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The reasons for choosing or promoting a certain whiransporting goods are dependent on
a multitude of factors. Shippers will be interestedreliable logistics and low cost, while
authorities are in general more concerned with eelhg congestion and minimizing the
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environmental impact of transport in general, whalecident-free transport is in the interest
of all parties involved. Historically, many analgsnethods have been developed that include
one or more of the above factors, both for trans@ord non-transport purposes. For the
European funded"framework project CREATING however, aims to achiaw integrated
approach to the assessment of transport, focusethtenmodal chains at a micro level,
which required highly specific input data which wet readily available from literature.

In order to solve this, the authors have joinectés: Delft University developed a model that
determines transport cost and emissions relatadteymodal transport chains, based on the
technical and operational aspects of the transpoeians utilized, while Budapest University
developed a method to measure logistic performaricgpecific transport chains and the
University of Liege developed a multi-criteria d@on aiding model that can translate values
obtained into a single performance indicator.

The approach developed by the authors is demomestiay means of one of the cases under
evaluation in the CREATING project.

Keywords: Economic and logistic performances, Integrated sssent, Intermodal chain.

1. Introduction

Within the EU-funded 8 framework project CREATING, specific transport ifsaare
researched, for which shippers have shown intemasioving their cargo from road to water
and for these chains dedicated ships are desigmed@imized. It is the task of the research
as discussed in this paper to provide an integratsgssment methodology in order to
evaluate the performance of these new transpomsltampared to the old ones in the fields
of logistics, economics, environmental impact aatkty. This assessment will result in so-
called Sustainable Transport Performance Indica{(®BPIs), which give an aggregate
indication for the performance in the four mentidrerformance areas. The importance of
each area is however dependent on a person’s giountw: for commercial parties, the best
way will be the cheapest one that can properly meoodate his logistic requirements, while
for (for instance) local authorities the safest/andeast polluting way will be the best
solution. Nearly always, the solution used in timel evill be a compromise between cost,
logistics, environment and safety.

The question that remains to be answered is justwell a concept that meets these general
requirements performs ‘overall’. This is the topfahis paper:

The section 3 discusses the development of a $edc8ustainable Transport Performance
Indicator (STPI), which will provide a basis for antegral assessment of intermodal
transport chains. The clear and detailed definibbrevaluation parameters is essential for
each considered performance area. This will beoeddéd in the section 3.3 “The assessment
criteria”.

The authors decided to select one case study ierdal illustrate the working of the
elaborated methodology. It highlights the transmdrhew cars and vans as well as trailers
loaded with goods between Frankfurt am Main in Gatynand Sofia in Bulgaria along the
Danube. The key element in the assessment is teendeation of the effect of changing the
technical specifications of the transport meanss Téay it is not only feasible to quickly
determine the difference in performance betweeglsimode and intermodal transport, but it
can also be made clear just what for instancerttheeince of new emission legislation is on
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the environmental performance of a transport cbainow improved engine technology or a
more efficient propulsion system can influencedbst of transport.

According to the considered scenario, the authmgsgmt the impacts of various logistic and
technical choices on the assessment criteria. cdmgparison will at first be made in terms of
the numerous available indicators (cost, tons 02 @Ox, PM, SOx, CO...) but these will in
the second step be integrated to a single indicaiole, weighting the various aspects against
one another in order to select the most optimakivart scenario.

2. Literature review

In the creation of the methodology described inghper, as well as the example case that is
discussed, a number of publications proved of unafalle use.

For the creation of the integrated assessment fxanke the major literature sources are in
which Roy and Bouyssou (1993) detail a non nedkgg®et of multicriteria decision aiding
methods; and Roy (1985) who develops the concepdegision process and gives an
overview of MCDA methods and the premises of their application, ramothers, the
methodology PROMETHEE By combining these two sources, we decided tectehe
PROMETHEE method for both its no negligible effitdy and understanding easiness
advantages by the non-mathematical experts. Thiysimaf applications of multicriteria
decision aiding methods highlighted in the work Adibi and Van der Pooten (1997),
Cescotto et al. (2006), Colson and Mbangala (1988)p et al. (2007) and Schweigert
(1995) helped us for designing our structured pydamintegrated assessment framework.
Brans and Mareshal (2005) detail the PROMETHEE smattical approach which was of
key importance for the calculations of the rankirfgigally, the invaluable value of the work
of Colson (2004a), (2004b), De Bruyn (2002), Ndiateal. (1993) and Roubens (1991)
helped us to fine tune the proposed model.

In the development of the quantitative model fotedmination of the cost, environmental
impact and safety performance of intermodal trartspiee main literature source used is Bolt
(2003), in which Bolt reviews a method of estimgtthe energy consumption of inland ships
in a general way, allowing incorporation of tectaliaspects in a logistic model, without
having to go into exact design details of spedfigps, which is something that is required by
many other methods. When reviewing the environmeatal economic performance of
transport modes, it is important to take into actcany economic consequences of using
measures to improve environmental performance (someeeds to pay for the soot filter...)
The way of doing so that is used in the quantitgativodel, as well as some representative
values for cost and benefits of a number of shigtee measures is presented in Blaauw et al.
(2006a). The case described in this article is @né cases treated within the EU project
CREATING. An overview of these cases and a gerd@atription of the project is provided
in Blaauw et al. (2006b). Finally a more in-depthascription of the workings of the
quantitative model is provided in Ndiaye et al.q2p

! MCDA: Multi Criteria Decision Aiding
2PROMETHEE= Preference Ranking Organization METHwdEnrichment and Evaluation
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3. The STPI approach

3.1 Introduction

As briefly explained in the introduction, ‘STPI' astds for ‘Sustainable Transport
Performance Indicator’. This is the global scortaoted by a transport scenario by analysing
its performance according to environmental, ecorolopistic and safety performance in an
integrated way. The goal is to provide one scoréchviexpresses the performance of the
transport scenario according to a set of indicatdngh need to be defined judiciously.

The analysis takes place at the micro level, mepitiat the authors focus on a specific
transport chain and try to calculate the globafgrarance of the entire considered transport
scenario. The authors do not highlight the scoreawth transport mode separately because
the goal is to express the performance of trandpam A to B, resulting in the need for an
integral assessment of all steps in the transpainc

The following paragraph explains the elaboratedr@ggh, proposes a graph modelling the
method and gives an overview of the mathematicaleho

3.2 Methodology

The defined methodology is based on a « three stepproach highlighting two aggregation
steps (see figure 1).

Figure 1. STPI methodology

In any decision aiding problems, the first step saim define a list of evaluation indicators,
also named criteria, on the basis of objectivegarekpected improvements set by decision
makers and/or stakeholders. These evaluation aedged in close cooperation with the
teams of the authors and fine-tuned with the CREXT Iconsortium, make it possible to
assess the transport scenarios according to foegsifgp evaluation fields: environmental
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impact, economics, safety and logistics. Each e§¢hassessment areas is characterized by a
list of indicators (see section 3.3).

So, after evaluating the impacts of transport séesan these criteria, we can aggregate
them into four indexes representing their globaliremmental, economic, logistic and safety
performances.

This first aggregation step can be realized by gusirmulticriteria decision aiding method
named PROMETHEE chosen on the work of Roy and Bsmyg1993) and Roy (1985).
This methodology based on a pairwise comparisahefmpacts of scenarios on the criteria
involves the definition of various parameters mgkinpossible to fine-tune the approach in
order to model as correctly as possible the retlraaof the problem. This method allows
considering both quantitative and qualitative eatian, a non negligible advantage in case of
use of linguistic scale, as it is done in the logiield (see section 3.3). In addition, it allows
the comparison of various units. Indeed, the pesfee functions, used to express the
preferences of the decision makers, associat@allnits to an interval [0,1] on the basis of
preference and indifference thresholds allowing tiser to aggregate impacts related to
different criteria expressed in different units.r Example, it is possible to aggregate the
impacts on CQ CO, NOx, SOx and PM emissions into one index. s€hereference
functions are the key of the two aggregation sgesented on figure 1. In addition, the
definition of weights improves the analysis by giyimore or less importance to some of the
criteria according to the points of view of the dan makers involved in the decision
process. For example, the weights of the environaheniteria were defined on the basis of
their respective societal cost as explained by \éetem et al. (2004), (see section 3.3).

We have to specify that the four indexes are ege@sas absolute values without specific
units. Indeed, based on a pairwise comparison ededcwith an interval [0,1], the figures
coming from the “PROMETHEE Il - aggregation” makeyossible to compare one scenario
to another.

The PROMETHEE Il methodology can be modelled aevd:

Let us define the criterionas a functiong; and the evaluation of the impact of scenaram
criterionj, that is g, (a) .

So, let us define:

Oa,b0A,d;(a,b)=g;(a) - (b) (@H)

whereA is the set of evaluated scenarios.
As the units of criteria are specific and can beed#nt, let us define:

F;[d;(a,b)];0a,b0OA 2
where:
0< Fj[dj(a,b)]<];Da,bDA 3)

If the criterion g; has to be maximized, (2) is giving the prefereota over b on the basis
of their evaluation og;. (2) is equal to 0 if (1) is negative.
For a criterion to minimize, we have to consider:

F,[-d, (ab);DabOA (4)
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These function$ are preference functions making it possible t@meisse all the units to an
interval between 0 and 1; and including the prefees of the decision makers in the decision
process. Six types of preference functions arerahted in PROMETHEE and lot of other
can be developed according to the need of the .users

Let us consider the basic case, the usual preferemection:

o - d;(ab)<0

| ‘Oa,b0A (5)
100 -d (ab)>0

EM@@F{

Now, we can consider a first variation where a gmefice threshold is introduced:
Ol ~d,(ab)<q

. ;Oa,bdA 6
1 M -d(ab)>q 2 ©)

F,[d, (a.b)] :{

Different other variations can be made, among asthémat one where an indifference
thresholdp is introduced:

ol ~d,(ab)<q
F,[d,(a.b)] = %Eﬂ—»q<dj(a,b)5p;Da,bDA -
1 M ~d;(ab)>p

Let us considexvj , the weight of the criteriopandk, the number of criteria, let us calculate
the aggregated preference indices:

7(a,b) = Zk: F;[d; (@ b)] xw,
- ,Oa,b0A (8)
71(b,a) = ZFJ[dJ (b,a)]xw,

So, as soon as (3.2.8) are calculated for all temarios ofA, we obtain the following
positive and negative outranking flows:

?@) =23 @)
oA ,dJadA (9)

¢ @)=Y mxa)

_1><DA

Then, the net flow, giving the PROMETHEE Il completinking of the scenarios, can be
calculated as:

wa)=¢'(a)-¢ (a),0alA (10)
Scenario a will be better than scenario b if
¢(a) > ¢(b) (11)
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Scenarios a and b will be indifferent if
¢(a) = ¢(b) 12)
Obviously, the following properties can be estdigdi:

-ls¢@g(a)<L0aldA

>0 =0 (13)

xOA

For more information, the reader can consult Brand Mareschal (2005) and Roy and
Bouyssou (1993) in which the authors present al mhathematical details; and Meyer
(undated) who details the mathematical formulas.

The same multicriteria decision aiding method carubed to aggregate the four indexes in
order to calculate the final STPI representing dlebal performance combining economic,

logistic, environmental and safety aspects.

This pyramidal scheme was developed by the autimothe frame of a computer model

named LODA.

3.3 The assessment criteria

As explained in the description of the methodolothe criteria are axes used to rank the
scenarios on the basis of their performances. Afihothe theoretical methodology allows
assessment by any indicator as long as its impogtaan be related to other indicators used,
it is important to select the indicators to useoading to the pursued objectives of the
assessment and the possibility of actually acquitire necessary input values. In the studied
case, the criteria were selected as describeckifotlowing sections.

3.3.1 The environmental indicators

Many aspects relate to the environmental performaridransport chains, ranging from air
emissions to noise hindrance, erosion of river baakd disturbance of animal habitats.
However, keeping in mind the objective of the assest method (assessment of the specific
transport chain of the CREATING project, focused the waterborne part), only those
aspects that were actually studied within the mtojeere involved. Since the ‘hot’ topic in
environmental performance of inland navigationirseaissions, these were the focal area of
all environmental research done in the projectaAssult the following indicators were used:
the emission of CO2, CO, NOx, SOx and PM, measuregrams per ton of cargo
transported from A to B.

The evaluation of the impacts of the considereaspart scenarios on these indicators will be
made thanks to the development of a model includvagious calculation modules
highlighting the most important technical charastas of the ships and trucks that have an
impact on these emissions. The comparison of teator values is done according to the
shadow prices for emissions (e.g. societal codttoh of emitted CO2 equals € 56,-, while 1
ton of NOx equals € 8000,-).

3 Logistic Optimization and Decision Aiding
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3.3.2 The economic indicators

The economic indicators the authors consider aretist of the actual transport legs as well
as the added cost of transhipment and intermesliatage, if any. For transhipment and non-
waterborne transport (i.e. those parts of the cli@nCREATING project does not aim to
optimize) commercial cost as provided by the mapeeties involved in the project are used,
while for waterborne transport a detailed cost kdesvn, including but not limited to
depreciation interest, fuel cost, crew cost, maiatee and repair and overhead is created in
order to be able to establish the interrelatiorwbeth economic and environmental/safety
performance of various devices added to the shspariexample, adding an SCR catalyst to
a ship will drastically reduce its NOx emissionkereby improving the environmental
performance. On the other hand it is an expensiwicd which consumes a urea solution, as
a result of which it has a negative impact on eating@erformance.

3.3.3 The safety indicators

Determination of proper safety indicators provethallenge. Two principally different types
of safety can be distinguished: external safety iatefnal safety. External safety is highly
dependent on the specifics of the transport rontethe population centres surrounding it,
which is data that was too time-consuming to predegreat detail within the project. Apart
from this, external safety performance of inlandesmaay transport is generally accepted to
be vastly superior to road transport and in caseraisport of non-hazardous materials
(which was the case in the assessed transportscimathe project) virtually inexistent for all
transport modes. As a result, only internal safedg elected as a measure of safety. Even so,
arriving at the right basic values proved challeggisince for inland waterway transport
hardly any reliable accident records are kept thhout Europe. On the basis of the Dutch
AVV * database, the best non-confidential databasalmd shipping accidents in Europe, it
proved possible to arrive at reasonable assumptegerding the number of accidents and
number of fatalities per tonkilometer for this modather accident/safety related data for
inland waterway transport was not available, assalt of which these are the only indicators
found to be practicable in this case. For roadraildransport corresponding values from the
EU statistical pocketbook 2006 were taken and @estaout over all EU countries. From
these values, the number of accidents and faglfier vehiclekilometer were estimated,
which were then multiplied with the actual numbérvehiclekilometers for all assessed
transport chains to arrive at the proper indicatdues. The details of the evaluation can be
found in section 5.3.

3.3.4 The logistic indicators

Perhaps the largest challenge in the provision moficators for the purposes of the
CREATING project was for those indicators relatedagistics. This had two reasons: First,
the market parties involved were unable to putieeptag or other numerical value on the
more obvious indicators such as time and speedweoe they able to provide sufficient
background information to allow any quantitativeessment.

* Adviensdienst Verkeer en Vervoer, Dutch MinistryToénsport.
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Second, since the cases were all set up in coopenaith these market parties, it was known
beforehand that all transport scenarios scoredfi@isant mark for logistic performance.

As a result, the choice was made to set up an aaltitgtive assessment framework. In this,
six indicators are defined. These are as follows:

» logistic character of freight and transport task,

* number of border crossings,

» geographical conditions and traffic density,

* volume of the transported cargo,

* number of transhipment and cargo vulnerability,

o flexibility.

A proper scale is chosen to each indicator (fomgda: 1-10 or 1-5) and the transport task
that should be evaluated receives a rank on thig.sthe actual scale and rank is given by a
group of experts, in close communication and coatmar between the authors and the
persons in charge of the logistic aspects withen @REATING project (see Haenen et al.

(2006)).

Ranking a transport scenario the following consitiens are taken into account:

* From different potential transport solutions, thestoone is the least difficult one (not
many vehicles and man power are involved in thespart process, no special type of
cargo, no cargo transhipment is needed, the tratadjpm distance is short, easy
topographical, meteorological and traffic condisam the transport route, etc.).

* From different potential transport solutions, thestoone is the most reliable (more
accurate in time of delivery, less risk of accidesmdd cargo damage, less
independence from the geographical and meteor@bganditions, etc.)

* From different potential transport solutions, trestoone is the most flexible (quick
potential reaction capability in case of changesdefmand concerning the cargo
guantity and delivery time).

The scores on different scales are than normalemed finally the logistic index is created by
the weighted aggregation of the values. For ttst Gialculation a weight factor of 1 was used
for each sub-indicator.

All the details concerning the explanation of thealgative logistic evaluations related to
these six criteria can be found in the referenceyédet al. (2007, pp. 46-52).

4. The Danube case

Five scenarios are considered: The base casengpts of 89 truckloads from Frankfurt am
Main to Sofia by road only (ref. case: SinMod).

To this base case, 4 variations are made: Thedfirgtese is the intermodal base case, where
cargo travels by road to the port of Passau (Geyinathen transported by ship to the port
of Vidin (Bulgaria) and is transported onward agaynroad to Sofia. In this case, the ship is
a small ship that can carry 29 truckloads and tsase a nominal speed of 16 km/h (case:
Int16km). As an alternative to this case, it isieexed what would happen to performance of
the transport chain in case the speed is reduaed 6 to 14 km/h (which still fits the
original service schedule), thereby reducing fumisumption of the ship significantly and
improving its resulting environmental performance well as slightly reducing cost (ref.
case: Int14km).
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A 4™ case assesses the effects of using a larger thiaipcan carry 63 truckloads (case:
Intl4kmL), which provides a more cost-effective amergy-efficient alternative to the small
ship.

A final case reviews the effects of applying lowpswr fuel, an SCR catalyst and PM filter
to the large ship’s engine, thereby vastly incregsenvironmental performance, but
increasing investment cost (ref. case: Int14kmLCF).

5. The evaluation and the use of the models

5.1 The environmental performance

At the basis of the calculation of the performanoéshe various cases lies a calculation
model, developed by Delft University of Technologlyat it is based on standardized
performance of road vehicles (e.g. truck emissiares equal to EURO |, II, 1ll, VI or V,
standards, depending on user choice), but takesshifEs powering in consideration in
greater detail, taking into account loading cowdis, waterway characteristics, restricted
water effects and so on, based on the poweringilagicns as discussed by, among others,
Bolt (2003). This results in table 1 below. Intémeg observations can be made from this
table. First, the use of a different sized ship aatear effect: the larger the ship, the smaller
the fuel consumption (CO2 emissions) per trucklo&dme apparently trivial issues like
sailing speed also have a significant impact orrélselts (compare 16 km/h to 14 km/h). The
poor performance of intermodal transport related\Nidx and PM is due to the lower
emission standards for ships. The reversal ofgb@ performance can be observed in case
filter and catalyst techniques combined with lowpbur fuel are applied.

Table 1. Environmental Impacts

Emissions (g/truckload)

Case CcO2 CcO NOXx SOx PM

SinMod 1480240 1436 10134 0 169
Int16km 2151861 7641 17668 1708 523
Int14km 1643442 5352 13238 1156 375
Int14kmL 1182247 3276 9220 655 241

Int14kmLCF 1138165 3276 5669 32 129

According to the proposed integrated framework, riegt step is now to aggregate these
results to single indices per case. The aggregafidhese six criteria is only possible if we

elaborate a pertinent and judicious weighting. Apl&ned in section 3.2 and 3.3, the

weights used are the societal costs of each potluta
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CH Ranking
| PROMETHEE 2 complete ranking |

1 2] (3 ] |1 ]

Int1 dkmLCF Sindod Int1 4kl Int1dkm

Int1 Gkim

L 0.97 L 0.44 b 0.04 I -0.46 I -1.00

Figure 2. Environmental Ranking

The ranking is based on non-dimensional figuresutaled thanks to the PROMETHEE ||
method on the basis of the evaluation of the enwrental impacts shown in table 1, the
allowed weights and the preference functions. Tieesges provide the above ranking (see
figure 2) by highlighting the best scenario at thiet place and the worst one at the fifth
place.

The transport scenario obtaining the best perfoomaonsiders the use of a large Ro-Ro
vessel equipped with a SCR and PM filter and udimg sulphur fuel. These new
technologies reduce the emission of pollutantsidensbly.

5.2 The economic performance

The economic performance of the scenarios is simplyressed by the sum of the three
considered costs (pre/end haulage, main haul andhipment). No specific MCDA method

is required. The calculation of the costs is alagdd on an underlying calculation model
briefly described above, in which particular atientis paid to the cost of operating the ship
(which can be influenced by the results of CREAT)N@hile cost of transhipment and road
transport (which the CREATING project does not hawg influence on) are taken according
to commercial prices rather than specific detertioneof all factors that make up these cost.

Then, we can present the evaluation table of tbaauic impacts and the related total costs.

Table 2. Economic Impacts

Cost (€.truckload)

Case Pre/End Haulage Main Haul  Transhipment Total

SinMod 0 1689 0 1689
Int16km 449 1047 140 1636
Int14km 449 961 140 1550
Int14kmL 449 629 140 1218
Int14kmLCF 449 637 140 1226

From table 2, the effects of using a different shgain become apparent, but it is most
important to note that measures that significamtiprove environmental performance have
only a minor effect on overall transport cost.

The cheapest scenario is characterized by the usleedarge vessel. Indeed, significant
reduction of the main haul cost is observed fos¢hoases due to the obtained advantages of
scale over the small ship.
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5.3 The safety performance

The section 3.3 described briefly the method usedualuate the safety criteria. More
explanations including figures are given in thistsm.

The first step consists of the calculation of tlunber of ton kilometres (TKM) and vehicle
kilometres (VKM) of transport related to each seemarhese figures are shown on table 3.

Table 3. TKM and VKM of transport scenarios

TKM per truckload VKM per truckload

Case Road Water Road Water

SinMod 38847 0 1689 0
Int16km 15203 33028 661 50
Int14km 15203 33028 661 50
Int14kmL 15203 33028 661 23
Int14kmLCF 15203 33028 661 23

The next step consists of collecting the nationdl gandards in the references European
Commission, 2006) and the Dutch AVV databasesdemto estimate the average number of
accidents and deaths per ton kilometre - Indeed, dhta available in the European
Commission reference (2006) are only linked to ttla@sported ton kilometres (TKM) and
not the vehicle kilometres (VKM). - which we canlued respectively at 1.3079E-06 and
1.1214E-09 for the road transport; 1.23E-08 and=EA5 for the waterborne transport.
Translation of these values from TKM to VKM is dohg assuming an average amount of
cargo transported in a roadborne or waterborneciehi

So, by using the TKM and VKM evaluations presentedable 3, we can express the
precedent standard estimations on a basis of wekildmetres. These results are shown on
figure 3.

[ Evaluation a1 | s VS
|Damage |Deaths

Sindod 0.05 4.0E-5

Int1 Gkim 0.0z 1.7E-B

Int1 dkim 0.0z 1.7E-EB

Int1 4kl 0.0z 1.7E-G

Int1 4kmLCF n.oz 1.7E-B

Figure 3. Safety Impacts

On the basis of the evaluations shown in figurarf] using the multicriteria decision aiding
method selected, we are able to rank the scenamidise basis of the safety performances. It
appears clearly that the intermodal scenarios dhioty waterborne transport are the most
competitive. Using the PROMETHEE Il method, therfintermodal scenarios obtained a
safety index equal to 0.25 due to the same parasnetiated to safety aspects, compared to -
1 for the road scenario. This is due to the impurtaduction of vehicle kilometres when we
include the waterborne transport in the logistiainh

Based on a pairwise comparison, the methodologyiges so a delta of 1.25 between the
intermodal scenarios and the road transport. hlights not only a good safety performance
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of the considered intermodal scenarios but alsmla level of competitiveness compared to
only road transport. It is important to note thaedo the high level of safety of waterborne
transport as well as the relatively small numbewelhiclekilometers associated with this
transport leg, the effects of using a larger stupdt show up in the safety ranking, virtually
all risk is related to the roadborne part of tramsp

5.4 The logistic performance

As it was briefly explained in section 3.3., thgikiic performance is calculated on the basis
of six indicators. Figure 4 shows the normalizedargiiative values associated to the
linguistic levels of the indicators for the diffetescenarios. Since the examined intermodal
scenarios are different only from the technical antithe logistical point of view, for these
the figure 4 highlights the same results. Due #l#itk of detailed input data from the cases
of CREATING, the effect of using a larger or smakghip does not show up in the final
results.

B Evaluation s 10111 1
|CharFrE|ght |Eurdercrussmg |Geugraphy |VOIume |NumTrans |Flexibilih,r

Sinmod 0.6GEEGR.. 0.333333... 0957375 0.111111.. 1.0 0.8

Int16km 0.333333.. 0.333333.. 0.886381... 0.263288.. 0.7649230... 0.45

Int1 4k 0.333333.. 0.333333.. 0.886381.. 0.263288. . 0.769230... 0.45

Int1 4kmlL 0.333333.. 0.333333.. 0.886381... 0.263288.. 0.7E9230... 0.45

Int14kmLCF 0.333333.. 0.333333.. 0.886381... 0.263288.. 0.769230... 0.45

Figure 4. Logistic Evaluation

Then, as it was described in section 3.3, the gllmastic performance of each transport
scenario can be estimated by calculating the aeevhthe precedent normalized values (see
figure 4). So, the best scenario obtaining thedsir¢pgistic index is the road transport with a
score equal to 0.64. The four intermodal scenaiain a logistic index equal to 0.51. This
highlights the competitiveness of the road scenfaoim a logistic point of view compared to
the intermodal scenarios including waterborne {rarts

6. The final STPI

6.1 The final ranking

According to the pyramidal structure defined at theginning of the paper, we use the
calculated indexes related to each performanceiareeder to calculate the final integrated
score expressing the global performance of the iedudcenarios according to the
environmental, economic, logistic and safety impact

As illustrated in figure 5, we use directly the éx@s obtained in the precedent step. By using
the PROMETHEE Il methodology, we can aggregateeth®ores and calculate the final
STPI which gives the final ranking (see figure 6}l studied scenarios on the basis of the
four considered performance area.
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B Evaluation =@aE =5 M
|En\riranment I_Lagistic ISafet\,r I_Ecunamic

Sintod 0.4393733555742807  |0.6447476851851852 1.0 1689.0

Int1Bkm F0.9995528881704528 |D.5059280007977208 0.25 1636.0

Int1 4krm F0.45656096440301983 |D.A059280007977208 0.25 1650.0

Int1 4kl 0.04342143728256587  |0.50592B80007977208 0.25 1218.0

Int1 4kmLCF 0.973328059706626 0.50592B0007977208  0.25 1226.0

Figure 5. STPI Evaluation

Just like for the calculation of the environmeraall safety indexes, we have to weight the
four performance fields in order to reach a sirfgial STPI value. The initial weights were
the same ones for the four macro-criteria. Thatmad¢he importance given to the economic,
logistic, environmental and safety aspects is #mes The section 6.2 develops the aspects of
varying weights, which can occur as a result ofgpecific preferences of the person doing
the assessment.

Then, on figure 6, we can analyse the final rankintduding the four evaluation fields. The
largest STPI — 0.38 — associated with the “Int14KRL case means that the use of a large
Ro-Ro vessel with the use of a SCR catalyst, erfdnd a low sulfur fuel represents the best
compromise between the four evaluation fieldsetsghe best global performance according
to the weights and the preference functions definBuese ones are usual preference
functions (see section 3.2).

£r0 Ranking
PROMETHEE 2 complete ranking |

G155 i = v

3
:

Int1 4krnLCF Int1 dkral Sinhod

Int1 4kim
STPRI .28 STPRI 0.25 STR| -017

Figure 6. STPI ranking

6.2 Robustness analysis

In such a decision aiding approach, it is very ingat to fine tune the parameters correctly.
Indeed, the weights allotted to the criteria ang peference functions can impact the final
ranking and in different cases, lead to differetiommendations.

A difficult, if not impossible, problem to solve t® find common weights satisfying each
decision maker.

Finally, the comparison of the rankings obtainedhl@basis of different weightings is a way
to test the sensitivity of the recommendationssTgost assessment analysis is important for
providing robust advice. The figure 7 illustrat@gtalternative weightings to the original
weighting. The top part of figure 7 highlights maneportance given to environmental and
economic aspects. The second part presents an Examnere the decision makers focus on
the logistic aspects. In the two cases, the trahsgenario obtaining the biggest STPI value,
so the best global performance according to the évaluation fields, is the same one as in
the initial ranking presented in section 6.1. Itame that for the three specific highlighted
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weightings, the use of a large Ro-Ro vessel withpaed of 14km/h and equipped with
specific technologies such as a SCR catalysttex #ind using a low sulfur fuel seems to be
the best compromise to satisfy correctly the thiegges’ with their own feelings about the

importance of the evaluation fields.

Criteria Weights
Envir t 19%
Logistic | -
sarety [ -
Economic [N 1 3%

PROMETHEE 1 Partial Ranking

3 4 5
Int1 4kmLCF Int1 4kl
STFI 0.35 STPI 0.25 STPI  -0.05 STPI -0.24 STPI -0

Criteria Weights

Envir t | EkES
Logistic | >

sarety [N ¢
economic [ - %

PROMETHEE 1 Partial Ranking

3 4 5
Int1 4kmLCF Int1 4kmL
STPI 0.50 STPI 0.33 STPI -0.16 STPI -047 STPI -0.50

Figure 7. Robustness/Sensitivity Analysis

7. Perspectives and conclusion

This paper presented the development of an integrisamework for the evaluation of the
performance of intermodal chains.

First, the authors developed the STPI approachliglging the pertinent indicators and their
aggregation in view of the calculation of a findblzal score expressing the ‘overall’
performance of the studied transport scenarios.

These logistic chains were explained and theiriipaezharacteristics and parameters linked
to the performance area were presented and cadulat

Then, the authors calculated the four indexeseael&d the environment, the cost, the logistic
and the safety, before the final evaluation of $AélI.

The authors discussed the obtained final rankinghigylighting the importance of the
allowed weights and presented a brief example lmismess/sensitivity analysis.

The STPI methodology developed in CREATING can Ipowerful decision support aid for
shippers and shipowners, allowing them to gairebetisight into the performance they may
expect from their operations.

The performed assessment methodology can be agpliedw ship and transport concepts
compared to non-optimized concepts in the fieldseobnomy, environment, safety and
logistics. In a next development step it shoulcabeompanied by the creation of a handbook
for ship owners for investment choices, therebyigliag insights required to make well-
founded choices to optimize the performance of rehips in the various fields. This
handbook could deal in detail with the effects @fsign choices on the operation and
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exploitation of the ship and could be used as @igrsupport system for the building of a
new ship.
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