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Abstract

ROLL ON - ROLL OFF TERMINALS AND TRUCK FREIGHT.
IMPROVING COMPETITIVENESS IN A MOTORWAYS OF
THE SEA CONTEXT

Abstract

In recent years transport policy at an European Level has been focused on reducing the share of
road transportation and promote alternative transportation means in order to reduce road

congestion and carbon footprint.

One of the solutions proposed has been promoting Short Sea Shipping (SSS) transportation
combined with land transportation to become a door-to-door alternative to the monomodal road
alternative. The maritime centered option would hit to birds with a stone: reduce congestion in
the most urbanized areas of the European Union and partly replacing heavy polluting truck

haulage for an environmentally friendlier option.

The European Commission launched many polices and initiatives to make the modal shift happen,
the crown jewel being the launch of multiple initiatives promoting the establishment of a system
of Motorways of the Seas. Those are links between ports with higher standards in terms of travel
time, costs and flexibility, which can compete one-on-one with road haulage among the countries

in the Union.

Despite different efforts from the public administration to kick off MoS lines and ensure their

competitiveness, the expected momentum is still yet to come.

In the light of this, this thesis aims at providing tools to assess the competitiveness of existing and
MoS line to-be, to quantify the room for improvement available and the effects that some changes

at an operational and strategical level might have on the success of any specific line.

Particularly, the thesis presented aims at three specific objectives: (1) to identify the strategic
potential of SSS in all its forms, considering the characteristics of the demand (goods to be moved)
and the role of RoRo and MoS shipping in the global picture; (2) to identify the most sensible
procedures in RoRo terminals operation to be addressed to improve their performance and
perception from the end user, and; (3) To understand the costs of the supply chain, and the cost
structure of RoRo shipping lines, and their sensitiveness in front of market changes, pricing and

public funding policies.

To approach each issue different qualitative, analytical and simulating models are used depending
on the concerned problem. The strategic assessment makes use interviews to identify the main

requirements that a transporter might face when dealing with SSS.

The role of the terminal is assessed by means of two separate models: from one side an analytical
model is used to assess the relationship between capacity and quality by means of quantifying the

service time the ship spends in a port and calculate the probability of delays. On the other side,
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the resilience of the port is assessed with an arborescence interlinking its current vulnerabilities,
their causes and effects and their probability to happen.

Finally, and regarding the business models, first a cost and time model is constructed for each of
them and tested against variations on some of the variables and from there, a tool to calculate the
optimal deployment of the shipping line to ensure the maximum shift (or profit) is provided. In
that case, the model is complemented with the adaptation of a transportation discrete choice

model.

Overall, the tools should be helpful to assess the potential of a shipping line from its planning

level to its final operational deployment.

Keywords: Short sea shipping; Motorways of the Sea; Roll on — Roll off; quality assessment;

terminal capacity; resiliency, freight modal choice model; cost model.
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1 — Introduction and objectives

Chapter 1

Introduction, objectives and document lay out

1.1Background and objectives

In the current globalized context of production and consumption, sea transportation plays a major
role. In terms of weight, maritime transport accounts for 80 per cent of the volume of global trade.
Nevertheless, despite the need of multimodal transport systems to assure the physical continuity
of freight movements, shipping is the backbone of worldwide trade (UNCTAD, 2013).

Taking into account the European geography, its history and the globalization process, the
European Union is still dependent on the maritime transport, which is essential for the European
economy to compete globally. Nearly 75% of its external trade (Union’s imports and exports) and
37% of the internal trade (but down from 43% in 1990) goes by sea; on the whole, nearly 1.65
billion tons of freight are exported and imported by sea each year in the EU-27 (European

Commission, 2013).

The shipping and related services are an important contributor to the European economy and to
the quality of life of EU citizens, providing jobs and being essential for EU competitiveness. It is
estimated that the shipping industry directly contributed 56 billion € to GDP, employed 590.000
people and generated tax revenues of 6 billion € in 2012. In addition, the shipping industry
indirectly supported an estimated 59 billion € contribution to GDP and 1.1 million jobs through
its EU supply chain (Oxford Economics, 2014).

Although there has been a significant increase in the volume of freight transported within the EU,
most of the additional freight traffic travels by road, despite policy initiatives and funding
programmes to encourage modal shift away from road. Road traffic has a modal share of nearly
45% and congestion is a major concern on the roads (Figure 1-1). There is an imbalance between
modes, which is increasing annually as demand for both freight and passenger transport services

increase.
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Transport and transport infrastructure were identified almost at the very early beginning of the
European Common Market as a key field for a competitive economy. It was, however, after the
White Paper on the transport field from 1992, that a Common Transport Policy was adopted
(European Commission, 1992). Among other important policy decisions declared in that
document, there is one concerning the promotion of short sea shipping; shifting cargoes from land
modes to the sea is not only an environmental and economic necessity, but also a policy choice.
In due course short sea shipping should relieve the congested road networks and improve the
competitiveness of the European economy

A further step forward was made with the White Paper ‘ European transport policy for 2010: time
to decide’ (European Commission, 2001). The text stands as the cornerstone of the EU policy of
decongesting the union’s roads. Being the main identified measures internalizing social costs of
transport users and the promotion of alternative transport chains as the combination of road or by
air, sea and rail. The document also introduced the concept Motorways of the Sea, (MoS) defined
as a link between ports, allowing a time, cost and flexibility that are competitive with road
transport. The concept is even enforced with the last actualization of the White Paper on transport
policy published in 2011: ‘Roadmap to a Single European Transport Area—Towards a competitive

and resource efficient transport system’ (European Commission, 2011).
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Figure 1-1 Freight Transport (modal shift) EU-28 Performance by Mode.(European Commission, 2014)

However, despite major efforts provided by the EU with its modal shift policy, objectives of
freight transfers from road to the sea remain disappointing (i.e.: the road share within the EU
market increased slightly to 46.6% in 2012). Such results have led to some criticism of the
initiatives undertaken and the different treatment maritime trade receives when compared to road
transport, or the role that the internalization of external costs could play in the equation (Baird,
2007; Gese Aperte and Baird, 2013; Huggins, 2009). Thus, it is important to address the obstacles
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hampering the development and competitiveness of SSS lines from both a cost and environmental

together with their perception from the end users, the transporters.

Despite its limited success, the EU has launched multiple initiatives aiming to facilitate the modal
shift to SSS chains. The mid-term review on the EU Strategy in Transportation Police (European
Commission, 2006) classified the policies implemented by the EU to support SSS as focused on:
1) eliminating administrative barriers or duplicate border controls (e.g. Directive 2010/65 /EU,
Blue Belt initiative); ii) creation of an integrated monitoring technologies to ensure convergence
between sea and land platform; iii) development of electronic interfaces e-Freight, e-Maritime, e-
Customs, etc. iv) improved monitoring (tracking) of freight cargoes; v) strengthen the subsidy
program with projects like the TEN-T / MoS, Marco Polo (at present, 'Connecting Europe
Facility' - CEF), the Regional Policy or other financial instruments; vi) improve the connectivity
of the islands and long-distance intra-Community traffic of passengers; vii) and secure better port
services in terms of fair competition, financial transparency, non-discrimination and cost-

efficiency.

The conclusions of a recent study by the DG Move (2015) observed how the initiative and
measures adopted until now had a diluted impact on the drivers behind modal shift. For instance,
the e-initiatives would translate in a reduction of a 2% of the costs of multimodal chains with a
maritime leg, and just a 0.4% reduction for the maritime part. Therefore, the end user could only
visualize a 0.4% reduction, in the most advantageous case, whenever the reduction in cost was

fully transferred to the freight tariff. Such reduction is not likely to switch the transport behavior.

Considering the overall picture, this thesis aims at providing tools to policy makers, terminal
operators and shipping lines to assess — and eventually improve — the competitiveness of SSS
lines. More specifically, the work is confined to Motorways of the Sea operated by Roll on / roll
off (RoRo) vessels since it has been observed that RoRo shipping is the most likely candidate to
draw trucks from the road in the short term, since both services are comparable in terms of cost,
time and quality (DG Move, 2015). The results of the research herewith presented corroborate
that assumption and provide further understanding of the competitiveness and level of service of
RoRo/MoS lines, the specificities of this kind of multimodal chains, the potential factors behind

their success, their vulnerabilities and strengths.
More specifically, the particular objectives of the thesis are:
e To identify the most sensible procedures in RoRo terminals operation to be addressed to
improve their performance and perception from the end user.

e To identify the strategic potential of SSS in all its forms, considering the characteristics
of the demand (goods to be moved) and the role of RoRo and MoS shipping in the global

picture.

e Tounderstand the costs of the supply chain, and the cost structure of RoRo shipping lines,

and their sensitiveness in front of market changes, pricing and public funding policies.
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1.2Research scope of the thesis

The existing literature on freight modal choice determinants (outlined in section 2.3 and further
elaborated in section 3.2) considers transit time, cost and perceived quality as the three main
determinants from the offer point of view that influence the choice of transportation made by the
responsible of the shipment. The weight of each variable —driver— on the final choice of
transportation will vary depending on multiple factors related to the cargo, the shipper, the

location, and a long etcetera.

This research does not pay special attention on the numerical weight given to the determinant
variables when the transportation choice is made (calibration of the modal choice model),
although a demand model is calibrated at the end of the research when necessary (chapter 7).
Instead, the corpus of the thesis (chapters 4 to 6) focuses on how to improve the performance of
some of the variables —drivers- considered. Finally, as a means to understand the market
approached by RoRo services, chapter 3 delves with the requirements of the potential demand
and the adequacy of RoRo services to fulfil them.

Table 1-1 Issues analyzed in the thesis

Issue analyzed Mode choice Decision actor Approach taken
variables

Demand requirements  All Shipper/transporter Panel of experts, interviews
on the maritime link
Operations in RoPax Quality Terminal operator / Deterministic, stochastic and
terminals (Reliability) Port Authority simulation models
Operations in RoPax Quality Terminal operator / Interviews, stochastic models
terminals (Resiliency) Port Authority
Business model of the  Cost and time Transporter Deterministic model
transportation chain
Shipping line Cost and time Shipping company Discrete choice (LOGIT),
deployment and linear programming, function
pricing minimization

Particularly, in the present thesis, the construction and determination of the following issues
concerning the competitiveness of SSS multimodal transportation chains are analysed in depth
(Table 1-1):

o The first issue tackled is the characterization of the demand and the suitability of SSS to
meet the demand requirements. Demand requirements are multi-coloured: varying
shipment sizes, costs of the cargo, perishability, regularity, etc. Therefore, transportation
chains suitable for a kind of cargo may not work with a different one. The goal is to link
demand and transporter characteristics and requirements to those of the multimodal
chains with a SSS link, either with a RoRo/RoPax or containership vessel. As a result,
the potential demand of the transportation chain being studied in the thesis (MoS with
Rolled cargo) can be identified and targeted.
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e The second and third issues deal with what is, namely, the weakest link in any multimodal
transportation chain (Kapros and Panou, 2007), the operations at the port terminal. Two
chains of successive processes overlap: physical and administrative ones. The focus is
placed on the physical processes, from the arrival of the cargo at the port to the departure
of ship and cargo from the terminal premises. Several processes take place in-between,
being necessary to characterize them before proceeding to assess their overall
performance. The analysis provides an overview of the processes to, afterwards check

and quantify their performance from two distinct points of view:

a. In terms of reliability of the system, accounted as the delays to be expected
(waiting probability) considering the capacity of the terminal and its usage-
intensity. That is, to provide a framework to assess capacity confronted with
quality of service as a trade-off between congestion and number of ship stopovers
that should satisfy both the terminal operator, the shipping line and the end-users
of the terminal.

b. In terms of resiliency of the system, as a secondary qualitative attribute to be
considered. That is, to produce a risk assessment of the terminal to assess the
feasible disruptions that may affect the normal operation of the terminal and
quantify their probability and the severity of the affectations produced. Since
multiple operations happen at the terminal that are dependant ones on the others,
the assessment was built upon a causality tree relating causes, risks and
consequences, prior assessing the overall robustness of the terminal operations.

The less frequent and/or critical effects on the normal performance the better.

¢ Finally, the fourth and fifth issues come closer to the discrete choice analysis for freight
transportation. Discrete choice models are frequently used in transportation demand
studies with different transport alternatives, but far more common when passengers are
transported instead of freight cargo. In such models, a utility value that transforms the
mode choice drivers into comparable units is calculated per each option available —
allowing certain error in the measurements/appreciation-, and a probability of preferring
one option over the others is estimated. A calibrated model allows discussing the effect
of variations on the variables (drivers) on the modal choice and the competitiveness of
new/improved services (MoS/RoRo lines). More specifically, the produced research
focuses in:

a. The cost and time structures of door-to-door transportation chains considering
the different business models available for the road transporter and the possibility

to use a maritime link.

b. The effects of freight pricing in the maritime link to its success and the
construction of a simple discrete choice model to point at the right determination
of the offer (ship size, price and frequency) to increase the chances of the modal

shift towards the multimodal transportation chain.
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c. A sensitive assessment of the drivers behind modal choice when a road/RoRo
link is considered.

1.3 Main contributions of the thesis

The contributions of this thesis are particular for each approach taken. Consequently, the thesis is

structured in three separated blocks: strategic assessment on the targeted demand, terminal

performance considerations, and a cost and time structure of the transporters business model taken

together with a framework to study the pricing and feasibility of future MoS lines. Therefore, the

main contributions lay on each of the three blocks separately, although aiming to a common

objective. That is, quantifying how the MoS/RoRo line under study is performing and how much

room it has left for improvement, i.e. what potential it does have.

Considering this, the main contributions of the thesis, according to the different approaches

considered, are:

1) Regarding the strategic assessment:

A list of the defining characteristics of the demand and the potentiality of using SSS
services to serve it regarding their values. The results were corroborated with a set of

interviews with producers and 3PL from different sectors.

A framework for a quick strategic assessment of the most adequate type of SSS given
a commodity regarding its characteristics. Later on, the feasibility of such
transportation chain should be checked at an operational level in terms of cost and
time. The analysis can help shipping companies to identify potential customers and
new shipping lines as well as help policy makers to find out where to orientate their

policies promoting SSS (in any kind) to ensure the maximum impact possible.

2) Regarding terminal performance:

A complete benchmarking of the time requirements to perform the main physical
operations in a RoPax or RoRo terminal regarding the ship’s operative providing a
lower bound on the total time required per ship call at a port. Values and tools to
calculate them are given for several cargo formats and yard distributions. The

benchmark combines stochastic observations, simulation and deterministic calculus.

Complementing the previous bullet point, a methodology to estimate expected delays
vs berth usage for RoRo terminals. The model takes into account the arrival pattern
(random or scheduled) and the service time provided by the terminal and its variation.
The methodology is transferable to any terminal working on a tight schedule with
short stevedoring processes. From there, the methodology allows identifying the
terminal’s unused capacity, what might be its cause, and concluding whether

investments are necessary or not.
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A detailed diagram on the operational processes of the terminal, to build a framework
to identify the main vulnerabilities that might affect the processes occurring in a
RoPax or RoRo terminal and what could be their final consequences. The work allows
identifying what could be the consequences of any disruption on the normal
performance of the terminal, in terms of severity and frequency and provides a tool

to assess the effect of any countering measures.

3) Regarding the cost and time model to the shipper / transporter / shipping company:

For MoS lines operated with RoRo/RoPax vessels, an assessment of the different
business models available to the truck operator together with their cost and time

structure and a sensitive analysis on the main parameters considered.

An assessment of the available pricing strategies for the shipping company and the
right sizing of its fleet to ensure either the maximum benefit or the maximum shift
from road to MoS lines together with some recommendations to the operators and

policy makers to ensure the competitiveness of a given line.

A practical application of the previous bullet points considering traffic between Spain
and Italy, providing an update on the value of time from what has been observed in
previous studies from other authors together with the intercept value for using MoS
in either the accompanied or the unaccompanied form (mode shift cost). The
assessment is provided calibrating a discrete mode choice model considering time,

cost and quality variables.

Demand elasticity to variation on the parameters for a specific case (Barcelona-

Civitavecchia connection) discriminating accompanied from unaccompanied cargo.

1.4 Publications from this thesis

The results and main contributions of this thesis have been published or accepted for publication

in international journals and international conferences related to port, maritime and transportation

sciences. That is:

Papers published in international SCI and SSCI journals:

Morales, P., S. Sauri and B. Spuch (2010). Quality Indicators and Capacity
Calculation for RoRo Terminals. Transportation Planning and Technology, vol.
33(8), pp. 695-717.

Sauri, S., P. Morales-Fusco, M. Toledano and E. Martin (2012) Empirical Anlaysis
of Resiliency of Terminal Operations for Roll-On-Roll-Off Vessels. Transportation
Research Record, 2273, pp. 96-105.
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e Morales-Fusco, P., S. Sauri, S. and A. Lago (2012). Potential freight distribution
improvements using motorways of the sea. Journal of Transport Geography 24, pp.1-
11.

e Morales-Fusco, P., S. Sauri and G. de Melo (2013). Short Sea Shipping in Supply
Chains. A strategic assessment. Transportation Reviews, 33(4), pp. 476-496.

Papers on press:

e Morales-Fusco, P., S. Sauri. Finding the right RoPax vessel size and freight price.

Policy implications for promoting MoS.
Papers on preparation stages:

e Morales-Fusco, P. The drivers behind SSS and MoS competitiveness, a literature

review.

1.5 Outline of the thesis

Once the main objectives and contributions of the thesis are introduced, the reminder part of this
thesis is structured according to Figure 2-1.

Previously, chapter 2 discusses the concepts of SSS and Motorways of the Sea and their evolution
over time. Additionally, a quick overview of EU funded initiatives and scientific research on
topics related with Motorways of the Sea is given. However, the existing literature is examined
and discussed in more detail in each chapter -whenever it concerns the topic addressed- together
with a discussion on any further literature related with the methodology used in that specific part
of the research.

Chapters 3 to 7 introduce the bulk of the research done as implicitly stated in Figure 2-1.

Firstly, chapter 3 studies the existing freight distribution strategies based on the requirements of
the industry, the demand and the product transported. It also provides a framework to identify the

potential users of RoRo and containership lines.

Chapter 4, in turn, first describes the operations of RoRo terminals to right afterwards introduce
an analytical model to calculate capacity of a RoPax terminal by estimating the average service
time of the ships served and afterwards establishes the relationship between congestion and grade
of usage (capacity).

Chapter 5 provides a complete taxonomy of the disruptions affecting the operational processes in
a RoPax terminal and discusses the methodology to quantify and grade them in order to assess
the vulnerabilities of the terminal and, ultimately, its resilience. The values given are for an

existing terminal in Barcelona.
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In turn, chapter 6 identifies and analyses five different business models available to the road
transporter considering road and maritime —RoPax— transportation and provides analytical
formulae to calculate the cost and time of each strategy and their sensitiveness to changes together
with the actual cost structure for a given line.

The last core chapter (chapter 7) combines the results from chapter 6 and a choice model to assess
the effect of the maritime link tariffs on the competitiveness of a certain chipping line. Some
considerations regarding the characteristics of the ship are also introduced as well as an estimation
of the effects of certain funding policies. The methodology is then applied and calibrated to the
Barcelona-Civitavecchia corridor.

Finally, chapter 8 provides the overall conclusions and issues for future research acknowledged
at the end of the research.
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Figure 1-2 Structure of the logical relationship between the different stockholders involved and

chapter where each relationship is assessed.
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Chapter 2

Short Sea Shipping and Motorways of the Sea.

Concepts definition and review

2.1Short Sea Shipping concept

There are multiple definitions of Short Sea Shipping (SSS) depending on the context where the
concept appears, and the kind of vessel and cargo considered (Paixdo Casaca and Marlow, 2002).
In fact SSS can be translated into ‘coasting trade’, ‘regional shipping’ and there is even some
confusion of the term with more specific concepts such as ‘marine highway’ or even ‘motorway
of the sea’ (Puckett et al., 2011).

In fact, maritime trade between neighbouring countries can be traced back to the beginnings of
trade history. However, the concept was revamped in opposition to road transportation around
1980 after the merge of several European transport associations into the actual ECSA (European
Community Shipowners Association) and the forging of the term by the European Comission in

the White Paper on Transport Policy from 1992 (European Commission, 1992).

As a consequence SSS —its concept— is tightly bounded with the European policy in transportation
and, more specially, freight transportation by sea. The official definition of the concept being

given from the start as:

“(...) movement of cargo and passengers by sea between ports situated in
geographical Europe or between those ports and ports situated in non-
European countries having a coastline on the enclosed seas bordering

Europe.”

(Commission of the European Communities, 1999)
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Further clarification on the concept was also provided in further documents by the EU:

“Short sea shipping includes domestic and international maritime transport,
including feeder services, along the coast and to and from the islands, rivers
and lakes. The concept of short sea shipping also extends to maritime
transport between the Member States of the Union and Norway and Iceland
and other States on the Baltic Sea, the Black Sea and the Mediterranean”

(European Commission, 2001).

With this definition, Short Sea Shipping includes practically any kind of maritime traffic with
non-transoceanic origin and destination to any European port and vice versa. Just domestic traffic
would be excluded.

Despite this Europe-centred definition, the term SSS has been reused in many other maritime
regions in the world with some coastal trading intensity between neighbouring countries or even
for domestic traffic in larger ones. That is the case, for instance, of Australia (Bendall and Brooks,
2011), the Japanese Sea (Jac Wook Lee and Kang, 2004), the Yellow Sea in China (J W Lee and
Lee, 2007), South America (Moura et al., 2008) or even the Great Lakes region (Higginson et al.,
2007), where the American term of ‘coastwise shipping’ is largely preferred. Therefore SSS is,
in fact and despite the official definition, understood as the sea movement between ports sharing

a common sea coastline or located in the same sea.

At this stage the concept has a board definition, encompassing many different kinds of traffic,
freight shape, ship and demand characteristics. Therefore, in order to explore, quantify and grade
the drivers behind modal shift, a narrower definition/approach will be necessary before
proceeding to the study.

2.1.1 SSS depending on traffic source

Namely, three main kinds of freight movements (or traffic sources) can be considered, all labelled

as Short Sea Shipping, with different degrees of sensitiveness to modal shift:

Captive traffic

Whenever no alternative mean of transportation exists, namely traffic connections from/to
islands, within big land masses separated with a big water body (e.g. south and north of the
Mediterranean basin) or when the land connections represent big detours (e.g. East and West
Baltic Sea or certain traffics between mainland Europe and Great Britain). Due to its location
(beyond the sea) road transport is not seen as a potential alternative because it is too costly in
terms of time and money, compared to short sea shipping.
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Deep Sea Shipping feeder traffic

SSS lines distributing and/or collecting freight for DSS services. These lines are essential for
maritime services using hub-and-spoke strategies based on transhipment. They typically focus on
container SSS traffic, but there are also SSS services for other specialized traffics (oil, bulk, cars,
etc.) needing feeder services from hub ports. Examples of this kind of traffic are found in the
biggest EU ports such as Rotterdam, Hamburg or Antwerp, but also in smaller ports (Algeciras,
Valencia, Marsaxlokk or Gioia Tauro for containers or Fos-Marseille, Sines for oil and bulk, etc.).

Domestic traffic

Domestic traffic competes with other modes. Understood as freight with origin and destination
within European countries. It may be the situation between Spain and Italy or across the Adriatic
Sea because the road alternative is not good enough. This is the kind of traffic where shift from

road to sea is more likely to happen.

2.1.2 SSS depending on the freight being shipped

SSS traffic has also different types of freight being shipped and accordingly, different kinds of
vessel are used for its transportation, namely: bulk (liquid and dry), container, rolled (propelled
and non-propelled) and general cargo as the statistics from the Eurostat filter it
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1.500.000

1.000.000

500.000

0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

B RoRo (self-propelled) W RoRo (non-propelled) m Other
B Containers B Dry bulk B Liquid bulk

Figure 2-1 EU SSS traffic according to the type of cargo/ship. Source: Eurostat (Eurostat, 2015)
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Bulk cargo

It occupies an important share of the maritime European traffic. In fact, liquid and dry bulk
accounted for two thirds of the total SSS freight cargo in Europe (46% and 20% respectively).
This type of cargo is shipped in large quantities and can be easily stowed in a single hold with
little risk of cargo damage. It usually requires the use of specialized ships operating under
irregular services (tramp) and conventionally, this kind of cargo has a single origin, destination
and client. Economically it is characterized by important economies of scale. Therefore, is a kind
of traffic that does not compete with other means of transportation: despite a small loss of market
share of SSS liquid bulk, the evolution of road and SSS transportation follow similar trajectories.
Secondly, the competitiveness of SSS for long distances denotes that bulk cargo is a captive traffic
for this sector (DG Move, 2015).

Containerships

Traffic follows its own dynamic quite different from that of road transportation, since it is more
associated to international flows, gateway ports and containership companies operating at the
international level. The main hubs provide feeder services to many ports that are also fed by rail
or/and road. When port container handling is efficient, SSS usually can offer competitive transport
costs from the origin or to the final destination, in particular for longer distances and where the
road system is deficient (in terms of network or congestion). This competitiveness can explain
why the evolution of the container shortsea sector shows increases of 32% in 2012 (compared to

2005), parallel to total international container trade increase (Eurostat, 2015).

In such context, as containership size is growing, carriers have to come together in alliances to
fill these vessels, thus a change in the nature of demand is expected. Demand for bigger ports and
higher capacity terminals due to consolidated volumes and greater peak volumes (and less
frequency of vessels) is to be expected. This involves the need for an extended feeder services
connecting transhipment hubs with smaller spoke ports. Thus, container SSS services in the North

Europe range are expected to increase in a short/medium term because of this incoming scenario.

RoRo sector (including RoPax)

This is the most sensitive to market changes, since the mode directly competes with road
transportation. The cost of switching from SSS to road transportation (modal back shift) is
negligible and the flexibility that road transportation offers is currently not comparable to SSS,

which still has severe integration difficulties. So many trials of SSS have not succeeded.

In fact, until 2012, its evolution was almost flat (year-on-year variations below 1% for the 2005-
2012 period) while EU road transportation increased in around a 30% (Eurostat, 2015). Short Sea
Shipping in RoRo ships is characterized by its bureaucratic burden and time consuming
administrative procedures at ports and cross-borders, which do not help its competitiveness and

constitutes a wall to its development. In fact many EU policies towards the promotion of SSS
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have been orientated to reduce the administrative burden (Buck Consultants International, 2014;
DG Move, 2015).

The work herewith presented focuses on the study of this kind of traffic. However, the strategic
assessment from chapter 3 will also consider the expected potentialities of SSS given the other
kinds of presentation.

2.2 Motorways of the Sea
2.2.1 MosS concept evolution

As Paixao (2008) asserts in her review on the evolution of the term, the concept of ‘Motorways
of the Sea’ goes back to 1992, when Viamare S.p.A. started operating a road-to-sea initiative

between Genoa and Sicly under the naming of ‘autostrada del mare’.

Shortly afterwards, the EC funded the EMMA project (European Marine Motorways: the
potential for transferring freight from road to high-speed sea transport systems) under the 4™
Framework programme. The project assessed the viability of conventional, fast and high-speed

ro-ro ferry services as an alternative to freight road transport in three routes (Baird, 2007; Paixao,
2008)

It was with those precedents —in 2004— that the European Commission ‘officially’ forged the term
of Motorways of the Sea as a means to promote SSS and drive cargo from the already-congested
road connections to waterborne links. It was after including sea and inland ports as part of the
core European transport network in the definition of the Trans-European transport network back
in 2001 (European Commission, 2001) that the Motorways of the Sea concept was first used,
appearing for the first time in an addendum to the TEN-T's in October 2003 (European Parliament
and Council of the European Union, 2004).

As a consequence, the official term is tightly knotted with the deployment of the TEN-T network
and, as such, its ‘official’ definition has more to do with providing a legal framework as a means
to fund projects for new or updated maritime connections than to describe certain kind of service.
As a consequence the concept has variated with the specifications of the different funding
schemes launched by the EC (Buck Consultants International, 2014) and widely refers to maritime
connections between ports belonging to the core transportation network between one four pre-
defined corridors, as described under priority 21 of the TEN-T guidelines (Figure 2-2) (European

Parliament and Council of the European Union, 2004):

e Motorway of the Baltic Sea (linking Baltic Sea states with Member States in Central and
Western Europe, including the route through the North Sea/Baltic Sea Canal).

e Motorway of the sea of Western Europe (leading from Portugal and Spain via the Atlantic
Arc to the North Sea and the Irish Sea).
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e Motorway of the sea of South-eastern Europe (connecting the Adriatic Sea to the lonian

Sea and the Eastern Mediterranean to include Cyprus).

e Motorway of the sea of South-western Europe (western Mediterranean), connecting
Spain, France, Italy and including Malta, and linking with the Motorway of the Sea of

southeast Europe.

EC Priority Areas . Marine Regions and Sub-Regions {SEC (2004) 875}
[ Western Europe South-Eastern Europe | North Sea [l Baltic Sea ;l lonian Sea —— Routes
[ Battc s ’ South-Western E Irish Sea [ | Adriatic Sea Eastern Mediterranean
alic sea outh-iestermn Europe Bl Bay of Biscay | Western Mediterranean [l Black Sea

Figure 2-2 Motorways of the Sea corridors regions as defined by the European Commission.
Extracted from (de Vivero and Mateos, 2007)

However, the TEN-T guidelines failed in providing a description of, at least, the minimum
requisites a maritime connection should have to be labelled as Motorway of the Sea. In fact, the
article 12a of the TEN-T guidelines gives just a general understatement of the goals of any MoS

corridors (European Parliament and Council of the European Union, 2004):
e Concentrate freight flow on sea-based logistical routes
e Increase cohesion
e Reduce road congestion through modal shift

Arguably, most Short Sea Shipping connections could be linked with the goals of Motorways of
the Sea, making it more difficult to frame their potential market, stakeholders and research. In
fact, there are almost as many definitions of Motorways of the Sea as research and reports on the
topic in the literature. A quick and non-exhaustive look at the existing definitions of Motorways

of the Sea includes definitions like the following:
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“Sea-connections (...) regular and high-quality alternatives to road

transport”

(Zhaomin Zhang, 2006).

“Links between ports with higher requirements in terms of time, cost,

flexibility, reliability and resilience”

(Marzano et al., 2009)

High frequency, regular, door-to-door intermodal services where the main
haulage is done by SSS and last mile connectivity by road transport. These
services would link ports and markets located in at least 2 European

Member States.

(Baindur and Viegas, 2012b)

Additionally, and besides neither the ‘official’ nor the alternative definitions do not state the kind
of ship of cargo considered, there is a common understanding that MoS services are RoRo or
RoPax. A glimpse on the existing literature addressing MoS services shows how RoRo or ferry-
like ships are prevalent (section 2.3). As Paixao and Marlow (2008) pointed out, this might be
caused by historical reasons, due to the flexibility of RoRo ships or due to geographical reasons
being ferry (and RoRo) services common in the Baltic and North Seas when the concept was first
introduced (Paixao, 2008).

2.2.2 MosS definition used

For clarification purposes, an easy and quantifiable definition of Motorways of the Sea has been
used from this chapter onwards. The definition used in the reports by Observatorio Estadistico
del Transporte Maritimo de Corta Distancia en Espaiia (SPC-SPAIN, 2014) is being used
through the thesis. That is:

Motorways of the Sea are SSS regular lines with a minimum of three
departures per week and connecting a maximum of three different ports

operating in any of the corridors defined by the TEN-T guidelines.

Additionally, in the remaining of the text MoS is implicitly linked with rolled cargo ship (RoRo
and RoPax) services unless stated differently. Such an approach is consistent with: 1) the goal of

the research (to provide a framework to ease the shift from mono-modal road freight transport to
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multi-modal maritime connections) but without incurring in major changes in the business model
of the freight carrier (shipment of full trucks or platforms); and ii) the common practice in the

existing literature (as seen in jError! No se encuentra el origen de la referencia.).

2.2.3 Studies on MoS sponsored by the EU

As commented before in section 2.2.1, the concept of the Motorways of the Sea is tightly linked
with its definition and inclusion in the TEN-T programme as Priority 21 with the article 12a of
the TEN-T (European Parliament and Council of the European Union, 2004). As a consequence
most MoS projects were funded through the TEN-T programme via the Marco Polo funding
programmes or their successor from 2014, the CEF-Transport programme (Connecting European
Facility).

Funded projects on MoS started in 2004, right after its inclusion in the TEN-T guidelines. The
funded projects under the MoS initiative has been increasing over the years with the launch of
every funding programme launched by the EU (Figure 2-3). In fact, the launch of the second
TEN-T funding scheme (2007) saw the allocation of a specific budget for initiatives towards the
development of MoS and a quantitative and qualitative increase in the works funded. The launch
of its successor programme (CEF) meant an even major increase in funding and projects, with its

outputs to be perceived in future years.
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Figure 2-3 Funding of MoS projects from the TEN-T programme. Datasource: (INEA, 2016)

By categories, the TEN-T funds for MoS were classified as follows: 9 works, 24 studies and 12
mixed projects The “works” are referred to infrastructure and facilities like Ro-Ro ramps, rail and
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road accessibility, LNG supply infrastructure, environmental upgrading of ships, waste
management and shore-side electric, etc, related with an existing maritime link (MoS) to improve
its performance. The “studies” consist mostly of the analysis of different aspects related to the
improvement of maritime transport, like LNG bunkering, pilot actions to alternative propulsion,
automatic systems to improve operational or/and administrative processes, ICT implementation,
etc, but ultimately, they don’t address the establishment of new MoS services. Finally, mixed
projects are focused on actions to improve infrastructure (ports facilities, accessibility, rail, ships,
etc.) and complementary studies.

The topics of interest of the union become apparent from analyzing the scope of the projects
funded under the initiative: simplification and harmonization of the communications and
technological advancements in the use of less contaminant fuels (mainly LNG) (Figure 2-4). Few
projects have produced published research in scientific media and all related with new IT
developments (Cepolina and Ghiara, 2013; Ghiara and Ne’Tori, 2013; Tsamboulas et al., 2013).
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Figure 2-4 Studies and mixed projects funded by the TEN-T programme according to their main focus
(own production with data from INEA, 2016)

Nonetheless, the Motorways of the Sea have been the matter of study of multiple scientific
contributions, albeit not directly linked with funded research derived from the programme that
launched it.

2.3SSS and MoS in the literature

The relevance of SSS and MoS of the sea in the scientific literature has evolved in parallel with
the interest shown by the European authorities, mainly starting from the mid-nineties and reaching
its main momentum in recent years. To the knowledge of the author, reviews on papers on SSS

and MoS competitiveness do not exist in the literature, probably because of the ambiguity of
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either term. There are, however, some good and quite extensive literature reviews with a wider
scope that, incidentally, also approach the competitiveness of SSS and MoS such as (Castells
Sanabra, 2009; Feo-Valero et al., 2011; Paixdo Casaca and Marlow, 2009).

A combined search using the Web of Science service from Thomson and Reuters and the Scopus
database from Elsevier returned over 400 records including some reference to “short-sea”,

2 (13 b4 (13

“motorway of the sea”, “sea motorway”,

99 (13

coastal shipping”, “marine highway” and all their
variations spanning from 1968 to 2015. Disregarding patents, new ship launching notices and
book reviews, 268 registers are accounted for that mention at least one of the concepts searched,
with a major concentration of papers on recent years. In fact, Figure 2-5 proves the correlation
between the policy EU different initiatives and the popularity of the terms ‘Short Sea Shipping’
and ‘Motorway of the Sea’ as well as the correlation between the later and rolled cargo

considerations.
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Figure 2-5 SSS and MoS references found in the literature (Thomson Reuters and Scopus databases) and

link with RoRo or RoPax mentions.

The first mentions of SSS are found in the decade of the 1980s with a paper on ship routing
(Willingale, 1981) another on investment allocation in a network of ports (Claessens, 1989) and
a business model for ferry operators (Gallagher and Crowley, 1988). The first papers discussing
the role that SSS could have on driving trucks from road to the maritime sector appear in 1994,
right after the inclusion of the term on the White Paper on Transport Policy from 1992 (Blonk,
1994a, 1994b). The two papers by Blonk —at the time the Director for Maritime Transport and
Ports in the Directorate for General Transport of the European Commission— constitute a public
justification of the new EC policies on maritime transportation and examine the potential of SSS

in terms of cost, carbon footprint and road congestion reductions.
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As the terms became popular, their appearance on the literature became more incidental (mentions
of the term in papers with topics further away from its idiosyncrasy like seafarers health
conditions (Wadsworth et al., 2008) or the berth allocation problem (Pang and Liu, 2014).

Once the list of 268 references is shortlisted to the papers with SSS or MoS as (one of) their
central(s) topic(s), the existing literature can be roughly divided in three: i) research on the drivers
behind modal choice (and their quantification, usually for a specific corridor); ii) discussion over
the policies affecting the development of MoS and SSS; and iii) feasibility studies for a specific

corridor or even a complete network of MoS services.

2.3.1 Offer and demand characterization

There are many studies that provide formulations to, comparatively, assess how different
variables (cost, time, emissions) rate in different transport alternatives by providing models to
quantify them for all or part of the supply chain (Martinez-Lopez et al., 2015; Marzano et al.,
2009; Rodriguez Nuevo et al., 2010; Sauri and Spuch, 2010).

Regarding the demand characterization and its requirements, there are several papers dealing with
the identification of the parameters or thresholds that a maritime service must offer to be
competitive against road in mid-length distances (Cullinane and Toy, 2000; Grosso et al.,
Vaggelas, 2010; Paixdo, 2008). Other papers try to quantify the effect the drivers have on the
choice of a certain transport option by building demand models and/or assessing their elasticity
for a specific market like the Spanish (Arencibia et al., 2015; Feo et al., 2011), Italian (Bergantino
and Bolis, 2004; Russo and Chila, 2007), American (Puckett et al., 2011) or Australian (Brooks
et al., 2012), among others.

The later studies not only set the parameters for the mode choice models but also consider,
although superficially, the role of the different stakeholders (transporters, shippers, forwarders)
involved in the decision making process. Some authors focus their research in that aspect,

specifically Lopez-Navarro et al. (2011) or Garcia-Menendez et al. (2009).

Chapter 3 and 7 of this thesis provide further insights on the drivers behind modal choice and
their quantification, respectively, producing and expanded literature review on both topics.

2.3.2 Effects of policy measures over SSS and MoS

Several series of papers study the effect of transport policies and regulations on the
competitiveness of SSS. For instance, the qualitative studies from Baird (2007) and Styhre (2009)
discuss the unequal treatment of maritime transport when compared with its competitors in terms
of infrastructure financing. The road is seen as the most funded transportation mean. In the same
line of thought, Douet and Cappuccilli (2011) are extremely critic with the ambiguity of the
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European policies and the lack of a common policy with an equivalent treatment of all means of

transportation and countries.

The current policies favoring SSS are also analyzed in a series of papers by Baindur and Viegas
(2012a, 2011, 2012b). They not also described and quantified the effect of the current policies
and identified technical and regulatory barriers to the competitiveness of the SSS but also
whenever specific measures or projects were successful. As a result, they built a microsimulation
model that not only assigns the demand to the network, but also studies the cross-relationship
between demand, offer and transport regulation. Juste and Ghiara, (2015) also used a simplified
method to assess the effects of transport policies, generically speaking, whereas Tsamboulas et
al., (2010) from studying previous SSS successful (and unsuccessful) line deployments, assert
how harmonization of ports, standardization and achieved port productivity are intrinsic to their
continuity.

Additionally, and beyond the set-up papers by Blonk (1994a, 1994b) or the critical contribution
by Douet and Cappuccilli (2011), there are several other contributions specifically aimed at
discussing the European policies and the necessary future steps needed, with a special focus on
Motorways of the Sea (Gese Aperte and Baird, 2013; Paixao Casaca, 2014).

Besides these, some research focuses on the effects of specific policies -already implemented or
in discussion- that could have an effect on the competitiveness of SSS. For instance, regarding
the implementation of a possible European Ecobonus (subsiding the transporter that opts for using
a RoPax service (Tsamboulas, et al., 2015; Usabiaga Santamaria, 2010), the effects from the
deployment of the ECA (Emission Control Area) enforced by the Annex VI of the 1997 MARPOL
protocol either in the North Sea (Brynolf et al.,, 2014; Holmgren et al., 2014) or in the
Mediterranean (Usabiaga Santamaria et al., 2012).

Beyond the European context there are also the works by Brooks (Bendall and Brooks, 2011;
Brooks, 2014) or Moura (Moura et al., 2008) that assess the regulations supporting SSS in North
America and Australia, and Brazil, respectively.

2.3.3 Feasibility studies on MoS services

Regarding the feasibility of MoS corridors, there is a proliferation of papers on the Western
Mediterranean corridors from Italy to Greece and Cyprus (BeSkovnik, 2013; Bukljas et al., 2007,
Luttenberger et al., 2013; Tsamboulas et al., 2015) or the North of Europe (Ng, 2009; Paulauskas
and Bentzen, 2008) or even for South East Asia (Arof, 2015).

Some other studies assess the feasibility of MoS services for niche sectors. For instance,
Crescimanno et al. (2011) conclude that cargo concentration (geographically) and sectorial
specialization can be beneficial and justify the implementation of certain MoS connections,
especially in peripheral territories like Sicily. Other authors assess similar problematics, like
Pérez-Mesa et al. (2010) with the perishable horticulture products from southern Spain.
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Additionally, Tsamboulas and Moraiti (2013) propose a decision support tool to assess the
feasibility of any new MoS line based in the fulfilment of three conditions: i) a concentration
demand threshold, ii) positive socioeconomic evaluation of the national economy and available
infrastructures by the public authorities involved and iii) the financial viability of the line by its

maritime operator.

Complementarily, there are papers aiming to produce the optimal network at a planning level. For
instance, Martinez-Lopez et al. (2015) generate a networks of services aimed to maximize the
number of cases in which maritime links outperform road transportation in time and costs. Pérez-
Mesa et al. (2012) also use an assignation model to size the SSS network between South Spain
and the Netherlands based in different values in the FVOT (Freight Value of Time) used.
Similarly, Tsamboulas et al. (2013) build a 4-steps model (demand generation, O/D pairing and
network definition and assignment) similar to the common practice in urban transportation
models. The same problem, although simplified, is solved in Chang et al. (2007) by means of

linear programming model.

2.3.4 Other research topics

Besides drivers, feasibility and policy considerations, a fair amount of papers also examine the
green label given to SSS services. Some consider the advancements of new fuels or ship design
on the carbon footprint and the compliance with international emission regulations (Bengtsson et
al., 2014; Borlenghi et al., 2008). However, Hjelle in a series of articles discuss the suitability of
the ‘green label’ given to SSS when considering maritime-multimodal supply chains operated
with RoRo or RoPax ships (Hjelle, 2010, 2014; Hjelle and Fridell, 2010). In fact, this would be
the case of certain RoPax connections, but mainly in lines orientated to passage where high speed

vessels are used to please the requirements of this part of the ‘cargo’ (Lopez-Navarro, 2014).

Finally, and given that they study feasibility, drivers and policies altogether, the overview on the
existing literature could not be finished without commenting the series of articles by Paixdo and
Marlow at the University of Cardiff (Paixdo Casaca and Marlow, 2002, 2005, 2009) where
strengths, weaknesses and barriers to the development and success of the SSS in Europe are

analyzed.

2.3.5 Exhaustive literature review

As observed, literature review on Motorways of the Sea is broad in the number of research done
and the number of topics that can be linked to it from policy, to technology development. The
focus of this thesis is also broad in concept, since although revolving on the production of decision
support tools (DST) to assess the feasibility of MoS and ways to improve their competitiveness,
multiple approaches are taken. The study considers all, terminal operations and capacity, cost

structure, pricing and drivers behind modal shift. Therefore, the frame of the papers examined
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surpasses at some points the frame of MoS and SSS liner services to also include reference papers
related to supply chain assessment, discrete choice and risk assessment and/or some of the papers

found in the literature could be used multiple times with different purposes.

Given the autoconclusive nature of the structure of this thesis, with a different topic addressed per
chapter, it became more convenient to provide more detailed literature reviews spread over the
remaining body of the text, from chapters 3 to 7. Each chapter introduces and discusses the
contributions found in the literature as soon as the topic they address is tackled, mentioning

sources already discussed in previous chapters if necessary.

More specifically, chapter 3 discusses the drivers behind modal choice, especially if SSS (in any
of its kinds) is involved, and the requirements of the demand may have on the way the supply
chain is structured. Chapter 4, studies the capacity and quality of the port terminal, therefore it
discusses indicators to rate the terminal’s performance and ways to assess the relationship
between capacity and quality. Chapter 5 studies the resiliency of RoPax terminals, introducing
previous research done in the topic regarding port terminals and RoPax liners and also providing
and insight on how to assess the risks and vulnerabilities of a port and a supply chain. Chapter 6
provides a quick overview over the modal choice considerations from Chapter 3 and provides
some insights behind the business models available for the transporter to carry the cargo using a
MoS. Finally, chapter 7 discusses the effect of the tariffs on the modal choice, and calibrates a
discrete choice model, therefore, it previously addresses how modal choice models have been

used in the past regarding MoS and the existing pricing systems in the maritime sector.
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Chapter 3

Strategic assessment on the SSS potential for

the supply chain

3.1Introduction

Regarding the strategic assessment, the research is original in its approach. As stated in the
literature review, the feasibility of implementing Short Sea Shipping services between two
specific ports has usually been approached on the operative level, in terms of time and cost for a
specific origin—destination pair. The research now introduced, on the other hand, starts by
describing freight distribution strategies based on the requirements of the industry, the demand
and the freight to determinate what will be the most convenient SSS strategy to be considered by
the transporter/shipper of the cargo.

The ultimate objective of this chapter is then, to establish the groundwork for studying the
feasibility of incorporating SSS, either in its RoRo, container form, into a company’s supply
transportation chain, regardless of any specific singularities of that particular company. Therefore,
the goal is to assess which freight distribution strategies are more likely to benefit from
considering SSS from the beginning. Because of its scope, this is the only chapter that takes the
wider definition of SSS into account, considering all its flavours. The following chapters only

focus on SSS in its RoRo/RoPax version integrated in a MoS route.

The research provided is complemented with chapters 6 (and 7), since the strategies of business
models used to structure the cost of the door-to-door transport chains are first introduced in this
chapter and are later used (in fact, quantified) in later chapters of the thesis. In fact, this chapter

was firstly conceived as an introduction to the contents of chapter 6.
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3.2 SSSvsroad, drivers behind the modal choice

Much research has been done in the topic of mode choice behaviour and prediction. Several
discrete and aggregated models of either revealed or stated preference (RP and SP, respectivelly)
have been developed during the years, to determinate the relationship between certain parameters
or attributes and the final choice of the end-user of a specific route or transport medium. The
works by Hensher (Hensher, 1994; Puckett et al., 2011) are a good starting point to get a general
overview on the topic. The papers by Cullinane and Toy (2000) and Grosso et al. (2010)
complement the overview with a comprehensive analysis of the different SP methods as well as
the attributes considered in the freight mode/route choice applied to a RoRo versus SSS case. A
further and detailed assessment on discrete and aggregate modal choice models is provided in

chapter 7, before constructing and calibrating our own model.

What is important in modal choice/assignment models is to determinate what parameters and
aspects are necessary to account for in order to define the choice, in this case of a specific supply
chain (Bowersox et al., 2002; Simchi-Levi et al., 2008). Usually, the supply chain choice, whoever
does it, will depend on both quantitative and subjective, qualitative parameters. Some studies
point out that subjective parameters, like perceived quality, tip the scale towards one or another
intermodal chain (Danielis et al., 2005; Lu, 2003; Murphy et al., 1997). However, it is usually
considered that the most determinant characteristics are the kind of product and the transporter’s
business structure (Danielis et al., 2005; Nam, 1997) together with a pinch of force of habit and
reluctance to changes (Danielis and Marcucci, 2007; Jang et al., 2010). Finally, there are few

studies that give a predominant role to the overall chain cost (Cullinane and Toy, 2000).

Among the qualitative aspects considered, the shippers value especially the safety of the cargo
together with the reliability, usually understood as fulfilment of the expected travel time
(Chlomoudis et al., 2007; Wardman, 2001). Chapter 5 deepens on the literature relative to
resiliency evaluation that could be applied to RoRo terminals used in MoS lines. Other authors
add quality and even resilience and adaptability to the equation (cf. Paixdo Casaca and Marlow,
2002; Henesey, 2006). However, the role each qualitative aspect has on the final strategy varies
considerably depending on the source consulted (Jang et al., 2010). The definition of each
qualitative aspect can vary as well as the degree of concretion assigned to it. In that sense, Paixao
Casaca and Marlow (2005) managed to identify more than sixty parameters to assess the shipper

satisfaction in the freight transportation topic.

When taking a look at the quantitative assessments, values are more frequently found in EU
funded studies than research papers. Some projects developed with that goal to determine cost
and time structure for competing door-to-door freight movements that include the SSS are:
RECORDIT (Black et al., 2003), the study tried to quantify the cost of using transport chains
alternative to the road in the European context; a study by the Inha University (South Korea)
(Chang et al., 2007), that builds an analytical modal to calculate the most optimal, cost-wise, SSS
network in South Korea or Tenekecioglu’s thesis (Tenekecioglu, 2005) where, total costs of only-
road transport chains were compared to their counterparts using SSS, concluding that the latter

were socially more acceptable.
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Additionally there are two other papers that evaluate the cost of SSS lines quantitatively: a first
one by Grosso et al. (2010), who studied the main cost items and their influence on freights paid
by final customers or Sauri and Spuch (2010) who built up an exhaustive model of operation cost
incurred by a SSS regular shipping line. In fact, an updated version of the later will be used as a

basis for the development of the cost model for a regular RoRo shipping line.

Besides quantifying or grading the different factors that might shift the transportation choice,
apparently, the main issue is how to consider them altogether or even, which is the most
significant parameter to be considered. For instance, while Shinghal and Fowkes (2002) picked
up frequency, Murphy et al. (1997) went for reliability, Cullinane and Toy (2000) opted for cost
as the preeminent attribute while Danielis et al. (2005) used the more ambiguous concept of
“quality”. The lack of an agreement is consistent with the observations made, almost 20 years
ago, by Nam (1997) who investigated which should be the level of aggregation of the different
commodity groups to produce an estimation accurate enough, in terms of modal split.

However, the mentioned papers are actually aimed to operational logistic choices. That is, they
consider scenarios where the carrier or logistic operator chooses the optimal transportation chain
for a specific shipment. The transportation chains are taken as already profitable (the line has a
stable demand), with cost and time per shipment taken as inputs of each distribution strategy.
Benefits from changes in the model of business, the transportation fleet, or other strategic changes

(like time between shipments) are usually neglected.

Alternatively, the shipper can hire a Multimodal Transport Operator (MTO) to coordinate several
freight haulers along with the intermodal chain or a single shipper/carrier might
subcontract/coordinate all transport providers. In such scenario, it is foreseeable that equipment
(i.e., truck cab and semitrailers) will reach higher usage rates (better performances). Including the
coordinator figure means a better knowledge of the transport market available and the paperwork
to be done, that eases the task to find an optimal transportation chain for each shipment (Lopez-
Navarro et al., 2011). As a consequence, the chances for SSS chains to be picked increase
(Bernetti et al., 2002; Midoro et al., 2005).

3.3 Data gathering
3.3.1 Methodology overview

Figure 3-1 summarizes the methodology used to reach the end of the research of the chapter. Two
sets of interviews, one with open, extended interviews and a closed questionnaire, were used as
the groundwork to first describe the supply chain and identify the requirements that might affect

the competitiveness of SSS chains.
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Figure 3-1 Structure of the strategic assessment for introducing SSS to the Supply Chain

From there 5 kinds of transportation chain were identified and their potential to include a SSS

link is assessed. The results were later corroborated with the answers from the questionnaires.

As abovementioned, the study heavily relies on two series of interviews with a different purpose:

3.3.2 Open interviews

The first set, were open interviews conducted to logistics managers of 15 shipping companies,
operators, and freight forwarders to get an overview of the transportation strategy of the company,
and the most important requirements to be fulfilled by the transportation chain and discus the
potential of SSS.

The open interviews were structured with a predefined script covering three main topics:
Overview of the company’s transportation strategy, requirements to the transportation providers
and technical aspects to take into account regarding the company’s needs (or its products). From
there, the interviewers and interviewees explored multiple questions on the roles of the different
actors involved in the Supply Chain strategy decision and management, drawbacks and benefits
from using SSS in either RoRo (rolled on/roll off) or LoLo (lift on/lift off) formats, resources

needed to opt for one type of distribution or another, and so on.

As a result, and after combining the answers with some relevant literature on the topic of supply
chain assessment, an exhaustive list of determinants that describe any supply chain was
established. From that list, a second compacted list aiming to the specific potential of SSS was
produced.
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3.3.3 C(losed questionnaires

Then, the second set was conducted to a wider spectrum of companies covering several

production sectors with different characteristics in terms of kind of cargo, shipments, and demand.

In total, 847 were identified using the inventories of importing/exporting companies from all the
Chambers of Comerce in Barcelona and its 10 surrounding provinces forming Barcelona’s
hinterland (covering around 1/5 of the Spanish territory). From there 204 companies were
considered as susceptible of including SSS considering origin and destination of the cargo

(international trade and feasibility of a sea connection), receiving valid responses in 117 cases.

The interviews were conducted by a combination of e-mail and direct telephone calls, where a
specific questionnaire was to be answered. The main topics covered were, the current
transportation practices for inbound and outbound flows and the requirements they placed on to
their distribution. In total 19 multi-choice questions followed by 10 questions with open answers

were formulated to each company interviewed.

With this second set of interviews a double aim was achieved: to confirm the main requirements
conditioning the adoption of one type of transportation chain rather than another previously
identified (with the first set of interviews) and, subsequently, to check the validity of the
hypothesis established at the end of the study.

3.4 Descriptive characteristics of the supply chain

3.4.1 Factors definition

From the first set of interviews and an overview on reference literature on the topic (Bowersox et
al., 2002; Simchi-Levi et al., 2008), a comprehensive list of the aspects that might be used to
define the characteristics of any supply chain strategy was made. Those aspects were classified
into five major areas (Table 3-1). The areas considered are related to: i) the physical context of
the chain (topology); ii) demand volume and its behaviour through time; iii) the goods to be
transported and their needs/specifications; iv) the production system of the shipper; and, v) the

stock policy of the logistic manager or the carrier, whoever decides the transportation strategy.

The critical aspects leading a company to adopt a particular strategy of distribution and their
principal requirements were also identified. The interviews confirmed that both shipping
frequency and cost are decisive for the carrier or freight forwarder as the exhaustive bibliography
on model choice already sets up (Danielis et al., 2005; Feo et al., 2011) whereas shipping
companies also require a market that is sufficient and stable over time to make the line profitable.

At this point, the descriptive list from Table 3-1 can be rearranged against the three main
requirements from the shipper/carrier point of view companies (cost, frequency, and stable

market).
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Table 3-1 Descriptive characteristics of a production system and its associated transportation chain

Studied area Factors

Topology Level of concentration of suppliers and final destinations (clients)
Level of aggregation of clients (several, some, one)
Centralized versus decentralized flows
Proximity (distance) between origins and destinations
Distance to/from the boarding port
Degree of flow compensation of outward with returns

Demand Demand volume/traffic flow needed
Required frequency of receptions
Demand seasonality (constant, seasonal, hot)
Demand stability/variability (deterministic, variable: stochastic or random)
To what extent it can be anticipated/foreseen

Goods (cargo)  Manufacturing degree
Added value / opportunity cost/fixed assets
Perishable or not?
Special needs in terms of transport?

Production Continuous vs. discontinuous production
process Assembly production/assembly line
Existence of temporary windows (reception, shipping, etc.)
Required frequency of shipments

Stock policy Stock costs
JIT (Just in time)
BTO (Built to order)/Pull
Flow-through
BTS (Built to stock)/Push/Stock flow
Stock policy. Periodical revision vs. fixed volume
Postponement?
Chain decoupling degree

1. Supply (and distribution) chain:
* Multiple / few / one final supplier or client.
* Decentralized / centralized / cross-docking / transcontinental.
* Proximity/remoteness of suppliers and final distribution points.

GEOGRAPFHIC
CONCENTRATION

OF LOAD/VOLUMES

2. Production process:
* Demand stability / variability.
« Continuous/ discontinuous production, assemblage.

3. Flow seasonality (demand / suppliers):

* Constant/ seasonal / hot flows. DEMAND
N STABILITY/
4.  Demand uncertainty: VARIABILITY

¢ Deterministic / stochastic / random.

5. Cargo (goods):
* Degree of manufacturing / added value / fixed assets /

opportunity costs / inventory costs. PRODUCT VALUE
* Perishable products/ specialized transport equipment needed. VS. COST OF

TRANSPORT

6.  Stock policy:
e JIT /BTO / pull / flow-through / BTS / push/ stock flow

Other : Flow compensation

Figure 3-2 Characteristics of the transportation chain affecting SSS’s competitiveness

30 P. Morales-Fusco (2016)



3 — Strategic assessment on the SSS potential for the supply chain

Figure 3-2 introduces the three sets of characteristics, depending on: i) the volume of shipped
cargo (and frequency of shipments); ii) the value of the product (and cost); and/or, iii) the stability
of the demand. The adoption of these three sets is justified below.

3.4.2 Concentration of cargoes and volumes

All aspects relating to volume and the degree of concentration of the cargo (either in volume
and/or in time) are grouped together. Concentration eases the apparition of full load (FL)
transportation units, allowing for cheaper transportation. Since ships are bigger than truck trailers,
the potential demand has to be bigger to benefit from a lower unitary cost and therefore, it takes

longer to reunite enough cargo to take advantage of their economies of scale.

The critical volume that makes SSS viable and the optimal frequency of shipments by road are
essential to have a competitive transportation cost and service time. Large volumes benefit SSS:
A relevant volume of traffic between two specific areas of origin and destination could justify the
development of a new SSS line specializing in covering all specific requirements of demand and
the goods carrier.

In the latter case (large volumes sharing the same origin and destination), road haulage can also
be beneficial when the output frequency is low and/or spot (on demand) and the available SSS-
RoRo lines, if any, do not cover much of the journey or do not have a competitive price or time.
Road transportation by truck allows a better fit in terms of time and does not require such an
enormous and constant-over-time demand as SSS does.

3.4.3 Product value and life

Cargo value limits the amount of time that can be spent waiting for a possible consolidation at the
origin because its opportunity cost (fixed assets) is especially relevant. Perishable products are in
a similar situation. Both facts directly affect the stock policy and the kind of flow prevailing in
the Supply Chain (more value usually corresponds to a tighter flow, and thus higher transportation
costs). Additionally, a certain frequency has to be met and, at the same time, reliability (in terms
of time) becomes particularly important since transportation has a smaller weight in the total cost
paid by consumers for the final product.

In short, higher value of the product (or expiration) favours short lead times and flow-through and
thus the relative weight of transportation costs loses relevance in favour of time and safety.
Incidentally, the Freight Value of Time (FVOT) considered in any mode choice model to be used
as has been observed in real cases such the ones discussed in Feo et al. (2011) or Russo and
Musolino (2013).
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3.4.4 Variability over time

This group merges both, seasonality and uncertainty issues. The shipper or the carrier/freight
forwarder (for chains that run across land only) and/or the shipping companies (in the case of
chains that include SSS) may be able to assume or internalize this fluctuations if they are able to
compensate it with other fluctuating flows or trips were delivery time is not an issue. In any case,
the variability of the volume (or number of transportation units required) in each shipment
(output) is relevant to the dimensions of the transportation fleet deployed as well as the extra
space necessary to cover potential demand peaks. Having to hire extra space, or contract a larger
fleet produces larger costs per cargo unit shipped. Additionally, in moments with low demand or
production, a reduction in the service quality can be expected since it will take longer to reach the

critical mass that justifies an expedition (i.e. the frequency would be affected).

Variability should benefit the competitiveness of SSS since the aggregation of flows implies a
reduction in global variability (Simchi-Levi et al., 2008), improving the performance of the
equipment used for transportation (vessels). It may even lead to a more efficient use of tractor
units/platforms if shippers share pools of tractor units, if they belong to the shipping company, or
if shipments are managed by freight forwarders. A lower global variability also implies a more
efficient use of transportation equipment. This affirmation holds true for transporters that manage

large pools of transport units, being one of the main benefits of mergers in the sector.

Additionally, when the transporting units is the commodity being considered (in the case of
vehicles and truckloads), SSS-RoRo benefits cargo shippers as it is able to absorb the fluctuations
in the outflow of the production company without incurring extra costs for the owner of the cargo.
This happens, for instance, in the competitiveness achieved in the distribution chain of the
automobile company SEAT which has agreed to an annual average load on the lines for
Barcelona’s port but is able to decide the quantity of vehicles which are to be carried in each
vessel departure, telling the shipper five to six hours in advance. In the case of chartering trucks
or trains, the load to be carried has to be known in advance to avoid hiring an excess of
transportation capacity. Furthermore, since the goods are the transportation unit itself, the

problem of empty returns (as would happen in the case of road shipments by truck) is avoided.

Likewise, the use of vessels allows a better treatment of demand peaks, since having a bigger
capacity allows the competitiveness of the Supply Chain to be maintained, in terms of time, by
means of a system of priorities. Depending on the value of the transported goods, the shipper
might be willing to pay more in order to be guaranteed certain resilience in the accomplishment

of the sea link times.

3.5Basic supply chain standards

What has been named as Basic Supply Chain Standards (BSCS) are the 8 basic distinct supply
chains that would be necessary to fit the characteristics from the demand, considering the relative
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weight (high or low) they give to each of the three sets of factors just identified in Figure 3-3:
concentration of cargoes, product value (life) and, variability.
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Figure 3-3 Major types of transportation chains according to variability of shipments, cargo value,

and degree of volume concentration

The eight possible combinations that arise can be easily shortened to five since variability in
demand becomes irrelevant when there is low concentration of flows or cheap cargo, allowing for
prolonging the time between shipments. The 5 BSCS resulting from the crop are already presented
in Figure 3-3 and discussed in detail below.

3.5.1 Push-against-stock

When a critical amount of products has been gathered and is sent together, full load shipments

are enforced, reducing the transportation costs to a minimum.

This happens with low value and high concentration products. In such cases, variability in demand
and/or production pace does not have a great influence on the distribution logistics. Large volume
and low product cost favour the promotion of full load (vessel) shipments, enabling the shipment
of several cargo units or even freighting of entire ships or trains, if necessary. An alternative that
can be used with imperishable products and continuous production pace is the creation of stocks,

allowing distribution of possible demand peaks.

Such products essentially require a reduction in transportation costs since they have a large impact
on the final cost of the product. This would be the typical distribution strategy for shipping raw
materials or semi-finished goods to distribution centres or large customers.

PhD. Thesis 33



RoRo terminals and truck freight. Improving competitiveness in a MoS context

3.5.2 Continuous supply/just-in-time

This type of Supply Chain is advisable for cargoes with high added value, a high degree of
concentration of goods (large producers or cargo from multiple producers), and stable
demand/flow of goods. In such a scenario, reducing time and the degree of compliance (reliability

and resilience) take priority over reducing costs.

Expensive cargoes require lower idle times and stocks. However, the stability in flows allows
periodical shipments at full load even with the allocation of transportation equipment in

exclusivity due to the degree of cargo concentration.

This type of chain is used for shipping products from the consumer goods industry (textiles,

supermarkets) or high added value components with a sufficient concentration of production.

3.5.3 Push-pull

Chains of this kind play with the concept of postponement. Starting with a minimum of basic
(rather simple) products, the specialization/completion of the final product according to the
specific requirements of the client/charger can be left until the last stages of the production process
or even during the transportation of the goods. The customization of the final product can take
place in port areas, regional distributional centres, or even on board the ship. The moment when
the chain changes from push (production feeding regional depots or centres of goods
specialization) to pull (the final product, tailor-made, is sent in the shortest time possible) is
crucial for the global competitiveness of the distributional logistics of the product, reduction of

stocks, and achievement of competitive timing.

Push-pull is proposed for variable demands (or productions) with high product concentration and
high value of cargo. Instability may be due to issues of uncertainty in demand (rendering it
difficult to forecast transportation needs at the operational level) or seasonality (rendering it

difficult to retain regular transportation services).

The flow concentration generally allows fully loaded shipments, although the number of
transportation units per shipment may vary, making the sizing of the required fleet difficult, as
the demand cannot be distributed through stock due to the high opportunity costs. Therefore, there
is a tendency to count on operators that move large volumes of cargo from different shippers in
order for them to absorb the variability in flows as well as the risk it entails by compensating for

peaks and by making use of return voyages.

This type of chain is typical in the automotive and expensive consumer goods sectors whenever
the cargo to be transported accepts postponement. Additionally, the small carrier that serves as
spot demand or that chooses the transportation route at an operational level (without any possible
strategic planning) can be considered as another industrial sector using this kind of chain. In this

case, its features will become a product for this type of chain, due to the high value of the goods
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(including the truck itself) and its high opportunity costs and stock (driver) as well as the
variability set by the definition.

3.5.4 Full load pull

Full-load pull simply means that the shipments are sent according to the demand needs at their
final destination and that full load trucks (or containers) are used for it. This kind of shipment is
used with low value products with scattered distribution networks and/or relatively small cargo
flow. Variability in demand is not relevant because the small volume of cargo already requires

the transportation to be specifically arranged.

The low value of the goods makes it feasible to work with low shipping frequencies, allowing
consolidation of the cargo, although a minimum lead time should be kept. That is why shipments
are called pull and not push, which would be the most common distribution strategy in cases of
low-value cargo. Usually in such scenarios operators are specifically hired for each particular
shipment (spot).

This type of transportation chain is used for shipments of semi-manufactured products (such as

steel products and building materials) from distribution centres or producers to small customers.

3.5.5 Pull LTL (less-than-load)

In this case shipments are sent according to the demand needs at their final destination but less-
than-load (LTL) trucks (or containers) are used for it, probably because there is not enough cargo
to fill them or time to wait for more cargo to be produced. The products transported have high
value or a high opportunity cost and there are not high volumes to be transported or concentrated
flows. Variability is not relevant for small shipments since when they are periodic they show an

equivalent behaviour to variable shipments.

The high opportunity costs may enforce the use of LTL shipments. Although transportation costs
may not be especially relevant in the final price of the product, it would be normal to work with
operators (such as those specialized in parcel services) who are able to group the cargo in order
to keep the cost of transportation within reasonable thresholds. A typical industry requiring such

chains is the pharmaceutical industry, along with companies offering catalogue/online shopping.

3.6 SSS potential
3.6.1 SSS potential according to the BSCS

At this point it was possible to discuss the potential of SSS for each strategy, regarding the
different freight vessels considered (RoRo, conatinerships or even bulk). The ability of SSS to
absorb variability in the demand and its economies of scale will be crucial for its competitiveness.
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Table 3-2 Supply chain standardization in big groups regarding the weight of cargoes concentration, product value and demand variability

Load Product Demand Case Industries Transportation Model
concentration value variability (BSCS)
High volumes High High Push-Pull Vehicles Pull based on material resource
(One-to-one or Full trucks planning (MRP)
many-to-one) Consumer electronics Full load (FL)
Furniture Operator with negotiated global
Chemical related (thermoplastics, polystyrenes, ...) shipments (i.e. total units per year)
High Low Continuous Industrial components (automotive, plumbing, ...) Continuous supply
supply (JIT)  Fast moving consumer goods (FMCQ): textile, refrigerated Full load (FL)
food, perishable goods... Dedicated transport operator
Retail
Low Not Push against Raw materials: fertilizers, claw, marble, lumber, animal Push against stock
accounted  stock fodder... Full load (it might be more than one
for Intermediate goods (steel, paper, plastic, cardboard) from transportation unit)
industry to distributor Dedicated operator / chartering
Low volumes High Not Pull LTL Small volume but high value products: medical equipment, Pull
(Many-to-many applied pharmaceutical, engines, turbines, small metalwork, Less than load (LTL)
or many-to-one) leather...) Consolidation, LTL operators
Consumer electronics (small quantities)
Electrical appliances, lights, and other electronic devices,
radiotelephony...
Parcels / packaging
Catalogue / online shopping
Low Not Pull FL Intermediate goods (steel, plastic, paper) from depot to final ~ Pull
applied client Full load (FL)

Building materials

Chartering / spot service




Table 3-3 SSS potential for each supply chain strategy

Case (BSCS)  SSS Potential SSS Model Advantages Drawbacks/Risks
Push against  Very high Unaccompanied platforms or Large decrease in costs (due to Enough cargo between two zones has to be
stock (preferred) containers vulnerability reduction by metering  consolidated in order to get a shipper line
Specialized operator SSS the demand) Uncompensated flows (empty returns)
(multiplatform) Responsibility for the cargo shared between
multiple carriers
Continuous High Accompanied cargo Cost reduction Increase in lead times
supply (JIT) (perfect for large Specialized operator with hybrid Reliability (in times and Too small capacity (for a specific ship)
volumes of cargo) strategy: SSS/road haulage (keeps frequencies) Low/insufficient frequency
time competitive)
Push-pull Very high Unaccompanied cargo Cost reduction Lead-time increases
(preferred) (accompanied when variability is Optimal use of equipments Too small capacity (for a specific ship)
high) Shipping company can deal with a Uncompensated flows (empty returns)
Operator might be specialized in varying cargo volume (if long term  Responsibility on the cargo shared between
SSS (multiplatform) cargo is known multiple carriers
Resiliency
Full load pull Medium Unaccompanied cargo Drivers and costs reduction Stiffness. It only works for a small percentage
(SSS as alternative Port behaves as a hub or break-bulk  of the traffic
to road haulage in point (transshipment) Non-compensated flows (empty returns)
some cases)
Less than Low (SSSisnota Accompanied when variability is Port behaves as a hub If it only works for a small percentage of the
load pull good option) high Equipment (tractor heads) can be traffic managed by the operator it does not pay

Unaccompanied with operator
combining SSS and road haulage
(maintaining competitive timing)

used for other purposes during off-
peak periods

for the effort
Uncompensated flows (empty returns)
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Table 3-3 presents the main conclusions on that aspect. In each case it is discussed the potential
of SSS (either kind) and also what would be the advantages and disadvantages for the shipper (or
the carrier) from adopting the proposed SSS option.

Push against stock

In the case of push against stock, the low value of goods allows stocks and transit times to
increase within tolerable margins in terms of cost. Therefore, container ships (SSS-LoLo) can be
the optimal choice for cargo shipment rather than RoRo. The alternative would be freighting entire

vessels for large volumes of cargo.

Continuous supply

When the value of the product increases and its flow is stable (continuous supply), SSS-RoRo
becomes competitive, allowing consolidation to be done at the port, in the case of cross docking.
And if unaccompanied shipments are chosen, costs are also reduced since there is no need to pay
allowances to the drivers. Additionally, if vessel departures offer high frequencies, it is feasible
to work with pull systems which will allow lead times to be maintained while at the same time

increasing the economies of scale.

Push-pull

In the push-pull process, RoRo maritime shipments can take advantage of both the push part of
the process (from origin to the port) as well as the pull part (sea leg plus delivery on arrival) as

the port can break-bulk the cargo or be the place where the product is customized.

A high frequency of ship departures would maintain the pull system (and lead times) as well as

introduce economies of scale in order to reduce the final cost of transportation).

Additionally, the distributional effect of SSS on demands showing variability needs to be
considered through the compensation of the peaks of different clients and their timing
requirements. This entails prioritizing loading cargo that is more sensitive to time. The risk in
time compliance can be compensated with a reduction in freight. It should be noted that push-pull
processes are particularly relevant since small carriers (taken as full trucks to be transported) can
be considered to behave as if they were cargo of this kind of BSCS, as stated in the previous
section.

Full-load pull

When traffic is small between both hinterlands (origin and destination) both kinds of SSS become
less competitive. At full loading pulls or pulls including consolidation, SSS-RoRo may entail

some reduction in the fixed costs if competitive frequencies are ensured or, taken from an
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operational rather than a strategic point of view, if such frequencies allow the use of SSS
depending on the convenience of its schedule (or price) or the global route of the cargo. In any
case, when SSS-RoRo is adopted, cargo accompaniment at all times (truckload shipment) will be
chosen most of the time in order to exploit potential re-routings or alternative routes for the

platform at its return.

Less-than-load pull

Furthermore, in the case of less-than-load pulls the port may operate as a consolidation point for
the cargo. Anyway, it is the logistics operator who is responsible for grouping the cargo and who
ultimately decides the distribution strategy that will be followed. The distribution strategy chosen
will depend on the possibility of having other uses for the truck unit at the origin (in the case of
sending just the platform/container by sea) or on its way back (if the truck unit follows the cargo
during the sea leg, as in RoRo ships). In short, as in the previous case, rather than being considered
in the strategic plan, SSS-RoRo- is an alternative to other available transportation chains at the

operational level.

3.6.2 SSS potential according to commodity

To check the goodness of the proposed classification of supply (or distribution) chains as well as
their validity for assessing the potential of the SSS, the set of interviews with producers was used

(second set of interviews from Figure 3-1).

Figure 3-4 shows the placement of the companies according to the characteristics of their
commodities although there were a lot of products (and companies) described, each of them with
its own characteristics. Companies in the same sector could be located in different parts of the
diagram depending on the specific characteristics of their production systems and demand, or
even that the same company may follow different types of chains depending on the product or

process analysed.

The colour code from Figure 3-4 also depicts what shippers think (and do) regarding SSS in any
of its forms, containerized, RoRo or bulk: i) already using it or considering it fits their distribution
strategy; ii) rejected after trying it or against it; and, iii) not having considered the option yet. The

results suggest the goodness of the analysis of the SSS potential previously made.

It is true, however, that when the forwarder has the last word in terms of transportation logistics
management, it can become impossible to know what was the final strategy used to transport the
company’s goods. This is why there are few companies identified as working with LTL BSCS as
seen in Figure 3-4, and those that appear there are in gray color (unclear strategy used within the

sector).
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Figure 3-4 Classification of companies of the survey and their potential to use SSS according to

commodity

3.7 Overview and conclusions

This chapter discusses the potential of SSS, either with container or RoRo ships, based on the
specific characteristics of demand, the production companies, and the products (goods
transported). The approach taken is strategic, regarding the requirements of the SC and not

considering the physical constraints of locations of origin and destination of the cargo moved.

The requirements have been reorganized in three main sets depending on the effect they have on:
1) the value of the product (and therefore time of transport); ii) the variability of shippings; and,
finally, iii) their size (allowing for economies of scale or not). Varying the relative weight (high
or low) allows defining five basic and distinct supply chain standards (BSCS): i) Push against
stock; i) Continuous supply-JIT; iii) Push-Pull; iv) Full-load pull; and, v) Less-than-load pull.

Push against stock and push-pull seem to be the candidates that would benefit the most from the
inclusion of MoS in the shape of RoRo/RoPax vessels, as was later corroborated with data from
the interviews done.
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To summarize, the main conclusions at the end of this chapter are:

. There are two strategic opportunities from using SSS: Greater economies of scale
than in road-haulage chains and more capacity to absorb demand variability
derived either from its seasonality or from the uncertainty in its behaviour. The
risk associated with demand variability can be moved from the carrier to the
shipping company, which, in turn, can reduce this risk by adding different
customers with different associated variability. Then, when there is high
concentration of supply chains, the shippers benefit from the economies of scale
in SSS and, if there is high variability or uncertainty in demand, the potential of

SSS becomes even higher.

e Chains including SSS-RoRo are potentially competitive when there is a high
concentration of cargo and high or average opportunity costs related to the cargo. High
concentration and low costs are also likely to benefit from SSS but in the shape of

containerships as long as larger transit times are not a problem.

e The analysis provided allows any Supply Chain organizers to assess if SSS might be
suitable for their needs at the strategic level —later on, the feasibility of each SSS Supply
Chain should be checked in the operational level in terms of cost and time-. Additionally,
the analysis can help shipping companies to identify potential customers and new
shipping lines as well as help policy makers to find out where to orientate their policies

promoting SSS (in any kind) to ensure the maximum impact possible.

Further research and discussion should be done on the relationship between the different
actors involved in the distribution logistics and how this may affect the way the distribution
decisions are made (and who makes them). The effect of possessing a pool of trucks have
been proved detrimental for SSS (at least in its containerized form) (Garcia-Menendez et al.,
2009) but some studies point that there is no bias towards one mean of transportation or other
depending on how decides the transportation policy, the owner or the forwarder (Bergantino
and Bolis, 2004). Further research should include scenarios where owners are shippers at the

same time or carriers are also operators, or any other combination.

PhD. Thesis 41



RoRo terminals and truck freight. Improving competitiveness in a MoS context

42 P. Morales-Fusco (2016)



4 — Quality and Capacity in RoPax terminals

Chapter 4

Quality and Capacity in RoPax terminals

4.1Introduction and chapter overview

Besides cost and time, qualitative aspects should also be considered when grading the
competitiveness of SSS services. From an operational point of view, these factors will mainly
depend on the performance of the terminal, a poor service will usually happen from lack of
development or specialization of the operations or whenever the terminal usage approaches its

nominal capacity.

It has been already settled in previous chapters that quality is one of the determinants to ensure
the competitiveness of SSS, especially when considering MoS links that compete to road haulage.
RoRo traffic has been increasing over the years and as result the number of dedicated terminals
too. However, port land is a limited resource, and an increase in the insensitivity of use of the

terminals can be expected as a result, likely resulting in congestion and a reduction of quality.

Capacity in general terms can be defined as a value representing the highest arrival flow the
terminal can handle while assuring a minimum level of quality of service, previously defined.
However, the final value will depend as well on the terminal’s features, the productivity of its
equipment, the demand patterns and some external factors (like weather conditions). In
conclusion, quality can be severely affected by the capacity restrictions of the terminal. Both
concepts, capacity and quality/level of service (LoS) should be studied together.

This is not the problem discussed here, since RoRo ships are usually accessed by the stern and
not laterally as containerships would. This chapter provides the study of the relationship between
number of arrivals and probability of an issue (congestion) to happen in a RoRo or RoPax
terminal. The amount of cargo to be loaded/unloaded is considered. Finally, the delays later

perceived by the end user of interest here in this case, the shipper of the cargo, are estimated.

The chapter will first introduce an overview of the physical processes taking place in a RoRo

terminal and to be considered when assessing its capacity. Afterwards, some thoughts on how to
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assess quality related with capacity constraints in port terminals, followed by a means to calculate
the service time for RoPax ships. An analytical / simulation methodology is developed to calculate
both, service time and probability of congestion and some hints on how the level of service could
be graded are given at the end of the chapter.

4.2 Processes in a RoPax Terminal

In a RoRo (or RoPax) terminal both, administrative and logistic (operational), processes take
place. The latter include cargo handling as well as management of passengers, ships and freight
carriers (Bichou and Gray, 2004). To deal with the complexity of the system, port terminals are
usually analysed in subsystems. Some big processes are identified and analysed individually as
independent systems, but taking the outputs of one subsystem as inputs for another to reflect the

existing interactions between them (cf. Cetin and Cerit, 2010; Kozan and Preston, 2006).

In order to assess the quality of the terminal in terms of waiting (probability and/or average time)
it is first necessary to estimate and benchmark the time necessary to complete all processes

occurring in the terminal, and therefore it is necessary to characterize them beforehand.

In fact, the desired optimal performance is only achieved globally when all parts (subsystems)
work adequately. Most authors (Henesey et al., 2003) consider that the operation of a terminal
can be divided into four or five main subsystems which roughly correspond to distinct physical
areas in the terminal: Loading/Unloading from/to ship to/from shore, Transfer (from berth to the
storage area), Storage, and Delivery and Receipt, all depending on the kind of traffic/terminal

being dealt with.

~
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Figure 4-1 Pure RoRo division in 3 subsystems.
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For this thesis purposes, RoPax terminals (and RoRo for extension), have been considered to be
made of three subsystems since Transfer time when Loading/Unloading is highly affected by the
Storage configuration as well, making it difficult to approach separately the three subsystems on

their own. In fact, RoRo terminals are unique in that cargo can move by its own means.

In short, the three subsystems considered will be: i) berthing and stevedoring; ii) storage; and, iii)

delivery and receipt as shown in Figure 4-1.

The processes that take place in each part of the operative, the main operational processes taking
place in a RoRo/RoPax terminal and their logical sequence are summarized in Figure 4-2 below.

The figure is generic enough to fit any kind of the usual cargoes a RoPax ship carries.

IMPORT (sea->land)

BERTHING AND BEGINNING OF STEVEDORING UNLOADING PROCESS IMPORTING CARGO CARGO LEAVING
THE LOADING/ NLOADING, » PROCESS (INSIDE IN THE SHIP/RAMP/ ~ ——— | PLACEMENT ON THE ——»| THE TERMINAL
ETA AT THE PORT THE SHIP) TERMINAL INTERFACE STORAGE AREA (YARD)

R T— BERTHING LINE STORAGE
SHIP PLACEMENT (AND THE CARGO
DEPARTURE, CLASSIFICATION) OF THE ENTERS THE
ETD CARGO-TO-EXPORT IN = TERMINAL
THE STORAGE AREA
CARGO STEVEDORING LOADING PROCESS OPERATIONAL PROCESSES INTERNAL
FASTENING PROCESSES IN THE SHIP/ RAMP IN THE TERMINAL MOVEMENTS OF THE
(INSIDETHE  [€ | /TERMINAL RELATED TO CARGO "] CARGO INSIDE THE
SHIP) INTERFACE LOADING/UNLOADING STORAGE AREA

GENERAL PROCESSES

\4

CARGO TRANSPORTATION ACTIONS UNDERTAKEN BY
(WITH MAFI OR OTHER THE STEVEDORING STAFF
TRANSPORTATION MEANS)

Figure 4-2 Main processes occurring in a RoPax terminal

Regarding the loading and unloading processes, in general terms and considering a RoPax

operative, consists in the following physical processes (Leon and Romero, 2003):

Unloading process (from sea to land):

It begins with discharging the self-driven vehicles: passenger automobiles, trucks, buses, etc. The
trucks and vehicles unloaded at this stage go directly to the exit gates of the terminal, where the

exit control takes place.

When all these kinds of cargo have been unloaded, the unloading process starts for all the
vehicles/freight driven by the stevedoring team (or hand): platforms/semitrailers and car-cargo
(i.e. cars, vans, etc. to be sold) which are stevedored simultaneously. This time all the cargo is

unloaded simultaneously and stored in the areas of the terminal designated to that purpose.
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Loading process (from land to sea):

Once the cargo arrives to the terminal, it is parked in the yard, waiting to be loaded on board. The
passengers on board may access through fingers or by means of the stern access gate. Stevedoring
is carried out according to the “Stevedoring Plan” which includes a “Cargo manifest” and a
“Cargo Plan”, both planned according to the cargo and the final destination of the cargo, whereas
there were hazardous materials, and the remaining ship calls.

Platforms and semitrailers are usually loaded first and simultaneously with the automobiles.
Immediately after the vehicles driven by their own drivers are loaded: passenger vehicles, trucks,
buses, etc. While waiting to be loaded, trucks and passenger vehicles are stored temporally in the
yard of the terminal: Trucks are organized in rows while cars are parked in blocks.

Besides the physical flows, there is a second circulation level corresponding to the information
flow. Additionally, in each level, it is possible to distinguish among the different transport
systems, cargo/stevedoring units, type of cargo and traffic (Henesey and Tornquist, 2002) and
depending on the direction of circulation: sea to land (import) from land to sea (export). In RoPax
terminals three main cargo types can be found: full trucks, platforms without tractor capacity and
automobiles. This three kinds of cargo are combined with a fourth one: passengers and their

private vehicles. Each kind of cargo has its own processes chain.

4.3 Quality, capacity, congestion and performance indicators, overview of
the existing literature

An approach to the role of quality in the competitiveness of SSS and MoS, regarding drivers
behind the mode shift from road to sea, has already been discussed in the literature review from
the previous chapter (chapter 3). In that context, reliability is important especially when dealing
with regular services, i.e. with a set schedule (Batley, 2007), which would be the case for MoS
lines. The literature does not seem to agree on whether SSS is reliable or not, since according to
some, reliability is an advantage of the MoS (Tenekecioglu, 2005) despite being seen as a
weakness when comparing SSS with road haulage (Feo et al., 2011; Medda and Trujillo, 2010).

The literature here provided, complements the literature from the previous chapter towards how
studies to quantify the reliability in maritime terminals, and more specifically on the relationship
between capacity, congestion and performance and the means to measure them before entering

into the approach taken to consider them in this chapter.

4.3.1 Indicators to assess congestion

The typical congestion indicators found thorough the specialized literature of maritime terminals
are in the form of waiting time over service time (W/S), berth occupancy rate and total turnaround

time - and its two components, service (berthing) time and waiting time-, among others. In all
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cases considering both, average values and their probability distribution function (pdf) (Dragovié¢
et al., 2005; Henesey and Tornquist, 2002; Huynh and Walton, 2005).

Waiting time over service time ratio (W/S) is in fact a performance indicator found in a broad
range of papers, from Fourgeaud (2000) to the UNCTAD (2006) indicators. It expresses the idea
that ships with less cargo to discharge cannot afford waiting as long as ships which may have
several times more cargo. This approach, although, omitted by most of the literature could also
be easily applied to the “other” users of the terminal, the truckers and include, implicitly, the value
of time for the cargo owner or transporter, since congestion at the land access is a common issue
also (Parola and Sciomachen, 2009). W/S as indicator, however, can be misleading since its value
increases as the turnaround time for a ship in port decreases, due to, for instance, a better

performance of the terminal operative.

Berth occupancy rate, in turn, is commonly used as a means to express the degree of congestion
a specific terminal is facing. Usually, a maximum waiting probability is given, from which the
maximum berth occupancy can be obtained by means of either simulation or simplified queuing
problems (Bassan, 2007).. However, those numbers depend as well on the terminal typology
whether bulk, container (the most studied kind) or RoRo, the arrivals traffic pattern, the number
of berthing points and the service time as well as the maximum waiting time allowed (Agerschou,
2004; Fourgeaud, 2000) and, therefore, cannot define quality without help of any other indicators.

Average dwelling (or turnaround) time spent at the terminal is an indicator easier for the terminal
customers to understand, especially if it is considered that internalizes possible unexpected
unplanned delays. At the same time it can be decomposed in service plus waiting time, being the
first term related to the terminal’s performance while waiting depends on service time (in both,
average value and pdf) as well as the occupancy the terminal faces. In that sense Ballis (2004),
following the conclusions drawn by the project IQ by the European Commission (Mathonnet,
2000) lists waiting time as one of the main indicators to value intermodal terminals. However,
due to arrivals pattern for RoRo terminals probability of having to wait will be chosen as a more
easy to obtain value as it will be stated in the methodology section of this chapter.

4.3.2 The arrival pattern

Waiting time and therefore, turnaround time, are critically affected by the arrivals pattern as well
as unexpected events that might arise due to a lacking terminal operation. The later issue will be
studied, in fact in the following chapter whereas the arrival pattern has been widely studied in the
literature, although for bulk and containerships. Most models for ports consider ship arrivals with
the shape of pdf’s from the Erlang family (Aspereren et al. 2005; Fourgeaud, 2000). and usually
being considered Poisson arrival processes (Erlang 1) (Dragovic et al. 2006; Productivity
Comission, 1998), and thus, completely random, they are even used to simulate arrivals planned
beforehand like in the research from Dragovic et al. (2006) or the Commonwealth of Australia
(Productivity Comission, 1998). Finally, some other authors use series of recorded values in their
simulations of terminals operations like Dai, et al. (2008) or Murty et al. (2005).
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In the case of RoRo terminals, the only study known to the author is the one by Aguilar and Obrer
(2009) referring to several Spanish terminals, where it was found that ship arrivals in RoRo and
RoPax alternate random arrivals with scheduled ones and therefore, a distribution to explain them
cannot be obtained. It becomes necessary to introduce a new approach to evaluate the performance

of such terminals.

Waiting time and its probability are critically affected by the arrivals pattern. This chapter,
however, uses data extracted from Aguilar and Obrer (2009), referring to several Spanish
terminals, where it was found that ship arrivals follow Poisson processes (i.e. are random) in
container and vehicle (car-carriers) terminals, while RoRo and RoPax usually alternate random

arrivals with scheduled ones (without an identified distribution, then).

4.4 Methodology overview

The methodology developed to obtain the capacity and thus, the expected waiting time and quality
of service for a given terminal, is composed by three main stages: 1) estimation of the optimal
stevedoring time (or service time); ii) calculation of the waiting probability associated to it; iii),
drawing of the performance-capacity curve of the terminal; and, ultimately iv) assess the current

quality of the terminal.

Study of RoRo Terminal’s
taxonomy
l Stevedoring units
Scenarios defined by R Stevedoring process _
terminal’s layouts i’ simulation (Witness)
l Ship’s characteristics

Stevedoring time graphs (t;,)
(loading and unloading)

!

Representative typology and
cargo values

A

Stevedoring time (¢, ) choice

!

A

Service time (t,) choice Ship’s operation time (t,)

}

Ship arrivals distribution > Capacity graph
A 4
Need of investment evaluation |, Data from the terminal to
(Level of Service calculation) | evaluate

inputs

Figure 4-3 Main steps to take to calculate the service time and assess the LoS of the terminal

To obtain the optimal service time, #;, the stevedoring time, ¢, must be estimated. The optimal

service time is the result of adding several terms, both from analytical and simulation models.
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Special emphasis has to be put when studying the semi-trailers stevedoring process since they are

the most time-consuming units to stevedore.

Considering that terminals behave as a typical queuing problem where ships are the arriving
customers and the mooring points available at a time are the servers, either the average waiting
time, t, or the probability to have to wait can be calculated depending on the behaviour of the
ship arrivals. Figure 4-3 provides the main steps followed to calculate the service time, first, and

the Level of Service of the terminal.

4.5 Optimal service time estimation

Service time (z) is defined as the amount of time the ship occupies the berth. It includes
(un)berthing, (un)loading, and other operations the ship does in each scale in port such as ramp
lowering and berth approaching manoeuvres. Service time has been split in operation time (%,)
and stevedoring time (%), being the first of them the time to undertake all the operations but
(un)loading the ship and the second the time to approach the berth, berthing and mooring plus the

time to lower the ramps.

=t +t, 4-1)

4.5.1 Vessel operation time

Vessel operation time includes all the time a berth is used by a specific ship but the time spent in
stevedoring. That is, twice the time the ship spends to enter the harbour from its waiting
(anchoring) point, taken as the time from the moment in which the harbour pilot reaches the ship

until the moment it is properly moored plus the time spent in lowering the ramps.

The time spent from the entrance of the ship in harbor to its anchoring point can be easily obtained
from data from the harbor pilot, since this time can be assumed to last from the moment the pilot
enters the ship until the moment the ship is moored. Additionally it can be obtained after the
maximum velocity specifications set by the correspondent port authority and the distance to be

travelled in port, from the point of access to the mooring point.

To that time it should be added the time to lower/upload the vessel ramps. Ships usually have a
rising/lowering hydraulic system common for all the ramps in ship, which can only handle one

ramp at a time. In consequence, there will be a factor proportional to the number of ramps as well.

In the case of Barcelona and other Spanish ports RoRo terminals ¢, has been estimated with (4-
2). The formula considers current regulations on ship speed inside port, the number of ramps to
be opened, R, the distance to be travelled (in nautical miles) from the port entry to the final
mooring dock, d, plus a constant to account for mooring and deceleration and berth approximation

and departure maneuverers.
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t =20-d+6-R+20 (4-2)

Table 4-1 provides the distances and the resulting calculus of vessel operation time for several

Spanish RoRo terminals.

Table 4-1 Vessel operation times for some selected Spanish terminals

Barcelona Valencia Cadiz Vigo
(Port Nou) (RoRo terminal) (Marqués de Comillas) (Bouzas)

d (nautical miles) 3 1,2 0,75 0,15
t, (min) 80+ 3R 43 + 3R 36 + 3R 24 + 3R

4.5.2 Stevedoring time

Stevedoring time stands as the larger parameter in the service time calculation. In order to estimate
it, Camarero and Polo (2005) proposed a linear relationship between the ship capacity (its lane
meters) and the time needed to load and unload once in the RoRo terminal, depending on the type
of cargo. Initially such an approach seams adequate for self-driven cargo (i.e. trucks and passenger
vehicles) but highly simplifying for cargo carried around by stevedoring teams, since it considers
neither the increase in distance due to a bigger amount of cargo nor the influence of the different

possible terminal layouts.

There are more specific tools (Lopez Pifieiro et al., 2005) to estimate the total amount of time
necessary to (un)load a ship depending on its size, distribution and cargo (volume and
composition), but those only take into account the “ship part” in the stevedoring process and are

specifically constructed for a single ship configuration.

Since stevedoring operations are mainly sequential, stevedoring time is calculated by adding the
stevedoring times for each of the 4 cargoes types that can be transported in RoPax vessels: full
trucks (#'), semi-trailers (i.e. trucks lacking their tractor unit) (), passenger vehicles (#) and
vehicles as freight cargo referred to as car-cargo from now onwards () as expressed in (4-3).

Figure 4-4 reflects such sequence.

t, =t +t" +max(t) +1 6 +1,") (4-3)
Self-loading units, passenger vehicles and trucks, are considered to be linear with the capacity of
the ramps of the vessel and happen sequentially. However, units driven by the stevedoring crew,
semi-trailers and car-cargo are considered to be stevedored at the same time. Therefore, the
maximum of both values is taken (4-3). Potential disruptions between the car-cargo and semi-
trailers stevedoring process have been neglected since both kinds of cargo are usually stocked
separately in the yard and at different decks within the ship. Therefore, both stevedoring times

are calculated separately and then the higher of the two is to taken.
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Figure 4-4 Kinds of cargo to be transported (and stevedored) in a RoPax vessel

Stevedoring sequence:

- Semi-trailers and car-cargo

Car-cargo and semi-trailers times are expressed in (4-3) as an addition of two different terms: ship
or vessel time (¢,) and yard time (z,) being the amount of time necessary to move the cargo from
within the ship to the ramp and from the ramp to the yard, respectively. This approach is taken to
allow to consider the different ship’s physical characteristics and separate them from the effect of
the yard configuration. The fact that the tug units work simultaneously will not affect the final
number obtained: adding the time to load all semitrailers and dividing it by the number of towing

units will equal the (un)loading time.

4.5.3 Full trucks and passenger vehicles times

The time to load and unload self-stevedoring units (trucks and passenger vehicles) can be assumed
to follow a linear distribution if there is not to be affectation, because of yard congestion, to the
ramp operative, since it is a uniform process. Equations (4-4) and (4-5) provide a deterministic

way to calculate them.

t 1 t 1 t t
U=—m+—n,+i, (4-4)
lul luu
1 1
t' =—nl +—n/ (4-5)
uot ol

Where u stands for the number of vehicles (p) and trucks (¢) that can be either loaded (/) or
unloaded (u) in a time unit and n stands as the number of units (ITU) to be either loaded or
unloaded (depending on the subscript) of each kind.

The u values are highly dependent on the amount of ship ramps, their distribution within the ship

and on the terminal’s facilities, (e.g. a set of lanes built in an upper level allowing accessing the
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ship at two different decks at the same time and/or (un)loading at two different stories of the

terminal).

The field observations made for this study in Barcelona’s port terminal provided values of 60-90
trucks/hour when loading and around 120-150 trucks per hour when unloading, whereas
passenger vehicles ranged from 120 and 180 veh/hour. The values are of the same order of
magnitude than the ones given by Camarero and Polo (2005): (100 trucks/hour).

Additionally, 74, is understood as the stevedoring overtime due to an inadequate capacity at the
terminal’s gates combined with a lack of capacity in the terminal’s vials. Considering, again, a
uniform and deterministic behaviour, the value can be easily calculated given the flow capacity
of the gates of the terminal x, and the capacity of the circulating lanes within the terminal, L, as
pointed in (4-6):

T ) R (4-6)

4.5.4 Semi-trailer (platform) times

Semi-trailers and car-cargo usually are stevedored simultaneously. Differently from self-driven
cargo, where the main limitation where the number of units to load, for unaccompanied cargo, the
number of stevedoring units —hands- will also be a performance limiter, together with the average
distance from yard to ship, the ship and yard configurations, the number of ramps and, ultimately

possible congestion problems.

For simplifying purposes, congestion between both flows (semi-trailers and car-cargo) will be
neglected. In fact, theses kind of cargoes usually are stocked separately both, inside (different
decks) and outside the ship and use different hands for their stowage. Therefore, assuming that
the affectation between car-cargo and semi-trailers is minimal, both times can be calculated

separately and then keep the maximum value of the two as the limiting one.

The semi-trailers ship time (") and its variability have to be calculated for each kind of ship
berthing at the terminal. RoRo and RoPax ships from MoS lines are usually the same; therefore
this time value can be obtained for the few vessels working with the studied terminal doing some
field work.

The time every single tug unit spends inside the ship, #", has been assumed to follow a normal
pdf, to be able to approximate the overall #,” as a sum of normal distributions, resulting in the

normal distribution from (4-7).

; ‘ 2. ‘
o N B ) o) () 4y

v 5
n" (nm)Z

(4-7)
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Where n,” and n/" are, respectively, the number of semi-trailers to unload and load, n” is the
number of operating mafis and 6,™2 is #,”’s variance. However, the normal distribution has proven
to not be accurate, in the case studio analyzed (Barcelona), where the registers obtained had a
better adjustment to a lognormal. The use of a lognormal will deter proceeding with an analytical
approach to the calculation of #,', but simplifies using montecarlo series or, directly simulation of
the yard circulation lanes, since it does not provide negative #,” values.

The yard time for semi-trailers (#,"), understood as the amount of stevedoring time spent
maneuvering outside the ship, has been obtained after simulating the movement of tug units
through different yard layouts. Thus far, the simulations undertaken show that the overall ¢, value
takes a normal distribution regardless of the #,"’s pdf and as long as it follows a normal (truncated
at zero) or lognormal distribution. With #,”, and thus #,”, normally distributed #," can be taken as
normally distributed as well and its variance it is easily obtained, but that does not apply when ¢,

does not have a normal pdf, in such a case it does not have much sense to calculate 7,

The simulations undertaken show that the typical deviation of #* is around 115-120% than #,” ‘s
(analytically obtained). In any case, " and #," ‘s mean and variance will only be valid for a specific
number of tug units and semi-trailers, yard distribution, and ¢,"’s pdf.

Three different layouts have been considered (Figure 4-5) with a varying number of parking lanes,
where those can be: 1) parallel to the wharf and only spreading to one side of the ramp (P scenario
from), ii) parallel but spreading to both sides of the ship ramp (M, from middle, scenario); and,
1ii) with slots perpendicular to the wharf and the ramp centered between two lanes of parking lots,
facing the aisle in between (B scenario).

I R

AR S 22
'y " A 2 X %y D

Yy va
KL &7 > % & 2 o

&&&&& 27 NS

P configuration M configuration B configuration

Figure 4-5 Yard configurations in a RoPax terminal

When the ears are perpendicular to the wharf and the ramp ends right between two aisles between
ears, the scenario M would suffice, once adapting the distance between the ramp and its closest
row to the case. The most common scenarios in Spain are either P1 or P2 scenarios, with some
M2 as well. B scenarios are common with quite big terminals like the ones found in Algeciras,

Spain (the numbers used in the notation refer to the number of rows considered in each scenario).
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A model using the software Witness, from Lanner, was developed for the P1, P2, P3, M1, M2,

M3, B3 and B5 scenarios using the parameters from Figure 4-6.

‘RAMP‘

tow unit speed
loaded/turning 12.00 km/h
unloaded 25.20 km/h
distances
small turn 3.9 m
big turn 118 m
(un)fetching times
both 1 min
t, per mafi (normal pdf)
mean 5.6 min
variance 25  min’
t, per mafi (lognormal pdf)
g 1.64
o 0.288

Figure 4-6 Physical parameters considered for simulating a RoPax terminal

From the simulation it can be stated that yard time is dependant on the scenario taken but only in
a small degree (overall times only vary on a 2-3%) but when the scenario taken is the P1 where
overall times increase dramatically. At the same time, the yard should be big enough to fit all the
cargo to be loaded and unloaded for at least one vessel. Smaller yards will mean longer yard times
since cargo will be stored in other yards or detached from the truck that is carrying it just before

being picked up by the towing unit.
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Figure 4-7 Yard time in a B configuration with 8 ears of parking slots and 50% of cargo loaded and

50% unloaded

54

P. Morales-Fusco (2016)



4 — Quality and Capacity in RoPax terminals

Figure 4-7 shows a representative graph for time/units and different layouts configurations and
number of towing units, in this case when the number of units to load is similar to the units
unloaded (the abscissa axis includes only the units unloaded but the ordinates include both times,
loading and unloading). Real terminal values outside the regions obtained in the simulation, could
be the consequence of poor performance of the tug units or the limitations of the terminal layout
or both.

4.5.5 Car-cargo times

In this case the value taken has to consider the average distance to be travelled from the storage
area to the ramp(s), when loading (and vice versa when unloading) as well as the maximum
circulating speed allowed, the number of drivers per van used in stevedoring as well as the number
of vans . On the other hand, to obtain £, it might be more useful to obtain empirical values for
each kind of ship in operation, although this value can be estimated taking into account the
distance to travel inside the ship and other factors, especially, the stocking deck’s height since
sometimes the van cannot access lower decks and the stevedoring crew has to walk part of their
trip. In the studied case for Barcelona’s terminal an average value of 2.5 minutes has been

observed.

Expression (4-8) shows the equation to estimate the yard time (in minutes) necessary to stevedore
n car units accounting for both, loading and unloading, assuming a travelling speed of 40km/h
(maximum allowed inside the Spanish ports), units in minutes. Like it has been done with all the

other kinds of cargo, is assumed that loading and unloading do not take place at the same time.

tiC: idcc-i-l n_ (4_8)
- 1000 n’

Where ¢, is the yard time for car-cargo (in minutes), d° is the average distance to be travelled
(in meters) and #° the amount of stevedores travelling in a van. Only a van is assumed to be
working at a very same time, and the operations of leaving the car and gathering all the drivers is

supposed to last only 30 seconds, but the equation provided could be changed if necessary.

4.6 Waiting probability

If random arrivals are considered, the typical analytical approach to estimate ¢, is by solving a
queueing theory problem (Jovanoni¢ et al., 2003; UNCTAD, 1985). However, the problem
becomes far more complicated when considering the variations in the vessel’s probability
distribution functions (pdf), its size, average cargo and, thus, time in terminal, adding an allocation
problem to the queueing. The problem becomes even more complicated in container terminals

with the allocation of berth and yard cranes to the ships to do the stevedoring. Such problems are
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largely discussed in the literature as the Berth Allocation Problem and Crane Assignment
Problems, but will not be discussed herewith (Bierwirth and Meisel, 2010).

In rolled cargo terminals, however, the expected vessel size (actually length) is not brought into
the equation since berth occupancy is actually related to the number of berthing points, where a
ramp can be placed, and not to the berth’s available length, nor how the cranes are assigned to the
ship.

Moreover, in this kind of terminal the problem comes from somewhere else: the schedule. When
evaluating the berth’s capacity, the ship arrival process to port is typically considered to follow a
Poisson distribution, i.e. interarrival times between any pair of ships do not depend on previous
or future values, following an exponential pdf (probability density function) in the case of a
Poisson distribution (Jovanoni¢ et al. 2003). However, RoPax terminals in a Motorway of the Sea
context should work with a pre-established arrivals’ schedule to provide a good quality level to
the truckers. But arrivals following a schedule do not easily fit the typical queueing problem.
Moreover random arrivals are sometimes combined with scheduled ones as observed being the

common practice in Spanish Ports (Aguilar Herrando and Obrer Marco, 2009).

Nevertheless, a methodology for both cases (random and scheduled arrivals) is constructed in this
paper using an stochastic model for scheduled arrivals is possible while random arrivals are

assessed using Montecarlo series.

A terminal with just a berthing point and in a representative day is considered, where b; is taken
as the time between two consecutive arrivals, i and i+/ (4-10). Secondly, it is considered that the
arrival and departure times for the i-th ship (#; and ;") are planned beforehand and satisfy
equation (4-9). In such case it is possible to obtain the relationship between the average spacing

between arrivals, b, and ¢, the number of ships visiting the terminal during a period of time T:

ty =t =1, (4-9)

b=t —t. (4-10)

Db, =T—Ztﬂ. @10

F=l

q q
T:Zi:tm.+z"l:b,. (4-12)

At this point, some simplifying assumptions are introduced: 1) the time of service for the towing
units inside the ship, #,”, follows a normal or a lognormal distribution; and ii) the other values for
the time of service calculation are either deterministic or normally distributed (#,""’s must always

taken as deterministic).
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Then, the service time for a given ship will follow a normal distribution with known mean and
standard deviation as expressed in (4-13) (normal distribution #,") and (4-14) (lognormal
distribution). Additionally, (4-14) takes " as having a typical deviation bigger than that of #,”
(analytically calculated) in a 20%:

ty * N, 00)=NG' +1) +1,+1' +17,0., +0, +0, +05) (4-13)
t,~N(,,0,)=N@*1" +1,+1' +t_”,(1.2)2 ol +0, +0,+0,) (4-14)

Once known the service time pdf it is time to analyze the previously defined time between
successive arrivals, b; taking into account the two identified scenarios: random and scheduled

arrivals.

4.6.1 Waiting time with scheduled arrivals

Figure 4-8 represents the different variables on a temporal axis being 0 the time the i-t4 ship
arrives at port. Two different scenarios are drawn: the overlapping between the i-¢4 and the i+
does not take place (4-12) is not fulfilled- or when there is overlapping and, because of that,

queuing and waiting.

However, not only the time of service can vary, the overlapping can be also produced by the
delays or arrivals ahead of time of vessels, therefore ¢, can be taken as stochastically distributed
as well. In the case of Barcelona it has been observed that the difference in arrival times regarding
the schedule follows a lognormal distribution with all arrivals arriving almost one hour later than
their scheduled time, on average. However, since the average delay applies to all arrivals, it is not
necessary to consider it in the formulae and just work with its variance. Moreover, since
lognormal distributions only take positive values and there might be ships that arrive earlier than
scheduled it would be more useful to consider that arrivals follow a normal distribution with z;,,
and o, as their mean and variance values, keeping the calculations on the security side as well

as simplifying them.
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Figure 4-8 Two successive ships in a terminal as scheduled (upper figure) and when the service time

of the first ship exceeds its scheduled service time by more than b;, and hence the ship waits.
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From there and considering (4-10), then the i+/-th ship will have to wait whenever b; < 0 and, as
long as both terms in the equation follow a normal pdf, (4-15) is satisfied and the probability to
have to wait for a given ship, J, can be calculated (4-16):

b, #N(b,,03,) = N(t 1, — 1,00+ 0. ) (4-15)

1 ¢ x—b )2
6 =Pr(b; <0)= - ; IGX —%Z—ZJ X (4-16)
\ ,272"(7ts,l,+1 +0,, i,w Ao, t0u

As previously stated, capacity depends on the terminal’s offer (basically its performance), the

ship’s arrival behavior and the maximum waiting probability that can be assumed. To obtain an
upper limit in terms of maximum number of ships, an optimal use of the yard has to been
considered, i.e. the time left between successive arrivals, b;, has the same mean value and variance
for any i ship, b and o, (ships arrivals are planned equally spaced). Moreover, and to start with,
if all ships are considered to carry a similar amount of cargo (common mean service time and pdf)
even simplifies the expression further. Later on, the the influence of having different cargoes and
service times can be introduced by means of the variance values taken and undertaking a sensitive
analysis of how changes in the different parameters affect the final result.

As the spacing between ships b increases, the capacity to add extra ships between two successive
arrivals increases dramatically. To that end, (4-17) introduces the number of ships that might be
added as can be seen in also in Figure 4-9. For the record, (5 /t) is the maximum amount of
ships that would fit in 5 with a #; service time and its minus signal means that the quotient is

rounded down to the closest whole number.

Aq =P1 b, Z[EJ t, (ij q (4-17)

ST tsi

Additionally, Figure 4-10 explains the relationship between waiting probability and variability in

arrival times plus service time (the relationship between g, 4q, b, 5, 62; and 62-;11).
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Figure 4-10 Relationship between waiting probability, number of arrivals and the variability in
arrival times and service time
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4.6.2 Waiting time with random arrivals

The only paper defining a distribution probability for RoRo arrivals (Jovanonié¢ et al., 2003)
considered them to follow a Poisson process. The data obtained from several terminals in Spain
(Aguilar Herrando and Obrer Marco, 2009) shows the assumption is valid whenever scheduled

services, like the ones usually provided as MoS, are not on operation

In such a case, the pdf for the average spacing, b;, results from subtracting a normal distribution
from an exponential one. The resulting pdf obtained after the convolution of a normal with a
negative exponential distribution cannot be calculated analytically and should be calculated
numerically for each set of parameters by means of Montecarlo series, although it usually results
similar to an exponential.

Figure 4-11 shows how the b;’s value pdf would look like given the parameters used in the case
study (next section) as obtained by means of a Montecarlo simulation process with over fifty
thousand cases evaluated.

The grayed area, o, shows the waiting
Probability, i.e.

S
s
S

0

5 =Pr(b,<0)= [ paf(5)

—0

o

o

o
I

0 T T T T T T
-10 0 10 20 30 40 50 60 b =t —t

si+l si

Figure 4-11 Waiting probability given an average spacing bi and with an random arrival process

Knowing the value of ¢; is it possible to draw again the curve showing how many ships can be
added, given that service mean and variance are kept constant, as it was done in Figure 4-9 as
seen in Figure 4-12. Similarly, the relationship between waiting probability and variability in
arrival times plus service time can be explain with a figure similar to Figure 4-10 as can be seen

in Figure 4-13.
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Figure 4-13 Relationship between waiting probability, number of arrivals and the variability in

arrival times and service time, with interarrival times following a negative exponential pdf
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4.7 Case study

The methodology proposed is now applied to the data provided by a shipping company with two
independent ramps operating in a RoPax terminal from Barcelona, Spain. Both ramps and yard
systems are independent from one another and therefore it is possible to analytically study
independently one of the systems in terms of foreseeable waiting time when ships following a
schedule and with maximum cargo arrive at the terminal. To achieve this goal some assumptions

are considered.

e The cargo consists of trucks and semi-trailers only, being the second kind the most time

consuming to stevedore in terms of units/per time unit.

e Cargo unloaded equals cargo loaded, since this implies the maximum number of
movements given a certain yard capacity and through simulation, little difference in yard

times has been observed.

e Two different scenarios are considered: a more “usual” case for the studied terminal with
40 semi-trailers and 80 trucks to be unloaded and the same quantity to be loaded and an

“eextremal” case where all cargo is composed by semi-trailers (160 plus 160 in total).
e 1, and ¢ are taken deterministic and thus no variance was considered.
e 8 tug units and 2 ramps functioning at a time.

e The semi-trailers time follows a normal distribution with its mean obtained through a
mixture of analytical (,") and simulation values (¢,") and its variance through analytical

values only.

e The typical ship has two ramps (R=2) and the distance to travel from the port’s entry to

the mooring point, d, equals 3.1 nautical miles.
e The standard ship arrival deviation is 30 minutes.

e u/ = 80 trucks/hour, u,' = 140 trucks/hour, e = 100 trucks/hour and there is room for 19

trucks in the terminal’s internal lanes.

Given the assumptions, and from combining (4-1) and (4-3), the expression to estimate the time

of service is reduced to (4-18), once the parameters for cargos not being transported are omitted.
t st st
t,=t,+1' +1) +1, (4-18)

In (4-18), the terms of operation and truck times (first two terms of the summation) are obtained
straightforward after applying (4-2), (4-4) and (4-6) to the terminal’s and cargo characteristics.
Furthermore, ¢, is obtained as stated in (4-7) (the mean value) while #" comes from a figure
similar to those shown in Figure 4-7, but this time for a M2 distribution, since it is the one

observed in Barcelona’s terminal.
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Afterwards it is necessary to determinate #,’s variance from considering all terms that conform it.

Time o

f operation and time truck times since, taken deterministic are not considered for the

calculus. Regarding the second pair of terms from (4-18) the assumption that takes #" as

lognormal distributed is considered to be accurate enough and therefore (4-14) is used to calculate
t,. Table 4-2 shows the values obtained for all the terms from (4-18).

Table 4-2 Case study partial times values

Taking

40st and 80t scenario 120 st scenario
Parameter

mean variance mean variance
to 94 min 0 94 min 0
tof 2.3 min - - -
t 96.6 min - 0 -
" 56 min 168 min

] 4.5 min2 ) 13.5 min2

4" 14.9 min 55.4 min
ts 261.5 min 4.5 min2 317.4 min 13.5 min2

the values from Table 4-2 and knowing that, from the regular lines operating in

Barcelona’s terminal, the standard deviation for ship arrivals is of around 30 minutes, it is possible

to draw the relationships between capacity (number of arrivals) and waiting probability (Figure

4-14). Moreover, it is possible to explore the room available for further ships without affecting

too much the possibility to have to wait (Figure 4-15).
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) ) optimal arrival schedule
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T
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Figure 4-14 Relationship between waiting probability, number of arrivals and the variability in

arrival times and service time for the case study
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Adding the real values obtained on the terminal it is now possible to see what could be the amount
of ships served per day in optimal conditions (both in schedule and service time). However, it
should be noted that the variance values used are lower than those foreseeable, since, for instance,
t, and ¢ variances has not been considered, even thought, considering that the performance does
not increase, it is observed that there is room for one or two more ships per day if changing the

schedule accordingly.

g 25.0/\
20.0 ,
‘extrem” , .
scenario ,’ , common
. . scenario
15.0 L’ .
- I
'l
10.0 N .
q Ag~. .7
« —",\ ................ poor
............................................... performance
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~N
0.0 ‘ —>
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Figure 4-15 Ships served for a given average spacing and ships that might be served without

changing their scheduled arrivals for the case study

4.8 Assessing the reliability of the terminal’s service

The ideal terminal would be the one achieving minimum service time, t,", with zero variance in
volume and between two consecutive arrivals following the procedures established in sections 4.4
and 4.5. In such circumstances, a hypothetic maximum level of service could be reached when
the terminal works at its full occupation (since no variance ensures no queuing while the
terminal’s maximum capacity is not surpassed. Figure 4-16 shows an upgraded version of Figure

4-13 when such consideration is taken into account.

The figure shows the effects that reliability (arrow 1) and service speed (arrow 2) have on the
waiting probability, d. The graph could also be the foundation of the level of service gradation for
a given terminal. Once the variance on arrivals and service time is known it is possible to foresee

what would be the terminal’s evolution when service time, flow and their variances change.
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Figure 4-16 Relationship between number of arrivals and waiting probability and indicators to

quantify the influence of varying the number of arrivals, the service time or the variability in the

spacing between ships

As aresult it should possible, at least from a theory level, to assess the reliability level for a given
RoPax line and its room for improvement, as well as identify, after measuring in situ all time

factors, what could be its weaker performers.

Figure 4-17 shows possible quality gradation systems, from A (best service) to E (worst one). The
use of one system or the slope of the grading divisions, should be chosen depending on what the
needs of the ‘grading body’. while 16a rewards increases in number of ships served, 16b does add
probability of having to wait as the main factor to be taken in consideration and, 16¢ proposes

some kind of gradation system in between.

(a) (b)
B 5

1 1

P

B/ A

) ) /1)

Figure 4-17 Possible gradation systems to use when assessing the level of service from a RoPax

terminal
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4.9 Summary and main conclusions

The chapter introduced a methodology to quantify and assess the probability of having to wait
due to poor performance and/or intensive use of a RoPax terminal. The approach consists of three

main steps:
e Estimation of the optimal service time
e (Calculation of the waiting probability associated to it
e Drawing of the performance curve of the terminal

The methodology to calculate the service time is exposed comprehensibly, benchmarking typical
values and formulations whenever possible. Deterministic formulations have been given for truck
and passenger vehicle loading and unloading processes whereas a system combining stochastic
measures and simulation is given to assess the time needed by the tug units to stevedore the non-

self-driven cargo.

RoRo ships in MoS work with a tight schedule and the queueing theory models with Erlang or
Poisson distributions are not applicable in this case like in container or bulk terminals. Therefore,
an original analytical model is developed to calculate the probability a ship has to wait (and

therefore its cargo) for scheduled ship arrivals but also for random ones.

After fulfilling the two previous bullet points, it is possible to draw a terminal’s performance
curves of waiting time versus terminal usage (congestion). The curves provide a useful tool to
assess, at least in theory, performance and room for improvement in the ship-berth operations.
Besides, they provide a tool to analytical calculate the lower (optimal) bound, given a terminal’s
configuration and equipment, for benchmarking purposes. Additionally, it should be possible to
identify the lower performer among all the terminal operations and act consequently to improve

the service.

Future research could include:

The adaptation of the methodology to other rolled terminals (car-carriers and ferry ones).

e Use of the grading system to ease benchmarking / comparison of performance in

terminals with different configurations and traffics.

e Expand the methodology to terminals with multiple berthing points and study the effect
of simultaneously loading and unloading might have on the yard operations (due to delay

/ congestion).

e Update the ship stevedoring time pdf’s by considering different ship configurations and
number of ramps and studying the effect that the inner ship deck distribution may have
on it.
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Chapter 5

Resiliency at RoPax terminals

5.1Introduction and chapter overview

As seen in the previous chapters, especially in section 3.2, the decisive aspects that make a
transportation chain with a maritime link operated by RoPax vessels competitive are both
quantitative (time, frequency or cost) and qualitative/subjective. Among the qualitative aspects
considered, the shippers especially value the safety of the cargo together and the reliability
(Paixdo Casaca and Marlow, 2002), usually understood as fulfilment of the expected travel time
(Batley, 2007; Henesey, 2006)), and already addressed, from the point of view of the terminal, in
chapter 4. Some authors, like Henesey, even differentiated resilience or adaptability from quality,

considering that they are all key attributes for the success of any transportation chain.

Following the path started in the previous chapter, where a qualitative aspect of a terminal: its
reliability -in terms of waiting probability-, was conducted, this chapter introduces the evaluation
of qualitative aspect: resilience. Besides reliant, resilient terminals are required; that is, port
terminals need to be able to respond quickly to any disruptions that might appear and return to a

smooth operational state in the minimum amount of time.

In this case, the resilience of a RoPax terminal by using risk assessment techniques as a means to
provide tools to improve the quality and therefore, the competitiveness of rolled cargo lines and,
in consequence, help in the transport shift from road to sea.

This chapter discusses the concept of resilience applied to a port terminal and identifies the main
risks to its normal, physical operation. The structure of the chapter is made of (Figure 5-1): a short
literature review on risk assessment when applied to supply chains and terminals is provided to
complement the state of the art already provided in previous chapters. Afterwards a complete
taxonomy of the disruptions or disruptions affecting the operational processes in a RoPax terminal
is introduced, together with a methodology allowing to quantify their relative importance and to

discriminate what are the bigger risks that should be confronted first.
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Overview of Diagram of the Registering common Interviews
the literature operational incidences (frequency of + to involved

Identify disruptive events
Relationship trees with causes / consequences
Assess severity and probability of consequences

Figure 5-1 Chapter overview

The innovating contributions of this chapter are basically two: building a complete taxonomy of
the disruptive events that can affect the operational performance of a RoPax terminal and
proposing a numerical framework to be used for estimating the real impact that each event has on

the performance, in terms of frequency and severity.

The chapter findings are based on an overview of the existing literature on the topic, a detailed
diagram on the operational processes of the terminal, an exhaustive set of interviews to the staff

involved in the processes occurring in a RoPax terminal together with field measures.

5.2Risks, disruptions, vulnerabilities and resilience, an overview of the
existing literature

Ports have been identified as the weakest link in any transportation chain that includes a SSS link
and MoS, by extension, in terms of vulnerability or lack of resilience (Kapros and Panou, 2007).
Ports are break points and require a smooth running in order to ease the modal shift and ensure
the competitiveness of SSS chains when compared with other transportation chains (Nede8 et al.,
2006; Paixao Casaca and Marlow, 2002; Pallis and de Langen, 2010).

As stated by Ponomarov and Holcomb (2009), resiliency is a multidimensional and
multidisciplinary concept. Starting from its definition in fields as ecology and psychology, both
authors ended up defining resiliency of a supply chain as its capacity to deal with unforeseen
events, to respond to the impacts they might cause and to recover while maintaining the chain
performance on a desired level. The ability to recover from any incident can be increased with
redundancy in the resources and an increase in the flexibility on the protocols, timetables, and so
on. While the first measure means a direct cost increase and will only be useful at any time the
event happens, the second one can also bring benefits to day-to-day operation (Sheffi and Rice,
2005). In fact, according to Christopher (2005) resiliency is based on the flexibility of the system
and its ability to adapt to changes.

Later, Pettit et al. (2010), based on the scientific literature relative to resiliency on the supply
chain management (SCM), built up a simple and effective model to explain the concept: a

system’s resiliency is its capacity to reach a balance between its vulnerabilities and capabilities
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in order to improve its global performance. Only the measures that would better deal with the

main vulnerabilities of the system have to be introduced to avoid overinvestment.

At this point, it is important to distinguish between risk and vulnerability. The first concept deals
with events derived from the human action or the environment and their consequences.
Vulnerability includes the study of the negative effects that the disruptions have on the optimal
performance of the system (or supply chain, SC) in both the short and the long term Figure 5-2.
Vulnerability is tightly related to resilience: a resilient system is one that can survive and recover
from disruptions s and, because of that, has little vulnerability (Einarsson and Rausand, 1998). A
risk or disruption is understood as any event, predictable or not, which has a negative effect on

the normal performance of the system (Barroso et al., 2008).
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Figure 5-2 Different scope between risk and vulnerability and diagram of a disruptions-tree with the causes

leading to it and the consequences emerging from it if it happens (Einarsson and Rausand, 1998)

In order to evaluate the resiliency of a specific process and establish measures to improve it, first
it is necessary to know what risks/impacts (disruptions) might face and their severity. Precisely,
Jiittner et al. (2003) pointed out that supply chain risk management (SCRM) is based on four key
aspects: assessing the sources of risk (causes), defining what adverse consequences they might
have, identifying the impacts (disruptions) drivers, and providing mitigating measures for the
supply chain. Then, risk assessing is the first step to manage and eventually, reduce them (Manuj
and Mentzer, 2008).

Risk assessment in SCs is yet taking its initial steps, its awareness as a discipline starting with the
turn of the century (Kouvelis et al., 2006; Tang, 2006). A good starting point to organize the
discipline could be the study by Rao and Goldsby (2009), who, following the steps of Ritchie and
Marshall (1993) in risk management, classified SC risks (disruptions) depending on the
source/factor area (out of five) that produced them. The source could be related to the

environment/context, industry, organization, specific problem, or decision-maker.

In the meantime, the taxonomy of causes (or risk factors) developed by Sheffi and Rice (2005) is
especially relevant. Both consider that the causes can be internal or external. The former, in
general terms, have a bigger influence on the day-to-day operation of the terminal and cover the
following big areas/types: human resources, maintenance, human factors, organization and

management, technical failures/hazards, and system attributes.
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On the other hand, Pettit et al. (2010), after a process of recurrent analysis by means of eight focus
groups, built up a complete taxonomy with 50 vulnerability factors (disruptive events) and 106
capabilities. The disruptive events were grouped in seven broad categories: turbulence (frequent
changes on external factors beyond the control of the system manager); deliberate treats; external

pressures; resource limitations; sensitivity; connectivity; and, supplier/costumer disruptions.

To assess the vulnerability of the system (the consequences of the risks), there is common
agreement in considering separately the probability of impact and its severity, usually by means
of a simple graph like the ones used by Einarsson and Rausand, (1998) or Sheffi and Rice, (2005).
This is the format chosen to assess the results of this chapter. The graph or chart allows to clearly
identifying risks that require immediate action from those unlikely to happen but with catastrophic
consequences, which should be addressed in second place, usually with plans of action and
protocols. Additionally, recurrent risks with little impact are not priority but could improve the
performance if addressed (Figure 5-3).

High HIGH
VULNERABILITY
DISRUPTION
PROBABILITY
Low
Low VULNERABILITY
Light Severe
CONSEQUENCES

Figure 5-3 Vulnerability assessment as a combination of severity and probability (Sheffi and Rice, 2005)

In general, vulnerability in transportation chains that have a maritime link (like MoS) is
considered to be higher than in any other kind of SC. Maritime logistic chains include more break-
bulk points combined with an extremely complex port operation, intertwining logistic chains and
multiple transportation means (Asbjernslett and Gisnaas, 2007; Barnes and Oloruntoba, 2005).

Specifically, Barnes and Oloruntoba (2005) pointed out that there are two different approaches to
vulnerability in seaborne transportation, depending on whereas it has to do with overall logistics
or the complexity of the processes in the terminal. NedeB3 et al. (2006) agreed to a certain degree
and proposed distinguishing strategic and operational vulnerabilities when analysing the
performance of maritime SCs. At the operational level, they used a four-layered model for risk
assessment: definition of the disruptive factors, the processes of the analysed system, the most

probable events, and their consequences, whether or not they were monetary.

This research basically applies the frameworks by NedeB et al. (2006), Sheffi and Rice (2005)
and Einarsson and Rausand (1998) to assess resiliency in the operations of a RoRo terminal by

using the taxonomy used by Pettit et al. (2010). The taxonomy is combined with interviews to the
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different staff involved in the ship stevedoring process: stevedoring hands, ship staff, drivers and,
eventually, shippers and port authority’s staff.

5.3 Risks, causes and derived impacts, a taxonomy

NedeB et al. (2006) points out, the first step before identifying the disruptive events that might
affect the resiliency of a system and, therefore, its normal performance, is to be familiar with the

processes that take place in it.

Section 4.2 already introduced the main operational (physical) processes occurring in the
terminal. The knowledge of the main processes occurring at the terminal enables to construct the
taxonomy of the main risks/disruptive events that challenge its resiliency.

This section provides a systematic approach to identify the disruptions affecting the normal
operation of the processes in the terminal, what may cause them and the final effects for them to

occur, on the normal operation of the terminal.

5.3.1 Disruptions in a RoPax terminal

The concept of disruption or disturbance (or risk or impact or threat) used is directly taken from
the definition of Barroso et al. (2008): A disruption is any event, predictable or not, which has a
negative effect on the normal performance of the system. As established in the frameworks by
Einarsson and Rausand (1998) and Sheffi and Rice (2005), this kind of events happen because of
certain threats/feasible disruptions factors and cause certain consequences that may affect the
normal performance to a higher or lesser degree, depending on the event and the capabilities of
the terminal (its resiliency).

Sources used and list of disruptions

The main sources used to identify the main disrutpions or impacts that can affect the average
performance of a RoPax terminal were three:

e An overview of the literature describing the logistic processes in RoPax terminals. The
analysis was completed with the inclusion of the incidents most frequently referred to in
the port container terminals, which is more exhaustive.

e A detailed analysis of the processes introduced in Figure 4-2, section 4.2, identifying

which agents might affected the desirable performance of the process and to what degree.

e 40 people were interviewed in total: 5 captains, 5 first deck officer, 10 deck officers, 5
consignees, 5 operations chief and managers, and 10 terminal’s customers from the
RoPax terminals at Port of Barcelona, Port of Valencia, and Port of Algeciras. Among

other questions, interviewees were asked about the frequency of the disruptive events
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previously identified and how they might affect the performance of the terminal. Table
5-1 resumes how and what was asked in the interviews.

To the knowledge of the author, a specific taxonomy of disruptive events in RoPax (and RoRo)
terminals had not been done to date. Some papers record the lack of reliability (which can be
considered as a consequence to an/some incidence/s) in terms of time and Just In Time policy
fulfilment because of issues in the cargo handling at the port terminals (Kapros and Panou, 2007).
The delays thus produced happen in both seaside and landside of the terminal. At the same time,
the manuals regarding the operation of a port terminal identify some issues to take into account.
The paper by Leon and Romero (2003) is a good source in that sense, at least for the Spanish
terminals.

Table 5-1 Overview of the survey made to the staff of the RoPax terminal

Issue Description

Type of Questions and Closed questions: The answer should be quantified between 1 (lowest
Answers (HOW) punctuation) and 5 (most value).
Open questions: The agents surveyed should answer in short but shout
mention the main problems and specify their point of view regarding the
service quality received.
Almost 80% of the surveys were done in situ and the rest was by internet
or phone.

Staff and agents Captain

surveyed (WHO) First Deck Officer /Chief Engineer
Terminal’s customers and clients
Truckers
Consignee
Stevedores
Operations chief and managers

Topics and main Terminal accesses and inland connections

incidents in terminal Storage yard: layout and capacity

processes (WHAT) Ship design: car-decks, ramps and internal configuration
Quality, efficiency and productivity of stevedores
Main incidents and their consequences (frequency and probability).
Main variables and parameters that could be improved.

Literature is much more exhaustive in case of ship breakdowns. The hull design of the rolled
cargo ships makes them vulnerable to sinking and because of that, there are plenty of papers
regarding risk of accident or sinking assessment, as well as ways to increase the safety of the
passengers onboard. However, from the point of view of this thesis, the accident (or breakdown)
of the ship while at sea, will only be considered in terms of affection to the performance of the
terminal, so far: either causing a delay in the beginning of the loading and unloading processes or

even the cancellation of some ship’s departure.

In terms of breakdowns and how they affect the port terminal, the article by Tzannatos (2005)
stands out. The author analyzed the ship breakdowns in RoPax lines caused by the onboard
equipment and, implicitly, how they affected the reliability. Tzannatos stressed that the ship

failures, when it is inside the port, usually happened in the engine room, and in a lower degree,
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with the maneuvering-propelling equipment and the deck equipment (ramps, anchor winches and
mooring capstans).

The processing of the three sources resulted in a first list of 16 disruptions (impacts) or risks that
might happen in a RoPax terminal as listed in Table 5-2.

Table 5-2 Main impacts (or disruptive events) identified

Code Disruption / Impact
1 Estimated time of arrival (ETA) delay
Is Ramp/ship interface blocked or with low productivity
I Last-minute modifications on the stevedoring plan
Is Cargo fastening issues
Is Congestion on the exit gates/lanes (land side)
I7 Congestion on the entry gates (land side)
Is Accidents (stevedoring staff, drivers, passengers)
Iy Cargo away from the berthing point
I Insufficient storage area
I Cargo traceability issues
112 Low productivity of the stevedoring processes (with stevedoring staff involved)
I3 Delay in the cargo loading
114 Accidents/break downs of the equipment (towing units)
1is Ship breakdown
Iis Interference with the normal performance of other ships

5.3.2 Relationship between disruptions and their causes and consequences

A vulnerability assessment must include, necessarily, the study of what the effects (consequences)
of the identified disruptions are. The goal of this chapter requires identification of what the causes
are, the degree to which they cause the disruptions, and, from there, the probability of occurrence
of certain consequences. Identifying causes and consequences is the fourth and last layer of those
established by NedeB et al. (23) as necessary to make the taxonomy of the vulnerabilities in the

processes of a terminal.

Initial relationship-trees

The relationship of causes with disruptions and, eventually, consequences, makes advisable to
draw the relationship-arborescences that intertwine them. Because of the relationship complexity
of the physical processes that occur in a RoPax terminal, building a global relationship-tree is an
overwhelming task, and its result would have been too difficult to handle
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To build up the relationship between causes, impacts (disruptions) and their consequences each
relationship-arborescence had to be constructed individually per each identified risk, to keep the

problem as simple as possible.

Mathematically, taking C={c,,c, ...,c} the space that includes all feasible causes that may lead
to any risk in the risk space I={/,..,{;s} and being O= {q1,g>, ...,qn} the space with all the feasible
consequences from the occurrence of any risks in /; the relationship-tree (or arborescence) of
disruption i (/;) is constructed taking the subsets C; € C and Q; € Q that include all causes and
consequences for a given disruption.

As a result, it becomes possible to construct a complete taxonomy of causes and consequences
for each identified impact from Table 5-2. Figure 5-4 provides the constructed tree for the impact

17 (congestion at the landside entry gates) with its 8 feasible causes and 5 consequences.

CAUSES DISRUPTION CONSEQUENCES

Issues with the storage area
(not enough circulation lanes,

bad design...)

Insufficient gates }7 Delay on the cargo arrival
(land side) into the termeinal

The cargo of other ships affects

the circulation inside the Congestionon the exit gates

terminal (land side)

Low performance of the gates Issues with safety and security

of the terminal Congestionon the entry gates of cargoand truckers

(land side)

Delay on the cargoarrival to Interference with cargo

the terminal to/from other ships. Affection
onthe normal performance of

. other ships

Overbooking in

cargo/passengers
Delayin the end of the

. ) stevedoring process
Inappropiate maneuvering

areas (turning radius, etc...)
especiallyfor railroad access

Delays on the ship boarding
(trucks, “lastin first out effect”)

Figure 5-4 Relationship Tree (exhaustive) showing all the feasible causes and consequences derived from

the vehicle congestion at the gates of a terminal

Combining all sixteen sets of causes (C;) and consequences (Q;), provided the whole taxonomy
of the vulnerabilities a RoPax terminal can face. However, two problems had to be bypassed
before being able to construct a definitive list of causes, impacts and consequences and start
quantifying them:

e Concepts overlapping or too specific. Causes and consequences in different trees had
similar significates, providing difficulties in differentiating the probability of occurrence

or severity in any given pair of causes (or consequences) with similar meaning.
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e Certain confusion between what could qualify as cause, disruption or risk, and
consequence, since one consequence may become cause of a further incidence. For
instance, impact /5 (congestion on the exit gates/lanes) is also a consequence of another

impact ({7, congestion on the entry gates of the terminal).

Simplification and harmonization of causes and consequences

To address the first problematic all consequences and all causes were checked in successive
iterations to simplify or clarify any ambiguous concept and similar descriptions were merged

together in a —at times broader- definition.

That is, in a first iteration each subset of causes and consequences had been built independently,
therefore, C; N C/— {0} or O; N O;— {0} in most cases when i#j. In successive iterations the sets
were subsequently simplified assimilating similar causes and consequences together, to ease both

quantifying the relationships and handling the overall system like shown in Figure 5-5.

ORIGINAL TREES UPDATED TREES
SIMPLIFICATION
& HARMONIZATION
: C Q GG Q
i1 cp i i1 ;o B 9i1
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Figure 5-5 Example of the process to build the relationship trees, from independent sets to interrelated,

harmonized and simplified ones

Because of the simplification, the trees of every impact where simplified. For instance, Figure 5-6
shows the simplified tree of causes-disruption- consequences for /7 (congestion at the landside
entry gates): the original 8 causes (Figure 5-4) where shortlisted to 5 in total (Figure 5-6). The
process was repeated similarly for the remaining 15 disruptions (risks), as provided in the
diagrams at the appendices of the thesis.
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Figure 5-6 Simplified tree with the causes and consequences associated to vehicle congestion at the gates

of a terminal

Multirole elements (consequences that may become causes and similar cases)

To deal with descriptions that may be at the same time, either cause, consequence or disruption
(impact), the easiest approach was taken. Eventually, that possibility is allowed in the relationship
trees, but forcing to keep the name and scope of the cause/disruption/ consequence all the time
the same, to avoid confusion and to ease dealing with them afterwards.

Final relationship-trees and shortlisted causes and consequences

After both simplification processes, a final poll of 41 causes (n = 41, Table 5-3) and 12 final
consequences (m = 12, Table 5-4) was obtained, with a fair amount of shared causes and

consequences among the disruptions assessed.

As a result of the simplification the relationship network among the three levels of causes,
disruptions (or impacts) and consequences was finished (Table 5-5), however, there is still need

to quantify the effect in terms of probability and relationship.
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Table 5-3 Causes leading to the appearance of disruptions in a RoPax terminal (shortlisted)

Code Cause

c¢1 Accidents with stevedoring staff involved

¢z Cargo arrival before its expected time

c3 Route change (ship)

¢4 Accidents/breakdowns with drivers/passengers involved

¢s  Adverse weather

C6 IPSI security controls too slow, too thorough, or lacking in a specific area
¢7  Deficiencies in the coordination/planning of the stevedoring process

cs  Lack of cargo control, traceability

¢9  Delay in the truck loading (last in, first out effect)

cio  Deficiencies in the terminal design (berthing line)

ci1 Deficiencies in the terminal design (lanes)

¢z Deficiencies in the terminal design (storage area insufficient)

¢ Deficiencies in the terminal design (entry gates too few or with low performance)
ci4+  Deficiencies in the terminal design (insufficient manoeuvring areas)

c¢15  Deficiencies in the terminal design (signalling)

cis  Deficiencies in the ship design

c¢17 Untrained stevedoring staff, unqualified personnel

c1s  Lack of training for particular fastening issues

cr9  Lack of stevedoring staff

c20  Lack of machinery spare parts, idle machinery (towing equipment), and/or machinery repairs
c21 Deficiencies in the management of the terminal

¢22  Unforeseen events (boarding, running aground)

c23  Ship issues/breakdowns

c24  Interference with the normal performance of other ships (yard operations)
¢z Deficiencies in the deck maintenance

c26  Deficiencies in the maintenance of the ship access points

c27 Deficiencies in the maintenance of the fastening points (inside the ship)
c2s  Deficiencies in the ship maintenance

c29  Deficiencies in the stevedoring equipment maintenance

cso  Overbooking of cargo/passengers

c¢s1 Crew issues

c32  Pilotage issues (delay or accident)

¢33 Mechanical issues with vehicles stored in the yard for a long time (flat tyres, unloaded batteries, etc.)

¢34 Delay in the beginning of the loading/unloading (delay in arrival of the cargo inside the terminal,
congestion at the terminal entries)

¢35 Delay in the cargo arrival at the terminal (land side)

c3s  Delay in the estimated time for ending the loading/unloading process

c37 Delay in the estimated time for ending the maintenance of the ship

c3s  Delay in the ship's ETD (estimated time of departure)

c39  Vehicles with special needs when fastened

cso  Last-minute changes in the stevedoring planning (berth or storage area change)
cs Changes in the stevedoring planning (ship), not updated
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Table 5-4 Feasible final consequences in the event of any disruptions in the processes of a RoPax

terminal and their coding

Code Final consequence
qi Ship departure cancellation
q2 Extra cost in handling stevedores
qs3 Changes in berth/storage area (variations on the operational planning)
q4 Issues with the pace of entry/exit flows to/from the terminal (land gates)
qs Interference with the normal performance of other ships (= I6)
qs Concern on the safety and security of cargo and truckers
q7 Cargo fastening issues (= Is)
qs Internal (inside the ship) rehandles
qs Yard reorganization
Ship's ETD (Estimated Time of Departure) delay (can lead to I, for the next
q10 incoming ship)
qi1 Delay in the beginning of the stevedoring process
qi2 Delay on the cargo exit time (land side) from its estimated value

Table 5-5 Summary of simplified and harmonized relationship-trees between Impacts (disruptions or

risks), causes and their final consequences

Code °Disruption Causes Final
consequences
I,  Estimated time of arrival (ETA) delay cs, ¢23(115),¢38 (q10) q2, 45,99 q11
I,  Estimated time of departure (ETD) delay cs, €31, 32, 37,¢23(113),¢C36 qs, 49, q11
I3 Ramp/ship interface blocked or with low productivity ci(114), cs(Is),cio, ci6, c23(Li5),  q2 g5 qi0
c34(q12)
I,  Last-minute modifications of the stevedoring plan C3, C26,C41 q2, 48, 410
Is;  Cargo fastening issues C18, €25, C27, €39 qio
Is(q4) Congestion at the exit gates/lanes (land side) cs C11, €24(q5) qs qi1, 412
I;  Congestion at the entry gates (land side) Co, C12,13,14, €24(q5), C30, C35 q4 45,96 411
Is  Accidents (stevedoring staff, drivers, passengers) cs, Ciai41s 1o qs, 410, q11
Iy Cargo away from the berthing point c21, €40 (q3) q2 1s
1,0 Insufficient storage arca €2, €12, €30, C34 (q12) q2 g3 94111
I;;  Cargo traceability issues cs, ca1, 110 qr10
I Low productivity of the stevedoring processes (with  ¢;(114), ¢4, ci17, C19 q2, 45,410
stevedoring staff involved)
I;3 Delay in the cargo loading C4, C6,, C9, C33 qs5,410
114 Accidents/breakdowns of the equipment (towing Cs, C17, €20, €29 q10
units)
I;5 Ship breakdown C22, C28, C31, 32,37 q1, 410
Iis  Interference with the normal performance of other ¢y, €24(qs) g2 q10
ships
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5.4Disruptions (impacts) assessment

The premise that the disruptions/impacts/risks can be assessed using two different aspects
(occurrence probability and final impact severity), established by Einarsson and Rausand (1998)
and Sheffi and Rice (2005) is still valid. Because of that, the effort to establish, numerically, the
relationship between each cause-to-disruption and disruption-to-consequence pairs is made. That
is, assigning a probability value to each link in the relationship-tree. Note that each probability
value is independent from the others (i.e. the probabilities of the cause-disruption that lead to

certain disruption will not add to 100).

To quantify the probability of occurrence it was considered that any disruption /;, has a n feasible
causes and may lead to m different consequences. The probability for the incidence /; to happen
because of the i-th cause, ¢;, will be known as p(f/c;). Whenever the cause i cannot happen or,
when happening it would not lead to the disruption /, p([; /c;) takes a zero value. Additionally, if
it is assumed that any pair of causes leading to the event /;, are not correlated - all similar profiles
had been grouped together in the previous step- the probability for any consequence to happen,
p(l) can be calculated analytically (5-1):

p);) :(Up(lj /cl.)J =p;/c)vpl;/c)v..up;/c)v..up;/c),Nj  (51)
i=1
Or, what happens to be the same:

PU)=Y P, 1)~ Y p(, ep, e+ YL, ep e )pU 1) ...
;j I<i<j<n ‘ I<i<j<k<n (5_2)
+(_1) p(]j /Cl)'--p(lj/cn)av]

However, to properly quantify the effects of the risks or disruptions it is necessary to assess the
probability for the final consequences to happen and their severity (quantify the real impact on
the performance of the terminal). In that sense, when considering that there are m distinct possible
consequences and r disruptions that can lead to them and the no-correlation hypothesis is
maintained, the probability for the k-th consequence (qi) to happen is a combination of the
probabilities of all causes leading to it and the probability for it to happen becomes:

r(q,)= Ler(qk I1,)p;)= U(p(qk /Ij)CJp(l,- /C,-)}Vk (5-3)

Then, the numbers assigned to the links between disruptions and final consequences reflect the
probability for the consequence to happen because of the given disruptions. To quantify all the
links available, the interviews were the main data source used, together with in situ measurements

of the operative in 25 operations of loading and unloading. Many values are just indicative,
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especially for those disruptions unlikely to happen, since the data series are too short to give a
feasible value.

Additionally, and in a first assessment of the problem, probability values associated to links where
its causes are, at the same time, disruptions or consequences of other links, were considered
independent to the final probability-to-happen value associated, after calculation, to such
disruptions or consequences. That is, the final probability for a given consequence to occur does
not affect any cause disruption or disruption-consequence link value, even when consequence,

cause and/or disruption might be the same.

CAUSE DISRUPTION CONSEQUENCES
(RISK FACTOR) (RISK) (IMPACTS)

Figure 5-7 Sketch of the feasible links between causes/disruptions/consequences and the probabilities to
be assigned to estimate p(q2).

Moreover, each final consequence must be quantified in terms of severity. The values given at
this stage are merely qualitative, assessed with the interview series as well as the knowledge of
the processes occurring in the terminal. The categorical classification used has four severity
levels: Light, Medium and Severe and Very Severe (Figure 5-8).

Having a qualitative assessment on the consequences makes it difficult to extrapolate it to the
disruptions in order to evaluate them. Especially when considering that it is possible to reach the
same final consequence from multiple paths. It seems more adequate to evaluate the risks
implicitly, through their consequences. As a result, the vulnerability framework used by Einarsson
and Rausand and Sheffi and Rice, now becomes an impacts on the processes of terminal
framework (Figure 5-8 and Table 5-4).

Changing the value (probability) in any of the links from any of the obtained relationship-trees
will result in a movement of the consequences in the chart from Figure 5-8 in the ordinates axis.
In order to move them in the abscissa axis, corrective measures have to be applied.
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Figure 5-8 Impacts on the processes of terminal framework for a RoPax terminal (see Table 5-4 for a

complete list of the consequences and their corresponding coding).

According to Figure 5-8 there are some final impacts that require little attention (g7, gs, go and gs)
since they are infrequent and have low severity. The consequences with high probability and
severe effects on the operative (g2, ¢10, ¢1: and, in a lower degree, g4) are where measures should
be applied more urgently to reduce both, the impact severity (corrective measures) and its
occurrence probability (preventive measures). On the other hand, those consequences that are
frequent but have little impact on the performance (g3 ¢sand somehow ¢;,) are due to events
happening on the average day, and should to be addressed in order to increase the performance of
the terminal. Finally, severe impacts that rarely happen (g;) should be taken into account,
eventually, in order to establish some kind of preventive measure or protocol to be activated in

case of occurrence, to quickly react and reduce the severity of the negative consequences.

Figure 5-8 stresses that, in the studied RoPax terminals, delay in the ship’s ETD, the delay in the
beginning of the stevedoring process, or the extra costs incurred in hiring the stevedoring hand
for a longer period are the first issues that should be addressed. In fact, all these aspects are closely

related.

At the second level are the disruptions related with the congestion at the land gates of the terminal,
as well as last minute changes in the yard distribution and planning forcing, in the latter case, to
extend (in time) the contract of the stevedoring team.

Once the worst (and more probable) consequences are identified, it is time to analyse the
relationship trees followed to reach the common and severe final consequences (g2, g10, and g;;).
In some cases the whole tree leading to certain consequence can be quite complex, as shown for

the tree for g, (Figure 5-9) where g, is influenced by most causes and risks and, in turn, might
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affect a quite large number of other risks. Such complicated trees indicate consequences that are
unlikely affected.
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Figure 5-9 Whole relationship tree for the final consequence q10 (delay in the ship’s ETD) (see Annexes

1 and 2 for a complete listing of the codes for each cause/consequence identified)

5.5Improving the resilience

5.5.1 Contingency vs preventive measures

In the SCRM literature, two kinds of measures to improve the resilience are considered,
depending on their target: the causes (or disruption factors) or the consequences for a given event
that compromises the optimal performance of any SC. More specifically, Tomlin (2006),
differentiates between two kind of measures aimed to move the consequences in one of the two
axes from Figure 5-8. The measures can be either:

o Preventive. Mitigation actions affecting the ordinates axis. Aimed to reduce the
probabilities of the causes from happening or the causality between the causes and the
disruptive events. They are actions that must be taken before the disruption occurs
regardless whether it will happen or not.

e Contingency and corrective actions. They reduce the severity of the effects, in either
duration or importance. These measures are applied when the disruption has already taken
place. However, the system should be ready to apply them beforehand to reduce the time

of impact and avoid further complications.
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Translated into the consequences framework of Figure 5-8, it can be considered that preventive
measures are aimed at reducing the probability of occurrence of the disruption (ordinates axis)
while contingency measures are aimed at reducing the severity level (abscissa). However, some
preventive measures might reduce the severity of the final consequences, becoming both

preventive and mitigation measures.

Using the taxonomy of the causes, disruptions and consequences, a first approach to the families

of measures available can be hinted at, as shown in Table 5-6, although it is not fully developed.

Table 5-6 Lines of action concerning preventive measures

Preventive (mitigation) measures

Agreements between terminals

Management improvement and cargo traceability (investment in technology)
Stevedores trainment

Quality control and management

Investment in equipments (overcapacity and better performance)

Investment in infrastructure (overcapacity)

However, it should be taken into account that these measures may produce new disruptive events
or increase the probability or severity of some other consequences.

Almost every single disruptive event leads to a delay in the stevedoring process. This can be
reduced by contracting extra stevedoring units, which is one of the most used corrective actions
available to the shipping company. Once again, and considering the taxonomy in causes,
disruption events and final consequences, it is possible to suggest the following main lines of
corrective actions (Table 5-7):

Table 5-7 Lines of action concerning corrective measures

Corrective (contingency) measures

Contracting extra stevedoring units
Ecconomical compensation (to customers)
Repairs express (breakdowns)

Temporary equipment rental

Express training (terminal/ship/stevedoring staff)

5.5.2 Efectiveness of implemented measures

The consequences framework allows identifying directly the effects of introducing any measure
to improve the resilience of the system (in this case the RoPax terminal). However, it is necessary

to quantify the effect of the measure on the values in the relationship-trees (for preventive
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measures and for any link that might be affected, even slightly) or/and to the severity of the

consequences (for corrective ones).
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Figure 5-10 Estimated effects on the consequences framework from the introduction of new traceability

software in a RoPax terminal and an improvement of its land gates performance

Figure 5-10 shows an approximation on the hypothetical effect of introducing two measures:
Improving the traceability inside the yard and more specifically, considering the introduction of
a new management software allowing to update the cargo placement (together with its
characteristics), to calculate the optimal stevedoring order at any time and the effects on the ship’s
stability, at any time. This measure is combined with an increase of the performance at the gates
(land side).

Figure 5-10 shows how the proposed measures would reduce significantly both, ship delay from
the EDT and the probability of having to hire extra stevedoring personnel. However, since both,
¢10 and g> can be reached through multiple paths; it could be more effective to find ways to reduce

the severity of the consequence before dealing with the multiple causes that can produce it.

5.6 Chapter overview and conclusions

This chapter built a framework to assess the resiliency of a RoPax (and, for extension, RoRo)
terminal. A taxonomy of the disruptions affecting the operational processes of the terminal was
built by means of detailed 30 interviews of personnel involved in the day-to-day operation of the

terminal and a throughput literature review on risk assessment in supply chains.
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As a result 16 trees of causes-disruptions -consequences were built, with interrelation between
them and the possibility to assess the probability of occurrence and severity of each final

consequence.
The main findings at the end of the chapter are:

e A complete taxonomy of the disruptions or impacts in a RoPax terminal has been
developed. In addition, a framework to evaluate their consequences on the terminal

performance, in terms of severity and frequency, has been built.

e Delay in the ship departure, delay in the beginning of the stevedoring process, and extra
costs incurred after hiring the stevedoring hand for a longer time period (when the
stevedoring process takes longer than expected) are the most common disruptions a
RoRo/RoPax terminal can face.

e Assigning a ‘single’ number to each relationship might be oversimplifying since the
‘intensity’ of the disruption is never assessed, for instance lack of storage area can have
small or high final consequences depending on how much extra area is needed. This is
somehow addressed already by using the set of values in the disruption-consequences
links, since in the interviews and terminal records, ‘more intense’ disruptions will be
accounted for with more probability. However, this thesis would benefit from a further
research on how to work with fuzzy or probability values instead of ‘single values’ and
their effect on the consequences framework and relationship trees provided in this chapter
as well as a larger set of terminal records conducted specifically to quantify the
disruptions.
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Chapter 6

Cost structure of freight distribution

strategies integrating a RoPax-MoS link

The last research included (this chapter and the next one) continues with the task to analyse the
transportation chain integrating motorways of the sea as a whole and compare it with its only-

road counterpart.

The chapter analyses how the strategy taken by the cargo carrier when using motorways of the
sea (understood as regular roll on/roll off short sea shipping lines) affects the competitiveness of
the shipping line. Five different strategies are analysed and grouped into three main types: road
door-to-door transportation, road and sea transportation combined with a driver always

accompanying the cargo and road and sea transportation where the cargo travels unaccompanied.

The analysis provides formulae to calculate the economical and temporal cost differences from
using a sea link in distribution and assesses the risk and investments necessary to maximize the
profit for each strategy. The chapter ends identifying the critical points affecting the
competitiveness of short sea shipping roll on/roll off lines and proposes policies that could help

in its development and success.

6.1Introduction and objectives

As it has been already established in the literature review, multimodal transportation integrating
a SSS (MoS) link has been widely studied as an alternative to road door-to-door transportation.
The main approaches being to assess the determinants behind transportation choice, mainly from

an operational point of view focused on a specific corridor either in research papers (d Este, 1992;
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Marzano et al., 2009; Perakis and Denisis, 2008) or projects (Baird, 2007; Buck Consultants
International, 2014; Castells Sanabra, 2009).

Further research has been done on who is the responsible of planning the transportation of goods,
and how the maturity of the market might affect the final choice. Interesting research in that field
has been done by Feo-Valero and Garcia-Menéndez. (Feo et al., 2011; Garcia-Menendez et al.,
2009) by using the INCOTERMs code as a dummy variable in the development of its LOGIT
discrete choice. As a result, they realized that Freight Forwarders are less likely to use SSS
because they usually possess their own fleet of trucks -which must be paid off for- and no RoRo
alternative was considered at the time, but the use of containerized cargo. In fact, when
considering the RoRo alternative, Bergantino and Bolis (2004) had already stated it was indeed
more attractive to Freight Forwarders, since it would be more easy to them to organize a

multimodal international transportation chain.

The previous chapters concluded that multiple determinants affect the choice of a specific
transportation chain: value of cargo, volume sent, perishability or the decision maker, can all be
significant. The factors or determinants that apparently all shippers or forwarders are going to
take into account are 3: cost, time and quality, being the later more of a threshold than a continuous
variable to consider (Bergantino and Bolis, 2004). A more detailed list of the variables identified
in the past (and used) in the construction of discrete choice models on the topic can be found in
Feo-Valero et al. (2011). In fact the whole collection of papers participated by Feo-Valero and
Garcia-Menéndez (Arencibia et al., 2015; Espino et al., 2007; Feo et al., 2011; Garcia-Menendez
et al., 2009) on the determinants behind the choice of MoS in the Spanish case provides a great
overview on the topic and in fact it will be approached again at Chapter 7, with the construction

of a discrete choice model.

This chapter, in fact, after having analysed more qualitative and reliability factors will focus on a
means to calculate cost and time of the multiple alternatives that the transporter of the cargo has
available (its business models) to be able to, finally approach the determinants behind mode

choice. The goals of this chapter are mainly two:

o To assess the costs associated with each possible business model of road carriers using
an SSS link operated by RoPax ships. The costs are analyzed from the point of view of
the carrier (trucker) and, to some degree, the logistics provider. The formulae used is an

update of previous research developed by Sauri and Spuch (2010).

e To identify the vulnerabilities of SSS regarding the cost components and the policy

implications derived from the cost structure.

The chapter provides an overview on the business models considered, develops a cost model for
the different transport combinations and finally assesses the results obtained after applying it to

the Spanish context.
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6.2 Business models

Transporters using RoRo, and specially RoPax, alternatives can either travel with the cargo in the
maritime link or leave it unaccompanied (only the semi-trailer travels inside the ship). The former
is competitive only when the maritime link is used to give the truck driver enough time to rest, so
the ports have to be a certain distance from one another (Ng, 2009; Peeters et al., 1995). The later,
on the other hand, should be more competitive cost wise but more difficult to operate since it
needs the coordination of two different truck services at both ends of the transportation chain and
until recently and, therefore, was usually neglected although the benefits form the cooperation in

planning are apparent (Lopez-Navarro, 2013a, 2013b).

Companies moving a small volume of products or with flows specially spread geographically
tend to leave route/chain details to the transporter/carrier as long as some basic requirements are
fulfilled. In such a scenario, lacking a wider planning scope, the carrier chooses the best option
expressly and usually ends up accompanying the cargo, whether it travels by road (only), rail
combined with road or SSS. The final choice will depend on quantitative (temporal length,
frequency or overall cost) and some more-difficult-to-quantify, threshold variables that cannot be
surpassed in terms of —mainly- quality (damages to the cargo, reliability, minimum frequency,
paperwork involved) (Bergantino and Bolis, 2004; d Este, 1992).

In general terms, then, and considering only RoPax vessels and road transportation, there are 3

main kinds of feasible distribution chains, each of them with some possible variations:
e S1 - Only road (cargo travels accompanied all the way).

e S2-Road combined with accompanied SSS (the truck driver travels with the cargo in the

maritime leg)

e S3 - Road combined with unaccompanied SSS (the truck head and driver do not travel
with the cargo in the maritime leg of the chain and there is a second driver, and head, in

the destination port).

Two alternative options are considered for the first scenario, S1: driving with a single driver
during the whole trip (S1-A) or combining several drivers, usually two (S1-B), for the same trip
and a tractor unit. In any case, the current European legislation in terms of driving times is
considered. S1-B can consider either that both drivers travel in the truck cab for the whole trip or
that the first driver alights at the terminus of its maximum driving distance for a day and leaves it
to the second driver to continue with the route. For the purposes of this chapter calculations S1-

B considers that both drivers are inside the cab all the time.

When the cargo travels unaccompanied on the maritime link (S3), it is necessary to have someone
to pick it up at the destination port. Different scenarios can be formulated depending on how the
logistics of the land/truck route is organized and on whether the truck tractor unit can have other
uses or whether it is used exclusively in the route, i.e. travelling back and forth only between the
port and the origin (or final) destination. Each sub-strategy will entail different final overall times

(the time it takes the cargo to reach the final destination) since the semitrailer will have to wait
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for more or less time at the origin or destination port terminal in order to be shipped or/and picked
up, respectively. Longer delays or waiting times at the terminal will occur when there is a single
truck unit on each side of the maritime link that transports multiple semitrailers from/to the port
terminal to the several origins/final destinations of the shipment (S3-A). In turn, the minimum
waiting time will be achieved when there is a truck available for each semitrailer (un)loaded per
ship call at the port and the tractor unit can arrive at the terminal immediately before the access
to the boarding area is closed (S3-B).

One last option would be to send a batch of semitrailers accompanied by a full truck, with the
driver included. In this case, the same driver and tractor unit would carry out all the land
transportation (easing the logistics of the operation). At the same time, both the average trip time

and the transport cost per trip and unit would be similar to those obtained in S3-A.
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Figure 6-1 Different transportation strategies considered combining road and MoS

6.3 Cost model

6.3.1 Main Assumptions

Some main assumptions are considered in order to simplify the cost structure. Later on, further

assumptions related with the parameter values used in the equations, will be introduced.

Balanced flows

Cargo flows are supposed to be completely compensated (there is the same amount of cargo
travelling in one direction and its opposite). However, in accompanied scenarios and land
transportation, it is assumed that some trips are made without cargo or semitrailers. Flow
compensation usually reduces the unitary costs. A priory it benefits the most rigid chain, since
allows a better fit between generated capacity and frequency of services. In fact, off-balanced

flows in flexible transportation modes can be partially countered by travelling in circular (circuit)
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routes instead of one way-and-return trips. On the other hand, since liner shipping deals with more
than one shipper, the variability in flows can be compensated by combining the transportation
needs of several shippers, as MTOs would do in the same situation.

Symmetrical land legs

In SSS scenarios (i.e. S2, S3-A and S3-B) both land legs are considered to have exactly the same
characteristics in terms of distance travelled, driving speed, cost, etc. The measure has been
introduced to simplify the formulae used. Not applying the hypothesis would slightly affect the
performance of each transportation mode. Some cases with non-symmetrical land legs were
analysed and the only significant change that was found was the differences in truck fleet size
between the two ports considered in the S3A scenario.

Fractional number of semitrailers

In order to simplify the sensitivity analysis and to avoid singularities from appearing in the
generated graphics, semitrailers in the S3A scenario are taken as real numbers, allowing to adjust
the amount of semitrailers necessary for a maximum performance. In practice, since each ship
might transport a non-integer quantity of semitrailers, it must be considered that the costs and
times resulting from applying the model are the lower limits to the performance that might be

achieved in a real case.

Legislation

To set some parameter values (travelling speed, working hours per driver and day, required rest
times, etc) the European and Spanish legislations have been used (most restrictive whenever both
legislations overlap).

6.3.2 Cost components

The cost per unit shipped (one-way), Ci, is defined after five independent items:
Cm'p :CF +CP+CV+CFR (6-1)

Where:

Cr — The fixed cost from the ownership of tractor units and semitrailers per unit shipped. Annual
fixed costs times total shipments per year.

Cp— Labour (including subsistence allowance), which will depend on the length (time) of the trip.

Cy —The costs related to the total distance travelled.
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Crr — The freight or tariff charged by a shipping company to carry a semitrailer of full trucks (two
different values, according to each scenario). The freight tariff also includes 7, the port taxes on
the cargo transported (usually included in the freight price to be paid

6.3.3 Fixed Cost

The fixed cost, (6-2) includes the depreciation and financial costs of the equipment needed to
transport the cargo plus the structural costs of the carrier/transporter company and all the
maintenance expenses that are independent of the time of usage and distance travelled (liability

coverage, insurances, etc.).

Since the number of tractor units and semitrailers may differ, the formulation differentiates the
annual fixed costs related to the tractor units, Cr 7z, from those associated with the semitrailers,

Cr sr.

Cp = (IBTRCF_TR + bﬂSRCF_SR /2)/Ntrips (6-2)

Where:

Prr— The percentage of fixed costs to which a tractor unit has to respond. f = 1 means that the
tractor unit is used exclusively to make this kind of trip. Minor values mean that the tractor unit
can be used in other trips (not considered).

Psr— The percentage of semitrailer fixed costs that are charged to this specific route.

b — The quantity of platforms used, in the unaccompanied scenarios (S3-A and S3-B; in other
strategies b = 2). Additionally, in S3-A and S3-B, b must satisfy (6-6) below.

b>max (3,7(n, +2)) (6-3)

Additionally, n; is the number of ships travelling simultaneously on the shipping line and 7 is the
number of semitrailers loaded onto each ship per tractor unit, on average. So, » =1 in S3-B, while
in S3-A r satisfies (6-4)

r=N,, |aN, (64)

Where:

a — The percentage of full cargo trips (values from 0.5 to 1), meaning that trucks travel without
cargo 1 — a percent of the time. The value has an influence on the cost per shipment and the total

trip time since empty returns reduce waiting times in the port/origin or final destination.

Nuips — Shipments (full semitrailers) per year and per tractor unit. The value will depend on the

number of driving hours per driver and year times the number of drivers sharing the tractor unit,
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yc or the amount of time the tractor unit can work per year (360 days/year considered) as expressed
in (6-5). The most restrictive value from both of them is the one taken. To build equation 5, 1875
driving hours per driver and year are considered (Spanish truckers collective employment
agreement).

N, =min(Npy, N, )=min(1875y,/t.,360-24/t,,) (6-5)

trips

Where:

Ng — Calls per shipping line and port. In S2 it is the upper limit to the amount of trips between
origin i and destination j per tractor unit, fully loaded, and year. Departures scheduling is supposed
to fit the truck arrival times at the terminal. In S3-A, however, Np is always the amount of calls

per shipping line and port.

yc— Drivers per tractor unit — the average number of drivers using the same tractor unit to increase
its profitability: the second driver could use the tractor unit during the idle hours of the first,
although introduced at this step, this parameter will be neglected in further developments of the

model..

t. — The average working time needed per shipment (both driving and taking care of

paperwork/waiting).

trr — The average time each tractor unit needs to fulfil a shipment (one way).

6.3.4 Labor Cost

Labour cost (6-6) includes Cpr, labour costs (€/hour) and Cp, the costs associated with driver
allowances (€/hour). The unaccompanied scenarios assume that drivers spend the night at home

(local trips) while other cases will take higher values for Cp (international trips).

Cp=tc (CPR + CD) (6-6)

6.3.5 Variable Cost

The variable costs (6-7) include any cost that varies with the distance travelled. To obtain the
parameters, the existing and publically available cost observatories can be used. In the applied
case at the end of the chapter, the values from the existing cost observatories for road
transportation in Spain were used (Generalitat de Catalunya - Direccid General de Transports i
Mobilitat, 2014; Ministerio de Fomento - Direccidon General de Transporte Terrestre, 2014).

The variable/cost is considered separately for the tractor unit, Cy 7z, and the semitrailer, Cy sz,
since in some scenarios the truck and semitrailer do travel the same distance.
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C, = 25(CV7TR + aCVﬁSR )/a (6-7)

Where ¢ is the local —land— distance travelled by road between the origin (or final) destination

and the port terminal.

6.3.6 Shipping Cost

The shipping cost is the cost of the maritime link. Its value depends on the strategy taken by the
transporter (full truck or semitrailer) and o, the proportion of full over empty trips (for trucks)
since empty returns (for trucks or even semitrailers) are considered and charged as a component

of the cost per trip made.

The shipping cost provided is not the total price paid by road carriers since the freight (what is
paid to the shipping company to carry a platform or full truck) should also include some unitary
profit for the shipping company. The profit obtained by the ship operator will depend on the
costumer (truck fleet size and bargaining power, costumer fidelity, etc), the current policies
applied by the different administrations, the market strategy of the ship company or/and the
market power of the shipping companies.

Only the operation costs of the shipping company are considered at this point, to provide a
minimum value, in order to analyse the feasibility of each road carrier strategy. This avoids having
to consider any interference from the market strategy from the shipping company, the market
behaviour or possible market failures. It also provides a better perspective of the potential of each

strategy and the manoeuvring margin left to the shipping company and its pricing strategy.

The formula used to calculate the shipping cost (6-8) is an adaptation of the cost structure of a
RoPax line as developed by Sauri and Spuch (2010) with the Gross Tonnage (GT) and the Dead
Weight (DWT) of the ship as entry values. Additionally, the stevedoring costs have been modified
to include the number of semitrailers and full trucks being loaded instead of a fixed ratio between

the two values as used in the original formulation.

Cix = (47.9—0.0386d2)d2 +(382061+8.869GT)nbf+0.0432GT+3997+

+(0.938L ,, exp (9.1210 v DWT ¥ ) - O.OIOILABGT)/vb (6-8)

Where

L.p - The sea distance between ports A and B (nautical miles)

vy - Commercial speed of the ship (in knots)

d> — Number of platforms (i.e. non-accompanied cargo) transported per trip

f - Time (days) between successive arrivals for a given shipping line and port.
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RoPax and RoRo ships have different characteristics in terms of capacity (measured in linear
meters, L), since the former can combine trucks, semitrailers, rolled cargo and passengers, making
it difficult to estimate the cost of each unit transported. Therefore, at a first stage it was convenient
to consider RoRo ships to avoid the interference of passage in the calculation of the cost (and
benefits) per ITU.

Using the relationship between capacity (in linear meters), GT and DWT for both, RoRo and
RoPax ships (6-9)(6-10) it is possible to, after substituting the term G7 in all the formulae
developed by Sauri and Spuch, adapt their equations to obtain a new formula to calculate the
freight cost per shipped unit of cargo. The relationship in (6-9) and (6-10) comes from using a
database of the ships operating in the 50 most used regular shipping lines over the world in 2010,
disregarding lines with a large passenger capacity (more oriented to ferry service), understood as
those lines where passenger capacity, P, is over one fifth of the linear capacity, L, in meters.
Although the R squared coefficient is quite good, the fit obtained is far from perfect as seen in

Table 6-1, but good enough considering the variability in ships considered.
GT =5926+2.336L +1.244-10°L> (R=0.73) (6-9)

DWT =8289—-2.846L +1.807-107°L* (R=0.65) (6-10)

Table 6-1 Coeficients fit of GT and DWT functions regarding L for RoRo ships

GT DWT
Estimate Std. Error Pr(>|t)) Estimate Std. Error Pr(>|t))
Intercept  5.926e+03 2.679¢+03 0.0281* 8.289¢+03 2.220e+03  0.000249%***
L 2.336e+00 2.482e+00 0.3479 -2.846e+00  2.057e+00 0.1681
L’ 1.244e-03 5.491e-04 0.0246* 1.807e-03 4.551e-04  0.000102%**

Significance codes: 0 ***’0.001 **’0.01 **0.05 " 0.1 1

Figure 6-2 shows how the correlation between capacity (in linear meters) and GT in RoRo ships
is bigger than in RoPax ships, since the later may include a high variability in cargo capacity

depending on the percentage of space used to carry passengers.

Additionally, Figure 6-3 shows how usually pure RoRo ships are capable of carrying much more
weight (DWT) than RoPax ships with a similar capacity (in linear meters) that might be because
a fairly large amount of the capacity in RoPax ships may be destined to carry passenger cars
instead of full loaded trucks. This will, therefore, increase the bunkering costs associated to RoRo
ships when compared with RoPax ships with a similar capacity (in linear meters) since the energy
consumed is calculated using the DWT value (Sauri and Spuch, 2010).
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Figure 6-2 Relationship between capacity (in linear meters) and GT for RoRo and RoPax ships
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Figure 6-3 Relationship between capacity (in linear meters) and DWT for RoRo and RoPax ships

This does not mean that RoPax ships are out of the equation considered. Full trucks, since they
carry the truck driver, must travel in RoPax ships. In fact, a second and alternate formulation was

developed considering the passenger capacity as well. In this case both RoRo and RoPax from
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the database were taken together. Several different linear models were tested considering both
passenger and linear meters capacity as variables. As a result (6-11) and (6-12) were the
relationship models with the biggest significance, which is shown in Table 6-2.

GT =431.3+8.321L+9.188P -1.566-10"° P> (R=0.60) (6-11)

DWT =2177+3.979L - 6.257P +1.645-107° P* (R=0.65) (6-12)

The new functions show better variable significance in most cases and similar adjustment (R
square value) to the previous ones. Considering that now the sample is wider and more variable,
the fit could be considered to be even better than in the previous case. The new relationships of
GT and DWT with P (passenger capacity) and L (linear meters) is quadratic in the first case and
linear in the second (the quadratic value did not have significance in any of the two cases). For
the GT formula (6-11), the lack of significance of the intercept, points at its better fit whenever P
and L are large values, and that GT increases with P at a lower rate than DWT (difference in signs
of the quadratic parameter), which has sense given the direct relationship between DWT and
empty space within the ship.

Table 6-2 Coeficients fit of GT and DWT functions regarding L (linear meters) and P (passenger
capacity) for RoPax ships

GT DWT
Estimate Std. Error Pr(>|t|) Estimate Std. Error Pr(>|t|)
Intercept  4.313e+02 9.592e+02 0.653217 2.177e+03 4.398e+02  1.04e-06***
L 8.321e+00 4.224e-01 <2e-16***  3.979e+00 1.937e-01 <2e-16%**
P 9.188e+00 9.322e-01  <2e-16¥**  -6.267e+00  4.274e-01 <2e-16%**
P? -1.566e-03 4.012e-04  0.000109***  1.635e-03 1.645e-03 <2e-16%**

Significance codes: 0 “***’0.001 ***0.01 *’0.05 " 0.1 “ 1

6.4 Transportation time model

Time, together with cost, is a determinant variable to be taken into account to assess the
competitiveness of a specific multimodal chain. Additionally, the cost structure requires knowing
some transportation times beforehand, to calculate the variable costs and the feasible number of
shipments per truck/platform unit.

The time used and its calculation vary according to the considered scenario. The times used in the
model for both cases from scenario 3 (S3-A and S3-B) and their formulation are expressed below:

tc - Time it takes to travel the local distance to the terminal plus the time spent on emptying/filling

the trailer box and the minimum average waiting time at the port.

trr - Driving time per shipment plus the resting time per driven time period enforced by the current
legislation (European Council, 1995; European Parliament, 2006).
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t;— Total time to travel from origin to final destination. In the multiplatform unaccompanied case
(S3-A) it is the average time per platform (the larger the amount of platforms, the bigger # will
be).

te =2(8/av+t, +(2a-1)/ar) (6-13)
tp=t.+2t,|a (6-14)

t,=L, /v, +t +r8[v+t,[2+42(r=1)a+(t, +5/v+at, +t,/2r)[r+

+(max (0,r=1)(241 = (8/v+ar,)(r=1)-1,/r))[r (6-15)

Where:
v — The truck’s average speed on the local (land) leg.
t, — The time necessary to empty or fill the truck body.

t; — The time the ship spends at either of the two considered ports, A or B, i.e. the berthing time
(hours). It has been taken as four hours (minimal value) because it is the minimum shift to be paid

to the stevedoring hand.

J — Local distance to be travelled by the trucks between the origin of the cargo and departure port
or the arrival port and the final destination of the cargo. In a symmetrical-land-legs scenario
(starting assumption), both values are the same and equal delta (one at each side of the maritime
leg).

t;— The minimal rest time enforced by the current European legislation (European Council, 1995;
European Parliament, 2006). The formulation provided at (6-16) does not consider possible
stoppages at the end of the workday. In S3-A this value would be anecdotic for local distances (o)
smaller than 150-200 km since there will not be nocturnal rest times.

t, = (0.375 (r5/2.25v) +7.125(r8 /4.5v) )/r (6-16)

The minus signal (-) on top of a bracket means that its content is rounded down to the next integer
number. Additionally, the time needed by the tractor unit to fetch the semitrailer is supposed to

be minimal compared with other values taken so far and is not considered in the formulae.

6.5 Applied case and sensitive analysis
6.5.1 Case description

To produce a sensitive analysis of the formulae provided values to each of the parameters from

equations (6-1) to (6-16) are calculated for a specific case: a sea connection between the ports of
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Barcelona (Spain) and Civitavecchia (Rome, Italy). More specifically, a ship with 3000 linear
meters of deck capacity operating at 22 knots is considered. The remaining parameters that

describe the shipping line considered are summarized in .

The descriptive parameters are combined with the unitary labor, fixed and kilometric costs for
either the tractor unit or the platform it carries (Table 6-3). The values from the table were
calculated as set in (6-3)-(6-7) using 2014 Spanish values extracted from the public —regional and
national- observatories on truck transportation (Generalitat de Catalunya - Direccié General de
Transports 1 Mobilitat, 2014; Ministerio de Fomento - Direccion General de Transporte Terrestre,
2014).

Table 6-3 Fixed, kilometric, labor and allowance costs

Tractor unit Semitrailers
International Regional Empty Full
transport transport
Labor + substance allowance 23.2 18.4 n/a n/a
(€/h) (Cpr + Cp)
Fixed costs* (€/year) (CF_1r) 26273 5249 6126
Kilometric costs (€/km) 0.674 0.591 0.0271
(Cv_1R)

*It is considered that 1 year = 1875 working hours (according to the collective agreement of Spanish truckers

Table 6-4 Parameters defining the representative shipping line

) Li Las Ve Vb L P ts t a f Prr PBsk  pe
50 1275 450 90 22 3000 50 4h 05h 085 233days 1 1 1 07
km  km mi  km/h knot m pax (2 ships)

Where:

Lj; — The land distance between the origin and the final destination (units in km).
v — The average circulating speed for a truck in an international context. It is taken as 90 km/h.
L — Linear meters, capacity of the ship’s decks in linear meters.

x — Occupancy rate of the ship (it is considered that just 70% of the ship’s deck space is used, on

average).

Additionally, v, the average speed of trucks travelling on the land leg, has been assumed to be
described with (6-17) as varying linearly with the distance between the origin/destination to/from

the terminal with a maximum of 90 km/h and a minimum of 50 km/h:

v=max (50,90 —2000/5) (6-17)

PhD. Thesis 99



RoRo terminals and truck freight. Improving competitiveness in a MoS context

Figure 6-4 Distance references used in the described sensibility analysis

6.5.2 Sensitive analysis

A first analysis of the results of the final formulation and the case study that was just established
returns that the most sensitive parameters are the distance between ports, L4z and the ratio land
versus maritime distance L;=kL43.

L4g — Maritime distance
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Figure 6-5 Variations in cost per unit shipped depending on the distance between ports, Lip

As expected and observed in Figure 6-5, road transportation is the cheapest strategy for short
distances because of the high fixed costs of the shipping line. Obviously, the costs are smaller in
the option with just one driver per tractor unit, but at the same time, the journey takes less time
when there are two drivers in the cab. This last strategy only becomes advisable when the cargo
is very sensitive to the trip time. In the SSS accompanied case (S2), the costs per unit are higher
than in the unaccompanied cases (S3-A and S3-B), which have almost the same values:
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k — Sea distance over land distance ratio

The most interesting results from the sensitive analysis appear in Figure 6-6: SSS strategies
become more and competitive in longer distances, even for cases where the & the land/sea distance

relationship reaches values below 1 (i.e. the maritime distance is longer than its land counterpart).

In fact, £ value tends to an asymptote around its 0.5 to 1 value, depending on the SSS strategy. In
addition, Figure 6-6 shows how current Spanish MoS lines would behave as long as there was
enough demand for the frequency provided.
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Figure 6-6 Competitiveness of the SSS strategies when compared with road (one driver at a time) taking
into account variations between road and sea distance and considering that the frequency is optimal for

each SSS connection

0 — Local distance.

It is difficult to assess the effect of local distance when comparing road transportation (S1
scenarios) with their maritime counterpart. Since it all will depend on the effect that changing &
would have to the land distance, L, if any. The different results between Figure 6-7 and Figure
6-8 and fact reflects that issue.

Therefore, maritime and road cases should be analysed separately. Regarding the maritime cases
(S2, S3-A and S3-B), apparently, as could be expected, larger distance to the port would have a
major negative effect on the competitiveness of the non-accompanied -S3-A and S3-B- options.
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