Pordenche { {
-~  Slovenija s
o A b

Banja Luka

Ravenha % s % §
\ osna i 4

£

A Hercegovina

uuuuuuu

Figure?7. Main Adriatic regions

Furthermore, the current state (based on 20d8ta, prior COVIEL9 period) ofthe Italy ¢ Croatia
traveling network isnalyzedconsideringhe importance of the specific origin and destinatjueirs
and their location in the defined regions. Available passenger transportation mode choites in
definedregionsinclude

19
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- Maritime transportation mode choice,
- Road transportation mode choice,

- Railway transportation mode choice.

The drway transportation mode choice has not been taken into account forateysisand it will
not be mentioned and developed any further. That decision risnarily due to the service
inconsistency and significant effectstie decreasing demand for thatansportation mode choice
due to the receniCOVIBEL9 pandemicEverydefinedregion is specific regardirtge availability of
mentioned transportation modehoices Those specifics are basedtbe acceptable timedistance
proportion where not every transortation mode is preferable for overcominiipe particular
distances. Alsat is essentialto specify thatnot all transportation modes are availahleeach of
the defined regions.

Furthermore the maritime transportation mode choiceepresents a referece for selectingorigin-
destination. Regarding the mentioned approattte identified routes have been distributealithin
the predefined Adriatic regionas shown in Tabl& and Figure 8.

A

North Adriatic Region Lines
1 Pesaro — Mali Loinj

2 Rab — Cesenatico

3 Pesaro — Zadar

4 Poret — Venice

5 Venice - Pula

6 Pula — Trieste

7 Rovinj — Venice

8 Rovinj — Cesenatico A
9 Trieste — Piran — Rovinj S
10 Pula — Venice 1

Middle Adriatic Region Lines
11 Split — Ancona

12 Ancona — Zadar

13 Civitanova — Hvar

14 Civitanoya — Split

South Adriatic Region Lines

15 Dubrovnik — Bari
South
75 0 75 150 km Adriatic

Figure8. Distribution of maritimearansportationlines in the defined Adriatic regions
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Table3. Distribution ofmaritime transportation linesn the defined Adriatic regins

North Adriatic region Middle Adriatic region SouthAdriatic region
Pesaroal ft A [ 2 0AY Split- Ancona Dubrovnik- Bari

Lignanog Gradog Triesteca I € A | Ancona- Zadar

Rab- Cesenatico Civitanova Hvar

Pesaro Zadar Avitanova- Split

t 2 NBdhice

Venice- Pula

Pula- Trieste

Rovinj- Venice
Rovinj- Cesenatico
Trieste- Piran- Rovinj

Pula- Venice

Forthe carbonfootprint calculation andurther comparisonseveralroutesfrom Table3 have been
selecteddepending orthe different combinatiors of the transportation mode choices available for
their realization.

Furthermore the travel distanceis also identified as significantfactor in the route selectiomsit

is closely reled to calculatingthe carbon footprint. Amog various midpoint combinations for
achieving specific destination points on routes (especially when road or railway transportation
mode choice is taken into account), finding the shortest m#o represents aignificant selection
factor.

The additional selection factors were also consideredin this study These factors include
transportation entitytype €.g., not all destinations can beeachedby the same vessel type),
trips/voyagedsrequency inthe consieredtime period, passenger flow intensity the considered

time period and average passenger occupancy.

21
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Figure9. The intensity of ferry routes in the Adriatic Sea (Summer period, 28&¢&)rding to [26]

Based on thementioned factors affecting the rowg selectionin the defined Adriatic regions, the
followingrouteswere selectedand divided accordingly into five case studies

Case study enicec Pulact 2 NdB/énice

Case study Zadar¢ Ancona

Case study 3Bari¢ Dubrownik

Case study Pesarcc Novaljac Mali[ 2 CcPgsaro

a & W Dnh ke

Case study 3:ignanog Gradog Triesteg Mali[ 2 OA Yy 2

Venice¢ Pulact 2 N@/éniceroute is chosen primariljor its significance for the North Adriatic
region. Its significance isdicatedby the 16,272 passenger flosintensity (in 2019)achieved by 44
voyagesresulting in theaveragevessebccupancy per trip of 56%.

The tosen route can beaccomplishedby various transportation modehoices indicatng a
multimodal destination reach.

Zadar ¢ Anconaroute is significant for the Middle Adriatic Region dudhe 36,333 passenger flosv
intensityin 2019 achieved by 96 voyages. The presented data indicates awsrageloccupancy
per trip of28.3%.Theroute is also chosen because it candoeomplishedy all definedpbassenger
transportation modechoices

22
European Regional Development Fund



( interrey

*

Italy - Croatia [
E MIMOSA EUROPEAN UNION

Bari¢ Dubrovnikroute isthe main route inthe South Adriatic Region. In that ca8& voyagesvere
performed in 2019 where 69049 passenges were transported That indicates averageessel
occupancy per trip of @5%.

On the next routePesaroc Novaliaca I f A  { P2gark th&total passenger flow intensity of
11,660 passengemsas achieved by 60 voyages. Those data indicateageevessel occupanper
trip of 24.9%.

The lastselected route Lignano¢ Gradoc¢ Triestec a | £ A |, [szlddey &t connectsfour
important passenger transport origins and destinationsNorthern Adriatic Onroute segment
Trieste¢ al f A [n2@19 ¢ @tal of 81 voyageswas performed,with a total number of
passengers transported 8£805,with anindicate average vessel occupancy per trip &B%o.

Furthermore, forthe selected routesthe availability d particular passenger transportation mode
choices andhe correspondinglistances are eterminedby Open CPN 5.0.0 + 9065270 following all
navigational rules and good seamanship practioaritime transportation mode choice) ar@GIS
software extensionfor OpenStreetMap query requesigoad and railway transportation mode
choices)

4.2. Case Study 1: Carbon footprint calculation for Vegi®aillact 2 N&ute

Veniceg Pulagt 2 N@v&niceroute consistsof severaldestinations as wayoints. The routeis
defined as a closed circled route located in the North Adriatic regiimerefore the route is
segmented into three major segments: VenicePula Pulagt 2 NS 6 = ¢yVBnicd. TheNB 6
distances betweetthe destinationsare, in this @se shorterthanthe ones on otheselectedroutes.

23
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Figurel0. RouteVenicec Pula-t 2 NEdjitime transportation modg

As the origin/estination point of the selected route, the port of Veniseone of the major Italian
passenger ports in the North Adriatic. It is located ontibetheasten part of the Italian mainland
and servesas a base on thexisting passenger lines to/from Craatihosenfor this research. The
port of Pulais located orthe northwestem part of the Croatian mainlandh the southof the Istrian
peninsula.The port serves as thactualorigin/destinationpoint of the chosen passenger lin€Ehe
LJ2 NI 2iFlocated! Nii@orthwestem part of the Croatian mainland in the Istrian peninsula.
The port servesas the virtual origin/destination poinbn the consideredpassenger lineThe
passenger lines for which thgorts mentioned aboveresent origins or destinations are listed in
Table4.

Table4. Passenger lines serviced in 20dBthe existingPulag Venice route

Existing passenger lines Averagepassenger Number of vessel
) Vessel name . )
(Lineoperator) occupancy per tripn 2019 voyages in 2019
Pulac Venice
o San Pawl 56% 44 voyages
(Venezia Lines LTD)
t 2 Ng&/énice
San Pawl 30.6% 88 voyages

(Venezia Lines LTD)
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Forthe maritime transportation modehoice,the vesseldSan Pavil IMO Number. 8815932) with
389 GT and passenger capacity of 330 is usadeference vessdlased on which carbon footprint
calculation is conducted hE technical characteristiasf the reference vessel are shown in Table
Table5. Techntal characteristics dhe referencevessak { 'y t I 61 ¢

Technical characteristic&/S & a St a{ly t1I &

Vessetype HSC air cushion
Summer DWT 50t
LOA (Length over all) 35.3m
Breadth 11.5m
Draught 2.05m
Propulsion type 2x fixed pitchpropellers
Propulsion power 3,358 kW

Thecarbon footprint calculation fothe road transportation modechoiceis conducted oreither

personal caror public bus entities. Traveling by road transportation mode chommssists of

traveling onmotorways, highways and local roadsThe direct ailway connectiorexistshetween
Veniceand Pulawherethe Italy and Slovenia sectionésvered by electrifiedailway route while

railway section in Istria is covered by nelectrified railway route. In this particular case2 NB 6 OI Y
be reachedonly through arail junctionin Pazirwith the assumption of taking publicbusto and

FNRY THemBé for carbn footprint calculation assumption was made to take public bus
fromthey S NBald NI Af gl & & Busicdpacity isiadiustedyamtisumddRoe the2 NB 6
sameas train capacity (209 pax approx. 4 buses)n this caserailway transportation modehoice

could be chosen only as a part ofiatermodaltrip.

The total distance determined for VenigdPulag PANXcd/eniceroute, i.e., its segmentsis shown
in Tableb.

25
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Table6. Determined distances dhe selected Venice Pulact 2 NJ&éniceroute

Maritime transportation Road transportation mode Railway-Road transportation
mode choice (Nm) choice (km) mode choice (km)

Route Sea Railway
Maneuvre Total Road Maritime Total Road Total

Segment passage (nonel./el)
Veniceg Pula 12.7 63.5 76.2 283 0 283 106.4/186.9 0 2933
Pulact 2 NB 3.8 26.6 30.4 56 0 56 49.10 32.7 81.8
t 2 Ng/énice 10.7 50 60.7 250 0 250 57.3/186.9 32.7 276.9

The naritime transportationdistanceson theroute segment Venice Pula (Figurd 1), provided in
Table 7 are calculatedbased on thespecific navigation modsconsideringthe port features.The
defined navigation modesnclude manoeuvringon departure,sea passageand manoeuvringon
arrival.

Table7. Distances ithe specific navigation modeon the route segment Venice Pula

Maneuvringon depature 9.8 Nm
Route segment: VenicgPula Sea passage 63.5 Nm
Maneuvringon arrival 2.9 Nm
\.‘r‘;‘:‘_}x;> TG Taganeno
Golfo di Venezia
v >
d ! _{mi@ad :
L ) !
L stria
! -
\ L 1]
! Jometoonar | \ s | E!nvlm 7
iz b - \ ™ lifvac Mramori
@ o \ \‘ & <.'“'!va ¢
B AT \ = g
J?}eu Massta ) E’},
N\ ;
/ mv.; p'e;:‘wx«m: D \
_‘. = i

_rafiilgp )

Figurell Route segment VeniagPula(Maritime transportation mode)
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The road transportation mode on the Venig@ula route segment (FigulR) is realized bygrsonal

car or public bus on the following road segments:

- ltaly: highwaySR1land motorwayA4 (part of European route E70d from Venice to Trieste,
- SloveniahighwayH5 and HEpart of European route E7519 from border crossing- 1 2 T A 2 |

to border crossig Dragonja,and

- Croatia motorwayA9 (part of European route E7519 from Dragonja to Pula.

The total calculated road distance for the mentioned rosegmentis 283 km.

o
N

Road transportation mode ‘

Figurel2. Route segment VeniagPula (Road transportin mode)

The total traveling distance covered liye railway transportation modeon the route segment
Veniceq Pula consists of severséctions(Figurel3). The frst section s located in Italy (Venice

Triestec + A f £ |
{ft20SYyAl

, WithJ& éotalyblistance of 158 km. The rext two sectionsare located in
G5 ADEBNID QIR B AN I I RaRitowedBtiOa/ tataD distance of 48

km. The hstsectionis located in Croatia (Rakitove®azinc Pulk), with a totad distance of 921 km.
The completedistanceconsideredn the calculation of thecarbon footprint for thissegmentis 2933

km.The railway sectiod SG 6 SSy t NEBOY A Ol

train at a distince of 10& km.
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E====—== Railway transportation modg

Figurel3. Route segment VeniagPula (Railway transportation mode)

The next route segment, Putaz NB 6 14)ds\a ¥ides®nechosento compare the possibility

of a circular route with short distances between two destinations, one of which cannot be reached
by railway.Maritime distancedor this segmentegardingthe applied navigation modes are shown

in Tables.

7

Table8. Distances ithe specific navigation modmn the route segment Pulgt 2 NB 6

Maneuvering on departure 2.9 Nm
Route segment: Pulat 2 NB 6 Sea passage 26.6 Nm
Maneuverirg on arrival 0.9 Nm
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Figurel4. Route segmentPutat 2 N6 odal NAGAYS ¢NF YyALRNIFGAZ2Y Y

The road transportation mode onthe Pa 2 NS 6 NP dzii S  %)3s3edl&ed by pérdial dzNB
car or public bus on the following rdasegments:Croatia motorway A9 (part of European route
E751)and state road D302 from Pulato Baderna Y R FNRY . | RSNY I (2 t 2NB«
The total calculated road distance for the mentioned route segmeB&i&km.

T— Road transportation mode

Figurel5. Route segment Putat 2 N3 & ow2l R GNF YALRNIFGAZ2Y Y2RSO
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The total distanceravelledby railway transportation mode on the Putat 2 NBS 6

NER dzii S

(Figurel6) consists of one section in Croatia (PglRazin) with a total length of 49.1 kmThe
exisingrailway infrastructurecarQirovidedirect travelbut only throughout a rail junction in Pazin
L Jolais fsexction obhdzamilwayds noty R F

~

withthe A a dzYLJiA2y 27

GF{1Ay3
electrified, and it needs to be overed by diesetrain. Thea SOG A 2 y

0SUsSSYys t I

assumed thait iscovered by the per public bus transportation mode to reach the final destination

Thedistance orthe given section i82.7 kmandincludes

- Croatia state roadD48and D30Z; from Pazin to Badeaand¥ N2 Y

respectively.

LLLLLL

Treliso

Road transportation mode

Railway transportation wde

....

vvvvvv

Figurel6. Route segment Putat 2 NB 6

owl Af gl é

F RSNY I

The routed S 3 Y Sy (i & Venicg, Nofesents the last segment of the presented circled route.
Maritime distances fothis sgment (Figure 7) regarding the applied navigation modes are shown

in Table 9.
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Table9. Distances ithe specific navigation modmnthe NR dzi S & S3IcWVenicéd t 2 NB 6

Maneuvering on departure 0.9 Nm
w2dzi S &S 3Y®efidey t 2 Seapassage 50.0 Nm
Maneuvering on arrival 9.8 Nm

Figurel7d w2 dzil S & & ¥eniSeMaritime2tiddS@ortation mode)

¢tKS NRBIR GNIyaLRNIFGAZ2Y Y2 RdiceARgureigdkiS redliedlzyS & S
personal ca or public bus on the following road sections:

- Croatia state roadD302 and motorway A9 (part of European route EGINER Y t 2 NB 6
Badernaand from Baderna to Dragonja, respectively

- SloveniahighwayH5 and H6 (part diuropean route E751from border crossingDragonja
to border crossing- | 2 &ride | X

- Italy: motorwayA4andhighwaySR11 (part diuropean route E7Q) from Trieste to Venice

The total calculated road distance for the mentioned route is 250 km.
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-9: . -

Road transportation mode

Figurel8. RouS a S 3 Y S ¢\lenide RS &ansportation mode)

The distancéravelledby railway transportation mode ot K St \2eNid doute segment (Figure
19) includesthe section that has to be covered by personal car or public bus. This segiibra
total distance of 32.7 kincludestraveling on the following:

- Croatia state roadD302and D48¢ T N2 Y t 2 NB 6 and ffom Bad&rtNd/Hazin,
respectively.

Therest of thesegment(Pazing Venicg can beaccomplishedy the railway transportation mode
where section Pazigt NSOy A OF K| & { 2-elechified gid&/ Nk Btalddtante ofy 2
57.3 km.The emainingsectionof the railwayt NB OqbAMGAE A f £ | ¢ ArleBteSApoic
Venice iselectrified throughits entire length of 1868. The total distane of the railway
transportation mode i244.1 km.
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Road transportation mode

Railway transportation mode

Figurelod w2 dzi S & & ¥eniBe/(Railwaptidds@ortation mode)

4.3. Case Study 2: Carbon footpraaticulation for Ancong Zadamroute

The glected oute Zadarg Ancona iglefined as aingleroute located in the Middle Adriatic region.
Distances between destinations dergerthan onespresentedin the previougoute.

¢KS LIE2NI 27F Yk Riabttial oriDih/deSigatiod Ipart is a depwater port and
represents the most significant economic and business zone in Zadar County. It is alsodbcated
the border betweerthe Northern Adriatic and Middle Adriatic regions.

As an actual origin/destination port, the port of Ancasdocatedin the mddle of the Italian Adriatic
coast, in the Gulf of Anconat the border between Northern Adriatic and Middle Adriatic regions.
The port serves aa base for theexisting passenger line to/from Croatia chosen in this research.

The passengdimesfor whichthe ports mentioned above present origins or destinations lested
in Table 10.
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Tablel0. Passenger lines serviced in 2019 for the existing Angad@ar route

Passenger line Averagepassenger Number ofvesselvoyages
Vessel name o )
(Line operator) occupancy per trip in 2019 in 2019
Anconac Zadar
Zadar 28.5% 49 voyages
(Jadrolinija)

For maritime transportatiormode choicethe @ S & &&1&E (IMO Number 9021485) with %87
GT, passenger capacity 0300, and vehcle capacityf 280 is used as a reference vedseted on
which carbon footprint calculation is conducte@ihe echnical characteristics dhe reference
vessel areshownin Tablell.

Tablell. Technical characterissoof the reérence vessak %2 R NE

¢SOKYAOFt OKINIYOUGSNRAGAOSE

Vessetype RoPAX Ferry
Summer DWT 2,152t
LOA (Length over all) 116 m
Breadth 189 m
Draught 5.15m
Propulsion type 2x CPP propellers
Propulsion power 7,000 kw

Thecarbon footprintcalculation fo the road transportation mode choice is conducted on either
personal caror public busentities. Traveling by road transportation mode choices consists of
traveling on motorways highways and local roadghrough the fastest route through jeka
(Bosiljew junction). By milway transportation mode the destination can bereachedeither by
Anconag Ljubljanag Zagrebg Zadar or Ancong Rijekag Zadarroute. Thesecondroute is selected

for further calculaion based onthe defined shortest pat principle as it generates a more
acceptable timedistance proportion and a more acceptabdarbon footprint value.The total
distance determined for AnconaZadar route, is shown in Table 12.
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Tablel2. Determined distancesn the selected Aconac Zadarroute

Maritime transportation Road transportation mode  RailwayRoad transportation
mode choice (Nm) choice (km) mode choice (km)
Sea Railway
Route Maneuver Total Road Maritime  Total Road Total
passage (nonel./el)
Anconac
6.7 84.7 91.4 864 0 864 733.4/3183 O 1,051.7
Zadar

The maritime transportation distances on the route Anca@néadar (Figur@0), provided in Table
13, are calculated based on the specific navigation modes taking into account the port features.

Tablel3. Distances ithe specific navigation modson the route Anconag Zadar

Maneuvering on departure 4.2 Nm
Route: Ancong, Zadar Sea passage 84.7 Nm
Maneuvering on arrival 2.5 Nm

The average vessel speed on tbate mentioned &owve is assumed tbe 10.11 kn, based d2019
operational timetables.
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Figure20. Route Ancong Zadar (Maritime transportation mode)
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The road transportation mode on the Ancog&adar route (Figur@l) is realized by personal ca
or public bus orthe following roadsegments:

- Italy: motorwayA14 (part of European route E55), A13, A4, and highwa¥-3®m Ancona
to Bologna,from Bologna to Padua, from Padua to Trieste, and from Triesteotder
crossingKrvavi Potok, respecty,

- Sloveniastateroad G7¢ from border crossindrvavi Potoko Starod

- Croatia highwayD8, motorways A7, A6, Al, and state road D4Zdom Pasjak to Rupa
from Rupa to Orehovica, from Orehovica to junction Bosiljevo, from junction Bosiljevo to
Zadarl, from Zadar [ ta.J2 NIi 2 T #ida)Rréspctivelyl O S

The total calculated road distance for the mentioned rout8@g} km.

Vicenza
aaaaaaaaa

= Venezia®

vvvvv

nnnnnnn

St

Roadtransportation mode ‘

Figure21l. Route Ancong Zadar (Road transportation mode)

The total traveling distance covered bye railway transportation modeon the route Anconag

Zadar consists of severaéctions(Figure22). The first tworoute sectionsare located in Italy
(Anconag Bologna and Bologna; Veniceg Trieste¢+ A £ £ | ), WwithJA tal distance 0617.3
km. The ®ction locded in Slovenia consisof traveling on relations A f € | ¢Bb RJK & Fvitg:
and Pivka~ I LJ2 Wity & total distance of 68 km. The firstsection bcated in Croatids an
St SO0 NX T A SERijekaf Qgulimywithla)®ialyi&ance of 147.5mk, followed by thesecond

36
European Regional Development Fund



L

{ iiterrey e

Italy - Croatia [
l ?\/“MOSA EUROPEAN UNION

non-electrifiedone (Oguling Kning Zadar) with a total distance of 318.3 kiifthe complete distance
considered in the calculan of the carbon footprint for this segment1s051.7 km.

vvvvvvv

Prato™

eeeeeee

Railway transportation mod%

Figure22. Raite Anconag Zadar (Railway transportation mode)

4.4. Case Study 3: Carbon footprint calculation for DubrayBiriroute

Dubrovnik¢ Bariroute is chosen as aingleroute located in the Souttrn Adriatic regionOn this
route, the distances distribtion betweenthe differenttransportation modess large than on any
other selectedroute.

The port of Dubrovnik is tated in southern Croatia, and accordingly the Southern Adriatic
region. Moreover, the port of Dubrovnik is one of the most promingaisseiger ports and tourist
destinations in the Mediterranean are®he port of Bari is located in the Southern Adriatic region
on the Italian coastThese ports serve as thetaal origin/destination points on the considered
passenger line. The passemngée for which the ports mentioned above present origins or
destinations is listed in Table 14.
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Tablel4. Passenger lines serviced in 2019 for thestxg Dubrovnilg Bari route

Passenger line Average passeger Number of vessel voyage:
. Vessel name o )
(Line operator) occupancy per trip in 201¢ in 2019

Dubrovnikg Bari
o Dubrovnik 30.5% 87 voyages
(Jadrolinija)

Forthe maritime transportation mode choicthe 3S 3 a4 St a5dzo0 NP DY A 1€ o6Lah b
9,795 GT, passenger capgcof 1,3, and vehicle capacity of 300 is used as a reference vessel

based on which carbon footprint calculation is conductéte technicalcharacteristics othe
reference vessel are shown in Tahk

Tablel5. Technical chateristics2 ¥ G KS NBFSNBYy OS @SaaSft a5dzNBRUJ

¢ SOKYAOFfT OKIFNIOGSNRAGAOAY

Vessetype RoPAX Ferry
Summer DWT 1,310t
LOA (Length over all) 113.01m
Breadth 185 m
Draught 4.83m
Propulsion type 2x CPP propellers
Propulsion power 13,248 kW

Thecarbon footprint calculation fothe road transportation mode choice conssif traveling on

motorways and highways N2 Y . I NA (2 t f®Hhdlocal npdelsREaghiAgihk finell

destination by road requires a border crossinghrough Bosma and Herzegovinawhich can
negatively impact travel time but nathe carbon footprint value. On this routethe railway
transportation mode allows transportation between Bari and Split. The dstance from Split to
Dubrovnik and vice versa mulse coveredby personal car opublic bus. Betweentwo different
railways route optionsthe onevia RijekaBari¢ Anconag Bolognag Veniceq Trieste¢ Rijekag
Bosiljevog Zadarg Split¢ Dubrovnik)andthe one viaZagreb(Bari¢ Anconac Bolognag Verice ¢
Triesteg Ljubljanag Zagrebg Bosilievog Zadarg Split¢t f 2¢®&rovnik) the first one is selected
for calculationbased orthe defined shortest patlprinciple

The total distance determined for DubrovrgiBari route is shown in Table 16.
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Tablel6. Determined distancesn the selected Dubrovnik Bariroute

Maritime transportation Road transportation mode  RailwayRoad transportation
mode choice (Nm) choice (km) mode choice (km)

Sea Railway
Route Maneuver Total Road Maritime  Total Road Total

passage (nonel./el.)

Dubrovnikc
4.5 104.4 1089 1,633 0 1,633 326.9/1,175.1 228 1,730
Bari

The maritime transportation distances on the route DubrovqBari (Figure ), provided in Table
17, are calculated based on theexific navigatioomodes taking into account the port features.

Tablel7. Distances ithe specific navigation modson the route Dubrovnikg Bari

Maneuvringon departure 2.1 Nm
Route: Dubrovnikg Bari Sea passage 104.4 Nm
Maneuvringon arrival 24 Nm

Based on 2019 operationametables, he average vessels speed on the abowentioned route is
assumed to be 11.6 kn
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Figure23. Route Dubrovnik Bari (Maritime transportation mode)

P — —
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The personal carand public bus transpd mode for the selected route(Figure24) consiss of
traveling onthe followingroad segments

Italy: motorways Al4(part of European route E55)A13, A4, and highway SSd#om Bari
to Bologna from Bologna to Padua, from Padtm Trieste, and from Teste to border
crossingKrvavi Potok, respectively,

Sloveniastate roadG7- from border crossind<rvavi Potoko Starod
Croatia highwayD8, motorways A7, A6, Al, highways D425, and f2&mn border crossing
Pasjak tdorder crossng Rupa fromborder aossingRupa to Orehovica, from Orehovica to

2dzy Ol A2y
t £ 26S3 bordeRcvossindleksleim [j 2spectively,

02

. 2aAt2S@23x FTNRY 2dzyOilAzy

. 2aArfesSgd

Bosnia and Herzegovinaighway M2 ¢ from border ciossingklekNeum | to Neum |,
Croatia highwayD8¢ from border crossindNeum Il to the port of Dubrovnik.

The total calculated road distance for the mentioned route is 1,633 km.

LLLLL

Pula

........

..........

Italia

Road transportation mode

Figure24. Route Dubronik ¢ Bari (Road transptation mode)

The railway transportation modéor the Dubrovnikg Bariroute consists of severalections(Figure
25). The frst two route sectiorsarelocated in Italy (Baig Bologna and Bologn& Veniceg Trieste
¢+ Af f Ia), WithJa t6tal gistance 09589 km. The ctionsin{ f 2 ASYy A |
Pivka and Pivka~ I LJ2dowérd ital distance of 6& km.The last railwagectionsare located in
Croatia The firs sectionis- y St SO0 NR F & BijBkacOgulin)with-the Idigtdnge $1.47.5
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km, andthe second ison-electrified (Ogulirg Kningt S NJ &S@ifwith the total distance of 326
km. Asalready mentioned, the last section of the route with atdnce of 228 km (SplitDubrovnik)

is assumed that is covered hyublic bus transport modedue to non-existence ofrailway
infrastructure Bus capacity forazbon footprint is adjusted and assumed to thee same as train
capacity (209 pax approx. 4 buss).The total calculated distance used in the carbon footprint
calculation for this route i4,729.9 km.

........

Bosna i

LLLLLL

Road transportation mode

Railwaytransportation mode

Figure25. Route Dubrovnik Bari (Railway transportation mode)

4.5. Case Study 4: Carbon footprint calculation foaResNovaljaca | £ A rgu OA y 2

Pesaroc Novalja¢ Mali [ 2 Od Bé&aroroute is a nonexisting passenger line determindsy
combinng several existing passenger lines. The mentioned route is classifiedtlasea circled
route located in the Nortern Adriaic region The mentioned route consists of seveuaktinations
located on theislandsoft I 3 | y R aThefefore {h& roukeyisa@ymented into three major
segments: Pesama I £ A [ 2 OA & Bwalja antl RovdljeP€3aryTas routeis specificdue
to the possibility ofusingmultimodal transport
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Figure26. Route PesarqNovaljaca €t A [ 2O0Ay 2 oal NAGAYS (NI yaL}2 NI

The port of Pesaro is located on the northeastern part of the Italian mainlaral @=t in the
Northern Adriatic regionThe port servess a base for thexisting passenger lines to/from Croatia.
The port of Novaljés locatedin the northern partof the island of Pag in the Northern region of the
Adriatic Sealts primary purpose iso sene local fishing vessels, pleasure crafts, and domestic
ferries.

¢ KS LJ2 NI pPsHocaed bnithe [slandff Z OAy 2 Ay (GKS b2NIKSNY NE
The port serves existing local passenger lines in Croatia.

The passenger line favhichthe portsmentioned abovepresent origins or destinations are listed
in Tablel8.
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Tablel8. Passenger lines serviced in 2019 for the existing Ceser@gieb route

o ) Average passnger

Existing passenger lines o Number ofvesselvoyages
Vessel name occupancy petrip in
(Line operator) in 2019
2019
Cesenatica; Pesarog
al t A (\»>@ay 2 _
b Nautilus 24.9% 60 voyages
Ra

(Multi Services Group)

Forthe maritime transportation mode choicehe @S & a St a b I dzii A {962A575mitH. a h b
391 GT and passager capacity of 400 is used as a reference vessel based on which carbon footprint
calculation is conducted.he tchnical characteristics die reference vessel are shown in Tab

Tablel9. TecmicalcharaD i SNA aGA Oa 2F (GKS NBFSNBYyOS @SaasSt

¢ SOKYAOlIt OKIFNIOGSNR&AGAOA

Vessetype HSC singtaull
Summer DWT 42t
LOA (Length over all) 47 m
Breadth 7.6m
Draught 1.26 m
Propulsion type 2x water jets
Propulsion power 4,000 kw

Thecarbon footprint calculatiorfor the road transportation mode choiceonsists of traveling on
motorways, highwaysnd state roadsTraveling by theailwaytransportation mode is only possible
between Pesarq Rijeka or Zadar where the mamal car opublic busare usedo achievethe final
destinations.

The total distancedetermined for Pesarq Novaljaca | £ A ¢[P&s@réofite, i.e.,its segments
are shown in Tabl@0.
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Table20. Determined distances dhe selected Psaroc Novaljaca I f A ¢[P&s@réroyite

Maritime transportation Road transportation mode RailwayRoadtransportation
mode choice (Nm) choice (km) mode choice (km)
Route Sea Railway
Maneuver Total Road Maritime  Total Road Total
Segment passage (nonel./el)
Novaljag
3.4 27.8 31.2 208 10 218 N/A 208 N/A
al t A [
Pesarog
2.2 93.7 95.9 638 3.1 641.1 318.3/673.7 75.7 1067.7
Novalja
altA
3.4 75.6 79 623 5.1 628.1 0/5539 124 6779
Pesaro

The maritime transportation distances the route sgment Pesar@ Novalja (Figure?), provided
in Table 21, are calculated based on the specific navigation modes takingcrwont the port
features.

Table21. Distancesravelledin the specific navigation modmn the route segmat Pesara;Novalja

Maneuvringon departure 1.2 Nm
Route segment: PesamNovalja Sea passage 93.7 Nm
Maneuvringon arrival 1 Nm
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Figure27. Route segment Pesagd\ovalja (Maritime transportation mode)

Theroad transportaton mode on the Pesarq Novalja route segment (FigureRis realized by

personal car or public bus dhe following road segments:

- Italy: motorwayAl4 (part of European route E55), A13, A4, and highwa¥-S®m Pesaro
to Bologna,from Bologna to Padudrom Padua to Trieste, and from Trieste border

crossingKrvaviKotok respectively,

- Sloveniastate roadG7¢ from border crossindrvavi Potoko Starod

- Croatia highwayD8 motorway A7 (part of European route E61), state r@e part of
European rate E61); from border crossingPasjak tdorder crossingrup&

to the ferry port Priznarespectively
- Croatia localferry linedPriznag ¢, A 3écE SF Y
- Croatia state roadD106¢ from ¢, A 3 fo Rdvafja.

t NAT yI

i 2

YR FNRY

¢Adt2Syx

The ptal calculated road distance for the mentioned rowegmentis 638 km in addition t0.3 km,

which needs to be covered ltige local ferryline.

European Regional Development Fund

45



Hiterrey s
Italy - Croatia [

[ | AAIRANC A
* MIMOSA EUROPEAN UNION

AAAAAA

Road transportation mode

Figure28. Routesegment Pesarq Novalja (Road transportation ade)

The total distace covered bythe railway transportation modeon the Pesaro¢ Novaljaroute
segmentconsists of severaections(Figure29). The frst two sectionsarelocated in Italy (PesarQ
Bologna and Bologna Veniceg Trieste¢ = A f f | @), bldcififi@dirgilway sectiowith a total
distance of457.6km.¢ KS y SE G & S Ol Q52AyD Edeidka, tabdlPivkg EIR BIR il S 0
Sloveniaand involves$8.6 km. The bllowing sectionsare inCroatig including theelectrified one

0 ~ I LIgRijekeg Ogulin)with the total distance of 144 kmandthe non-electrified one (Ogulin

¢ Kning Zadar)with the total distance of 318.3 knThe &st section othis route segment (Zadar,
Novalja)is assumed tdoe accomplishedy the public busmodewith atotal length of 757 km.Bus
capacity for carbon footprint is adjusted and assumed to be same as train capacity (209 pax
approx. 4 buses)he total calculated distance used in the carbon footprint calculation for this route
iIs992.0km completedby the railwaytransportation male and 757 km bythe road.
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=————— Road trasportation mode
&===—=—== Railway transportation mode

Figure29. Route segment Pesacd\ovdja (Railway transportation mode)

The nextroute segmentNovaljaca I £ A [ 2 O30y i€ based dit datliBlroute (Table22).
This approaclcompareshe possibility of alosed circularoute with small distances between two
destinationswhere one cannot be reached by railway.

Table22. Distances ithe specific navigation modeon the route segment Novaljga I f A [ 2 OA y ¢

Maneuvringon departure 1.2 Nm
Route segment: Novalga | £ A [ Sea passage 27.8 Nm
Maneuvringon arival 2.2 Nm
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dal NAGAYS

0 NJ y &LJ2 NJ

The road transportation mode onthe Novatja  t A [ 2 OAy 2 N 8isSeabiz&ldy Sy

personal car or public bus ohe fdlowing road segments:

- Comoatia state roadD106-F NR Y b2 gl f 21
- Croatia localferry line, A 3 € RISFcTF N2 Y

G2 ¢A3IteSyxs

¢Adfa2 Sy

g2

- Croatia state roadD8 (part ofEuropean route E65), D102, D10F NRB Y

FNRY ~ YN respacively, | t 6 A a1l

>

- Croatia localferry linedvalbiskag Meracg ¢ from Valbiska to Merag, and

- Croatia state road€D101 and DI0OGF NR Y a S

NI 3 .42

al t A

The total calculated road distance for theentionedroute segment is 208 knwith the additional

10 km covered by two different local fernnkes.
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Figure31. Route segmentNovalga I t A [ 20Ay 2 ow2l R GNI yaALRNILF (A :

b2@ 2l | yar natdireclly afcessifieyb\erailwaihenearestrailway stationsare Zadar
and RijekaAstheserailway stations ardar from thefinal destinations and since the railway route
segmentdistancesare significantly longer than the road route segmettte railway transportation
modein this cases not preferabldrom practical standpointTherefore, tle distances and ensgons
for the railway transportation modare not calculated.

¢KS NRdzi S &S 3¢yPesaid représénts thg AsDseghnt of this route. The maritime
OGN yaLR2NIFGA2Yy RA&GF yOSa ¢Pegarol(g8ré2)\Ealides in @adl@ Y Sy
23, are calculated based on the specific navigation medesderingthe specificport features.

Table23. Distances ithe specific navigation modonthe NR dzi S &4 S3 Y SgPesam f A [ 2

Maneuvering on departure 2.2 Nm
Route segment: Mafi 2 CcPgs&ro Sea passage 75.6 Nm
Maneuvering on arrival 1.2 Nm

49
European Regional Development Fund



( iiterrey

Italy - Croatia
§ MiMosA

* *
* oy *

EUROPEAN UNION

—— o n
QPIMWANAE A y i !l
[ Oloin
Prod GUENDALINA 5L
] O ProdIRINA | A2 - -
prod e ProdIDA-A (\J“ﬁﬁf (&
peotibited When 2 F R(hor)/F W shown on semaphore or B the S mole fiead \ W S |52
Prod IDA-C . M
\ 5 &
[ :
oA AMELAA bwgu\ :
Prod ANNAMARIA A A AL 4
Prod NAIDE a S AE
\ 0 Prod ANNAMARIA B 4 3
; g /
‘ ¢ Qo
Geva Prod ANNABELLA 0
\ B
[ Prod ANNALIS
‘uudo A N.‘* o
A Poj i
o ProdBRENDA 3 .
p o RSN
4 8 Prod MARICA
P A PIOIGARBRARA G
5."“ D ol DS D50 Pod BARBARKF
2 R EProd BARBARA D
g o)
iccione Prod KATARINA
ipes|white/black|MastVeticallength 17m ° 8
“htola Prod CLARA NORD
18 Marino ~ B 8,
Prod CALPURNIA
\ a
dho B""’“M‘“Wodwpso
\ 8
: Prod CLARA EST
2 Prod API e
10N & ™

Figure32d w2 dzii S

a S 3 e Pgsiro (Marifinfe trgnsp@tatigrémode)

The road transportation mode on tre | £ A Pas@rgite@ segment (Figur@3) is realized by

personal car opublic bus on the following road segments:

- Croatia state roadD101-F N2 Y al t A [, 2

OAye (2

- Croatia localferry linedPorozinag Brestova - from Porozina to Brestova,
- Croatia state roacs D66, DB0, motorway A8, state roads D44, and D2@bm Brestova to

+21 AfXBRY +2T At AOA (2

respectively.

+SLINAY Ll O

- ltaly: state roadSP13, highway SS202, and motorways SS202, A4, A13, Al4 (pespebR
route E55) from Caresana to MattonajdNB2 Y al G2yl Al
Padua, from Padua to Bologna, from Bologna to Pesaro.

t NAT yI
TNRY + SLIN
G2 +Affl h

The total calculated road distance for the mentioned rowegmentis 623 km with additional 5.1
km coered by the local ferry line in Croatia.
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Figue 33. Route segmera | f A  [P&s@rd Ro&itransportation mode)

To reach thedestination2 y G KS N2 dzi S

4 & Pacssy (Figuesh)f the rafwayO A v 2

transportation modenvolvesinevitable supporto the public bus andhe maritime transportation
mode, especially on the first section of the route segmeitiis includeghe following canbinations:

- Croatia state roadsD101 and D100F NB Y a | f ferryp@tMdrage

- Croatia localferry linedvalbiskag Merage ¢ from Valbiska to Merag

- Croatia state roadsD104andD102-from+ I £ 6 A & 1 I and 2
- Croatia motorwayA7 (part ofEuropean route E61)F NB Y

02
~YNA{ I Z
~YNR Tl (2

wi eS|

The total calculated distance dfie abovementioned roadmaritime combination isl31.1 km,
where 5.1 refers to traveling by the local ferry lin€he followingsections of theoute segment are
cowered by an electrified railwain the following order:Rijekag ~ |- LJ2whtly'&Scalculatedtotal

distance of 27

1YZ ePRivkdgs ¥ Bt HAt £ | whhlarotaldigtance of 68 km Villa

h LIA & Anédtec Veniceg¢ Bolognawith atotal distance of 313 km and the last section of this
route segmentBolognag Pesarowith a calculatedtotal distanceof 1444 km.Complete railvay

route isthe electrified one with total distancé77.9 km.
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Figure34d w2 dzi S & S 3 Y Pesiro (Rdilviay trafspo@ation &node)

4.6. Case Study 5: Carbon footprint calculationLignancc Grado- Trieste¢ Mali 12 ©jA
route

Lignanoc Gradoc Triesteca I f A rpueGXhb&n as aingleroute located inthe Northern
Adriatic regiorthat connectsfour important passenger transport destinations. From a geographical
point of view,all origins/destinationsre reachale with various modes of transportatigmwhere

travel distances are very similar to each othEhe nentioned route is also very important due to

the observed attractiveness ratespecially ithed S| 4 2y LIS NRA 2 R maykeresBntaa I £ A
central location Pbr every other destination ithe Northern Adriatic Region.
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Figure35. RouteLignanoc Gradog Trieste-a | £ A [ 20Ay 2 oal NAGAYS UGN ya

The ports of Lignano and Grado are locatedanth-easternitaly in the Northern Adriatic Region.

The general purposef the ports is to handle small pleaswmftsand yachts as well as small fishing
vessels, coastal commercial and ferry traffic.

The port of Triestas located innorth-easternitaly in the Northern Adatic Region in the Gulf of
Trieste. From the perspective thfe maritime passenger transportatidimes, the port serves amn
actual origin/destination of the existing passenger line. The existing last known dattheon
passenger line for the referenegr d 2019 are listed in Tab24. However Lignanog Grado line

was introduced insummer of2021 and it is established ithin Interreg MIMOSA projectand
therefore presented accordingly

¢CKS LIRNI 2F al A [ 2@regosof héAlriatia Seh. THe Port hag a shélt&edb 2 N.
harbor and mainly handles local fishing vessels, pleasure crafts, and domestic ferries. From the

perspective of maritime passenger transportation lines, the port settvegxisting local passenger
lines.
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Table24. Passenger lineserviced in 2019for the existingLignano- Grado- Triesteca I £t A [ 2 OA

route
Average passenger

Existing passenger lines

_ Vessel name occupancy per trip in Number of vessel voyage:
(Line operator)
201
Lignanog Grado*
* * *

(TPEFVG Scarl)
552 voyages (high

Gradoc Trieste
Delfino Verde Gold 43.2%
(TPLFVG Scarl) season)
Triestec Piranct 2 NS 6
Rovinjca I £t A [ 2 SofiaM 46.9% 81 voyages (high season
(LibertyLines)

*LineLignanog Gradowasintroduced in 202Xdata are for 2021 year)

For the maritimeransportation mode choice, on route segmeBtadoc Trieste the ea & Hélfinax
VerdeGolE MMSINumber:24724070Q0was employed ir2019 (Table25)with 24.49 GT and total

persons on board capacity of 150.

z

Table25d ¢ SOKYy A Ol f OKLF NI OG S NFelind WetdgGol& ¥ (i K

Techni@ OK I NI O S NX Belfilo@erdeGaidS & & S ¢

Vessel type Motor boat
Summer DWT N/ A
LOA (Length over all) 27,2m
Breadth 6m
Draught 1,6
Propulsion type 2xfixed pitch propellers
Propulsion power 125 kW

For the maritime transportation mode chagcon route segments Triestea | f A [ 2 OAy 2
oSofiaMe (IMONumber. 9593634 with 242GT and passenger capacity 604s used as a reference
vessebased on which carbon footprint calculation is conductBaetechnical characteristiasf the

reference vessehre shown in Tablg6.
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Table26.¢ SOKY A OF f OKI NI} Ol SN Bdiida®a 2F GKS NBFSNByO

TechnicalD K I NI O S N SofiavOay +S83a

Vessel type HSC single hull
Summer DWT 112t
LOA (Length over all) 37.5m
Brealth 7m
Draught 1.54 m
Propulsion type 3x fixed pitch propellers
Propulsion power 3,240 kW

Furthermore,the road transportation modeonsists of taking either personal car or public bars

the Lignandsabbiadoro to Gradmute segment The nextoute segment is takingnto account the

NREIFIR FTNRBY DNIR2 (G2 ¢NARSadS OAde OQléagingNFodgh w2 | R
Slovenia and Croati@oss-border region to reach Istrian peninsula and Port of Porozina. By taking
local ferry island bCresOF'y 6S NBF OKSR IyR TFTdzZNIKSNXY2NB NBI
destination is located by local roatdhe journeyto the destination consists of traveling by local

roads, highwaysand motorways througltomplete road Taking ailwaytransportaton mode for

traveling the distancebetween these destinationgonsists of traveling from Latisathdggnane
Bibionethrough Cervignan@dquileiaGrado. By taking this railway route two destinations; Lignano

and Grado; can be reached by public road. Furtheantraveling by train to Trieste Centrale and

0 KNER dza K+ Q5 Af @¢ Ribkhdh & AL 3BIRil¢KScan bereached. Reaching final destination

2T alftA [20Ay2 A& LlaaroftsS oe GF1{Ay3a t20Ff L
[ 2nD that case takinghe local ferry from Valbiska to Meragrigcessary

The total distances determined faignanog Grado- Triesteca I £ A rpufe @ sh@vn in Table
27.
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Table27. Determined distances dhe selected Tiesteca | £ A rpuOA y 2

Maritime transportation Road transportation mode RailwayRoad
mode choice (Nm) choice (km) transportation mode choice
(km)

Route Segment Sea N Railway
Maneuver Total Road Maritime Total Road Total

passage (nonel./el)
Lignanag Grado 15 11.9 134 60.3 0 60.3 0/28.1 34.7 62.8
Gradog Trieste 1.5 188 20.3 53.4 0 53.4 0/43.5 17.1 60.6

Trieste¢ Mali
. 3.2 104.4 107.6 186.6 5.1 191.7 0/1249 1215 2464
[ 20AyZe

The maritime transportation distances on the route segmegnanog Grado(Figure &), provided
in Table 3, are calculated based on the specific navigation madesideringhe port features

Table28. Distances travelled in the specific navigation modes on the route segment Lig@aado

Maneuvring on departure 1 Nm
Rouke segmentLignano Grado Sea passage 11.9 Nm
Maneuvring on arrival 0.5 Nm

Based on 2021 operational timetables, the average vessel speed on the-ademimned route is
assumed to be 13.4 kn.
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Figure36. RoutesegmentLignanog Grado- Trieste (Maritime transportation mode)

The road transportation mode on tHegnano- Gradoroute (Figure 3) is realized by personal car
or public bus on the following road segments:

- ltaly: state roadSR354¢ from LignandPinetato Latisana,
- ltaly: highwaySS14; from Latisana to Cervignano del Firuli
- ltaly: state road SR352from Cervignano del Firuli to Grado

The total calculated road distance for the mentioned rout6ds3km.
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Fgure 37. Poute segmentLignanog Grado(Roadtransportationmode)

The railway transportation mode between Lignano and Grado is based on the fact that the route
segment from Lignano thatisanag Lignanog Bibione stationrmust be accomplished by personal
car or pubic bus. The railway transportation mode betwekatisanag Lignanog Bibionestation
through Cervignanq Aquileiac Gradostationis to be covered by train in length of 34.7 km (Figure
38). Last part of the vaage needs to be covered by pulihias from Cevignanoc Aquileiag¢ Grado
station to Grado.The complete calculated distance used for carbon footprint calculati®d,&km,
where34.7km must be conducted by the road transportation modibe complete r&ivayroute in

this case is eledfied.
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Figure38. RoutesegmentLignanog Grado(Railway transportation mode)

The maritime transportation distances on the rolgegment Grada Trieste (Figure 9, provided
in Table 29, are calculated based on the specdMigation males considering the port features.

Table29. Distances travelled in the specific navigation modes on the reegenent Gradag Trieste

Maneuvring on departure 0.5 Nm
Route segment: GradoTrieste Sea passage 18.8 Nm
Maneuvringon arrival 1 Nm

Based on 2021 operational timetables, the average vessel speed on the-ademimned route is
assumed to be 16.Rn.
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Figure39. RoutesegmentGradog Trieste (Maritime transportation mode)

The oad transportatiomn mode on the Gradq Triesteroute (Figure40) is realized by personal car
or public bus on the following road segments:

- ltaly:local roadSP14 ¢ from Gradoto Monfalcone
- ltaly: highway SSland motorway E7@ from Monfalconeto Triese

The total calclated road distance for the mentioned route58.4 km.

European Regional Development Fund



L

{ iiterrey e

Italy - Croatia [
l MIMOSA EUROPEAN UNION

RRRRRRRR
mmmmm

RN Portoroz/

TN Pororose

Road transportation mde ‘

Figure40. Route segment GradpTrieste (Road transportation mojle

The railway transportation mode betwedBradoand Triesteis based on the fact thdirst route
segmert from Gradoto Cervignana; Aquileiag Grado statiormust be accorplished by personal
car or public busn length of 17.1 kmThe railway transportation mode betwedDervignancg
Aquileiag Grado station to Trieste Centriglto be covead by train in legth of43.7km (Figuredl).

The complete calculatedistance used for carbon footprint calculation 8.6km, wherel7.1km

must be conducted by the road transportation modehe complete railwayoute in this case is

electrified.
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Figure41. RoutesegmentGrado- Trieste(Railway transportation mode)

The maritime transportation distances on the route segment Triesel f A [ 2 O4%[2 o0 C.
provided in Table 29, are calculated based on the specific namigatodes considerinthe port
features.

Table30. Distancegravelledin the specific navigation modson the route segmen Trieste¢ Mali
[ 20Ay2

Maneuvringon departure 1 Nm
Route segment: Triestea I £ A [ Sea passage 1044 Nm
Maneuvringon arival 2.2 Nm

Based on 2019 operational timetables, theerage vessel speed on the abewentioned route is
assumed to be 26.7 kn.
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Figure42. RoutesegmentTriesteca  t A [ 2 0Ay 2 oOal N3I&AYS NI ya L2 N

The road transpostion modeonthe Triesteca | f A  rpufe (Figyfed3) is realized by personal
car or public bus on the following road segments:

- ltaly: highwaySS202; from Triesteto border crossing- 1 2,¥ A 2 S
- SloveniahighwayH5, and state roals 409 and 208from border crossing- | 2 #® ho2dSr
crossing 2 6 SNA |
- Croatia state roadsD201, D44, D500, D66, and DA®RNR Y {26 SNHI G2 . NBa
- /I NRBFOGALFY £ 20 fctR23NBNHKoyfilBegtéva to PoxtBiaiagdd |
- Croatia state roadsD100 and D1I0IF NR Y t 2NRT Ayl (G2 altA [ 20AY

The total calculéed road distancdor the mentioned routeis 1866 km where 5.1 km must be
covered by the local ferry I
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Figure43. RoutesegmentTriesteca  t A [ 2 0Ay 2 oOow2l R GNF yALRZNIF (A2

Therailway transportation moddetweenRjekaand Trieste Centralés based on the fact that the
NRdziS &aS3YSyid 7T NEP Musthdatcamplsedypgrénalicaor publiesid The
railway transportation modéetweenTriesteandRijekaconsists of severalectiongFigure44). The
first sectionis located in Italy (Trieste Centraj®/if | h LJAith & tgtdl distance of 28 km.The
following sectionis in{ £ 2 Sy A | &5 A O Bivkdanih Rivkay + | LIS, kvith & dotal
distance of 6& km. Finallythe lastsectionisA Y/ NER | (i 4 Rijeka)with a8tal glistance b
27.7 km. "he completecalculated distance usddr carbon footprint calculations 246.3 km, where
121.5km mustbe conductedby the road transportation modeThe complete railwayoute in this
casels electrified.
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5. Case Studies Results i Evaluation and Comparative Analysis

By implementinghe methodology presented igection 2 andconsidemg the individual routes
describedin Sction 3 the calculatedcarbon footprint in kgC@itrip -passengers presentedas a
function of theoccupancyatesfor each transporation mode choiceOccupancyatesare chosen
as a relative valuor each availald transportation modechoice

The total carbon footprint in kgCZ¥or each transportation mode choice is also calculated based on
the reference passenger numbéeFhe reference passenger numban each route depends on the
technical characteristics of theessels and their capacities employed on each ofdbesidered
route segmentsln general the mainobjectiveof interpreting the following results ® present:

- the calculated carbon footpnit valuesper passengeconsideringdifferent transportation
mode choices

- optimal transportation modehoicewith respect tothe different relative occupancates,

- thetotal carbon footprint for each transportation mode based thie reference capacity.

5.1. Case study & Venicec Pulagt 2 Ng&/éniceResults and Discussion

In this sectionthe cabon footprint calculationfor the route Veniceg Pulact 2 N@WV@nice is
consideredThisroute was divided into three interconnected segments. The first segment is Venice
¢ Pua, the second segmentis Pga 2 NIBYR (1 KS f¢Vanice. kuithert aBaN$scof the
calculaed results will be based on teesegments.

According to the calculated carbon footprint for the first segment of the route presented in Figure
453, ard for the reference capacity of 330 passengers, the calculated carbon footprint for the
maritime transpotation mode is 2,770 kgG@er trip which includes port stay carbon footprint. In
case that the vessel is on cold ironing during portstegrbon fodprint is considerably lowefl,935
kgCQ per trip). If technical conditions in ports and vessel allasvcold ironing to be fully
implemented, the total carbon footprint will be in this cdsgver for approximately 30%.the same
number of passengers igansported by personal cars, the calculated carbon footprint is
considerably higher: 12,672 kg&ger trip. However, the road transportation mode is influenced
mainly by the occupancy rate, i.e., in case that the reference passenger capacity is trangpported
full personal car occupancy (5 passengers), the total calculated carbon footprint is 2,534kgCO
trip. This value is slightly lower than the one of the maritime transportation nemfesidering that

cold ironing is not implementedHowever, if the pblic buses employed on this route segment are
fully occupiedin regards to reference capacity (330 pasgers) a significantly lower carbon
footprint of 1,191 kgCQ per trip is generated. Since the reference capacity was used, the carbon
footprint for the railway transportation mode &,248kgCQ per trip. This value considetwo trains
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required to transport referenceapacity of 330 passengeand is achieved by traveling both on
non-electrified and electrified railway sections as presented in FigGhe
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Figure45. (a) Comparison of the total carbon footprint per trip with respect to the different
transportation mode choices and the reference capacity of 330 passengers (Route segment Venice
¢ Pula) (b)Carbonfootprint for railway transportation modéased on railway sgion features
(Route segment VenicgPula)
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According to the results presented in Figdi& the maritime transportation mode choice&vithout
considering cold ironingvas identified as theone with the highest carbon footprint value in
accordance with the reference capacity. case that cold ironing is taken into consideration, the
maritime transportation mode is morkavourable than personal car transportation mod@n the
other hand, the lowet calculatedcarbon footprint valuas associated withailway transportation
mode choice Moreover, personal carmode choiceis slightly more acceptable than maritime
transportwithout considering cold ironingsince the curves are relatively close tateather, the
difference in relative occupancgptesis the key determinant of the appropriateness of choosing a
particular mode of travelh terms of the carbon footprint impact.

However, ithe railwaytransportation mode is taken as a reference, asriestfavorabletransport
mode, the conclusion can be drawn that abowserelative occupancy 0f84% (otal of 277
passengers), no othdransportation mode choicean deliver a lower carbon footprint per trip
passengerln this case, the calculated carborofprint isapproximately 3 kgCQ/trip -passenger).

According to Figurd6, if the worst calculated carbon footprint value foailway transportation
mode choice (a relative accupancy of 20%generatingl4.93 kgCQ/trip -passenge) is used as a
reference it can be concluded that thigalue presents equivalend the public busbeingoccupied
24% (L2 passengerper public buy maritime transportation modebeing occupied40% fotal of
132 passengersyvhen cold ironing is considered, personal car §68al of 3 passengers per car),
and 58% (total of 191 passenger®r maritime transportation modevhen cold ironing is not
implemerted. Above those relative occupancgtes, later mentionedtransportation mode will
offer more acceptable carbon footprint values

On the other handunder the assumptiothat the maritime transportation mode is considered as
the least favorabldransportation modeif the relative occupancyate is 100% (330 passengeri)
can be concluded thahe personal caneeds to beoccupedless tharB5% & passengers) to be less
favorable Moreover the public bus transportatiomode choiceneeds to beoccupied less than2%
(total of 28passengerper public buy andthe railway transportation modéess thar38% (otal of
125passenges)to be less favorablthan the maritime transportation mode

The presented approach can be used in this contextuidher analysis and/or discussion
concerninghe different setups or requirements.
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Figure46. Calculated cdon footprint per trip-pax (kgCe) for single trip based on occupancy rate
for the route segment VenicgePula

According to thecalculated carbon footprint for the second segment of the route presented in the
Figure47a, and fotthe reference capacity &30 pasengers, the calculated carbon footprint for the
maritime transportation mode is 853 kgG@er trip which includes port stay carbon footprini
case that the vessel is on cold ironing during port stays, carbon footprint is lower (791 gCO
trip). If the same number of passengers is transported by persoai, ¢the calculated carbon
footprint is considerably higher: 2,508 kgQgr trip. However, the road transportation mode is
influenced mainly by the occupancy rate, i.e., in case that thereete passenger capacity is
transported at full personal car ogpancy (5 passengers), the total calculated carbon footprint is
502 kgCQ per trip. This value is considerably lower than the one of the maritime transportation
mode. However, if the public uses employed on this route segment are 100% occuped
significantly lower carbon footprint of 28kgCQ per trip is generated. Since the reference capacity
was used, the carbon footprint for the railway transportation modé1s kgCQ per trip. This
number ishigher than the one obtained fgoublic bus transportatiormode based on the same
capacity. As this segment requires the integration with the public bus, the calculated carbon
footprint value includes the additional value of the carbon footprintoédtedfor a journey taken

by a public bus on the relation Pazin 2 N8 dresented in Figud7b.
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Figure47. (a) Comparison of the total carbon footprint per trip with respect to the different
transportation mock choces and the reference capacity of 330 passen{feosite segment Pula
t 2 N;Jbd Garbon footprint for railway transportation mode based on railway section features
(Route segment Pulat 2 NS 6 0 @

According to theesults presented in Figud8, the maritime transportation mode choic&ithout
considering cold ironingvas identified as the one with the highest carbon footprint value in
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accordance with the reference capacity. On the other hand, the lowest calculated carbon footprint
value is associatedith public bus transport. Moreovertailway transportation modechoice is
slightly more acceptable thamersonal car mode choice

However, if the public bus transportation mode is taken as a reference, as the most favorable
transport mode, the conclusiotan bedrawn that above a relative occupancya®®s (5 passengers

per public buy no other transportation mode choice can deliver a lower carbon footprint per trip
passenger. In this case, the calculated carbon footpriapoximatelyl.5 kgC@htrip -passengg).

According to Figurd8, if the worst calculated carbon footprint value for public bus mode choice (a
relative occupancy of 20%, generating 3k CQ/trip -passenger) is used as a reference, it can be
concluded that this value presents equivati¢o the railway transportation moddseing occupied
37% (otal of 122passengers) goersonal cabeing occupied4% @ passengerper personal cagr
Above those relative occupancy ratesjlway and personal caransportation modes will offer
more accepable cabon footprint values. Considering that the distances between destinations are
short, the differences in the calculated carbon footprint values betwpensonal camland railway
transportation modes are not very significant at similar occupancysrate

On theother hand, under the assumption thaassuming full capacity for all modéise maritime
transportation mode is considered as the least fanable transportation mode, if the relative
occupancy rate is 100% (330 passengers), it can be condhatetie railway transportation mode
needs to be occupied less thdd% (otal of 149passengers) to be lesavourable. Moreover, the
personal car mode choice needs to be occupied less 386 @ passengerper cal), and the public
bus less than &6 (4 passengersper public buy to be lessfavourable than the maritime
transportation mode.

The presented approach can be used in this context for further analysis and/or discussion
concerning the different setups or requirements.
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Figure48. Catulated carbon footprinper trip-pax (kgCe) for single trip based on occupanate
for the route segment Pulgt 2 NB 6

According to the calculated carbon footprint for the third segment of the route presented in Figure
493, and for the reference capacity of 330 passengers, the calculated carbon footprint for the
maritime transportation modes 2,238 kgCg£per trip which irtludes port stay carbon footprint. In

case that the vessel is on cold ironing during port stays, carbon footprint is considerably lower (1,173
kgCQ per trip). If technical conditions in ports and vessel allows cold irorimgoe fully
implemented, the toal carbon footprint will be in this case lower fmpproximately48%.f the same
number of passengers is transported by personal cars, the calculated carbon footprint is
considerably higher: 1191 kgCQ per trip. Howeverthe road transportation mode isfluenced
mainly by the occupancy rate, i.e., in case that the reference passenger capacity is transported at
full personal car occupancy (5 passengers), the total calculated carbon footprinB&kgQQ per

trip. Thisvalue is the same as the carbomofprint value obtained for maritime transportation
mode. However, if the public buses employed on this route segment are 100% ocoupagerds

to reference capacitya significantly lower carbon footprint of 1,2KkgCQ per trip is generated.

Since the reference capacity was used, the carbon footprint for the railway transportation mode is
the lowestwith 1,046kgCQ per trip. This value consids two trains required to transport reference
capacity of 330 passengers aiglachieved by traveling both on nonelectrified and electrified
railway sections and by buses as well as presented in Hgbre
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Figure49. (a) Comparison of the total carbon footprint per trip with respectthe different
OGNl YALRNIIFGAZ2Y Y2RS OK2A0Sa FyR KS NBFTFSNBYyOS
¢ Venice) (b) Carbon footprint for railway transportation mode based on railway section features
ow2dziS aSaVedige)l t 2NB6

According to theesuts presented in Figurg0, the personal car transportation mode choiveas
identified as the one with the highest carbon footprint value in accordance with the reference
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capacity.Calculated values for maritime transportation mode where cold irorsngti considered
overlaps with personal car transportation mode choi€m the other hand, the lowest calculated
carbon footprint value is associated withilway transportation mode Moreover, the calculated
values for the personal car and maritime transfation modewhere cold ironing is considereae
similarconsidering the same occupan@tes Since the curves are relatively close to each other,
the difference in relative occupancy rates is the key determinant of the appropriateness of choosing
a paticular mode of travel in terms of the carbon footprint impact.

However, if therailway transportation mode is taken as a reference, as the most dealge
transport mode, the conclusion can be drawn that above a relative occuparn®®efotal of 248
pasengers), no other transportation mode choice can deliver a lower carbon footprint per trip
passenger. In this case, the calculated carbon footpriapmoximately 37 kgCQ/trip -passenger).

According to Figurg0, if the worst calculated carbon footprintlue for public bus mode choice (a
relative occupancy of 20%, generatih®.51kgCQ/trip -passenger) is used as a reference, it can be
concluded that this value presenthe equivalent to thepublic busbeing occupmd 27% (@4
passengers per public busr maritime transportation modebeing occupied2% (16 passengers)

when cold ironing is considered, and personal car being occupied more than 55% (3 passengers per
personal car)Same occupancy rates apply (55%, 188sengers) to the maritime transportation

mode when cold ironing is not considerebove those relative occupancy raties public buses,
maritime transportation mode angdersonal car will offer more acceptable carbon footprint values.

On the other handunder the assumption that thpersonalcartransportation mode is considered
as the leasfavourable transportation mode, if the relative occupancy rate is 10@pdssengers
per personal cgr it can be concluded that the maritime transportation mode neénlbe occupied
less tharb0% (L65passencers) to be less fawwable considering that cold ironing is implemented
Moreover, thepublic busmode choice needs to be occupied less tHd%0 @2 passengerper bug,
and therailway transportation moddess than 37% (22passengers) to be less farablethan the
personal catransportation mode.

The presented approach can be used in this context for further analysis and/or discussion in
relation to the different setups or requirements.

74
European Regional Development Fund



( interrey

*

Italy - Croatia [
E MIMOSA EUROPEAN UNION

— 40.00 T T T T T T T T T
2 ANNAEARNARENNARENAN RN AR NARRA A RN AR
g T T T T T T T T T
w 1 1 1 1 1 1 1 1 1
3 1 L} 1 1 1 1 1 1 1
CIL R 1 1 1 1 1 1 1 1 1
£ 3000 | : i i i i i i i
% 4 1 1 1 1 1 1 1 1 1
1 1 1 1
% ! ! ! | Remark Vesseltotal) and Personal
X 1 ! ! ! ! car curves are overlaping.
-
< 20.00 1 1 1 1 T T T T T
= 1 1 1 1 1 1 1 1 1
o
8 | . | ! | | | : :
‘E T [ ] ] ] ] ] 1 1
1 1 1 1 1 1 1 1 1
g 1 \ 1 ¥ 1 1 1 1
T T T | T T T T T
g 10.m 1 1 1 1 1 1 1 1 1
(=] 1 1 1 1 1 1 1
1 t T t d t t t T &
1 1 1 | 1 1 1
1 1 1 1 d 1 1
I 1 I I T
1 1 1 1 1 1
7 ] 1 ] ] ] ] ] 1 1
0.00 t t t t f f f t t

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Occupancy rate

Vessel (w. cold iron.) Personal car

Railway

Vessel (total)
Public Bus

Figure50. Calculated carbon footmt per trip-pax (kgCO2) for single trip based on occupaatsy
fori KS NRdzi S &SehiveSy i t 2NB6

5.2. Case study 2 Anconag Zadar- Results and Discussion

In this section, the carbon footprint calculation for the route Anc@ndadar is considered. The
mentioned route is a single one, and the return trip is thengas the initial one.

According to the calculated carbdootprint presented in Figurgla, and for the reference capacity

of 1,300 passengers, the calculated carbon footprint for the maritime transportation mode is 32,680
kgCQ per trip which includeport stay carbon footprint. In case that the vessel carbon footprint
during port stay is notonsidered carbon footprint is considerably lower (12,550 kg@€r trip).
Carbon footprint in this case is 60% lower. If the same nunolbgrassengers is transped by
personal cars, the calculated carbon footprint is considerably higher: 152,412, kgg€Qrip.
However, the road transportation mode is influenced mainly by the occupancy rate, i.e., in case that
the reference passenger cagity is transported atuil personal car occupancy (5 passengers per
car), the total calculated carbon footprint is 30,482 kg@é€r trip. This value is slightly lower than
the one of the maritime transportation mode considering that port stay carbongfoot is taken

into account. However, if the public buses employed on this route faléy occupiedn regards to
reference capacity (1300 passengeesyignificant lower carbofootprint of 14,20kgCQ per trip

is generated. Since the reference capaomgas used, the carbon faprint for the railway
transportation mode i44,599kgCQ per trip. This value considers usage of seven trains required to
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transport the reference capacity of 1300 passengers and is achieved by traveling both on
nonelectrified ancelectrified railway seebnsas presented in Figurglb.
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Figure51. (a) Comparison of the total carbon footprint per trip with respect to the different
transportation mode choices and the reference capacit$,800 passengers (Route segmh
Anconag Zadar); (b) Carbon footprint for railway transportation mode basedadway section
features (Route segment Ancon&adar)
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According to the calculated carbon footprint for this route (Figb2g the maritime transportation
modechoicewith consdering port stay emissi@was identified as the one with the highest carbon
footprint value in accordance with the reference capaditycasethat port stay emissiogare not
considered the maritime transpotation mode is then the mostavourable one. Moreover,
personal camode choice is slightly more acceptable than maritime transpdnren port stay
emissiors are considered Since the curves are relatively close to each other, the difference in
relative occpancy rates is the key determinant thfe apgpropriateness of choosing a particular
mode of travel in terms of the carbon footprint impact.

However ,in this particular casehe carbon footprint forthe maritime transportation mode without
port stay emissins, public bus transportation modend railway transportation modsshow similar
carbon footprint for the reference capacity and presé¢né mostfavourable transport modes. In
this casethe conclusion can be drawn that above a relative occupancyuf @ passengerper
bus and total of 5@ passengrs for maritime and railway transportation modespersonalcar
transportation mode choice cauot deliver a lower carbon footprint per tripassenger. In this case,
the calculated carbon footprint spproximately23.4 kgCQ/trip -passenger).

Acording toHgure 52. if the worst calculated carbon footprint value foraritime transportation
mode choicewhen port stay emission is not consider@lrelative occupancy of 20%, generating
48,27kgCQltrip -passenger) is used as a reference, it can beloded thd this value presentthe
equivalent to the personal car being occupie8é @ passengerper caj. Above those relative
occupancy rates, personal aafifersmore acceptable carbon footprint values.

On the other hand, under the assumption ththe maritime transportation modewhen port stay
emissiorsis considereds the leasfavourabletransportationmode, if the relative occupancy rate
is 100% (1,300 passengers), it can be concluded thabtdbéc bustransportation mode needs to
be occupiedess thand2% (otal of 28 passengers per bus)be lesfavourable.

The presented approach can be usethils context for further analysis and/or discussion in relation
to the different setups or requirements.
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Figure52. Caculated carba footprint per trip-pax (kgCe) for single trip based on occupancy rate
for the route Anconag Zadar

5.3. Case study & Dubrovnikg Bari- Results and Discussion

In this section, the carbon footprint calculation ttye routethe Dubrovrik ¢ Bari is conslered. The
mentioned route is @ingleone andthe return trip is the same as the initial one.

According to the calculated carbon footprint presented in Figid@ and for the reference capacity

of 1,300 passengers, the calculated carlbootprint for the maritime transportation mode is 43,210
kgCQ per trip which includes port stay carbon footprint. In case that the vessel carbon footprint
during port stay is not considered, carbon footprint is considerably lower (28,753, kgL @ip).
Carbon footprintin this case is 33% lower. If the same numbkpassengersare transported by
personal cars, the calculated carbon footprint is considerably higher: 288,080, kggZQrip.
However, the road transportation mode is influenced mainlyl®ydccupancy rate,e., in case that

the reference passenger cagity is transported at full personal car occupancy (5 passengers per
car), the total calculated carbon footprint is 57,616 kg@é€> trip. This value is higher than the one

of the maritime tansportation modeconsidering that port stay carbon footprint taken into
account. However, if the public buses employed on this route are fully occupied in regards to
reference capacity (1300 passengers), a significant lower carbon footprint of 263€¥dper trip

is generated. Since the reference capacity was dysthe carbon footprint for the railway
transportation mode is 22,516 kgeger trip. This value considers usage of seven trains required to
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transport reference capacity and is achieved avéling both on noelectrified, electrified railway
sections angublic buses as well as presented in FighBb.
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Figure53. (a) Comparison of the total carbon footprint per trip with respect to the different
trangportation mode chates and the reference capacity of 1,3@ssengers (Route segment
Dubrovnik- Bari); (b) Carbon footprint for railway transportation mode basedailway section
features (Route DubrovnikBari).
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According to the calculated carbondiprint presented inFigure54, the personal catransportation
mode choice was identified as the one with the highest carbon footprint value in accordance with
the reference capacity. On the other hand, the lowest calculated carbon footprint value asslo

with railway transportation mode choiceMoreover, maritime transportation mode choideoth

with included and excluded calculated port stay emissisnnore acceptable than personal car
mode choice.

However, if therailway transportation mode istaken as a referengeas the mostfavourable
transport mode, the conclusion can be drawn that above a relative occupark3?efotal of 949
passengers), no other transportation mode choice can deliver a lower carbon footprint per trip
passenger. In thisase, the calculatedarbon footprint isapproximately 20kgCQ/trip -passenger.

According to Figur&4, if the worst calculated carbon footprint value foailway transportation
mode choice (a relative occupancy of 20%, generafiBP5 kgCQ/trip -passerger) is used as a
reference, it can be concluded @h this value presentghe equivalent to the public bus
transportationmode being occupie®8% (L4 passengerper public buy maritime transportation
mode (without port stay carbon footprint) beg occuped 32% @90 passengers) maritime
transportation mode (with port stay carbon footprint included) being occupied 43% (559
passengers) or personal car being occupied 58% which represents 3 passengersiimnethose
relative occupancy ratepublic busmaritime transportatisn mode andpersonal catransportation
modes will offer more acceptable carbon footprint values.

On the other hand, under the assumption that thersonal catransportation mode is considered
as the leastfavaurable transportation mode, if the relative ocupancy rag¢ is 100% (1,300
passengers), it can be concluded that tharitime transportation mode (port stay carbon footprint
included)needs to be occupied less th@b% @75 passengers) to be less farable. Moreover, the
maritime transportation mae (port stay carbon footprint excluded)eeds to be occupied less than
48% 624 passengers), public bus less thdad% @2 passengerger public buy and railway
transportation mode choice 36% (total of 468 passengird)e less favorable than thepersoral
cartransportation mode.

The presented approach can be used in this context for further analysis and/or discussion in
relation to the different setups or requirements.
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Figure54. Calculated carbon footpmt per trip-pax (kgCe) for single trip based on occupancy rate
for the route Dubrovnilc Bari

5.4. Case study 4 Pesara; Novaljaca | £ A  Hegul@ &nd Biscussion

In this section, the carbon footprint calculation for the route Pesgiibvaljaca I t A ¢[P&sard y 2

is cansidered. This route was divided into three interconnected segments. The first segment is
Pesarog Novalja, the second segmentisNovajja t A [ 20Ay 23X | yYRPes&& f I &
Further analysis of the calculated rdtsuwill be based on thessegments.

According to the calculated carbon footprint for the first segment of the route presented in Figure
554, for the reference capacity of 400 passengers, the calculated carbon footprint for the maritime
transportation moek is 10,079 kgGer trip. In case that the vessel is on cold ironing during port
stays,and carbon footprint is considerably lower (4,883 kg@@r trip). If technical conditions in
ports and vessel allow cold ironing to be fully implemented, the tadban footprint wil be inthis

case lower for approximately 51%.the same number of passengers is transported by personal
cars, the calculated carbon footprint is considerably higher: B4k CQ per trip. However, the
road transportation mode is infenced mainly byhe occupacy rate, i.e., in case that the reference
passenger capacity is transported at full personal car occupancy (5 passengers), the total calculated
carbon footprint is 6,98 kgCQ per trip. However, if the public buses employed dmst route
segmentare fully occupied, a significantly lower carbon footprint 8f451 kgCQ per trip is
generated. Since the reference capacity was used, the carbon footprint for the railway
transportation mode i1,384kgCQ per trip. This value obtainedbr railway trangortation mode
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considers usage of two trains required to transport reference capacity of 400 passengers and it is
achieved by traveling on nonelectrified, electrified and public basethe final destination cannot
be reached by railwags presented in gure55b.
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Figure55. (a) Comparison of the total carbon footprint per trip with respect to the different
transportation mode choices and the reference capacity of 400 passengers (Route segment Pesa
¢ Novalja) (b) Carbon fotprint for railway transportation mode based on railwsgction features

(Route segment PesaroNovalja)
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According to theresults presented in Figufsh, the maritime transportation mode choicéwithout
considering cold irong) was identified as the om with the highest carbon footprint value in
accordance with the reference capacity. case that cold ironing is taken into consideration the
maritime transportation mode is morkavourable than the personal car transportatiomode. On

the other hand, thdowest calculated carbon footprint value is associated with public bus transport.
Moreover,railway transportatiormode choice is slightly more acceptable than maritime transport
with cold ironing includedSince the curves arreldively close to each o#r, the difference in
relative occupancy rates is the key determinant of the appropriateness of choosing a particular
mode of travel in terms of the carbon footprint impact.

However, if the public bus transportation mode &kén asa reference, as the modavourable
transport mode, the conclusion can be drawn that above a relative occupark§ofaverage 37
passengers per public bysno other transportation mode choice can deliver a lower carbon
footprint per trip-passengr. In tis case, the calculatedarbon footprint isapproximately 11
kgCQ/trip -passenger.

According to FigurB6, if the worst calculated carbon footprint value for public bus mode choice (a
relative occupancy of 20%, generatin@g 13 kgCQl'trip -passengr) is ued as a reference, it cabe
concluded that this value presenthie equivalent to therailway transportation modebeing
occupied28% (otal of 112passengers)maritime transportation modgwith cold ironing)being
occupied34% (36 passengers)personal ar being occupied 43% (#ssengers per personal car)
and maritime transportation mode (without cold ironing) occupied 63% (252 passengdrsye
those relative occupancy rateghe aforamentioned transportation modes will offer more
acceptable arbon fodprint values.

On the dgher hand, under the assumption that th@aritime transportation mode(without cold
ironing)is considered as the least fawable transportation mode, if the relative occupancy rate is
100% (400 passengers), it can beatoded that thepersonal catransportation mode needs to be
occupied less than 70%4 passengerger personal cgrto be lessfavourable. Moreover, the
maritime transportation mode choice (with cold ironinggeds to be occupied less thaf% (184
passengrs), and theailway transportatiormode choicdess tham2% {otal of 168passengers) to
be lesfavourablethan the railway tansportation mode.

The presented approach can be used in this context for further analysis and/or discussion in relation
to the different setups or requirements.
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Figure56. Calculated carbon footprint per tripax (kgCe) for single trip based on occupancy rate
for the routesegmentPesaro; Novalja

According to the calculated carbon footprint for teecond route segment presented in big 57,

for the reference capacity of 400 passengers, the calculated carbon foofprirthe maritime
transportation mode is 1,702 kge@er trip which includes port stay carbon footprint. In case that
the vessel is o cold ironing during the port stayhe carbon footprint is lower (1,223 kgCPer

trip). If technical conditions in pastand vessel allows cold ironing to be fully implemented, the total
carbon footprint will be lower for approximately 28%. If the samémber of passengers is
transported bypersonal cars, the calculated carbon footprint is considerably higher: 11,292 kgCO
per trip. However, the road transportation mode is influenced mainly by the occupancy rate, i.e., in
case that the reference passemngeapacity is transported at full peysal car occupancy (5
passengers), the total calculated carbon footprint is 2,258@gper trip. This value is considerably
higher than the one of the maritime transportationodes However, if the public buses empéxy

on this route segment are fully ogpied, in regard toreference capacity (400 passengers), a
significantly lower carbo footprint of 1,125 kgC&per trip is generatedSince both destinations
cannot be reached by the railway transportation mode andtaxy ioute segment distances are
signficantly longer than the road route segment, the railviegnsportation mode in this case is not
preferable from practical standpoint.
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Figure57. Comparison of the total carbon footprint p&ip with respect to the different
transportation mode choices and the reference capacityQff gassengers (Route segment
Novaljaca  ft A [ 2 0Ay 20

According tathe results presented in Figuf8, the personal car transportation mode choice was
identified as the one with the highest carbondtprint value in accordance with the reference
capacity. On the other hand, the lowest calculated carbon footprint value is associated with public
bus transport. Since both origin and destination are located on tlends, no direct railway
connection isavailable. Furthermore, due to the above reastme railway transportation mode is

not considered as it is not a reasonable travel mode choice due to the lack of railway infrastructure
and unacceptable timeistance poportion. Moreover, themaritime trarsportation mode curg
shows intermediate valuesompared tathe personal car and public bus mode chaice

However, if the public bus transportation mode is taken as a reference, as the mostdhi®
transport modethe conclusion can be drawn that aboveetative occupancy @d2% @0passengers
per public bug, no other transportation mode choice can deliver a lower carbon footprint per trip
passenger. In this case, the calculated carbon footpriBtli&kgCQ/trip -passenger).

According to Figurg8, if the worst calculated carbon footprint value fpublic bus mode choice (a
relative occupancy of 20%, generating 26kgCQ/trip -passenger) is used as a reference, it can be
concluded that this value presents equimat to the maritime transportation moe (cold ironing
included) being occupied26% (@04 passengers)maritime transportation mode(cold ironing
excluded)eing occupied &% (136 passengeraind personal car being occupied 43% (2 passengers
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per personal cg. Above those relative occupancy ratemaritime transportation mode and
personal cawill offer more acceptable carbon footprint values.

On the other hand, under the assumption that the personal car mode choice is considered as the
least favaurable transportation mode, if the relative occupey rate is 100% (400 passengers), it can
be conduded that the maritime transportation modgold ironing excluded)eeds to be occupied

less than 76% (304 passengers) to be lessufalbe and 55% (220 passengeri$) maritime
transportation mode (cold insing included) is taken into accourkloreover, he public bus mode
choice needs to be occupied less th8% (2 passengerper public bukto be less favarable than

the personal car mode choice.

The presented proach can be used in this context for fuetr analysis and/or discussionrglation
to the different setups or requirements.
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Figure58. Calculated carbon footprint per tripax (kgCeg) for single trip based on occupancy rate
for the routesegmentNovaljaca | €t A [ 2 OAy 2

According tahe calculated carbon footprint for the last segment of the route, presented in Figure
59a, and for the referenceapacity of 400 passengers, the calculated carbon footprint for the
maritime transpaotation mode is 6,617 kgG@er trip which ircludes port &y carbon footprint. In

case that the vessel is on cold ironing during port stays, carbon footprint is considerably lower (4,677
kgCQ per trip). If technical conditions in ports and vessel allowedd ironing to be fully
implemented, the toal carbon fodprint will be in this case lower for approximately 29%the same
number of passengers is transported by personal cars, the calculated carbon footprint is
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considerably higher: 33,816 kg&ger trip. However, the road transportation modeirgluenced

mainly by the occupancy rate, i.e., in case that the reference passenger capacity is transported at
full personal car occupancy (5 passengers), the total calculated carbon footprint is 6,763kgCO

trip. However, if the public buses employed this routesegment ardully occupied,in regards to

the reference capacitya significantly lower carbon footprint of30 kgCQ per trip is generated.

Since the reference capacity was used, the carbonpiaat for the railway transportation mode is
1,986kgCQ per trip. However, given the above remarksraall parton the route segment needs to

be covered by road (public bus is taken as an example) because the destination is not reachable by
the railway tansportation mode choicas presented in Fige 59b.
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(b)

Figure59. (a) Comparison of the total carbon footprint per trip with respect to the different
transportation mode choices and the reference capacity of 330grags's (Route segment Mali
[ 2 OQoPgsaro) (b) Carbon footprint for railway transportation mode based on railway section
FSFGdzZNB&a o6w2dzi ScRe@®@d)Y Sy G altA [20AYy

According to theresults presented in Figur@0 the personal catransportation mode hoice was
identified as the one with the higls¢ carbon footprint value in accordance with the reference
capacity.The calculated @rbonfootprint for personal car and maritime transportation mode choice
when cold ironing is not considered are identicah the other hand, the lowest calculated carbon
footprint value is associated wittailway transportation mode choicéMoreover,public busmode
choice is more acceptable than maritime transpsiten cold ironing is considere8ince the curves
are relativdy close to each other, the difference in relee occupancy rates is the key determinant
of the appropriateness of choosing a particular mode of travel in terms of the carbon footprint
impact.

However, if therailway transportation mode is taken as a esénce, as the most faupable
transport mode, he conclusion can be drawn that above a relative occupan®g8¥f (otal of 252
passengers), no other transportation mode choice can deliver a lower carbon footprint per trip
passenger. In this case, the ediited carbon footprint impproximately kgCQ/tr ip-passenger).

According to the FigurgQ, if the worst calculated carbon footprint value failway transportation
mode choice (a relative occupancy of 20%, genera2i®g6 kgCQ/trip -passenger)s usal as a
reference, it can be concluded that thislue presentshe equivalent to thepublic busbeing
occupied34% (L7 passengerper public buy, the maritime transportation modevith cold ironing
included being occupied &% (B2 passengers), or theersaal car being occupied70% @
passengers per pevsal caj. Above those relative occupancy ratgsublic bus, maritime
transportation mode (cold ironing included) and penal carmode choicewill offer more
acceptable carbon footprint values.

On the other hand, under the assumption that thgersonal ca transportation modechoiceis
considered as the least faumable transportation mode, if the relative occupancy rate is 108% (
passengerger ca, it can be concluded that the maritime transportationade (cold ironing
included)needs to be occupied leghan ®% @76passengers) to be less farable. Moreover, the
public busmode choice needs to be occupied less td&% @1 passengeper public bu}, and the
railway transportation mode choiclessthan 31% {otal of 124passengers) to be less fawable
than the railway transportation mode.
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The presented approach can be used in this context for further analysis and/or discussion in
relation to the different setups or requirements.
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Figure60. Calculated carbon footprint per tripax (kgCe) for single trip based on occupancy rate
for the routesegmenta | £ A ¢[P&s@ra y 2

5.5. Case study § Lignancg Gradoc Triesteca | f A Regul@ &nd ®iscussion

In this section, tk carbon footprint calculation for the routeéignancg Gracb ¢ Triesteca | € A [ 2 OA
is consideredThis route is divided in three interconnected segments. The first segment is Lignano

¢ Grado, the second segment is Gragiorieste andhe lastis Triestea I f A [ 2 OAy 2 ® CdzN.
of the calculated results ¥/ be based on these segments.

According to the calculated carbon footprint for the first segment of the route presented in Figure
61a, and for the reference capacity d60 pasengers, the caldated carbon footprint for the
maritime transportation modes 47 kgCQ per trip whichexcludegort stay carbon footprint. Ithis
particular casedue to vessel size and operational pattern, port stays emission is usually not
generatedIf the same numbeof passengers is transported by personal cars, the cakdilearbon
footprint is considerably highet,227kgCQ per trip. However, the road transportation mode is
influenced mainly by the occupancy rate, i.e., in case that the rebergrassenger capiy is
transported at full personal car occupancy (5 pasgesy the total calculated carbon footprint is
245kgCQper trip. However, if the public buses employed on this route segment are fully occupied
in regards to reference capacif50 passengers)a significantly lower carbon footprint df45
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kgCQ per trip is generated. Since the reference capacity was used, the carbon footprint for the
railway transportation mode 1419 kgCQ per trip. This valueonsidersone train required to
transport referene capacity ofl50 passengers and is achieved by #vg bdh by electrified
railway sectiongnd public buseas presented in Figur@&lb.
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Figure61. (a) Comparison of the total carbon footprint per trip wittspect to the different
transportation mode choices and thefezence capacity of 330 passengers (Route segment
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Lignanog Gradg; (b) Carbon footprint for railway transportation mode based afway section
features (Route segmemtignanog Gradqg

Accordng to the results presented in Figus2, the personal car mde choicewas identified as the

one with the highest carbon footprint value in accordance with the reference capacity. On the other
hand, the lowest calculated carbon footprint value is assodiatgth maritime transportation
mode. Moreover, results obtaied for ralway and public bus areslightly higher than maritime
transport Sincethosecurves are relatively close to each othérere are no significantly difference

in carbon footprint regardhg relative occupancy rates

However, if themaritime transpatation mode is taken as a reference, as the mdatourable
transport mode, the conclusion can be drawn that above a relative occuparsgfeftotal of75
passengers), no other transportationode choice can deliver a lower carbon footprint per 4rip
passager. In his case, the calculated carbon footprint is approximaeby kgCQ/trip -passenger).

According to Figuré?2, if the worst calculated carbon footprint value foraritime transportaton
mode (a relative occupancy of 20%, generating7 kgCQ/tri p-passengsg is used as a reference, it
can be concluded that this value presettie equivalent to therailway transportation mode choice
andpublic bus being occupiebproximately36%and 6% respectivelftotal of 75 passenger$or
train, or 22 passengrs per public bus Above those relative occupancy rates, later mentioned
transportation modes will offer more acceptable carbon footprint values.

On the other hand, under the assumptionaththe personal car mode choide considered as the
leag favourable transportation mode, if the relative occupancy rate is 10@fpdssengergper
personal cay, it can be concluded that thpublic busneeds to be occupietess than45% (22
passengers pguublic bus)railway transportation modé¢o be lesghan 36%to be lessfavourable.

The presented approach can be used in this context for further analysis and/or discussion
concerning the different setups or requirements.
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Figure62. Calculated carbon footprint per tdpax (kgCeg) for singletrip based on occupancy rate
for the route segment.ignanog Grado

According to the calculated carbon footprint for tlsecondsegment of the route presented in
Figure63a, and for the réerence capacity ai50passengers, the calculated carbfootprintfor the
maritime transportation mode 1421 kgCQ per trip. In this particularcasealso, due to vessel size
and operational pattern, port stays emission is usually not generdfethe sasme number of
passengers is transported by personal cars, the catiedlcarbon footprint is considerably higher:
1,088kgCQper trip. However, the road transportation mode is influenced mainly by the occupancy
rate, i.e., in case that the refenee passeger capacity is transported at full personal car occupancy
(5 passagers), the total calculated carbon footprint248 kgCQ per trip. However, if the public
buses employed on this route segment are fully occupied in regards to reference gafi&it
passengers), a significantly lower carbon footprintl@8 kgCQ per trip is generated. Since the
reference capacity was used, the carbon footprint for the railway transportation ma@gkgCQ

per trip. This valuegonsidersone train required totransportreference capacity 0150 passengers
and is achieved by travelirgpth by electrified railway sections and public buses as presented in
Figure63b.
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Figure63. (a) Comparison of thietal carbon footprint per tripwith respect to the different
transportation mode choices and theference capacity of 330 passengers (Route segment Grado
¢ Trieste); (b) Carbon footprint for railway transportation mode based on railway section features

(Route segment GradpTrieste)

According to the results presented in Figére the personal camode choice was identified as the
one with the highest carbon footprint value in accordance with the reference capacity. On the other
hand, the lowest calculated carbon footprint value ssaciated wittrailwaytransportation mode

i_——"“ R
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choie. Moreover, resul obtainedfor public bus and maritime transportation mode choiase
lower than personal car mode choice Since those curves are relatively close to each other
(especially for public buand maritime transportation mode choice), theege nd significanty
different in carbon footprint regarding relative occupancy rates.

However, if therailwaytransportation modechoiceis taken as a reference, as the méstourable
transportation mode,the conclusion can be drawn that above a relatreeupancy 068% (otal of
142passengers), no other transportation mode choice can deliver a lower carbon footprint per trip
passenger. In this case, the calculated carbon footprint is approxima€&8k@CQ/trip -passenger).

According to Figuré4, if the worst calculatd carbon footprint value forailway transportation
mode (a relative occupancy of 20%, generafZPkgCQ/trip -passenger) is used as a reference, it
can be concluded that this valuegsentsthe equivalentthat the maritime transportdion mode
choice public busand personal cabeing occupied approximateBr% 32%, and 64% respectively
(56 passengersl6 passengers per public buand 3 passengers per personal §aAbove those
relative occupancy rategshe aforementioned transportation modes will offemore acceptable
carbon footprint values.

On the other hand, under the assumption that the personal car mode choice is considered as the
least favourable transportation mode, if the elative occupancy rate is 100% (5 passengers per
personal car), it can e concluded that thepublic bushas to be occupiedess than45% (2
passengers per public bugparitime transportation moddess than56% @4 passengers), and
railwaytransportationmodeless thar33% (total of69 passengers) to be le$svourable.

The pesented approach can be used in this context for further analysis and/or discussion
concerning the different setups or requirements.
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Figure64. Calculateatarbon footprint per trippax (kgCe) for single trip based on occupanate
for the route segment Gradq Trieste

According to the calculated carbon footprint presented in Figib®, for the third route segment
and for the different reference capacityf 210 passenger@ifferent line operator and different
reference vessgl the calculated carbon footprint for the maritime transportation modes@32
kgCQ per trip. In this particularcasealso, due to vessel size and operational pattern, port stays
emission is usually not generated and therefore not considelfetthe samenumber of passengers

is transported by personal cars, the calculated carbon footprint is high8t:7 kgCQ per trip.
However, the road transportation mode is influenced mainlyi®/occupancy rate, i.e., in case that
the reference passenger capacitytiansported at full personal car occupancy (5 passengers per
car), the total calculated carbon footprint i5§063kgCQ per trip. However, if the public buses
employed on this routeare fully occupied in regards to reference capac§Qpassengers), a
significant lower carbon footprint 0561 kgCQ per trip is generated. Since the reference capacity
was used, the carbofootprint for the railway transportation mode #¥49kgCQ pertrip. This value
considers usage anetrain required to transport refeznce capacity and is achieved by traveling
both on electrified railway sections and public buses as well as presenkegdure65h.

95
European Regional Development Fund



I interreg IR

" Italy - Croatia [
ﬁ' M'MOSA EUROPEAN UNION

8,000

7,000

6,000

5,000

Carbon footprint (kgCO,/trip)

4,000

3,000

2,000

1,000

Vessel
Personal car
(5 pax/car)
Personal car
(1 pax/car)

Public bus

Railway

A
&

g

B
8

300

Carbon footprint (kgCO./trip)

200

100

B Nonelectrified B FElectrified @ Bus

(b)

Figure65. (a) Comparison of the total carbon footprint per trip with respecthe tifferent
transportation mode choices and the reference capacity of 210 passengers (Route segment Trieste
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features (Route segment Triesta | t A [ 2 OAYy 20

Accoding to the results presented in Figu6®, the maritime transportation mode choicand
personal car occupied by driver onlias identified as the one with the highest carbon foatpri
value in accordance with the reference capacity. On the other handpthest calculated carbon
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footprint value is associated wittailway transport. Moreover, public bus transport mode shows
similar carbon footprint value asilway transportation mod choice Those two mentioned modes
are morefavourablethan personal car wde choice.

However, if therailwaytransportation mode is taken as a referengeiblic bus in this case as well)
as the mostfavaurable transport mode, the conclusion can be dmawhat above a relative
occupancy of46% (otal 97 passengeror 23 passengersper public bus), either maritime
transportation mode or personal catsansportaton mode choice can deliver a lower carbon
footprint per trip-passenger. In this case, the cd&ted carbon footprint is approximately.06
kgCQ/trip -passenger).

Accordingto Figure66, if the worst calculated carbon footprint value failway mode choie (a
relative occupancy of 20%, generatib@.69kgCQ/trip -passenger) is used as a referenitean be
concluded that this value presents equivalent to the personal eargooccupied 44% (2 passengers
per personal car). Above those relative occupandgsapersonal car transportation modes will
offer more acceptable carbon footprint valuds this case maritime transportation mode will offer
the highest carbon footprint

On the other hand, under the assumption that, assuming full capacity for all mtdesaritime
transportation mode is considered as the ledatourable transportation mode,if the relative
occupancy rate is 100®10passengers), it can be concludedtlthe railway transportation mode
needs to be occupied less th&0% (ess thard0 passengerger train or 1 passenger per personal
car) to be lesgavourable.

The presentedpproach can be used in this context for further analysis and/or discussion
conceaning the different setups or requirements.
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Figure66. Calculated carbon footprint valugsgth respect to therelative occupancy rates for the
route segment Triestea I t A [ 2 OAy 2

European Regional Development Fund



{ ifiterrey s
Italy - Croatia [

* MIMOSA EUROPEAN UNION

6. Flight emissions from travel between main Italy-Croatia

programme area airports

In this section of the report, an estimation of the emissions of air trips calculated between the main
international airports of the prgramme area (Bari, Dubrovnik, Split, Trieste, Venice) plus the airport
of Zagrehsprovided. All these airports can be considered relevant by virtue of their location and/or
their area of attraction near tourist destination®n basis obther analysis ithe MIMOSA project

(see Output 3.1)about 2% of Italian travelers and about 6%dvoatian travelers use the airplane

for their trips. For Croatian tourists destinations are mainly outside the programme area (Croatians
mainly travel to Rome, Naples, TuriFlorence, Milan), and the same is for the origin of Italians
travelers to Croat. Therefore, as possible extension of the emissions calculation between selected
airports, one might consider the possibility that airports in the programme area on el sight

be intermediate steps for further travels in the crassrder Country. ldwever,it is visible that he
carbon footprint of air travel is of such a magnituaed there is no need for further study in this
regard The emissions of even the shortgsurneys are such that there is no doubt that air travel
has a greater impact thaother means of transport, except in very specific cases.

An estimate of the attraction area of the airports obtained by measuring the isochrones
corresponding to a dving distance of 15 and 30 minuteSor this measurement analysithe
Openrouteservice portasused [46]. Furthermore, it is important to state that K S a NS+ OK T I
an index calculated b@penrouteservice as a proportion of the isochron generdigdhe system
according to the average speed of the chosen mode. Therefore, it is not an indicator of accessibility
in strict sense, rather a measure of street density around the attraction pgiimte it measures how

much the isochrones overlaps an ideakle representing the area that would be reachable if cars
could travel at medium speed in all possible directions without limitatidhg results are shown in

the following figures.
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