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3 Abbreviations

Abbreviation Explanation

BRP Bulgarian River Shipping

CND tool Container Network Development tool
COB Container-on-barge

EaP Eastern Partnership

IWT Inland Waterway Transport

MILP Mixed integer linear programming
MSC Mediterranean Shipping Company
Ro-Ro Roll-on/Roll-off

TEN-T Trans-European Transport Network
TEU Twenty-feet Equivalent Units

WTO World Trade Organization
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4 Introduction

4.1 Project objectives and WPT1 overview

The project’s overarching goal is to facilitate DR’s integration into multimodal and intermodal freight and
passenger transport systems. In this context, Danube ports must be seen as key elements of the extensive
DR transport system (which consists of a range of corridors, each with specific characteristics in terms of
scale, trade, transport modes used, price and service quality), which are essential to help achieve this
overarching goal.

WPT1 aims to provide a substantial knowledge basis regarding ongoing and future transport corridor
developments in the Danube region as well as regarding their potential connections to transport corridors
and networks in the Black Sea region. The analyses and assessments carried out in this work package shall
identify gaps in corridor planning and transport infrastructure of the DR.

To achieve this, four activities have been planned. Activity A.T1.1 will identify and label gaps that are
relevant for a better functioning transport system and for a higher share of waterborne transport
considering the enabling role of ports. It will include:

o the assessment of the TEN-T Core as well as Comprehensive network sections and nodes (T.T1.1.1),
e astatus quo analysis of the DR infrastructure (T.T1.1.2),

e an analysis of on-going and planned corridor projects for selected sections and nodes (T.T1.1.3),
e traffic flows analysis at DR transport corridor level involving all transport modes (T.T1.1.4).

Activity A.T1.2 investigates the current market situation and identifies alternative cargo volumes in growing
markets. It will encompass:

o definition of trade flows and economic development scenarios (T.T1.2.1),

e analysis and forecasts of the main cargo flows for all modes of transport (T.T1.2.2),

e identification and quantification of the cargo flows that represent a potential for IWT (T.T1.2.3),

e evaluation of the high impact of available fairway depth on transport efficiency and
competitiveness (T.T1.2.4)

e analysis of the prospects of containerized cargo development on the Danube (T.T1.2.5)

e investigation of the development of transport of passengers on the Danube waterway with a special
focus on river cruise passengers (T.T1.2.6).

Activity A.T1.3 will investigate new cargo opportunities for Danube IWT that the transport of containers
may offer. It will be done through the following tasks:
e analysis of the market framework conditions, as well as failed past operations (T.T1.3.1),
e studying potential routes and modelling of the potential services (T.T1.3.2),
e organization of the three stakeholder meetings that will identify potential partners for such a
service as well as to inquire into the necessary market and regulatory pre-conditions (T.T1.3.4),
e based on the market analysis and the stakeholder feedback, elaboration of the recommendations
for the conditions to set-up a successful service (T.T1.3.4),
e performing support activities for the implementation of these recommendations as well as
undertaking preparatory measures to raise a container liner service on the Danube River (T.T1.3.5).

Project co-funded by European Union Funds (ERDF, IPA, ENI) Workpackage 1
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Activity A.T1.4 will analyze potential new cargo flows due to connections of the Danube waterway with
transport corridors in the adjoining Black Sea region. It is especially related to the Middle Corridor
comprising Georgia, Azerbaijan, Kazakhstan and reaching out to western provinces in China, as well as
Connections via the Black Sea linking the Danube seaports with destinations in the Russian Federation as
well as in Turkey. This will be achieved through:

e analysis of the socio-economic benefits and costs of increased cargo flows on the Danube waterway
(T.T1.4.1),

e elaboration of the strategic concept for the promotion of Danube waterway transport in the
European transport policy framework and towards the transport & logistics markets (T.T1.4.2),

e development of an Action plan detailing the measures to connect the Danube corridor with EU
Eastern Partnership (EaP) corridors, the Russian Federation and Turkey (T.T1.4.4).

4.2 Objectives of Deliverable D.T1.3.2

This report assesses potential routes and services and introduces a tool for modelling of the container liner
services according to vessel concepts and market requirements. Comprehensive analysis of the market
framework conditions for container transport on the Danube, as well as investigation of the previously
failed container transport services is given in the D.T1.3.1. Inputs for the elaboration of these concepts for
Container Liner Service is based on previous concepts as well as being derived from stakeholder
consultations. The first stakeholder workshop validated the conceptual work leading to further
improvements in the concepts. The concepts are structured to provide a sound knowledge basis for
companies that are interested in container transport or in the operation of container liner services. This
research enables us to identify opportunities and potential threats for container liner services which are
considered as a pre-condition to develop container transport on the Danube.

As the main outcome of this task, we have developed an online tool for optimal routing of a barge container
ship on an inland waterway. It is based on the MILP model and aims to maximize the profit of the shipping
company, while, at the same time, defines upstream and downstream calling sequence and number of
loaded and empty containers transported between any two ports. The tool is titled Container Network
Development or CND tool and is available at the http://dionysus.sf.bg.ac.rs/. CNDTool is made for any user
and is free of charge.

Project co-funded by European Union Funds (ERDF, IPA, ENI) Workpackage 1
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5 Development of container barge networks — decision making level

5.1 Introduction

As with other modes of business, liner shipping companies, including barge operators, make decisions at
the strategic, tactical, and operational planning levels (Schmidt & Wilhelm, 2000). These planning levels
differ according to the time periods to which the decisions are made (short-term, medium-term and long-
term). The most significant issues that shipping companies face and the decisions that, in this regard, are
made at each of these three levels of planning are the following (Karsten, 2015; Maras, 2017):

e Strategic planning level
» Markets to be served;

Fleet size and mix or composition of the fleet;
Joining or formation of alliances;

VYV V V

Network design;

e Tactical planning level

»  Scheduling and routing of ships;
Fleet deployment;
Sailing speed optimisation;
Pricing;
Bunker refueling plan;
Environmental routing;

YV VYV VY VYV

Empty containers management;

e Operational planning level
Cargo routing;

Y V

Container stowage plan;

Revenue management;

Disruption management and vessel schedule recovery;
Adaptation of the bunker refueling plan;

Berth scheduling;

Crane allocation;

YV V VYV VYV

Container stacking.

Decisions made at one level of planning have a major impact on decisions that will be made at other levels.
Strategic decisions mostly relate to the adoption of general policies and business directions and represent
a framework for decision-making at the tactical and operational planning levels. The available carrying
capacities of inland waterway ships on different barge container liner services depend on decisions made
at the tactical level, which, also, sets limitations that need to be taken into account in decision-making
processes at the operational level. For example, the decision on the transport route of each container, from
the port of loading to the port of unloading, clearly depends on the available capacities on barge ships
navigating on different barge container liner services (tactical planning level) within the established

Project co-funded by European Union Funds (ERDF, IPA, ENI) Workpackage 1
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container barge network (strategic planning level). In the opposite direction, the data on costs and revenues
on each liner service represent the input data in the decision-making processes at the tactical and strategic
level of planning.

5.2 Container barge network development — strategic planning level

The strategic planning level involves solving problems and making decisions that have long-term effects.
They usually refer to a time period of 2 to 5 years and define the scope of decisions made at the tactical
level of planning. These decisions are made usually once to two times a year. However, strategic decisions
are very important for the success of a barge liner shipping company, because they usually define its further
development directions and business areas that require large investments. Some of the usual decisions
made at the strategic level in liner shipping include (Karsten, 2015):

e determining the market that will be served through established container liner services;

o defining the number of ships and the structure of the fleet that the shipping company will engage
at various routes or services (either by owing or chartering ships);

e designing a network of container shipping liner services (network design);

e establishing or joining shipping conferences and alliances - cooperation with other shipping
companies.

This deliverable deals with the possibilities of establishing container barge liner service on the Danube River.
The decisions relating to this aspect clearly belong to the network designing domain. Therefore, we will
develop a model that aims to facilitate decision-making processes at the strategic planning level, which
relate to the establishment of a container barge network on the Danube.

Problems of planning the network of barge container liner services can be considered from three levels:

e problems of routing and scheduling barge ships on each liner service;

e problems of deploying ships on barge liner services and determining the frequency of services on
each service;

e sailing speed optimization.

Routing and scheduling problems include determination of the calling ports on the barge liner service, the
schedule for ships to call ports, as well as the days of the week on which ships will arrive and leave each
port included in the service. After the liner service is defined, the ships maintain the established routes and
schedule during a certain pre-defined period of time.

Different authors observe certain processes of planning container liner service networks through decision-
making at the tactical level of planning. This especially refers to the problems of determining the schedule,
i.e. the time of arrival of ships in ports on the route or service (scheduling), fleet deployment, as well as
determining the optimal sailing speed (Guericke, 2014; Carsten, et al., 2015). Mulder & Dekker, 2016 classify
the entire process of planning a liner service network at the tactical level of planning. Such differences in
approaches clearly indicate that it is not possible to fully distribute the problems and decisions made by a
liner shipping company by planning levels, i.e. some of these decisions, according to their characteristics,
can be classified into two levels of planning.

The values of freight rates and the container transport demands may have a seasonal character, which,
among other things, including hydro-meteorological conditions, impose the need for the constant
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redefining of established container liner services. Liner shipping companies are expected to perform
revision of established services at least twice a year. The revision implies seasonal (the season usually lasts
from 3 to 6 months) adjustment, i.e. reconfiguration of the entire container barge network of liner services
or routes. The adjustment of the network is done on the basis of seasonal data on the changes in the
demand in previous years, forecasting changes in the level of the demand, the experience of decision
makers and experts, as well as adopted management policies at the level of barge shipping company.
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6 Causes and conditions of the development of container barge networks —
Outcome of the D.T1.3.1

6.1 Favourable and unfavourable conditions and recommendations for launching
container liner services on Danube

D.T1.3.1 presents a theoretical and practical analysis of the causes and conditions of the development of
container barge networks. In this research, we particularly emphasise the possibilities of establishing
container transportation on the Danube River. Main findings, in terms of favourable and unfavourable
conditions, as well as recommendations for the modelling and launching container liner service on the
Danube River are given below.

Favourable conditions:

e the Danube River enables the connection of economic potentials in the hinterland of a number
of capitals and other strongest industrial regions in the Southeast Europe (Belgrade, Budapest,
Bratislava and Vienna; City of Bucharest is in the immediate vicinity, i.e. 60 km away from the Port
of Giurgiu; Ennshafen Port is situated in Austria’s strongest industrial region (the Container
Terminal has a capacity with 450,000 TEU’s; 2 industrial parks with more than 60 companies settled
there; directly in the port area over 2.500 employees));

o the Danube River provides good enough conditions for the development of container barge
transport from the connection with other river basins point of view (Rhine River, through the
Main-Danube Canal and the Main River; Sava River, Tisza River, etc);

e annual container traffic in the Port of Constanta clearly indicates a significant, but untapped
potential for the establishment of regular container barge lines on the Danube;

o from the distance of transport perspective, as one of the factors of competitiveness, the Danube
River offers favorable conditions for development of container barge transport;

e the most important economic regions in Serbia are the areas near the cities of Belgrade and Novi
Sad — proximity of the Danube River; container handling equipment is available in the ports of
Belgrade and Pancevo;

o location of the port of Belgrade at the mouth of the Sava River, or near the mouth of the Tisza
River, as well as between the ports of Smederevo and Novi Sad, is an extremely strong argument
for choosing this port as a hub port, in the possible future establishment of "hub-and-spoke"
system on the Danube;

e there is possible connection between Zagreb, as the most important economic center in Croatia,
and the Danube River;

e port of Budapest is capable to handle container ships (in most cases, the equipment is used to
transship empty containers).

Project co-funded by European Union Funds (ERDF, IPA, ENI) Workpackage 1
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Unfavourable conditions:

container transit times, between the Port of Constanta and the ports in e.g. Serbia or Hungary
are significantly higher than containers delivery times from the ports of Rijeka, Koper or Bar,
using road or rail transport (7 to 11 days, or 4 to 8 days compared to 1 day);

the level of development and suitability of available infrastructure in the most ports on the Danube
River to the needs of transshipment and transport of containers on the Danube is another
significant group of obstacles to the development of this type of transport;

the structure of the cargo that is currently most often transported on the Danube cannot be
considered favourable for the development of container barge transport;

current level of economic activity in the hinterland area on Danube is an obstacle for generation
of sufficient volumes of container flows which would justify the establishment of container liner
services;

potential shippers are most often insufficiently informed about the advantages of inland
waterway transport and they have preferences toward road and rail transport;

possibilities of shipping containers from The Port of Constanta to Bucharest, using barge transport
(via Giurgiu Port or Oltenita) has very strong competition of road transport (Bucharest and
Constanta are connected with a 200 km highway);

in Bulgaria, the most developed economic areas are the capital city of Sofia with its surroundings,
as well as the city of Ruse; freight flows to Sofia, both in export and import direction, go through
the ports of Burgas and Varna;

concerning Serbia, the import and export of containers is mainly done through the port of Rijeka,
but also through the ports of Koper and Bar;

import and export activities in Croatia are mainly realized through the Port of Rijeka;

most import-export processes to or from Hungary takes place through the ports of Hamburg,
Rotterdam and Antwerp;

non-favourable hydro-meteorological conditions, with emphasis on low water level, are usually
taken as the main reason for non-successful attempts to establish container liner services on
Danube;

low water levels increase barge freight rates and undermine service reliability, two major factors
shaping competition with other transport modes;

low water level, on a certain part of the waterway, can lead to the need to move barges one by
one (to dismantle the pushed convoys in order to enable the passage through a given section and
formation, after the passage of the sector, of pushed tows) — transit time, of any type of cargo, may
increase significantly;

lower water level may lead to increased shipping traffic, as barges have to reduce the cargo load
per sailing to reduce vessel draft and thus make more roundtrips to carry the same amount of
freight
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Danube flows through both the EU and non-EU countries — this may cause administrative and
political obstacles, which can, significantly, reduce the competitiveness of container barge
transport compared to its rail and road alternative;

custom clearance procedure in Serbia and Hungary may take up to three days - the fixed costs of
the ship due to the delay of three days greatly burden the costs of transporting full containers on
the routes on the Danube River;

Recommendations for the modelling and establishing container liner services on the Danube:

Port of Constanta, should be a starting and ending port of call on all potential container liner
services;

Some of the ports of call of the container liner service (based on the previous experiences) should
be Giurgiu, Ruse, Svistov, Smederevo, Belgrade, Novi Sad, Budapest, Ennshafen port, Deggendorf,
Passau;

the analysis of the potential demand for container barge transport on the Danube should
incorporate the cargo flows of the Danube countries in the import and export direction and
selection of those that could be transferred from other transport modes to river transport;

the starting point for establishing a new barge service is usually the presence of one or a few
launching customers, which guarantee a minimum (threshold) transport volume to start
operations and hence limit exploitation risk;

the establishment of container liner services, with a high frequency (frequency of the service
should typically be one to two round trips per week), would be a necessary step towards the
transfer of existing container flows in the Danube region, to a certain extent, to the Danube;
container demand should relate to the container transport over long, but also short distances
(experience on the Rhine indicate that containers are transported from the port of Rotterdam or
Antwerp, by IWT, to locations in the hinterland, which are only about 50 km away);

development of container barge transport is stimulated by building up container terminals in the
hinterland;

In that initial phase, where volumes are still small, simple and rather inexpensive terminal
equipment may be chosen, for instance a reach stacker (possibly second-hand) or a general-
purpose crane that is mixed used for both container and general cargo transshipment;

use of the combined pushed convoys, consisting of standard push barges for the transport of bulk
or liquid cargo and push barge for the transport of containers, may lead to good business results;
one of the possible directions of action is the necessity of investing in green ships with low draft,
in order to reduce the impact of low water levels - subsidy programs from EU funds could be very
important for enabling such a development;

process of establishing inland waterway container services must also take into account the
possibility of interruptions or limitations in navigation (due to unfavorable hydro-meteorological
conditions, i.e. low or high water level, fog, ice level, ice drift, wind, etc) and provide for appropriate
solutions;

development of container transport networks on inland waterways should be based on the
establishment of some types of the "hub-and-spoke" concept
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e the processes of transporting empty containers by barge ships should be particularly emphasized;

e container liner service operator should sign collaborative agreements with major shipping
container lines (like MSC and China Shipping Container Lines) in order to increase the attractiveness
and competitiveness of container barge transport on the Danube;

e integration of river and maritime shipping companies, terminal operators, road or rail carriers,
freight forwarders is a basic precondition for a more significant development of inland waterway
transport, and especially container barge transport;

e establishment of container liner service services implies cooperation and joint action of market
players and decision makers;

e in the initial stages, transport and port authorities should be in charge of the integration of all
participants.

6.2 Existing situation and further development steps

It is possible to distinguish several phases in the historical growth pattern of the European container barge
network. These phases are the following (Notteboom and Konings, 2004; Notteboom, 2006; Frémont et al,
2009; Notteboom et. al.,2020):

e First phase (the pioneering phase mid-1968 till early 1970s);

e Second phase (mid 1970s till mid 1980s);

e Third phase (mid 1980s till mid 1990s);

e Fourth phase (from mid 1990s till 2007);

e Fifth phase (from 2007).

Each of the phases has its distinctive characteristics related to:

e terminal development;
e barge service design;

e container volumes;

e market organization.

This section describes the existing situation on the Danube based on the characteristics of the growth
pattern phases of the European container barge network. In addition, we indicate possible directions for
the development of container barge transport, i.e. what should be done to move to the next development
phase of container transport on the Danube.

After analysing the phases in the historical growth pattern of the European container barge network,
described in D.T1.3.1, we can see that existing situation on the Danube mostly corresponds to the first
phase characteristics, given below:
- terminals:
= establishment of first container terminals;
= development of specialized terminals;
- services:
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= transport at irregular intervals;
= usage of conventional barges;
= primarily transport of grouped empty containers (in the immediate vicinity of the users);
= barge transport unattractive to deep-sea carriers and shippers;
= service offered by barge operators do not include transshipment and pre- and end-hauls by
trucks;
- Container volumes:
= |ow volumes;
- Market organization:
= features only few pioneering barge operators in the market.

It can be noticed that even the characteristics of the first phase have not yet been fully achieved on the
Danube. However, in order to accelerate the development of barge container transport on the Danube, the
next steps in this process should be aimed at achieving the characteristics related to both the second and
the third phase of this growth pattern. These characteristics, which can be also taken as an action plan for
the development of container liner services on the Danube, are given in Table 1.

Table 1 Action plan for the development of container barge service on the Danube

Network elements Distinctive characteristics Comment

new terminals to be set up within the
perimeter of existing ports, or at new
locations along the main navigation

. route
Terminals

initiative for setting up inland waterway

terminals should also come from the

Danube carriers

scheduled container liner services by operators may divide the Danube into

barge to be developed gradually three navigation stretches, namely the
Lower Danube, the Middle Danube and
the Upper Danube

Jointly operated and frequent liner . . . . . '

. v op g . line-bundling services with typically five
services to each of the three navigation inland ports of call per loo
areas on the Danube P P P
Services

barge services are threatened by rail
services; as a response, more and more
complemented by a limited number of waterway services are to be established;
direct point-to-point shuttles such services should consist of point-to-
point services between the port and the
largest urban area in the hinterland; it
lowers costs and improves the reliability,
frequency and transit time of services
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to achieve guaranteed punctuality -
barge transport will gain in
competitiveness

annual transport volume on the Rhine to
grow

the market is expected to be dominated
by a few carriers / alliances

operational collaboration agreements -
raise the level of service and prevent
destructive competition

partners to streamline their sailing
schedules

participating parties to maintain its own
commercial identity and freedom

limited degree of central planning

Once punctuality could be guaranteed
by fixed departure schedules for each
navigation area, with exceptions only
occurring in case of problems with water
levels, barge transport will quickly gain
in competitiveness

existing barge carriers to initiate joint
liner services on the different navigation
areas of the Danube

so as to offer a high frequency of
departures from the seaports to the
lower Rhine
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7 Modelling of the container liner services on the Danube

In this section, we consider the barge container ship routing problem with the aim of maximizing the
shipping company profit while picking up and delivering containers (both loaded and empty) along the
inland waterway. We present a mixed integer linear programming (MILP) formulation for this problem. Our
approach is based on the development of a mathematical programming model that can be applied to give
recommendations about establishing a container liner service on any inland waterway. We specifically
analyze the possibilities of applying this model in an attempt to facilitate decision-making processes related
to the establishment of this service on the Danube.

7.1 Description of the container barge liner service modelling logic

The problem considered in this paper consists of finding the route for a given barge container ship as to
maximize the profit of the shipping company. The solution of this problem defines upstream and
downstream calling sequence and number of loaded and empty containers transported between any two
ports while achieving maximum profit of the shipping company. The first port (a sea port, located at a river
mouth) is always included in a solution, while the remaining n-1 ports in either direction (upstream or
downstream) may or may not appear in the optimal (and even any feasible) solution.

Our approach is based on the perspective that a barge shipping company on Danube would like to design a
liner service, i.e. sequence of calling ports with a given schedule. Such service has to be defined under the
following assumptions, which are typically considered in the barge container ship routing:

e apredetermined ordering of ports for the outbound-inbound trips is given;

e the port calling sequence must start at and return to the first port, i.e. sea port located at a river
mouth (usually, the Port of Constanta in case of Danube river);

e at the last visited port (furthest called port upstream), the ship changes sailing direction. In our
case, this port is not known in advance and it is up to the model to make recommendation in terms
of the last visited port in the upstream direction;

e the ship does not have to visit the same ports in upstream and downstream directions;

e the model assumes a weekly known cargo demand for all port pairs;

e allthe container demand emanating from a port may not be selected for transport even if that port
is included in the route or service;

e repositioning of empty containers between the ports in allowed.

We have analyzed a number of mathematical programming models, which can be found in the literature,
and which relate to barge container shipping. Some of these models are contained in the following papers:
1. Maras, V., (2008), “Determining Optimal Transport Routes of Inland Waterway Container Ships”, in
Transportation Research Record, No. 2062, Transportation Research Board of the National
Academies, Washington, D.C., pp. 50-58.
2. Maras, V., “Routing of container ships on inland waterways”, Faculty of Transport and Traffic
Engineering, University of Belgrade, February 07, 2012.
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3. Maras, V., Lazi¢, J., Davidovi¢, T., Mladenovié, N. (2013). “Routing of barge container ships by mixed-
integer programming heuristics”, Applied Soft Computing, Vol. 13, Number 8, pp. 3515-3528.

4. Alfandari, L., Davidovi¢, T., Furini, F., Ljubi¢, I., Maras, V., Martin, S. (2019). Tighter MIP Models for
Barge Container Ship Routing, OMEGA: International journal of management science, Vol. 82, pp.
38-54.

However, a model proposed in the Alfandari et. al.,, 2019 significantly outperforms all other existing
approaches available in the literature. It is particularly related to the computational time. In addition, it is
also the first approach for the barge container shipping that simultaneously searches for the optimal route,
while taking into account empty container balancing and repositioning, optimizing the turnaround time and
therefore the size of the fleet and search for the final port of call in the upstream direction. Therefore, in
the next section, we will introduce the model given in the Alfandari et. al., 2019.

7.2 Adopted model

The selected model is intended to determine:

e The turnaround time of the route, expressed in weeks (which also represents the size of the fleet);
e The last port of call of the route in the upstream direction;

e The sequence of ports to be called in the upstream direction;

e The sequence of ports to be called in the downstream direction;

e The numbers of full and empty containers to be shipped between any two ports;

e The numbers of empty containers leased or stored at any port on the route.

The model asks to maximise the profit, which is calculated as the difference between the revenue for
shipping full containers and the port call costs, cargo-handling costs, bunker and capital costs. In order to
be able to give realistic results, the model is structured to respect the following constraints:

e The route must start at Port 1 (Port of Constanta in our case);

e The total turnaround time (which includes travelling and handling time in ports) must be between
pre-defined min and max numbers of weeks;

e At each portin the route, if the total inflow of full and empty containers (counting the flow both in
upstream and downstream direction) is not equal to the total outflow, the difference should be
balanced by either leasing or storing containers at that port;

e Empty containers can be transported on the ships;

e Full containers can be transported either in the upstream or downstream direction.

7.2.1 Input parameters

This section contains explanation of the input parameters, which are used in the model. These parameters
are the following:

e N ={1,..,n}:ordered set of n ports, where 1 is the starting port and n is the last port that can
be visited in the upstream direction;
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e D;j € Z, : weekly expected number of full containers available to be transported between ports i
and j [TEU/week];

e ( € Z, :carrying capacity of the ship [TEU];

* P;; € R, :freight rate per container from portito portj, i,j € N [€/TEU];

e F; :entry cost per call at porti,i € N [€];

. L{(Ulf) : loading (unloading) cost per full container at porti, i € N [€/TEU];

o L{(U?) :loading (unloading) cost per empty container at porti, i € N [€/TEU];

o L;(S;) : short-term leasing (storage) cost per empty container at porti, i € N [€/TEU];

e THT}!) : average loading (unloading) time per full container at porti, i € N [h/TEU];

. Til (Tiu) : average loading (unloading) time per empty container at porti, i € N [h/TEU];

. Ti“(Tid) : stand-by time for arrival (departure) porti, i € N [h];

®  Wpin - minimum allowed turnaround time [weeks];

®  Wpax : maximum allowed turnaround time [weeks];

e (; : cost per time for keeping the ship idle at the initial port [€/h];

e H;:maximum allowed idle time at the initial port [h];

e T :total sailing time to go from Port 1 to port i, and to go back to port 1, for eachi € N [h];

e T/”:total waiting time for crossing borders and locks along the route from Port 1 to port i, in both
directions, for each i € N (T}”: is counted in T;) [h].

7.2.2 Container barge liner service model
The following variables are included in the model:

e x; —binary variables which are set to one iff port i is the last visited port, i € N,
e x; —binary variables which are set to one iff port i is called, i € N,

e  z;; —the number of full containers shipped from i to j, (i, j) € A7,

e y;j —the number of empty containers shipped fromito , (i, ) € A°,

e 5; —the number of empty containers stored at porti,i € N,

e [; —the number of empty containers leased at porti, i € N,

e w —the turnaround time in weeks (which is also the size of the fleet),

e h—the number of idle hours the ship remains waiting at the starting port.

In the DAG G/, for a given S € N, let 6;'(5) = {(i,j) eAliies,j¢ S} denote the set of outgoing arcs
from S, and similarly 67 () = {(i,j) eAligs,je€ S} the set of incoming arcs. For each node i’ € N, with
Af

;o we denote the arc-cut between the predecessors of i’(including i’) and all its successors:

A ={@peari<ij>i} (1)

with the corresponding notation Aie,for empty containers. By summing up the number of all containers

shipped through A{, and Af,, we obtain the load of the ship between portsi'and i’ + 1. Obviously, for each
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1 <i’' < 2n — 1, we must ensure that the total load does not exceed capacity C. We also use the following
simplified compact notations:

Z(Zij+%'j)5 Z zjj + Z Yij

j (LNest® (L,)esg @)
Z(Zji +]l) = Z Zj + Z Vji
J U.DESF (D) (J.Desde (D

The objective function is given in (2) and it maximizes the difference between the net profit (P) obtained
for shipping the full containers, and the remaining cost that is composed of the cost for loading and
unloading empty containers, cost for entering the ports (they are calculated twice if the same port is visited
in the upstream and downstream direction) and cost for balancing containers at each port. The last three
terms correspond to the fuel cost, the charter cost and the cost for idle hours.

Z Pijzi; — z C_ijyij_zFixi+ Z Fixi

@i.))ear (@i, j)eae ieN iEN\{n}

—Z(Sisi + Lili) - z Ki)(i —weeW — Clh

iEN iEN

max

(2)

Next expressions relate to the family of imposed constraints. Constraint (3) ensures that exactly one port is
chosen as the last visited port, whereas constraints (4) and (5) ensure that this port is called (both in the
upstream and downstream direction). Constraint (6) ensure that all ports after the last visited one cannot
be called in each direction.

Z xi=1 (3)

iEN
Xi <X, iEN (4)
Xi = Xan-1, IEN (5)
xi+x <1, i€EN\{n}i<j<2n-1 (6)

Constraints (7) and (8) guarantee that full containers can be shipped from port i to port j only if both ports
i and j are called. In addition, they impose the number of shipped containers not to exceed the demand
Dl]'

z;; < Dyjx;,  (i,)) €AY (7)

Constraints (9) and (10) state that the complete ship load to be delivered at (or shipped from, respectively)
port i cannot exceed ship capacity C, and in addition, nothing can be transported to/from a port, if the port
is not called.
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Yi(zij+yij)<Cx;, (€N ©)
Z(zji +in) <Cx;, I€EN (10)
7

Inequalities (11) are the capacity constraints associated to the maximal capacity of the ship C: they ensure
that the load of the ship (concerning both empty and full containers) between each node i’and i’ + 1 does
not exceed C.

Z Zij+ Z yUSC l,EN\{T} (11)

i i e
(lJ)EA{, (i.))EAS

Balancing of empty containers is given by constraints (12), where we again use the notation7 = 2n — i. For
a given port i € N, we calculate the difference of all containers loaded at i (either in the upstream and
downstream direction) and containers unloaded at i (again, either upstream or downstream). If this
difference is positive, the shipping company has to lease as many containers in port i, otherwise, it will need
to store them. By minimization of S;s; + L;[; in the objective function, at optimality we necessarily have for
each jeitherl; = 0ands; =0ors; =0andl; =0, butnotl; > 0ands; > 0.

Z(Zij + y”) — Z(Zji + yﬂ) + Z(Zij + }’zj) — Z(Zﬁ + yﬁ) < li —S; ieEN (12)
J J J J

Finally, we compute the turnaround time w and the number of idle hours h with constraint (13) together
with the minimisation of associated costs in the objective. The bounds on variables w and h are given in
constraints (14)-(15).

iEN (i,)eaf (i,j)eAe iEN iEN\{n}
Winin sSw< Wiax (14)
h < H; (15)

The nature of decision variables is defined by (16)-(20).

spli =0 i€N (16)
x; € {0,1} ieN (17)
w,hEZ, (18)
z;€Z,  (i,)eAS (19)
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vij€Z, (i,j) € A® (20)

This model integrates the optimisation of the turnaround time along with the design of the shipping route.

7.3 Input data

This sub-section introduces the input data, which refer to numerous examples, aiming to determine the
optimal liner services of container vessels on inland waterways. The proposed model can be used to assist
in making such strategic decisions on any inland waterway. However, since the goal of the DIONYSUS
project is to facilitate Danube Region’s integration into multimodal and intermodal freight transport
systems, all the examples considered relate to the Danube River.

Web site https://www.danubecommission.org/dc/en/danube-navigation/ports-on-the-danube/ contains
indications about existence of container handling capabilities in the Danubean ports. Based on this source,
most of the ports, included in our elaboration own, to a more or less extent, container handling equipment.
Elaborated ports are the following:

e Romania — Contstantza, Giurgiu, Drobeta Turnu Severin;

e Bulgaria —Vidin, Ruse;

e Serbia— Smederevo, Pancevo, Belgrade, Novi Sad;

e Croatia — Vukovar;

e Hungary — Baja, Dunaujvaros, Budapest;

e Slovakia — Komarno, Bratislava;

e Austrian public ports — Vienna, Ennshafen port, Krems, Linz;
e Germany — Passau, Deggendorf, Straubing, Regensburg.

This list of ports is indicative, containing ports which are selected based on the attempt to understand the
potential of introducing container liner services on the Lower, Middle and Upper Danube. Just as the model
can be used to elaborate the described issues on any inland waterway, so very easily the above list of ports
can be changed, according to user needs. In any case, the user is the one who selects which ports, from the
offered ones, will be taken into account, that is, there is no obligation to consider all given ports. It is enough
to select a few ports and the model, i.e. the developed online tool — CND tool, will suggest the optimal
container liner service.

The input data, which refer to all included ports, i.e. port-related data consists of two groups. The first group
is made of data on distances between ports, locking time between every two ports, as well as boarding
times. These data sets are defined on the basis of generally known values (e.g. distances), as well as taken
from various studies and sources, such as COLD, 2006; Konings, 2009; EHOO, 2018; Port of Constanta, 2019.
Therefore, this data cannot be changed.

The second group of port-related data, which is necessary for the functioning of the proposed model and
CND-online tool, consists of:

e Time-related data

» Average loading time per full container at each port [h/TEU];
Average unloading time per full container at each port [h/TEU];
Average loading time per empty container at each port [h/TEU];

Y V V

Average unloading time per empty container at each port [h/TEU];
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»  Stand-by time for arrival at each port [h];
»  Stand-by time for departure at each port [h];

e Cost-related data

Loading cost per full container at each port [EUR/TEU];

Unloading cost per full container at each port [EUR/TEU];

Loading cost per empty container at each port [EUR/TEU];

Unloading cost per empty container at each port [EUR/TEU];

Entry cost per call at each port [EUR];

Short-term storage cost per empty container at each port [EUR/TEU];

V VYV VVY

Short-term leasing cost per empty container at each port [EUR/TEU].

Various sources were used to collect time and cost-related data for some of the considered ports. However,
as not all of these ports have the necessary container handling equipment, most of the data is assumed.
Either taken from the existing sources or assumed, all ports are given default values of the port-related
data. On the other side, each user has the option to change these default values, if they think that the data
do not correspond to real values.

Users also define ship-related data, i.e. data on the ship that would be used for container transport on the
liner service to be established. This data include:

e Ship name;

e Upstream Speed (km/h);

e Downstream Speed (km/h);

e Specific Fuel Consumption (t/kWh);

e Specific Lubricant Consumption (t/kWh);

e Engine Power (kW);

e Weekly Charter Costs (EUR/week);

e Carrying Capacity (TEU);

e (Cost per time for keeping the ship idle [EUR/h].

Given the current situation regarding the transport of containers on the Danube, data on container traffic
between ports, as well as on the values of freight rates cannot be obtained from real and relevant sources.
Therefore, there are no values, which refer to these parameters, which could be used as default values.
Since this is the case, it is necessary to use the assumed values. The assumed demand values should be
obtained on the basis of assessment of container flows and analysis of potentials of cargo containerization
between any two ports. Deliverable D.T1.2.5 “Report on containerization demands on the Danube Region”
deals with cargo flows, which could be containerized and then transported on the waterway in the Danube
Region. Outcomes of this report should be used to determine the required input values in our tool. For this
reason, users have the opportunity to define themselves the expected weekly number of full containers
available to be transported between selected ports, as well as the values of expected freight rates. This
approach allows users to analyze the impact of different values of both demands and freight rates on the
establishment of container liner services on the Danube.

One of the most important features of any container liner service relates to total turnaround time. Our
model, as well as the CND online tool, has been developed in a way to allow the user to elaborate the
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impact of different values of total turnaround time on the cost-effectiveness of maintaining a container
liner service on the Danube. For this reason, the user is expected to define the minimum and maximum
value of the turnaround time, and the model, i.e. CND tool, will determine and suggest the optimal value
of this indicator.

The model also allows for considering the impact of fuel and lubricant prices on the establishment of a
container liner service on the Danube. Therefore, the user is in charge to provide the values of these
parameters himself.

The aim of the proposed model is to enable each user to receive recommendations on the possibility of
establishing a container liner service on the Danube River. Each user has the option of selecting the ports
to consider, providing the appropriate time and cost-related data about selected ports, defining the basic
characteristics of the ship that would be employed in container liner service, setting the expected demands
and freight rates between ports, determining values of preferred turnaround times, as well as values of fuel
and lubricant prices. Thus, by simply changing the values of these parameters, the user can get an indication
of the cost-effectiveness of introducing or maintaining a container liner service on the Danube under
various scenarios. In other words, the user can increase or decrease the values of each of these parameters
and thus analyze the impact of such changes on the justification of the introduction or maintaining such
services. The following cases can be taken as examples:

e Analysis of the impact of increasing the maximum turn-around time from two to three weeks;
e Analysis of the impact of increasing freight rates by 10%;

e Analysis of the impact of reducing the price of fuel by 5%;
e Analysis of the impact of increasing loading / unloading costs in several ports by 15%.

These are only arbitrarily chosen options, whereby the user can change the value of any parameter, in any
direction, by any percentage, according to his own needs.

7.4 CND Tool - Solution method

7.4.1 Introduction

CND Tool is a custom coded interactive calculation software that is technically consisted of the PHP based
frontend, MySQL based custom database, as well as Python based calculation engine with MILP (Mixed
Integer Linear Programming) intelligence. It is designed to operate within class of Linux based server
operating systems. This tool is created with intention to operate either in real hardware or in virtualized
CPU multithread environment. Just like any other software solution, it has also minimal hardware
requirements, which should be satisfied in order to operate with expected performance.

Main features of this tool are:

e multiuser activity support — each user has its review of earlier activities (sessions)
e set of selected ports’ parameters autoload — within each new session

e very efficient Python based mixed integer linear programming engine

e included option to delete unnecessary sessions.
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7.4.2 CND Tool - Engine and Database description

CND Tool is consisted of three engines (Session engine, Data Entry & Review Engine and Python Calculation
Engine) and the CND Database. The block diagram of this tool is presented in the Figure 1.

7.4.2.1 Session Engine

Session engine contain registration, login and session management modules. Registration module provides
simple saving scheme that consists of only username and password data in order to keep privacy of
participants. It also contain possibility to register name, surname and email address if needed (only with
participant consent, if such an option is activated). Its filter prevents participant’s registration with same
usernames. Login modules uses the same scheme for user authentication. After successful authentication,
this module passes part of entered credentials to Session module in order to generate list of sessions
associated to the corresponding participant. As a result, the participant is in position to choose between
opening a new session and editing data in a previously recorded session. The response is furtherly
exchanged as a session-id flag between Session engine and Data Entry & Review Engine in order to keep
consistency on recorded Session and other data in CND Database. The CND Database structure is graphically
presented in Figure 2. User authentication data upon registration is stored in “users” table, while all
registered sessions are stored in “activity” table of the database.

Session list also offers participant option to delete selected previously recorded session by clicking on the
Delete Session button. Click on this button will open the data review page, where all submitted data is
shown, offering possibility to cancel this operation by clicking to the corresponding button in order to be
back to the session list page.

7.4.2.2 Data Entry & Review Engine

Data Entry & Review Engine is designed with the aim to generate user interface that would be used by the
participant to enter new or edit recorded dataset related to following entities:
e General-dataset;
e Ports’ selection dataset;
e Selected ports’ parameters;
e Ship parameters;
e Datarelated to
> expected weekly number of full containers available to be transported between selected ports;
» freight rate per container between selected ports.
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Figure 1. CND tool block diagram

This Engine mostly communicates to both, the participant and the CND Database through the generated
user interface. On the other hand, its communication to other two engines is limited to session data
exchange only. The Engine is consisted of three modules:

e New-session data entry Module
e  Existing Session data review and edit Module
e Process Router Module.

New-session data entry Module is designed with the aim to iteratively guide participant through new data
entry process. The entry sequences correspond to the set of entities listed above. Each new entry sequence
is activated after submission of previous one. This is realized by generating submit button below each
corresponding table/cells-set. General-dataset entity comprise four different elements: Fuel price,
Lubricant price, Minimal allowed turnaround time and Maximal allowed turnaround time.

The dataset elements are stored in the “generaladata” table of the CND Database. Ports-dataset is created
with the purpose of selection of such ports, which parameters would be used later in the calculation
process. In this Module (that could be activated by selecting “New Session” option) list of ports is loaded
from the “ports” table of the CND Database. Selection of some ports is directly related to the dimensioning
process of another table — selected ports' parameters table (SPP table). SPP table consists list of 13
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parameters, which are specific for each selected port and the number of columns directly corresponds to
the number of selected ports.

mo = =] actvity -~ "] generaldata ¥ I portdata ¥ " output Y
id INT(8) id BIGINT (12) id BIGINT {14} id BIGINT {14} id BIGINT (14}
» username ¥ ARCHAR(30) : Lid INT(8) uid INT(8) uld INT(6F bigh ()
» password VARCHAR (250) > idact BIGINT(12) st SGINE(A) ot SR i BN
email ¥ ARCHAR(30) > date VARCHAR(15) “nport INT(2) ‘nport SMALLINT(3) »mport INT(Z)
firstriam & V ARCHAR{ 30) description TEXT +fp DECMAL{9,4)  portids TEXT portids TEXT
#|astname Y ARCHAR(40) * completed TINYINT ... Ip DECIMAL (3,4) 2 LJF TEXT solcost DECIMALZL12)
» tl DECIMAL {9,4) Lif TEXT *bps DECIMAL{21,12)
v > th DECIMAL(D,4) Lie TEXT #myu DECIMAL{21,12)
|PRIMARY > min DECIMAL(S,4) > Uje TEXT md DECIMAL{21, 12)
w FL “Fi 3 i
mo - = wmax DE[:[MAL@J:}. SFi TEXT hi lTEx;rEB{T
5 TEXT “xplus TE)
ol SMALLINT(2) = | m
"] shipdata ¥ Li TEXT »aminus TEXT
portname V ARCHAR (B0} ; <
id BIGINT (14) 2Til TEXT zmatrix TEXT
» descr TINYTEXT =
s uid BIGINT{14) | port_parametars ¥ TjuTEXT ym atrix TEXT
» “idact BIGINT(14) id INT(10) Tile TEXT “sniz TEXT
2 shipname TINYTEXT Ljf ¥ ARCHAR(20) Tjue TEXT *Iniz TEXT
v1 DECIMAL (2,4) . Lif VARCHAR(20) JTia TEXT w1 DECIMAL{6,3)
_] matrices b #v2 DECIMAL (3,4 > Lie VARCHAR(20) STIdTEXT h1 DECIMAL(8,3)
id BIGINT (12, 5 : ;
_ 12 scf DECIMAL (14,9)  Uje VARCHAR(20) = teosts TEXT
uid INT{5) 2 scl DECIMAL (14,3) Fi VARGHAR(20)
#idact BIGINT{12) Pout BIGINT(S) 51 V ARCHAR(20) »
2 nport SMALLINT(3} * wer DECIMAL (2,4} .
_ . 2 Li VARCHAR(20) "] razdaljine_vremena ¥
PO HERE 2 CBIGINT(3) Til VARCHAR{20) |
) il id TINYINT{2)
D atrix MEDIUMTEXT > CI DECIMAL{D,4) :
_ Tiu VARCHAR(20} > dist_matrica MEDIUMTEXT
s Pmatrix MEDIUMTEXT | 2 X
_ Tile VARCHAR(20) »th_matrica MEDIUMTEXT
> 4 Tjue VARCHAR(20) t_matrica MED IUMTEXT
#Tia VARCHAR(20) 1Z_matrica MEDIUMTEXT
Tid VARCHAR{20)

Figure 2. CND Database basic structure — tables and corresponding columns

These parameters are: Unloading cost per full container at each port, Loading cost per full container at each
port, Loading cost per empty container at each port, Unloading cost per empty container at each port, Entry
cost per call at each port, Short-term storage cost per empty container at each port, Short-term leasing cost
per empty container at each port, Average loading time per full container at each port, Average unloading
time per full container at each port, Average loading time per empty container at each port, Average
unloading time per empty container at each port, Stand-by time for arrival at each port, as well as Stand-
by time for departure at each port.

Total number of cells, which have to be submitted increases by 13 with each new adding of another port.
Considering the fact that total number of cells, which are required to be submitted, could be huge —a new
feature is introduced: selected ports’ parameters autoload. This feature is technically realized by generating
a special query that automatically “pulls” data from the CND database table “port parameters” and loads
them to the corresponding cells of SPP table. Participant could modify these cells later and all submitted
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datais stored in “portdata” table of the same database. In this way, the sequence related to Selected ports’
parameters entry is completed.

Next sequence is related to Ship parameters. It generates a set of nine cells, which correspond to following
ship parameters: Ship name, Upstream Speed, Downstream Speed, Specific Fuel Consumption, Specific
Lubricant Consumption, Engine Power, Weekly Charter Costs, Carrying Capacity, as well as Cost per time for
keeping the ship idle at the initial port. Submitted cells’ values are stored in “shipdata” table of the CND
database.

The last sequence is related to data, whose submission is realized through generation of two matrices:

o expected weekly number of full containers available to be transported between selected ports
e freight rate per container between selected ports.

Size of both matrices corresponds to the number of selected ports. Considering structure, the first matrix
is not symmetric unlike the second one. So, the second matrix is configured for data submission in the upper
half (above diagonal). After clicking on the submit button, the engine will reallocate copies of entered data
to corresponding cells (below diagonal) in order to keep rule of symmetric matrix. Further, submitted data
of both matrices will be stored to the table “matrices” of the CND Database.

Existing Session data review and edit Module is similar to New-session data entry Module, regarding the
way that tables, cell-sets and matrices are generated by Engine. However, unlike New-session data entry
Module, all data is directly loaded from the corresponding tables of the CND Database with the respect of
user-id and the id of the active session. This reflects in the inability to change the structure of selected ports,
but all other data could be edited and saved at the end of the generated page. After editing data, records
in corresponding tables are updated after click on Submit button.

Process Router Module is a backend module that routes session from module to module according
participant demands. It is also responsible for keeping track on session flow, from the moment of session
start until its end.

7.4.2.3 Python Calculation Engine

When participant completes data entry/edit by clicking the Save button, it gets an option to call the
Optimization process, by clicking the Calculate button afterwards. In this way, the Python Calculation Engine
will be activated. First, this engine gets necessary session data generated by Process Router Module, which
is further used in order to load corresponding data from the tables of the CND Database. Upon load, this
Engine activates set of Python modules, which operation is explained in more detail in sub-section 7.4.2.4.
When Calculation process is completed, corresponding Python module generates the flag that is used by
this Engine in order to store obtained data in the “output” table of the CND Database.

7.4.2.4 Operation of Python modules

In order to solve mixed integer linear programming CNDTool, Coin-or branch and cut (CBC) solver is used.
CBC solver is called through the Python-MIP package. Python-MIP package provides tools for modeling and
solving Mixed-Integer Linear Programming Problems (MILPs) in Python. Python-MIP module was written in
modern, typed Python and works with the fast just-in-time Python compiler Pypy.
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There is two layers in Python-MIP module: modelling layer and calling layer. Modelling layer is used for
writing model constraints and objective functions, while calling layer is used for calling and starting CBC
solver.

In the modelling layer, models can be written very concisely, as in high-level mathematical programming
languages. It is responsible for accurate mapping of model constraints and objective functions as written
text to usable programming code. Calling layer is responsible for starting CBC solver, getting optimal and
feasible solutions and for printing final solutions.

Python-MIP makes easier the development of high-performance MIP solver for project application by
providing a tight integration with the branch-and-cut algorithms of the supported CBC solver. Strong
formulations with an exponential number of constraints are handled by the inclusion of Cut Generators and
Lazy Constraints from CBC solver. Although heuristics can be integrated for providing initial feasible
solutions to the MIP solver, they are not applied in the first step.

Python is a scripting language and lets programmers to enter other software platforms as it is CBC solver.
However, in order to amplify the possibilities of the final solution, python scripts are written in a manner
to enable many more functions that are in connection with the final solutions. The scripts are written so
that each script represents one class.

Classes provide a means of bundling data from the PHP code and functionality together. Every class creates
a new type of object, allowing new instances of that type to be made. For example, there are three main
classes in the tool: one for gathering data, one for writing models and one for issuing final solutions .Each
class instance have attributes attached to it for maintaining its state. In order to accept all modifications
from the input data class instances also have methods for modifying its state. Classes are parts of the
dynamic nature of Python: they are created at runtime, and can be modified further after creation.

7.4.2.5 Output page

Recorded data are further loaded by Output page that will generate appropriate report and offer possibility
to enter the short comment on obtained calculation results. It will also set the completed flag to the active
session and offer back to another data review or back to session list.
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8 Selected case studies

This section is intended to describe the possibilities of the model and the CND tool through presentation of
various examples. It should be pointed out that port-related data, ship-related data, expected weekly
demands and freight rates, as well as fuel and lubricant prices are assumed. Therefore, this example serves
for the illustrative purposes as each user can easily modify the input data according to the real values that
the user might have at disposal. Processes of changes of the input data are described in the sub-section 7.3
Input data, as well as in the Annex of this Report.

8.1 Example 1 - Input data

The first step relates to provision of the fuel and lubricant prices, given in EUR/t, as well as to the indication
of preferences in terms of the minimum and maximum turn-around times of the container liner service. A
user can enter any values according to the needs and expected characteristics of the service. Figure 3 gives
the values of the general data in our example.

[ DIONYSUS - CND Tool - X — %

& C | ® 147.91.23235/dionysus/loaddata, Qaw| 9 @ :

General data Ports data Ship data Matrices Review Logout

CND Tool

Step 1. General data & Port selection

1. Fuel price (EUR/t) 400.0000
2. Lubricant price (EUR/t) 1100.0000
3. Minimal allowed turnaround time /in weeks/ 2.0000

4. Maximal allowed turnaround time /in weeks/ 5.0000

Figure 3. General data in the Example 1

As can be seen from the Figure 3, the first step also requires selection of the possible ports of call in the
container liner service. Figure 4 indicates that there are a total of 25 ports on the Danube in the database.
Therefore, the user can select up to 25 ports in his example and the model, i.e. CND tool will recommend
those, among selected, which should be called at in the liner service. User should be aware that the more
ports are selected, the longer will be the calculation time. It could even happen that, due to complexity of
the example, the CND tool might not be able to find optimal or any feasible solution. At the moment, our
recommendation is that users select up to 10 ports in their examples. Selection of any port does not mean
that the port will be included in the optimal container liner service. It only means that the CND tool will
consider the possible inclusion of that port in the recommended container liner service. In our example, we
selected the following ports: Constantza, Giurgiu, Ruse, Vidin, Smederevo, Belgrade and Novi Sad. As we
have already explained, Port of Constantza will always be selected by default, as our assumption is that this
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port will be starting and ending port of any service on the Danube. Of course, based on the user needs, we
can relax this constraint and allow the model to decide which will be the starting port on the service.

[ DIONYSUS - CND Tool - X — %

<« C | ® 147.91.23235/d

£ General data Ports data Ship data Matrices Review Logout

Select ports:

Notice: Chosen ports can not be changed in review mode.

¥ Constantza | ¥ Giurgiu ¥l Ruse ¥ Vidin Drobeta Turnu Severin
¥ Smederevo Pangevo ¥| Belgrade ¥ Novi Sad Vukovar

Baja Dunatjvaros Budapest Komarno Bratislava

Wiener Hafen Krems Ybbs Enns-Ennsdorf Linz

Port no 21 Passau Deggendorf Straubing Regensburg

Figure 4. Selection of ports

After selection of ports, all time and cost-related data relating to these ports will be loaded in the Step 2.
The user can go through all the data and make all necessary changes. This data is given on Figure 5 and
Figure 6

[ DIONYSUS - END Tool - X - X

€« C | ® 147.91.23235/dionysus Qw8 @8 ¢

Generaldata  Portsdata  Shipdata  Matices  Review  Logout

3 |
Step 2. Selected ports data

\ Port
lUnloading
lcost per full
[container
fateach
lport
[EURTEU]
lLoading
lcost per full
[container
bteach
lport
[EURTEY]
lLoading
lcost per
lempty
lcontainer (42,63 3134 3675 3315 3134 3775 34.00
fateach
lport
[EURTEY]
[Unloading
lcost per
lempty
[container 42 63 28 83 2975 28.55 31.34 31.25 27.00
fateach
lport
[EURTEY]
[Entry cost
lper call at
leach port
[EUR]
(Short-term
Istorage
lcost per
A (T 126 123 1.15 7.2 11 1.78
lcontainer

lateach
lport
FEUR/TEU] S

Constantza Giurgiu Ruse Vidin Smederevo Belgrade Novi Sad

31.34 31.34 325 32.13 37.63 35.00 32.00

33.98 42,63 38.75 35.25 42,63 41.25 37.00

Figure 5. First group of port-related data
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[ DIONYSUS-CND Tool - X
€ C | ® 147.91.232.35/dionysus/loaddata. phy

Generaldata  Portsdata  Shipdata  Matrices  Review  Logou

[average
loading
fime per full
lcontainer [0.028 0.043 0.047 0.042 0.044 0.047 0.047
lateach
lport
[hTEU]
[average
lunioading
fime per full
lcontainer [0.025 0.037 0.043 0.038 0.035 0.041 0.042
[t each

lport
[TEY]
laverage
loading

fime per
EmPY o025 .04 0.044 0.039 0.041 0.045 0.045
[container
fateach

lport
[h/TEU]
laverage
lunloading
ime per
lempty
[container
lateach
lport
[hTEY]
IStand-by
ftime for
famivalat 2.2 30 2.1 3.0 3.1 43 22
feach port
[ih1
IStand-by
time for
Weparture [2.0 25 35 25 3.1 3.4 2.0
lat each
lport [h]

0.027 0.034 004 0.031 0031 0.037 004

Figure 6. Second group of port-related data

Step 3 requires provision of the ship-related data (Figure 7). The user can easily provide and change these
inputs and therefore, evaluate possible deployment of various ships and tows on the container liner service.

[ DIONYSUS - CNDTool - X
€ - C | O 1479123235 /dionysus/loaddata.phy

Generaldata  Portsdata  Shipdata  Matrices  Review  Logoul

Step 3. Ship data

Ship name: Sastav3
Upstream Speed (kmih) 8.0000

Downstream Speed (km/h) 150000

Specific Fuel Consumption (VkWh) [o.0001] B
Specific Lubricant Gonsumption (tkWh) 0000002

Engine Power (kW) 1150

Weekly Charter Costs (EUR/week) 5000.0000

Carrying Capactty (TEU) 242

Cost pertime for keeping the ship idle at the initial port [EUR/N]500.0000

Figure 7. Ship-related data

In the last step 4, the user is required to enter the values of the following parameters:

o expected weekly number of full containers available to be transported between selected ports;

o freight rate per container between selected ports.

The user is expected to fill in these two matrixes with its own data. This data can be easily modified, so the
user can evaluate the impact of different container demands between any two ports on the container liner
service. Provided data, in our example, are given in the Figure 8.
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[ DIONYSUS - ENDTool - X - X
€ = C | ® 147.91.23235/dionysus/loaddata aw| 0 @

Generaldata  Portsdata  Shipdata  Matrices  Review  Logou

Step 4. Matrices

1. Demands - weekly expected number of full containers available to be transported between selected ports

(TEU/week)
Constantza Giurgiu Ruse Vidin Smederevo Belgrade: Novi Sad
(Constantza|0 58 58 28 78 59 59
Giurgiu |45 0 2 5 5 6 5
Ruse |28 2 0 3 5 4 8
Vidin 78 2 5 0 3 3 1
[Smeder 5 2 3 0 2 5
Belgrade |100 2|2 3 2 3 0 1
NoviSad |52 2 3 4 3 2 0
2. Freight rate per container between selected ports (EUR/TEU)
Notice: This is a simmetric matrix. Values below zeros will be automatically updated to corresponding values after clicking on Save
Constantza Giurgiu Ruse Vidin Smederevo Belgrade: Novi Sad
120 140 170 190 220 250
Giurgiu  |120 0 70 100 140 170 190
Ruse |140 70 0 70 140 155 175
Vidin 170 100 70 0 110 140 150
{Smeder 190 140 140 110 0 80 110
Belgrade [220 170 155 140 80 0 85
Novi Sad 250 190 175 150 110 85 0

Figure 8. Container demands and freight rates matrixes

8.2 Example 1 —Outputs

After provision of all necessary input data, the CND tool will perform all required calculations and the give
the file with the recommendations about the design of the container liner service on the Danube. In our
example, the service should include calling at the following ports (Figure 9):

- upstream: Constantza, Giurgiu, Ruse, Vidin, Smedervo, Belgrade
- downstream: Belgrade, Smederevo, Vidin, Ruse, Giurgiu, Constantza.

[ DIONYSUS- CND Tool - X =3 x
(7 C | ® 147.91.23235/dionysus/output.php Ay 8 :
CND Tool

Calculation Output:

Profit (EUR): 23805.54
Transport costs > Mean value - upstream (EURTEU): -77.41
Transport costs > Mean value - downstream (EUR/TEU): -70.73

Ports called in upstream direction:

Constantza Giurgiu Ruse Vidin Smederevo Belgrade Novi Sad

Yes Yes Yes Yes Yes Yes No

Ports called in downstream direction:

Constantza Giurgiu Ruse Vidin Smederevo Belgrade Novi Sad

Yes Yes Yes Yes Yes Yes No

Figure 9. Calling ports in the service - Example 1
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Number of full container, suggested by the the CND tool, to be weekly shipped between any two ports
included in the service, is given in the Figure 10.

[ DIONYSUS - CND Tool - X - X
€ C | ® 147.91,232.35/dionysus/output.php Qw8 @ :

Number of full containers to be shipped between called ports:

Constantza Giurgiu Ruse Vidin Smederevo Belgrade Novi Sad

Constantza 0 19 58 28 78 59 0
Giurgiu 7 0 0 5 5 6 0
Ruse 4 0 0 3 5 4 o
Vidin 50 0 0 0 3 3 0
Smederevo 80 5 1 2 0 2 0
Belgrade 100 2 2 1 0 0 0
Novi Sad 0 0 0 0 0 0 0

Figure 10. Numbers of the full containers to be shipped between any two ports in the service - Example 1

In our example, balancing of container inflow and outflow at each port should be done through storing and
leasing of containers. Obtained results related to the balancing needs are given in the Figure 11.

[ DIONYSUS - CND Tool - X — %

¢ - ¢ [@ 1479123235/dionysus/outputphp an|® 8 :

Number of empty containers to be shipped between called ports:

Constantza Giurgiu Ruse Vidin Smederevo Belgrade Novi Sad
Constantza 0 0 0 0 0 0 0
Giurgiu 0 0 0 0 0 0 0
Ruse 0 0 0 0 0 0 o
Vidin 0 0 0 0 0 0 0
Smederevo 0 0 0 0 0 0 0
Belgrade 0 0 0 0 0 0 0
Novi Sad 0 0 0 0 0 0 0
Number of empty containers to be stored at each port:
Constantza Giurgiu Ruse Vidin Smederevo Belgrade Novi Sad
0 3 45 0 1 0 0
Number of empty containers to be leased at each port:
Constantza Giurgiu Ruse Vidin Smederevo Belgrade Novi Sad
1 0 0 17 0 31 0

Figure 11. Balancing of containers inflow and outflow at each calling port

We indicated, in our example, that our preferred turn-around time is between 2 and 5 weeks. The CND tool
took it into account and, based on the obtained results, gave the recommendation that the turn-around
time of our service should be 3 weeks. Expected profit is around 24000 EUR per round trip. Transport costs
between any two selected ports (either included in the service or not) are given in the Figure 12. These
costs values incorporate total average transport costs per TEU for the ship, whose characteristics are given
in the Step 3 and include loading and unloading costs of full and empty (if any) containers, average fuel and
lubricant costs, average entry costs at any two ports, average storage and leasing costs, as well as average
charter or fixed costs.
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[ DIONYSUS- CND Tool - X

€ C | ® 147.91.23235/d;

Turnaround time in weeks is: 3.000
Number of idle hours the ship remains immobilized at the starting port is: 1.000

Container transport costs between called ports [EUR/TEU].

Constantza Giurgiu Ruse Vidin Smederevo Belgrade Novi Sad
Constantza 0 77.18 91.91 106.91 110.65 111.15 112.25
Giurgiu 80.84 0 85.83 100.83 104.57 105.07 106.17
Ruse 108.71 98.98 0 86.73 90.46 90.97 92.06
Vidin 127.14 17.41 90.15 0 79.56 80.06 81.16
Smederevo 138.83 129.09 101.84 87.51 0 74.26 75.36
Belgrade 145.86 136.12 108.87 94.54 80.79 0 70.8
Novi Sad 157.26 147.52 120.27 105.94 92.19 81.1 0

Please, insert short description (optional):

Figure 12. Container transport costs between selected ports
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9 Conclusions

This report assesses potential routes and services and introduces a tool for modelling of the container liner
services on inland waterways. The outcome of this research enables us to identify opportunities and
potential threats for container liner services, which are considered as a pre-condition to develop container
transport on the Danube River.

We particularly emphasise favourable and unfavourable conditions, as well as recommendations for the
modelling and launching container liner service on the Danube River. We describe the existing situation on
the Danube based on the characteristics of the historical growth pattern phases of the European container
barge network. After analysing these phases, it can be seen that existing situation on the Danube mostly
corresponds to the first phase characteristics. Even more, it is easily noticed that the characteristics of the
first phase have not yet been fully achieved on the Danube River. As one of the main finding, the next steps
in the process of development of barge container transport on the Danube should be aimed at achieving
the characteristics related to both the second and the third phase of this growth pattern. These
characteristics should be taken as an action plan for the further development of container liner services on
the Danube.

We have developed an online tool for optimal routing of a barge container ship on an inland waterway. It
is based on the MILP model and aims to maximize the profit of the shipping company, while, at the same
time, defines upstream and downstream calling sequence and number of loaded and empty containers
transported between any two ports. Therefore, our model and the tool aims to facilitate decision-making
processes at the strategic planning level, which relate to the establishment of a container barge network
on the Danube River. Our approach is based on the development of a mathematical programming model
that can be applied to give recommendations about establishing a container liner service on any inland
waterway. We specifically analyze the possibilities of applying this model in an attempt to facilitate
decision-making processes related to the establishment of this service on the Danube.

The aim of the proposed model is to enable each user to receive recommendations on the possibility of
establishing a container liner service on the Danube River. Each user has the option of selecting the ports
to consider, providing the appropriate time and cost-related data about selected ports, defining the basic
characteristics of the ship that would be employed in container liner service, setting the expected demands
and freight rates between ports, determining values of preferred turnaround times, as well as values of fuel
and lubricant prices. Thus, by simply changing the values of these parameters, the user can get an indication
of the cost-effectiveness of introducing or maintaining a container liner service on the Danube under
various scenarios. In other words, the user can increase or decrease the values of each of these parameters
and thus analyze the impact of such changes on the justification of the introduction or maintaining such
services.
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Annex 1 CND tool - User manual

CND Tool could be opened by entering the following web address at the web browser1:
http://147.91.232.35/dionysus/.

Following Login page will open (Figure 13). Before login, it is needed to complete registration step, so please
click on Register link (left image, rounded by red ellipse) and fill in requested data. You will be notified that
registration is completed and then, please click on Login link (right image, rounded by red ellipse) and
complete login step.

f@) _
“

interreg H interreg H

Danube Transnational Programme || Danube Transnational Programme

CND Tool CND Tool

User Registration & login User Registration & login

Register

Login

Enter Username
Enter Username

i registeredusername
someusername

Enter Password Enter Password

If You already registered yourself, then please choose option below and

If You are here for tje Rgse register yourself

Figure 13. Login and Registration page

After succesful login, the Activity review page will open (Figure 14). To start new session, please click on
radio button (1) and then click to Start session button (2).

1 Tested on Microsoft Edge, Mozilla Firefox and Google Chrome, browser versions published after 2017.
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“lnterreg H
Danub.eTlunsnalmnakPrﬂgran\mE CND Too]

Welcome - Some User

Review your activity

Your recent sessions: 0
Please, choose one of foliowing options
1 {® Start new session

PleaSE tnoose one of options above, then press the following button

To delete selected session Press button below

Delete session

Figure 14. Activity review page

As new session starts, a data entry page will be open (Figure 15). First, you will need to enter general data

(1), and make port selection (2). It is important to select all needed ports, since this option will become
locked after click on Save button (3).

r- General data Ports data Ship data Matrices Review Logout
“lnterreg

Ganutse Transnaticnal Programme

- Step 1. General data & Port selection
1 1. Fuel price (EURH) 300 3

2. Lubricant price (EURM) | 500 <
3. Minimal allowed turnaround time /in weeks/ |2 3|
4. Maximal allowed turnaround time /in weeks/ |3 5|

Select ports:
Notice: 1) The Port of Constantza must be selected by default. 2) After save. the modification of ports sdlection will not be possible anymore
2 Constantza | ] Giurgiu B Ruse Vidin [ Drobeta Tumu Severin
] Smederevo Panievo 4 Belgrade [ Novi Sad [ Vukovar
O Baja [ Dunaujvaros | (] Budapest | (] Komarno [ bratisiava
[ wiener Hafen | (] Krems O ybbs [ Enns-Ennsdorf | [J Linz
O Port no 21 [ Passau [0 Deggendorf | [J Straubing [ Regensburg

Step 2. Selected ports data

Notice: Defauit data related to selected ports has been loaded. Please be free to change data according your needs.

You have not selected any additional port!
In order to make calculation feasible, at least two ports must be selected.

Figure 15. Data entry - Step 1

After clicking on the Save button, the table below Step 2 heading will be shown (Figure 16), with autoloaded

corresponding data. Please be free to change them according your opinion and then click to save data,
(Save button below table).
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E General data Ports data Ship data Matrices Review Logout
“lInterreg

Danute Transnational Programmse

Step 2. Selected ports data

Notice: Default data related to selected ports has been loaded. Please be free to change data according your needs

Parameters \ Port Constantza Ruse Vidin Panéevo Belgrade
Unloading cost per full
container at each port 3134 1325 S 13213 < 13134 = |35.00
[EURTEU]

Loading cost per full container
lat each port [EUR/TEU]
Loading cost per empty
container at each port 42 63
[EURTEU]

Unloading cost per empty
container at each port 42 63 o 2975 o |28.55 213134 Sj31.25 S
[EURTEU]

Entry cost per call at each
lport [EUR]

[Short-term storage cost per
lempty container at each port |1.89 s pas o | s |0.63 -1
[EURTEU]

IShort-term leasing cost per
lempty container at each port |1.26 s .2 2124 S |1.89 a1 1-78 <
[EURTEU]

lAverage loading time per full
container at each port [W/TEU]
(Average unloading time per full
container at each port [W/TEU]
{average loading time per
lempty container at each port 10.025 = |0.044 2 (0038 2 10.03% 2 |0.046 s
[hTEL]

laverage unloading time per
lempty container at each port 10.027 o004 2 (0031
[hTEU]

IStand-by time for arrival at
each port [h]

[Stand-by time for departure at
leach port [h]

3398 o 13875 o |3h2s C|56.42 oj412s

36.75 213315 37.61 | BT <

)
<3

0.028 o j0.047 2 |0.042 o |0.042 2 j0.047 S

0.025 = |0.043 < |0.038 = |0.046 = oo

0.041 < j0.037 <

5]

Figure 16. Data entry - Step 2

After clicking on the Save button, the table below Step 2 heading will be shown (Figure 17), offering to
submit ship parameters. Please submit requested data and click on button Save.

Step 3. Ship data

Ship name: Shipname1 |
Upstream Speed (km/h) 22 i |
Downstream Speed (km/h) 32 B |
Specific Fuel Consumption (t/k\Wh) |0.0005 £ |
Specific Lubricant Consumption (t/kWh) |[],[][]U[][]4 = |
Engine Power (KWW) |125[J o |
Weekly Charter Costs ([EUR/week) |120 |
Carrying Capacity (TEU) |1150 o |

£

Cost per time for keeping the ship idle at the initial port [EURI"h]i3

Figure 17. Data entry - Step 3

Finally, at this point, the last two matrices could be submitted (Figure 18). Submission with click on the Save
button below matrices will invoke Calculate button (green button below), which means that all needed data
are submitted and calculation step could be attempted. Please click on buttons Save (1) and Calculate (2)
to call for calculation Procedure.
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General data  Ports data Matrices  Review  Logout

Step 4. Matrices

1. Demands - weekly expected number of full containers available to be transported between selected ports

(TEU/week)
Ci Ruse Vidin Panéevo Belgrade
Constantzal 0 35 s §38 > |29 2|32
Ruse |33 o 45 28 37
Vidin |27 |22 c|o 29 28
Panteve (28 24 c |26 z |0 30
Belgrade |29 ¢ J30 c |28 o |33 0

2. Freight rate per container between selected ports (EUR/TEU)

Notice: This is a simmetric matrix. Values below zeros will be automatically updated to corresponding values after clicking on Save

Constantza Ruse Vidin Panéevo Belgrade
Constantza|0 192 c |188 ol RLLd < |189
Ruse |192 0 212 S |192 188
Vidin  |186 212 a 167 o | 168
Paneva (177 192 167 0 174
Belgrade [189 186 168 174 0

1( Ea

Press calculation button below ONLY if all data is entered!

Figure 18. Data entry - Step 4

In case of successful calculation, the Calculation Output page will open with obtained results (Figure 19,

left). On the bottom of the page, a text field for the description entry will be shown, followed by the Back
button (Figure 19, right).

CND Tool

Calculation Output:

Profit (EUR): 54599.31
Transport costs > Mean value - upstream (EUR/TEU): -177.85 84.28 86.
Transport costs > Mean value - downstream (EUR/TEU): -166.97

Ports called in upstream direction:

Constantza Vidin Drobeta Turnu Severin Panéevo Belgrade Please, insert short description (optional):

Yes Yes Yes Yes Yes

[My comment| |
Ports called in downstream direction: ‘ 5 ‘
Constantza vidin Drobeta Turnu Severin Pangevo Belgrade

Yes Yes Yes Yes No

Number of full containers to be shipped between called ports: Back to Data page
Constantza Vidin Drobeta Turnu Severin Pancevo Belgrade

Figure 19. Successful Calculation Results Example (left) and comment textfield (right)

In case of unsuccessful calculation, an error message will be shown (Figure 20). This is a rare situation and
usually means that some extremely meaningless data has been entered and you will need to change
submitted data in order to obtain better results. In the beta period, this also could indicate a software bug,
if you are absolutely sure that all submitted data is meaningful. In that case we recommend you to contact
Project technical Support. Data review could be done by clicking Back to Data page button.
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Calculation Output:

Whoops... something is wrong, no records or data is out of reasonable range!
Please, go back to Data page and carefuly review entered data.

If you are absolutely sure that entered data is correct, please contact project technical support.

Please, insert short description (optional):

Figure 20. Calculation Error notification

If you need to delete some session, you can complete this operation in the Session list (Figure 21), before
entering new or editing existing session, or by clicking Back to Session list / Review button, located at the
Top menu. At the Activity review page, you will need to select session you need to remove (1) and then to
click on Delete Session button (2).

. interreg H
‘Danube?ramnanonalDvogramruel CND Tool

Welcome - Some User

Review your activity

Your recent sessions: 1

Please, choose one of following options

Start neWagssion
1 @ Continue prejous session no.1, (date time: 18/06/2021 02:15:46, description: none, state: completed)
Please choose one of options above, then press the following button

Start session

OETeTE See gssion Press button below
2 Delete session

Figure 21. Delete Session steps - part 1

Then, the Data review page will open, offering possibility to check session data (Figure 22).
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Review entered data before deletion

Step 1. General data & Port selection

0. idact 1

1. Fuel price (fp) |1.0000

2. Lubricant price

{lp)

1.0000 »

3. Minimal allowed turnaround time /in weekﬁf{wmin}|1 0000

4. Maximal allowed turnaround time /in weeks."{wmax}|1 0000

Selected ports:

Constantza | [l Giurgiu Ruse Vidin [l Drobeta Turnu Severin
[ Smederevo Pantevo Belgrade | Cl Mowi Sad I Vukovar

[l Baja 71 Dunaijvaros | [C| Budapest | [| Komamo | Bratislava

) Wiener Hafen | (] Krems [ Ybbs ) Enns-Ennsdorf| ) Linz

[ Port ne 21 I Passau | Deggendorf | | Straubing [/ Regensburg

Figure 22. Delete Session steps - part 2

If you are sure that this session should be deleted, please press Delete This Session (red) button. Otherwise
(Figure 23), please press Go back to session list (blue) button.

L General data Ports data Ship data Matrices Raview Logout
“Interreg H

Danube ] = —
OHVE(E ~o =l [V 2
Panéevo |2 | o ] clo
Belgrade |2 2|2 2|2 ol [1]

2. Freight rate per container between selected ports (EUR/TEU)

Constantza Ruse Vidin Pantevo
(Constantza| 0 2 ¢|2 g2
Ruse [0 0 2 Zl2
Vidin |2 0 0 2
Pancevo |2 2 0 0
Belgrade |2 2 2 0

Deleting data is UNRECOVERABLE operation. Press button below ONLY if you are ahsolutely sure.

Delete This Session

Figure 23. Delete Session steps - part 3
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