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1. The scope of work

The sustainable development turned into a daily concept by today. Similarly,
the sustainable transport also appears increasingly often, primarily in transport
policy, and in strategic plans.

Perhaps the best known and most comprehensive definition for Sustainable
Transport is as follows:

“A sustainable transport system is one that:

o allows the basic access needs of individuals and societies to be met safely
and in a manner consistent with human and ecosystem health, and with eq-
uity within and between generations;

e is affordable, operates efficiently, offers choice of transport mode, and sup-
ports a vibrant economy;

e  limits emissions and waste within the planet’s ability to absorb them, mini-
mizes consumption of non-renewable resources, limits consumption of re-
newable resources to the sustainable yield level, reuses and recycles its com-
ponents, and minimizes the use of land and the production of noise.”

This definition was created for the policy-makers, containing general guide-
lines that can be the basis for determining the priorities, along with the develop-
ments on state or regional level should be pursued.

Becoming familiar with the concept of sustainability, “how to live” guidelines
for the individuals or smaller communities also can be stated. These can help them
in everyday activities to be able to contribute to sustainable growth. This is par-
ticularly true for companies that act in fields of greater economic importance like
energy-production, building industry, transport, etc., and as well as for those which
can choose between several solutions. The shipping company — as part of the
transport system — is a typical one.

The inland navigation can contribute to a more sustainable transport system. It
is usually cheaper, more environmental friendly, reliable and safer than the coun-
terparts. On the other hand it does not provide door-to door service, so it always
means multimodality.

Today, the forwarders select the optimal alternative concerning only criteria
related to the economic effectiveness of the transport task. In many cases, the
shippers are not aware neither the concept of sustainable transport nor the harmful
effects they also generate.

The sustainability and the modal shift is a major concern in the White Paper of
the European Union. But, the half-time revision of the White Paper [1] has shown
that to achieve modal shift lot of things should be done. Good examples could be
the different new pricing systems based on the marginal social cost of transport or
a comparison model that takes not only economical but environmental and social
aspects into account.

Today, for this purpose there is no generally accepted evaluation system. This
was the main reason to develop a valuation and comparison model, which contains



environmental and social aspects beside the economical dimension, and is maxi-
mally adjusted for the decision-making tasks of a forwarder. On the other hand —
knowing that such a model is still unable to change the decisions of the economic
actors — there was an other explicit goal for the model development, namely: effec-
tively assist all participants (including the governmental level as well) interested in
a sustainable transport to effective communication of the sustainability principles.
Without these, it is very difficult to envisage the necessary change in thinking,
which is an essential element of sustainable development.

2. Method of the research

In the 2™ chapter, after a wide literature research (to mention just a few: [2],
[31, [4], [5], [6], [7], [8]) of sustainable transportation, I have chosen a definition
for the sustainable transport. That was kept in mind throughout the whole work. 1
have also analyzed the existing relationship between transport and sustainability. I
have found that today there are only attempts for integrating the concept of sus-
tainability into the transport system [9], [10]. I have also examined the existing
methods for assessing the sustainability of the transportation sector. According to
my research, the indicators that are used at sector level, can be adapted to micro
level, but should be modified according to the requirements of the forwarder’s
decision-making task.

In the 3" chapter I first have laid down the requirements against the micro
level indicators that are to be used in my model. After this, I analyzed the hundreds
of indicators of the different systems (just to mention a few: [11], [12], [13]) used
to assess the transport sector. Based on this experiment I built up an indicator
system, and all data needed for their calculation are revealed. The indicators are
summarized on Fig 1.

The indicators have various types, different dimensions and scale and that in-
volves the multi-criteria decision aiding methods, as a practical assessment method.
Hence, in the 4™ chapter the general multi-criteria methods have been examined
and checked that which are appropriate for the forwarder’s task. As a result I found
that simple additive weighting (SAW, [14]) and the outranking method PROME-
THEE [15] seem to be equally applicable for the assessment of transport alterna-
tives. To be able to compare the two theoretically different aggregation methods,
the model has been built up in a way that the assessment results can be seen paral-
lel. Finally, using the values of the indicators as input data for the aggregation, a
»fineness index” as the sustainable performance index of certain alternatives could
have been determined.
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Fig. 1. — The indicators



The last part of this chapter deals with the structure of the model, the exact al-
gorithm of the assessment, the weights used in the model, the definition of the
Sustainable Performance Index, and the description of the sensitivity analysis.
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In the 5™ chapter the application of the developed model for concrete tasks
was shown. I analyzed two typical multimodal transport tasks. Figure 3. shows the
result of the analysis.
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Fig. 3. — The way of representing the results in the model



3. New scientific results

The new results can be summarized in the following theses:

1.

Based on the experience with the general, sector-level indicator systems I laid
down the specific requirements for the company-level indicators to be used for
sustainability comparison of a transport chain. (3.1). Taking these requirements
into account I built up an indicator system that could be used for the comparison
of the different transportation modes in a transport chain in terms of sustainability.
(3.3). In this system there are 8 economical, 11 environmental and 4 social indica-
tors.

2.

I revealed the methods and necessary input data for the calculation of the
indicator values, and I also gave the source of these data (3.4).

For the modelling, I examined the general multi-criteria decision aiding meth-
ods, and based on this I selected those weighting (4.2.2.2)and aggregation meth-
ods (4.2.2.3), that could possibly used for the sustainability comparison of the
transportation alternatives. According to my examination I stated that the PRO-
METHEE and additive (e.g. SAW) methods have no major differences
(4.2.2.5) concerning the priorities of the forwarder decision makers.

3.

With this knowledge I built up the assessment model (4.3). Using the defini-
tion of the sustainability I define the restrictions for the weights of the indicators
and gave a proposal for the weight values. (4.3.3.1). In the model I used two
aggregation methods, either for being able to compare them or to increase the
reliability of the model results. By defining the “Sustainable Performance In-
dex” I quantified the “goodness” of a transport option, and with this it could be
clear for the forwarder and for the customer as well which alternative is the best
concerning also the environmental and social aspects. (4.3.3.2 and 3).

In the model for the indicator values I applied a robustness analysis technique
with that it is possible to take the real relationships between the criteria into con-
sideration (4.3.3.4).

4.

Finally I applied the model to two typical multimodal transport tasks. (5.1 and
2). I made robustness analysis with the weights, and found that with the restric-
tions for the weights of the three main dimensions of the sustainability rank
reversal does not occur while changing the weights in a realistic range.

I also made robustness analysis while changing the indicator values and found
that the ranking is more sensible for the uncertainties in the values than in the
weights.



In the two case studies the two aggregation methods (the SAW and PRO-
METHEE) do not show differences that could be practically relevant, concerning
either the robustness analysis of the weights and the values or the final ranking.

5.

Examining the two case studies the followings could be stated:

It can be seen after the comparison that — assuming equal weight for the 3
main aspects of sustainability — those solutions that contain inland navigation
are generally better than the pure road transport solutions.

On the other hand the analysis has shown that:

e the reason for this is that those solutions always have high social

scores;

e in some cases due to some possible uncertainties in the values of the

energy consumption the inland navigation alternatives could loose
their good positions.

Although the conclusions in Thesis 5 were drawn from the two typical case
studies, the generalization of these statements needs further investigations.

4. The practical application of the new results

The practical application of the model could be either on the governmental or
the company level.

The most important characteristics of the model are: simplicity combined with
proper details, and flexible variability. This could be easily completed by a sophis-
ticated computer background and one gets an easily usable, vividly described
technique for aiding such a decision-making process in that all sustainability as-
pects are to be taken into account.

The model can effectively assist all participants (including the governmental
level as well) interested in a sustainable transport to effective communication of
the sustainability principles. The model is also ideal to be used for educational
purposes. It can be a tool in the training of the transport and logistics professionals
with that the young professionals at the beginning of their career become familiar
with not only the economic interests, but with equally important social and envi-
ronmental aspects. Without these, it is very difficult to envisage the necessary
change in thinking, which is an essential element of sustainable development.

Of course, the presented model provides a good opportunity for further analy-
sis. The tests and analysis already done — beside they have shown the versatile
utility of the model — have also highlighted that the multi-criteria decision aiding
methods can help in the effective communication of the spectacular aspects of
sustainability and provide an easily understood comparison of the freight alterna-
tives. The developed model offers possibilities to examine not only specific freight
tasks but more general topics related to freight transport. Only a few examples:



the effect on SPI of payload loss in inter-modal chains due to container and
truck tare weight;

impact of systematic variation of input parameters on SPI (for example:
how the distance of different legs of inter-modal chain change the effec-
tiveness of an alternative);

comparison of currently feasible and not yet feasible alternatives could give
a good basis for company strategic planning (for example: start operation of
a scheduled container liner service on relations with great amount of cargo
flow);

modelling can help to identify the weak points of a chain.
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