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Executive Summary

The objective of this document (D3.1) is to present the work conducted within the framework of
Task 3.1 Al mpact of S u p p Trgnds @h &he Perfamadce &frthei g ht
Freight Transport Sy st emo Thi® fdelivarable dedribes th@ Gl C [
methodological approach and its subsequent application for assessing, foath2026, the

evolution of theSociocultural, TechnologicalEconomic, Ecological, and Political (STEEP)
environment, the sipply chain management trends, atite freight transportation system
characteristics and performance.

Methodological Approach

The broader external environment, demonstrated through a mubitwdeial and cultural trends,
political decisions and directions, technological advancements and evolution of economic concepts
and practices, affects the characteristics of economic activity and consumption of goods. Freight
transport is a derived aciiy generated by the need to accommodate the efficient production and
consumption of goods. When the economy grows, both production and consumption will grow,
hence leading to an increase in the demand for freight transport. The demand for freightttranspor
services in turn affects the respective supply characteristics of such services. In turn, the
interaction between demand and supply determines the performance of the freight transport system
at any given point in time.

The assessment of the impact of theernal environment on the demand and supply of freight
transport services is mediated through the impact of the external environment on the structure,
organization and management of supply chains, which subsequently affect the demand and supply
of freight transport services. The changing external environment triggers the development of a
number of trends which lead to the restructuring and reorganization of supply chains. In turn, the
way that supply chains are structured, organized and managed hasoangesl impact on the
organization, utilization patterns and the performance of the freight transport system.

Following the systems approach, the analysis of the external environment of freight transport
requires viewing the freight transport system agresachic system with complex interactions with

its external environment as well as among its components. Several approaches exist for examining
the effect of a systems environment on a syste
behaviour An approach that considers Soetaltural, Technological, Economic, Ecological, and

Political (STEEP), aspects of the freight transport system environment was used on this study.

Impact of external environment drivers

Sociccultural drivers reflect changes ihe societal structure (e.g. changes in demographics) and
mindsetbehaviourof citizens (e.g., environmental concerns, consumption patterns), that may
affect the organization and structure of the freight transport system. Technological drivers refer to
advancements in freight transport technology (e.g., technologies related to vehicle positioning,
identification and navigation, vehicle/shipment condition monitoring, traffic management and
traffic information provision, more energy efficient less pollutirhicles) and Information and
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Communication Technologies (ICT) that may change the way that the freight transport system is
organized, operated and managed.

Economic drivers reflect changes in the broader economic and financial environment (e.qg.
developmenof macroeconomic indicators) that affect the demand and supply for freight transport
services. Ecological drivers concern changes in the natural environment (e.g. global warming,
increasing scarcity of energy resources) that may affect the supply arahdidor freight
transport services. Finally, political drivers refer to tendencies of the political environment that
affect freight transport policy formulation as well as policy initiatives (e.g., promotion -of co
modality and intermodality, internalizaticof external costs), which may subsequently modify the
demand, supply, and performance characteristics of the freight transport system.

STEEP drivers also exert an influence on trends related to the spatial structure, organization and
management, and tlilew of goods along the supply chain. In turn supply chain trends affect both
freight transport demand and supply trends. Demand trends influence the characteristics of demand
for freight services expressed in terms of quantities transported, distanceswhbigh
transportation takes place, size and frequency of shipments, types of services requested, etc.
Supply trends describe the evolution of the supply side of the freight transport system like
infrastructure capacity, fleet size and composition, tygeseovices offered, etc. The interaction
between the characteristics of demand and supply of freight transport services of the various
modes determines the modal split and the associated performance characteristics of the freight
transport system.

At this point, the aggregate performance indicators (APIs) are entered in the analysis. The APIs are
indicators expressing at a hitgvel the performance characteristics of the freight transport
system. The APIs are associated to key performance indicators (KRtspre used in the
benchmarking exercise.

The STEEP analysis as well as the analysis concerning the impact of supply chain and freight
transport trends on aggregate performance indicators for freight transport is qualitative in nature
and is made exclugely through desktop research, using (where possible) results of quantitative
studies to support its conclusions. Thus, the qualitative analysis involves the: i) understanding and
development of the causal relationships between the STEEP environmestipihlg chain
management trends, and the freight transport trends and performance characteristics, and ii)
direction and intensity of the rate of change of said trends.

Summary of results
Evolution of the STEEP environment

The evolution of the socioultural environment suggests that the rate of increase of the EU
population will decrease in the next decade, while the average age of the EU population will be
increased. Given the fact that consumption decreases as the share chigedidbersons (ages-50

66) increases , it is reasonable to assume that the increase in the average age of the EU population
will have a negative impact on consumption and consequently on the quantities of freight that need
to be transported. However, there are two other trendsitedbalancing the decrease in
consumption namely, the increase in immigration and the increase in individualization.

The spatial distribution of production and consumption in the European Union will be affected by
internal migration (from east to westwards existing and developing econoroentres and
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consequently more freight transport activity will be concentrated along the axes connecting these
centres Social and environmental consciousness in consumption and production will also attain
significart importance by 2020 and will influence freight transportation decisions regarding the
use of cleaner and more energy efficient vehicles, and freight transport modes.

The evolution of the technological environment will influence vehicle and cargo handling
technologies, and information and telecommunication technologies used in supply chain and
freight transport system management. It is assessed that advances in technology by 2020 will
mostly assist the optimization of the existing systems rather thamdeaadlientirely new and
innovative transport systems. The significant reduction in oil reserves and the increase of the total
Green House Gas (GHG) emissions of the transport sector are expected to accelerate the demand
for cleaner for more energy and clearnehicles and cargo handling equipment.

Freight transport vehicle technology coupled with the production and use of larger size vehicles
will contribute to the reduction of the energy and GHG emissions intensity of all transport modes.
Technological adwacements will enhance substantialignshipmenequipment productivity and
terminal throughput. Advancements in information and communication technologies will optimize
supply chain, freight and traffic operations for all freight transport modes, wihasuial gains in

terms of vehicle/fleet utilization, and reduction of the rate of increase of congestion.

The economic environment is the major determinant of demand for freight transport services.
Gross Domestic Product (GDP) constitutes the single mgstrtant driver of freight transport
demand. The current economic crisis indisputably will have an impact on the freight transport
system. | f we ceboancskiod eorr tfhaed jiubsotummecnet 6 scenari os
of GDP by 2020 will be sultantially lower than the corresponding increase rate of the previous
decade. This factor (everything else being equal) is expected to decrease substantially the rate of
increase of freight transport activity. The globalization of industry and servicek Whgplayed

an instrumental role in the rapid increase of transport activity is not expected to be further
increased by 2020. The increase of the EU trade integration and the possible enlargement of the
European Union will have a positive impact on thee raf increase of economic activity and
subsequently on the increase of freight transport activity.

The direction of the development of the freight transport system depends on the political
environment. Significant changes in political approaches fosp@mh have been noted during the

last decades, such as deregulation, transport infrastructure harmonization, sustainability of
transport in terms of GHG emissions and energy reduction. Policies regarding the internalization
of external costs and fair anffieient pricing are expected to grow in importance. In parallel the
energy and environmental aspects of transport policy are expected, to occuppttaéstage of

the transport policy discussions. The sources of funding for the development of thedequi
transport infrastructure will be diversified and the promotion and implementation of Public Private
Partnerships (PPP) for the provision of the needed infrastructure will be actively pursued by policy
makers.

Evolution of Supply Chain Management (SCMrends

The evolution of the STEEP environment will influence the spatial structure, the organization and
management, and the flow of goods and information along the supply chains. Supply chains are
expected to be expanded in terms of geographical caeftagnd on wider sourcing and
distribution of goods), and to become sparser in terms of the density of their production and
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stockholding locations (spatial concentration of production and invenjtoiiée three trends
referring to the spatial structurd supply chains (i.e., spatial and geographical concentration of
production, spatial concentration of inventory, wider sourcing of supplies and production / wider
distribution of goodsyvill attain very significant levels b2020;however the rate of theiincrease

will not be higher than the one observed during the previous decade.

Supply chain integration and supply chain flexibility and adaptability are the two prominent supply
chain organization and management trends which are expected to grow angiyific the future

and become very significant by 2020. Thus, supply chains are expected to become extremely
flexible and agile, and integrated. The rate of increase of these trends is expected to be higher than
the one experienced in the previous decade.

Two supply chain flow trends will become significant by 2020, reverse logistics and direct
deliveries. The volume of direct deliveries will be very significant in the future, and the volume of
materials and products carried through reverse logistics tapesavill become very significant.

The rate of increase of these trends is expected to be higher than the one experienced in the
previous decade.

Evolution of the freight transport system characteristics and performance

The changes of the STEEP envir@mhand the supply chain management trends will influence
the demand and supply characteristics of the freight transport system. The freight transport activity
(in terms of tonnékm) is expected to grow, by 2020, with a lower rate of increase as compared t
the past.

The reduction in the growth rate of the freight transport activity will be due to the reduction in the
growth rate of GDP, while the rate of change of the handling factor, which is other determinant of
the quantities to be transported, willmain unchanged. The quantities of freight to be transported

in tones will experience a higher reduction in their growth rate as compared to the distances that
the goods will be transported (km). This is explained by the fact that the reduction of théeguant

to be transported are positively associated with the growth of GDP which is expected to grow with
a lower rate as compared to the past. On the other hand, the average length of haul is positively
associated with the geographical breadth and negatagdociated with the density of supply
chains. These two characteristics will sustain their current grestghhence the rate of increase

of the average length of haul will not experience reduction.

The road freight transport share will be slighthcamsed by 2020, the rail freight transport share

will be reduced but with a slower rate of decrease as compared to the past, while the short sea
shipping share will be slightly increased as compared to the past. The inland waterways share will
remain unchnged Please notdhat the lower rate of decrease of the European Rail Freight
transport system share implies an increase of the European Rail Freight transport system activity
by 2020.

The annual growth rate of the road freight transport fleet sizepiscéed to be slightly decreased

and the average truck size will be increased. The current annual rate of decrease of the rail fleet
size will be slightly increased by 2020, while the size of the locomotives and wagons is expected
to remain unchanged. Thaircent annual rate of decrease of the inland waterways fleet size is
expected to be slightly increased and the current annual rate of growth in the share of large barges
will be sustained. A significant to very significant rate of increase is expecthd graportion of
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cleaner vehicles in road freight transport by 2020. For the other three modes, a moderate to
significant rate of introduction of cleaner and more energy efficient vehicles is expected by 2020.

The current rates of vehicle utilization wlle increased for both road and rail freight transport but
the rate of increase in road freight vehicle utilization will be higher as compared to freight trains.
No significant changes in the load factor of short sea shipping and inland waterways freight
transportation are expected.

The European transport infrastructure capacity will be increased since the 30 project of {ie TEN
priority axes will be completed by 2020. Thus, the annual growth of the road network length will
increase by 2% annually, theilreransport network length will increase by approximately 6%
annually, while the inland waterways network will experience an annual increase of about 1.5%
annually. As far as the terminal infrastructure is concern the-TPNority projects development

of rail terminals in Spain an intermodal (rail/sea) terminal in Poland, a railway line that will
connect key container terminals in U.K. and a railway line that will link major port terminals in
Greece.

As far as congestion is concerned the inland wateswaag short sea shipping will not experience
any notable change in @oute congestion. The current rate of increase abate congestion for

rail freight transport will be maintained (especially along the hedralyelledaxis). The rate of
increase ofroad freight transport congestion will be reduced by 2020. The rate of increase of
terminal congestion will be reduced by 2020 for road/rail and seaport terminals, while it will
remain unchanged for the inland waterways terminals. Terminal utilizationcamsequently
terminal congestion will be significantly increased.

The supply chain management trends will impose high quality requirements for the provision of
freight transport services. Thus, the freight transport system should be able to provide highe
frequency of services, with more flexibility and adaptability to the needs of the customers, and
higher reliability. The road freight transport system by its nature is placed in a better position to
cope with these new requirements as compared to the@fréise modes. Therefore, the rate of
increase of service frequency, flexibility, and reliability of road freight transport services will be
significantly increased by 2020. Rail and short sea shipping freight transport services are expected
to experiencea moderate increase in frequency, flexibility, and reliability by 2020. A slight
increase in service frequency is also expected for the inland waterways.

The rate of decrease of the road freight transport energy intensity will be increased significantly,
while for the rail, inland waterways, and short sea shipping freight transport modes, the reduction
of energy intensity will be less pronounced. The intensity of the energy used at the terminals will
be reduced.

The reduction rate of GHG emissions pettwhiroad freight transport activity will be significantly
increased, while the reduction rate of the GHG emissions per unit of freight transport activity will
be moderately reduced for the remaining modes. The GHG emissions intensity at terminals will be
also reduced.

The current operating cost in terms of euros per tkm for both road and rail freight transport will be
decreased or at worst (unless dramatic increases in oil prices will be present) it will remain
constant. The decrease in vehicle operatiogf will be the outcome of the combination of larger

and more energy and cleaner vehicles and the increase in vehicle utilization. Further penetration of
cabotage, increase in reverse logistics activities, and use of Information and Communication
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Technolaies (ICT) for fleet and traffic management will be the major contributors of the expected
decrease.

Use of results

The derived results provide input information for the development of the benchmarking tool and
guidance and support for the proper intetation of the results of the subsequent benchmarking
exercise.

The results regarding theraution of the STEEP environment will allow the benchmarking tool
users to acquire knowledge of the maenvironment within which the benchmarking exercise
takesplace. The results of the analysis of the causal relationships among the various drivers of the
STEEP environment and the characteristics of the freight transport system will provide the context
for the proper interpretation of the benchmarking results.

The results related to thevaution of the macrenvironment in terms of the direction and
intensity of the STEEP drivers provide useful information for the formulation of the long term
strategy of organizations /companies involved in the provision/atiqoiof freight transport
services.

The identification of the ausal relationship between supply chain management trends and the
characteristics of the freight transport system will provide to freight transport service providers an
understanding of the ¢tors that define the frequency, flexibility, and reliability requirements, for
the provision of the freight transport services.

The drection and intensity of change of supply chain management trends will provide to freight
transport service providerselttontext for comparing the characteristics of their operation with the
existing and emerging requirementsnally, the drection and intensity of change of freight
transport performance characteristics like frequency of service, flexibility, relialufigrating

cost, energy and emissions intensity, will provide a broad picture of the evolution of the
performance of the freight transport services and a staring point for aggregate level comparisons
with the characteristics of the operations of diffefegight transport service providers.

Lessons learned

The assessment of the evolution of the freight transport sector is heavily dependent on the
availability of historical data. In the course of this study, we have tried to systematically identify
histolical data describing trends relevant to the evolution of the characteristics and performance of
the freight transport system. One issue that was surfacing throughout our research was the
continuity of the availability of data for EU27 for all transport reed

For a number of important indicators, like load factors, operating cost, energy intensity and
emissions intensity, there was very sparse or no information available. For the case of energy
intensity and emissions intensity the available data wereisaggregated at the level of freight
transport, i.e. data for the entire transport sector were available, and at a modal and terminal level.
Therefore, it is recommended that data for these important indicators should be collected in the
future. Indicatie, data on these indicators are expected to be collected through the benchmarking
exercise.
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The availability of reliable load factor data for all freight transport modes is considered of utmost
importance. Load factors are used inrathdelling efforts to establish the relationship between
tonnekm and veklkm. Thus, a number of important indicators estimated by models, such as
energy consumption and emissions are greatly influenced by the input data used for the load
factor. Therefore, it is considered yeimportant to conduct studies for EU27 regarding the
estimation of load factors.

Other important, freight transport data, that are not adequately addressed include the length of haul
and the structure of the supply chains, in terms of links and nodedeigth of haul influences

the reliability of the measurement of the freight transport activity in terms of tkm produced. The
structure of the supply chains is an important determinant of the tones lifted. The indicator used to
provide an approximation fdhe organization of the supply chains is the handling factor, i.e. the
ratio of tones lifted and the total weight of goods produced or consumed by an economy. The
handling factor plays an instrumental role in the development of freight demand forecglséing
reason is, that for the same level of economic output in terms of the weight of goods produced or
consumed, differences in the structure of supply chains may lead to quite different values for the
tones required to be lifted by the freight transmystem. Therefore, it is important to collect
systematically data regarding the flow of goods along the supply chain.

The observations made regarding the availability and reliability of key freight transport data are
rather important, since the freightrdend forecasting models and the development of scenarios
for the future evolution of the freight transport system are highly sensitive to these data.
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1 Introduction

The objective of Task 3.1 is @ssess the impact ofirrent supply chain anfdeight transport trends

on a set of aggregate performance indicators (APIs) for the freight transport Siisiemeliverable
reports the detailed resultf the work performed in Task 3.More specifically the deliverable
describes the methodological approaadld &s subsequent application for assessing the evolution of
the performance of the freight transport system by 2020, taking into account drivers from the external
environment an@xsting and emergingrends in the physical structure, management and i@agam

of supply chains and the freight transport system.

The remainder of the deliverable is structured as follows. Sezfwasents thebjectives and scope

of the analysis, the conceptual approach and the methodolagiceviiorkfor identifying thesupply

chain andreight transport trends and assessing their impact on a s&lsffor the freight transport
system. Sectiof® identifies thedrivers stemming from the soetmltural, technologial, economic,
ecological andolitical environment $TEEPanalysis) of freight transport. Sectidnidentified the
prevalent trends in the physical structure, organisation and management of supply chains and of the
freight trarsport system and assesgbe impact of the abovemention&TEEP drivers on the
abovementioned supply chain and freight transport tre®elstions identifiesand selectshe APls to

be used forassessinghe performance of thdreight transport systenmassesses the impacind
presents the results of said assessnwenite ction6 concludes the report.
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2 Methodology

2.1 Objective and theoretical background

The objective of Task 3.1 is to investigale tevolution of the freight transport system performance
over time, taking into account impacts from the external environment on the organization, structure
and operation of the freight transport system.

The broader external environment, demonstrated ¢fr@u multitude of social and cultural trends,
political decisions and directions, technological advancements and evolution of economic concepts
and practices, affects the characteristics of economic activity and consumption of goods. Freight
transport is aderived activity generated by other economic activities and as #udh heavily
dependenbn economiaevelopmenand consumptionf goodsandit is affected by changes in both.
When the economy grows, both production and consumption will grow, heattiadeto an increase

in the demand for freight transport. The demand for freight transport services in turn affects the
respectivesupplycharacteristics of such services. In turn, the interaction between demand and supply
determines the performance of fheight transport system.

The assessment of the impact the external environment on the demand and supply of freight
transport services is mediated through impact of the external environmenbn the structure
organization and managemaeitsupply claing which subsequently affect the demand and supply of
freight transport service he changing external environment triggers the development of a number
of trends which lead to the restructuring and reorganization of supply chains [Zografos and Giannoul
2001]. In turn, the way that supply chains are structunegbnised and managbds a pronounced
impact on the organisation, utilisation patterns and the performance of the freight transport system
[Zografos and Giannouli, 2002].

The examination of thimteractions between the external environment, the supply chain structure and
organisation, and the freight transport activity requires the use of a systemic approach, in which each
of these components is viewed as a system which interacts and intervgtatéhe others. In this
approach gee Figure 2-1), the broader socioultural, economic, technological and political
environmentsets the boundaries withimhich the supply chain system operatés turn, the freight
transportsystem constitutes a system which operates within the boundaries of the supply chain system
andinteractswith it.

FREIGHT TRANSPORT SYSTEM

SUPPLY CHAIN SYSTEM
EXTERNAL ENVIRONMENT

Figure2-1: Interrelations between external environment, suppbin and freight transport system
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Given the above presented systemic approach, the present research begins with the examination of the
external environment and its impacts on the supply chain system, and continues with the examination
of the impacts of th supply chain system on the freight transport system. The final outcome of this
process is the investigation of how the freight transport system evolves over time, taking into account
the impacts of the external environment and the supply chain systérappiroach is illustrated in
Figure2-2.

EXTERNAL ENVIRONMENT

o —
eco“o\\’\\

SUPPLY CHAIN SYSTEM

/“A ORGANIZATION
STRUCTURE /

\_ OPERATION

REIGHT TRANSPORT SYSTEN
/N

| DEMAND SUPPLY

PERFORMANCE 4/

ECOLOGICAL

Figure2-2: Systemic approach in the examination of the evolution of the freight transport system

In effect,the examination of the evolution of the freight transport system constitutes a type of freight
transport modelling, in which it is attempted to describe and predict the impact of external
environment factors and supply chain trends on the evolution dirdlght transport system over

time. A brief overview of the statef-the-art and statef-practice in freight modelling can provide a
classification of freight modelling approaches. Taking into account the characteristics of the research
guestion at handhe most appropriate approach is selected.

2.2 Basic freight modelling considerations

The literature on freight transport modellilsgvery extensive and providesraultitude of modelling
approachestherefore a selection of representative papers reviewmgttieof-the-art and statef-
practice can provide a higavel classification of extant freight modelst is adequate for the needs

of the present researchiurnquist (2008) clarifies the important characteristics of effective freight
models, while Rgan and Garrido (2002) provide a review of stHtéhe-art in modelling freight
demand and shipper behavipand Spear et al (2008) and Tavasszy (2008) provide a comprehensive
review of the statef-practice and international experience in freight maaigl|
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According to Turnquist (2008), an effective model of a freight system demonstrates a number of
important characteristicsrhese characteristics apply therequirementsf the present research as
follows:

- Focus on the production of an output that sone wants and knows how to ugethe case
of the presentesearch, theoutput constitutes a qualitative analysis of the relationships
between external environment drivers, supply chain and freight transport. tBadutput
will be used in subsequewbrkpackages of BE LOGI@ealingwith the benchmarking dhe
freight transporisystem in terms of policy, terminals and transport chain performadiee
results of the analysis will provide the overall context within which the benchmarking
exercise is pgormed.

- Inclusion of important variables that describe how the system works and clear and correct
representation of their interactiona the present research, variabilesdudefactorsaffecting
the evolution of thelemand and supply fdreight transpd servicesandthe performanceof
the freight transport system (i.@rjvers of the externdteight transport environmergupply
chain and freight transport trendandindicatorsexpressing at aggregate level the basic areas
of benchmarking.

- Capabilty of operating it in a verifiable and understandable .Wwaythe case of the present
research, the model involvgsalitativeanalysis of the interdependencies and impacts among
its components while verification of the results invelegternal experts

- Support by existing datdn the case of the present reseaqmntitativedataare used
where available- for supporting the arguments made hereitowever, since mostly
qualitative analysis is conducted, the emphasis lies in the interpretation ahdsgyruf
results from previous studies

These characteristics are applicable to freight system models in general and are not confined to
models for freight demand forecasting [Turnquist, 2008]. This would mean that they are also
applicable to freight modglthat examine how a freight transport system evolves over time using a
gualitative rather than a strict quantitative approach. Regan and Garrido (2002) refer to various
classifications of freight models encountered in the literature; of interest isviemwliproposed by

Strong, Harrison and Mahmassani (1996) into econometric and nebhaseki models, defining
econometric models as those trying to identify and analyse -emdseffect and correlative
relationships between freight demand and various feaod network models as those that apply
optimisation rules to objective functions with the aim of predicting the distribution of traffic at some
point in the future. However, Spear et al (2008) in their review of -efgteactice in freight
modelling inthe U.S. mention that while state departments of transportation and relevant federal
agencies make use of rather elaborate freight models, freight modelling in the private sector relies
heavily on qualitative market insights and pay greater attentidmetéréshness and accuracy of the

data rather than on techniques and methodologies for their preparation. They also mention that private
sector forecasting -unged.,hogdtsarnteinmdg twi tblke Kibown ofmact
moving from theseletails to a more marketide perspective. In a European context, Tavasszy (2008)
identifies a set of important policy issues that are faced by decisiers at European level and the
associated modelling needs and also provides an association bewgsondproblems and the
appropriate modelling challenges and techniques. However, this review makes no reference to models
or approaches for qualitative freight analysis.
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A qualitative model for freight transport analysis is considered to investigatee-eifest
relationships and correlations between a set of factors and the characteristics of the freight transport
system using a qualitative analytical approach rather than a quantitative matheratieatyd
approach. A qualitative approach is prefésalvhen the following characteristics of the freight
transport analysis problem prevéibmething that is applicable to the research problem a):hand

- Strategic scope of analysis, i.e., investigation of the impact of broad, strategic factors on the
evoluion of the freight transport system, which poses significant difficulties in quantifying
such factors.

- Scarcity of resources (i.e., time and human effort, appropriate data) to perform detailed
guantitative freight analysis.

Several previous studies haveopted a qualitative approach for the analysis of the freight transport
system at an aggregate levebr example SULOGTRA (2000)hasextensivelyusel multi-criteria
assessment methods to determine ithpact of supply chain management trends on the freigh
transport system and tHeture evolution ofthe latter. REDEFINE (1999) examined the impact of
external drivers on the demand for road freight transport and the relationship between these factors
and changes in industrial and logistical structure tim@igumber of case studies dealing with sector
commodity combinationsni different European countrie§ RILOG (1998) used case studies,
guantitative analyses of trade data and a Delphi survey of logistics experts for assessing the
development of supply chratrends.

The analysis of the evolution of the freight transport system takes into account factors stemming from
the broad external environment which influences economic activity and consumption such as political
decisions, cultural trends and technoladiadvancements. Many of these factors are difficult to
express in a quantitative manner not only due to lack of appropriate data but also due to an inherent
difficulty in conceptualising them and expressing them in a quantitative mdnneis also a piject
decision not to attempt the development of a quantitative freight model, since a number of such
models(e.g., TREMOVE SCENES TRANS-TOOLS) havealreadybeen developed in a high level of
detail (he results from these and other studiese usedo develop estimates on the direction and
intensity of several freight transport trends and performance indicaddsgover, the present
research must cope with a rather tight time schednlé resourceshich would further preclude the
developmenteven of a rudimentary quantitative freight model. However, the characteristics of
effective freight models proposed by Turnquist (2008) are considered in the development of the
conceptual approach for the qualitative assessment of the evolution of the freightrtragstem;

their consideration is described in greater detail in a subsequent section of the present report.

2.3 Scope of analysis

The scope of analysis is determined by the project objective, which is to develop a benchmarking
methodology for assessing tisport logistics performance targeting on Small and Medium
Enterprises (SMEs) and paying specific attention to intermodal anthodal transport.The
determination of the scope includes the specification of certain dimensions of the analysis, i.e., type of
transport services to be examined, associated transport modes, and geographic level of analysis.
Following a systems approach, freight transport is viewed as a component within a supply chain
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system and specifically as thalsystem facilitating the physal flow of goods along the supply chain
system

A fragment of a typical product transport chdtig(ure2-3) involves three types of transport services:

- Urban freight transport (usually from wholesalers to retailers / end conswamd possibly
from distribution centres to wholesalers)

- Shorthaul national/international transport (usually from producers to warehouses/distribution
centres, between warehouses/distribution centres and terminals of origin/destination)

- Longhaul internéional transport (usually between terminals at origin and destination and
directly between warehouses at origin and destination).

PL | ws1 g~

| Warehouse / Terminal Terminal Warehouse / | /
P2 Distribution [-51o1eu! |-ShOU - pictribution | ws2

» - Long-haul transport——————{ L
transport origin destmauon transport
Center (orgi) ( ) Center

v

Pn Long-haul transport Cuwsh <

Legend
P: producer, WS: wholesaler, R: retailer

Figure2-3: Supply chain configuration

In termsof the type of transport services, the present analysis is focused on tHealdrgeight
transport servicesccurring in the transport chain. In the typical transport chain depictEdyume

2-3, longhaul transport may take place between warehouses/distribution centres or between
terminals. Longhaul direct transport between warehouses/distribution centres is considered to involve
one transport mode (usually road transport), but it may also involve muliplsptirt modes and
terminals for cargo transhipment from one transport mode to another. The latter case provides the
basis for incorporating the intermodal andmneodal(i.e., efficient use of different modes on their own

and in combinationyiewpoint in the analysis.

The selection of longpaul freight transport as the type of transport service to be analysed determines
to an extent the geographic scope of the analysis, as it is obvious that a significant parhatilong
transport is conducted internatidlgaTaking into account the fact that one of the primary objectives

of BE LOGIC is tobenchmark transport logistics operatiossd policies in Europeit can be
determined that the analysis of freight transport trends focuses on internatidrrdtionalong-haul
transport services that are conducted in Europe. Furthermore, small and raedidnenterprises
(SMEs) and specifically mediwsized carriers with relatively small volumes and respective shippers
offering international longnaul transport serges are considered in the analy3ikis is because the
importance of SMEs in the provision of freight transport services is significant: according to Eurostat
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[Eurostat, 2007] approximately 1.1 million enterprises were involved in freight transporteseirvic
EU25in 2004, 82.5% of which were predominantly involved in road transppproximately 90%
of the enterprises offering road freight transport services are SMEE(2mployees) while the road
freight transport sector is also characterised bygh lkiegree of micrsize (X9 employees) and
smallsize (1049) enterprises as well as entrepreneurs working for their own account.

The analysis considers three modes usually participating in the transport chain, i.e., road, rail and
water (inland waterways short sea shipping). The principal objectives proposed in theTktioh
Review of the European Commi ssionés 2001 Transp
Communities, 2006b] relate to the provision of efficient and effective transport systdroffeh high

levels of mobility, protect the environment, increase the efficiency and sustainability of the transport
sector and connect internationally. These policy drivers are considered to have significant impacts on

the organization and performandettoe freight transport system in Europe.

2.4 Conceptual model

2.4.1 Characteristics of conceptual model

The previous sections determinéal the purposes of the BEOGIC project,thatthe examination of
the evolution of the freight transport system in Europaikshbe based on the following methods of
analysis:

- Systems approach, examining the interrelationships between the constiteieweins of
different systems (external environment, supply chain system, freight transport system)

- Qualitative analysis, which uolves a qualitative discussion based on extant research on the
abovementioned interrelationships among system constructs and is supported by extant
quantitative findings.

A conceptual approach (sé@gure2-4) has been developddr analysing the evolution of the freight
transport system over time. The conceptual approach aims at reflecting the linkages among the
elements to be included in the analysis, i.e., the external environment affecting economic activity and
consumption, ta supply chain management trends affected by the external environment, and the
characteristics and performance of the freight transport system affected by the supply chain
management trends.
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Figure2-4. Conceptual approach for analysing the impact of supply chain and freight transport trends
on freight transport APIs

2.4.2 Description of conceptual approach

The analysis of the impact of the external environment on the performanice fs€ight transport

system takes into account the influence of a variety of drivers from the external environment on the
supply chain and freight transport system organization, structure and management, and the impact of
said trends on a set of hidgwvel indicators representing the performance of the freight transport
system. These indicators are called Aggregate Performance Indicators (APIs).

Following a systems approach, the analysis of the external environment of freight transport requires
viewing thefreight transport system as a dynamic system with complex interactions with its external
environment as well as among its internal components. This systems approach also suggests that a set
of factors (termed Adr i ver saffeighbtransgpit systameandfleaco m t h
to changes in its configuration [Zografos and Giannouli, 2001].

Sever al approaches exi st for examiningitselfhe ef fe
focusing on various aspe cRkosexample, in h Busiress eampetitiorme nt 6
vi ewpoint , Porter6s competitive forces mo d e | [

industrial/economic sector and examines the strength and interaction among these forces to determine
the longterm attrativeness of the market, industry or economic sector under examination [Kotler,
2000], while Turban et al (1999) categorize the business pressures acting on enterprises as market,
technological and societal pressures. SW(STrengtls, Weaknesss Opportuniies and Thread)

analysis [Kotler, 2000] is aimed at monitoring key maenwironmental forces (categorizing such
forces as demographéconomic, technological, politicéégal, and sociatultural) as well as

mi croenvironment a cghsand webkoassgs that affact thegrofiabilitysof thee n
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organization. These approaches employ various categorizations of the external environment according
to the characteristics of the system they examine, e.g., sséstdyor dynamic system, and lery
shortterm haorizon of analysis.

In examining the external environment of a complex dynamic system, PEST analysis is the most
widely used of these approach@&sis type of analysis developstaxonomy of the environment in
terms offour sectors (Politial, Economic, Sociaultural and Technological), ident different

drivers stemming from each sector amegamires the impact of these drivers on the system
characteristics under examination. While initially this type of analysis focused on the aféoarrbnt

four sectors of the external environment, the growing importance of ecological factors in all business
aspects have resulted in an updated version of the PEST framework named STEEPBu(®oaip
Technological, Economic, Environmental, Politicalowever, numerous other variations of PEST
analysis have been developed (e.g., PESTLE, STEERLcHding legal and ethical issyes
incorporating factors that cater for the requirements of the specific types of analysis (e.g., legal,
demographics, educatipar for specific economic or industrial sectors under examination. Therefore,
the PEST framework for analysis of the maervironment is customized according to the specific
characteristics of the system under examination.

Current research in freight traport analysis for the future (e.g., FREIGHTVISIONRANSVISION)
incorporates the analysis of external environment factors as a basic pillar of their endeavour to
develop longerm plans for achieving sustainable freight transport. Previous reagnmnnental

analysis of the freight transport system (PRORATA, SULOGTRA, STEPs) takes into consideration
(implicitly or explicitly) ecological / environmental factors as a separate aspect of the-macro
environmental analysis. PRORATA (1998) follows a PEST appraacexamining the external
environment of rail transport, with the aim of identifying and selecting appropriate organisational,
product and marketing concepts for improving the profitability of rail transport and adaptability of
railways. SULOGTRA (2001uses a STEEP approach in examining the drivers reshaping logistics
syst ems, considering these drivers as fAexternal
employs a PEST approach without explicitly considering ecological factors; howevee, thie
analysis aimed to determine the relationship between transport and energy use as defined through
their interaction with the broader transport maenwironment, ecological considerations were
implicitly included in the analysis through the focugtof examined macrenvironmental factors on

issues related to energy use, environmental policy etc. Given the growing importance of the
ecological effects of transport and the incorporation of ecological factors in previous analyses of the
external envirament of transport, it is proposed to follow a similar (STEEP) approach.

Following the STEEP approach, it is suggested that the external environment of the freight transport
system is described through the identification of a number of relevant drivemisig from the
sociocultural, technological, economic, ecological and political environment. $otiiaral drivers

reflect changes in the societal structure (e.g., changes in demographics) and mindset/behaviour of
citizens (e.g., environmental concertrgnsport practices and patterns) that may affect the structure
and organization of the freight transport system. Technological drivers refer to advancements in
freight transport technology (e.g., technologies related to velpic$itioning, identification and
navigation vehicle/shipment condition monitoring, traffic management and traffic information
provision,energyefficiency of vehiclesetc) and Information and Communications Technology (ICT)

that may change the way the freight transport systemgasnared and managed. Ecological drivers
reflect changes in the natural environment (e.g., global warming, increasing scarcity of energy
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resources) that may affect the supply and demand for freight transport. Economic drivers reflect
changes in the broadeconomic and financial environment (e.g., development of remroomic
indicators) that may affect the demand for freight transport and change the organization, management
and physical structure of the freight transport system as well as the assoeigiedfliows. Finally,

political drivers refer to tendencies in the political environment that may affect freight transport policy
formulation as well as policy initiatives (e.g., promotion of-nsodality and intermodality
internalisation of external cogtthat may be subsequently translated into specific freight transport
policy measures.

STEEP drivers exert an influence on trends related to the structure, organization and management of
supply chains. In turn, supply chain trends affect freight transgportls, which are categorized into
demand and supply trends [Zografos @idnnouli, 2001] Freight transport demand trends refer to

the evolution of demand characteristics for freight transport services by businesses expressing
guantities transported, dsces over which transportation takes place, size of shipraeuiiypes of
servicesrequired Freight transport supply trends refer to the evolution of supply characteristics of
freight transport servicaacluding capacity in terms of infrastructureghicleg and service provision
characteristics These characteristics descrileet size and composition, transpaorridor and

terminal infrastructure development/availability, development of infrastructure for cargo handling.
These trends are investigdtfor all transport modes included in this analysis (road, rail, IW,.SSS)

Theinteractionbetweenthe characteristics afemand and supply of freight transport servickthe
various nodes affects the moal split, which is expredssg the allocation of dtal transportation
demando the various transport modasdit is expresseas the ratio ofonnekms produced by each
mode over the total tondans produced by all modes

At this point, the APIs reflecting the performance of the freight transport sydtenstrategic level

are entered in the analysis. As stated earlier, APIs areldwighperformance characteristics of the
freight transport system athve beemlevelopedand agreed upon by the BE LOGIC Consortium for

use in the benchmarking of the fybt transport systemPls are composed of detailed performance
indicators, named Key Performance Indicators (KPIs) that are developed within the framework of
WP2 of BE LOGIC and are used in the benchmarking exercise. The APIs are expressed at a modal
levd, as opposed to KPIs which are expressed at company/terminal/transport chain level. Therefore,
APIs are determined by one or more of the detailed KPlIs.

For the needs of the BE LOGIC project APIs (and the KPIs associated with them) involve three
categories

- Policy APIs
- Transport chain APIs
- Terminal APIs

In effect, the APlsconstitute the interface between the detailed level of analysis required for the
benchmarking exercise and the higher level of detail required for the assessment of the impact of
supply dain and freight transport trends on freight transport system performance. The rationale for
the introduction of APIs in the analysis lies is the fact that the KPIs to be used in the benchmarking
exercise are considered too detailed for the analysis ahihect of freight transport trends on freight
transport performance, as the latter type of analysis is performed at a more strategic level as opposed
to the strictly operational level of the benchmarking exercise. Although the objectives of the two tasks
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(i.e., impact of trends on freight transport system performance / benchmarking) are different, it is
desirable to seamlessly integrate their rationale to ensure consistency of the work performed in the
project and usability of results across different gcophases.

At this point it should be stated that the policy KPIs are examined with respect to the influence that is
exerted to them by the political trends of the freight transport systam.assessment of policy
performance is conceptually located atmare strategic level than terminal and transport chain
performance and is therefore subsequently affected by more strategic elements of the freight transport
system. Consequently, the APIs for policy benchmarking are assessed in relation to the inmeact exe

on them by the identified drivers of the external environment and not by the subsequently identified
freight transport trends’he abovementioned objectives and constraints of the external environment
give rise to drivers stemming from the politicalvéonment, as policy is considered to be influenced

by global technological and economic trends, by changes in the-aduical patterns and by
environmental phenomena.

The relationship between trends, APIs and KPlIs is illustratEdime 2-5.
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TRANSPORT CHAIN TERMINAL
SERVICE SERVICE SERVICE ENV. ENERGY TRA?I;%ORT TRANSPORT TERMNAL TERMINAL IN'IME(;DCAOLNN ENV. ENERGY
FREQUENCY| |RELIABILITY FLEXIBILITY | | POLLUTION USE cosT TIME UTILISATION | | THROUGHPUT POLLUTION USE
VARIATION _ v
PUNCTUALITY IN TRANSIT REPUTATION exemplary KPIs according to the list of KPIs

TIMES

* Policy APIs are examined with respect to the impact exerted on them by the
political trends of the external environment (identified by the STEEP analysis)

developed within the framework of WP2

Figure2-5: Relationship between supply chain and freight transport trends, and APIs / KPIs for freight transport
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Based on the needs of the BE LOGIC projgetfollowing APIs have been included in the analysis:

Benchmarking APls Definition
area
Frequency of service * Ability of mode to offer frequent services that are in line
with the respective demand
Ability of mode to adjust the provision of its services in
Flexibility of service * order to meet changes (sudden or anticipated) in
demand
Ability of mode to offer services that are punctual and
Transport Reliability of service * according to the published schedule or promised
chain delivery date and time
Environmental intensity * Emissions produced per unit of transport activity (e.g.,
kg/tonne-km of COy)
Energy intensity * Energy consumed per unit of transport activity (e.g.,
toe/tonne-km)
Operating cost * Operating cost per unit of transport activity (e.g.,
ua/ t okmh e
Isgr;;zzsétisauon and The level of use of the available terminal capacity
Terminal Environmental pollution ** Emissions produced per unit of cargo handled
Energy use ** Energy consumed per unit of cargo handled
Infrastructure charges Level of charges for infrastructure use
Taxation levels Level of taxes levied on transport system users
. Transport funding Level and. nature of funding for the development of
Policy transport infrastructure
Transport funding Level and. nature of funding for the development of
transport infrastructure
*  APIs examined per transport mode
**  AP|s examined per type of terminal

Table2-1: Freight transport system APIs for impact aseent

The assessment of the impacts of freight transport trends on the performance of the freight transport
system is performed for each of the four selected transport modes (road, rail, inland waterway, short
sea shipping) [BE LOGIC, 2008].

Taking into @count the identified freight transport demand and supply characteristics, the impact of

the identified supply chain and freight transport trends on the APIs is performed for each transport
mode. The analysis is made exclusively through desktop resesaioh, (where possible) results of
guantitative studies to support its conclusions. It involves the qualitative assessment of the direction of
impact (positive, neutral, negative) of trends on APIs and a qualitative assessment of the future
evolution of theAP I s . Where relevant guant i batlyesi sbéudain
synthesis of the results of these studies is performed to reinforce the findings of the qualitative
analysis.

The results of the analysis will provide guidance to the usefsedbénchmarking tool regarding the
trends prevailing in the environment, organization, operation, and management of the freight transport
system. Therefore, what is of interest to assess are not the absolute values of the various APIs of the
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freight system but rather the direction and intensity of their expected changes in relation to the
prolongation of their historical needs.

2.5 Operationalisation of the conceptual model

The methodological approach for analysing the evolution of the freight transporh syate time is
illustrated inFigure2-6.

ANALYSIS OF
EXTERNAL IDENTIFICATION IDgEE;EéE-?N
ENVIRONMENT OF > OF SUPPLY |&» ToaNsporT (€ — 1
FREIGHT CHAIN TRENDS TRENDS
TRANSPORT |
I I l
‘ |
|
A L |
ASSESSMENT OF
IMPACT OF IMPACT OF EXTERNAL |
EXTERNAL | ENVIRONMENT ON
ENVIRONMENT ON P SUPPLY CHAIN AND |
MODAL SPLIT FREIGHT TRANSPORT
TRENDS |
i I
ASSESSMENT OF |
IMPACT OF SUPPLY |
| CHAIN TRENDSON [f— — — — — — — — — —
; FREIGHT |
TRANSPORT TRENDS I
IMPACT OF FREIGHT
TRANSPORT TRENDS |
ON TRANSPORT
PERFORMANCE AND |
MODAL SPLIT I
|
|
ASSESSMENT OF IMPACT OF FREIGHT |
TRANSPORT TRENDS ON APIs |
POLICY APIs TERMINAL TRANSPORT | [~ |
APIs CHAIN APIs I
|
! |
ASSESSMENT OF [
FUTURE EVOLUTION | — — — — — — — — — 4
OF APIs |
L |
|
EXTERNAL I
VALIDATIONOF |  _ _ _ _ _ _ _ _ _ |
ASSESSMENT
RESULTS
— — P Feedback flows

Figure2-6: Methodological approach for assessing the impact of freight transport treneésyhin fr
transport KPIs

The analysis of the external environment is performed through extensive desktop research. Drivers of
the external environment are identified from relevant sources (e.g., reports of international
organizations, scholarly literature gtand their evolution is discussed with the support of quantitative
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data. The discussion of external drivers includes (where appropriate supporting data are available)
projections of the future evolution of the drivers by 2020 or thereabouts.

The identifcation of the supply chain and freight transport demand and supply trends is performed
through desktop research. The results of the analysis of the external environment are taken into
consideration in selecting the trendehe freight transport trends awssessed in terms of the
evolution of their direction and intention of change.

Supply chain trends are categorized into physical structure trends, organization trends and
management trendgografos and Giannouli, 20014nd are also assessed in term$efdavolution of
their direction and intensity of change.

The discussion of the impact of external drivers on supply chain and freight transport trends is
structured as follows: for each external driver a qualitative assessment is made (on the basis of exta
information, studies etc.) as to whether (and if yes, to which extent) the driver under examination
affects each supply chain and freight transport trend. Quantitative data (where available) are used to
support the discussion and conclusions. The outcomthis discussion could be schematically
illustrated in a set of tables, in which the impact of drivers on trends is properly notated. Such a table
could have the following format:

Supply chain
trends SCtrend 1 SC trend 2 SC trend k
Drivers
Driver 1 + +
Driver 2 +
Driver x

Table2-2: Impact of external drivers on supply chain trends

Freight transport ) ) )
Freight transport trend | Freight transport trend | Freight transport trend
trends 1 > n
Drivers
Driver 1 + +
Driver 2 +
Driver x

Table2-3: Impact of external drivers on freight transport trends

In Table 2-2 and Table 2-3, + denotesincreaseof a driver on a trend while i denotesdecrease
Trends for which no association with external drivers is identified are removed from subsequent
stages of the analysis.
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At this point it should be stated that the indirect effect of the external envirbrdrieaers on the
freight transport trends aedso discussed.

The structure, organization and management of supply chains affect the development of freight
transport supply and demand trends. Therefore, an intermediate step to be undertaken relates to the
discussion of how supply chain trends affect freight transdemhand andsupply trends. This
discussion is structured as follows: for each identified supply chain trend a qualitative assessment is
made as to whether it affects the freight transport demaddsupply trends and, if yeis, which
directionand at what intensityThe outcome of this discussion could be schematically illustrated in a

set of tables, in which the impaaft supply chain trends on freight transport trends is properly notated.
Sucha table could have the following format:

Freight transport Freight transport demand trends Freight transport supply trends
trends
SC trends Demand trend 1 Demand trend n Supply trend 1 Supply trend k
SC trend 1 ++ 0 + 0
SC trend 2 0 - 0 +
SCtrend n + - 0 0

Table2-4: Impact of supply chain trends on freight transport trends

In Table2-4, + denotes a positive impact of the supply chain trend under examination on the freight
transport trend under examination,denotes a negative impact, afddenotesno impact The
multitude of+ andi denotes the intensity of the impact (the larger the numbemofl-, the greater

the intensity of the impact).

The major type of analysis theonstitutes outcome of this task is the analysis of the impact of freight
transport trends on the APIs, which are categorized as follows (as stated in Section 2.3):

- Policy APIs
- Terminal APIs
- Transport chain APIs

The discussion on the impact of freighansport trends otransport chain and termin@PlIs is
structured as follows:

i) For each APl under examination, a qualitative assessment of the impact of each freight
transport trend is discussed, on the basis of extant available information. For each pair
freight transport trend / ARIthe evolution of the direction and the intensity of the change of
API by 2020 is assessed.

The outcome of this assessmeatild be schematically illustrated in a set of tables, in which
the impact of freight transport trés on APIs is properly notated. Such a table could have the
following format:
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APIs Terminal APIs Transport chain APIs

Freight Terminal Terminal Triﬂzﬁ?n Triﬂzﬁ?n
API 1 API z

transport trends APl 1 API z
Freight Demand trend 1 0 0 + 0
transport
service
demand trends | Demand trend n - - 0
Freight Supply trend 1 - + 0 -
transport
service supply
trends Supply trend k ++ - - 0

Table2-5: Relationship between freight transport trenad APIs

Again, inTable 25 + denotes a positive impact of the freight transport trend on APl under
examination; denotes a negative impact, ahdenotes nampact The multitude oft andi
denotes the intensity of the impact (the larger the numberaoid-, the greater the intensity

of the impact).

ii) For each API, a synthesis of the impacts of the associated freight transport treads is

iif) For policy APIs, the impact of political drivers of the external environment is exanTihed.
outcome of this dicussion could be schematically illustrated in a set of tables, in which the
impact of political driverson policy APIs is properly notated. Such a table could have the
following format:

Policy APIs Policy APIs
Policy Policy Policy Policy
Political drivers APl 1 API 2 API 3 API z
Political driver 1 0 0 + 0
Political driver 2 - - 0
Political driver 3 -- + 0 ++
Political driver k ++ - - 0

Table2-6: Impact of political drivers on policy APIs

Finally, the potential feedback effect that the evolution of APIs may have on the freight transport
demand and supply trends is also discussed.

The results of the assessment of the impact of freight transport trends on freight transpomtréPls
subject to an drrnal validation process. A group of experts from tBE LOGIC, and
FREIGHTVISION projectgprovided input related tthe validation of the resulté short report with
the main results of the analysis performedask 3.1was circulated t@agroup of FREGHTVISION
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experts in ordeto receivetheir input/comments on the validity of the resultse comments provided

by the expertsvere incorporated in the final versioaf this report.In addition the results of the
analysis were presented to the membeh®iHigh Level Advisory Group of the BE LOGIC project
during a meeting that took place in Amsterdam26nJune 2009 in order to receive feedback and
comments. The input provided by the members of the High Level Advisory Group was also
incorporated in théinal version of this deliverable.
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3 Analysis of the external environment of freight
transport in Europe

3.1 Introduction

The objective of this section is to provide an overview of the major drivers of the external
environment of freight transport in Europe tha¢ believed tthave anmpact on the development of
trends in the demarfdr and supply of freight transport services aotisequentlyn the performance

of the freight transport system. For the present research, théddwuerod refers to a force origiating

from the environment afhe freight transporsystem leading to changes in the configuration of said
system [Zografos and Giannouli, 2001].

The STEEP approach has been selected for classifying the external environment drivers into
appropriate categi®s. This approach expands the classic PEST (polgmahomiesociat
technological) approach by addressing ecological/environmental drivers as a separate category of
drivers. The justification for the selection of this approach can be found in S2gtiohthe present

report.

At this point it should be stated that the explicit classification of the identified drivers in one of the
five abovementioned categories is not always feasible. Moreover, external drivers included in
category may affect drivers from another category, e.g., a force originating from the economic
environment may affect the emergence of a force of the technological environment, while both forces
belong in the external environment and can thereforembsidered as drivers. This would imply that

some causal linkages may exist among drivers. In the present report obvious relationships between
drivers are presented; however, in the course of the analysis it is considered that all identified drivers
exert adirect influence on the development of freight transport trends.

3.2 Socio-cultural drivers

This section outlines drivers stemming from the sacittural environment of the freight transport
system. The socioultural drivers primarily affect freight transg demand characteristics (e.qg.,
guantity of services) which, in turmfluencethe supplycharacteristics of freight transport services.
Changes in the demographic structure of the society under examination (in terms of the quantitative
evolution, age dtribution and geographic dispersal of the population) as well as emergence of new
cultural elements and concepts of social and market behaviour affect the characteristics of the demand
for goods and services which in turn affect the characteristicseotidéimand for freight transport
services. The analysis of demographic changes in the European Union is presented below.
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3.2.1 Demographic structure and composition

3.2.1.1 EU population projections

The population of the European UnidBUZ27) is expected to increase bpproximately 2% between

2005 and 2020 (from 488 mio to 496 mio) [Eurostat, 2008a]. Between 2020 and 2025 population
growth is projected to come to a halt, while it is expected that after 2025 the numBerR 6f
inhabitants will start to decrease, reach#v2 mio by 2050 (approximately 4% decrease) [Eurostat,
2008a]. The projection of EU population is illustratedrigure3-1.
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Figure3-1: EU27 population projection (Source: Ewtat, 2008a)

Taking into account therojection horizonof this study (i.e., 2020)-igure 3-2 illustrates that the

EU27 countries with the strongest projected increase in population are Ireland, Spain, France
Belgium, the Nethéands and the United Kingdom, while those with the sharpest projected decline
are Bulgaria, Romania and Poland [Eurostat, 2008b].

2005 2010 2015 2020
=+ = ERIT Ireland sesssssss E0ain = = = Franoe
===== hetherlands = = poland =+ Bulgaria = - = Romania | -

Figure3-2: Projected relative population increasd=id25 (2005 = 100) (Sarce: Eurostat, 2008a)
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The preceding figure suggests that until 2020 the population of the European Union is expected to
demonstrate a very slow annual increase -Q02%), leading to a total population increase of
approximately 2% between 2005 and 20P®e countries with the sharpest increase in population are
located in the economic heart of Europe (France, Belgium, Netherlands, Spain), while the countries
with the sharpest decline are located in Eastern Europe. These findings are further corropdinated b
data for the remainin@U27 countries (the reader is referred to reference Eurostat, 2008a, pp. 31]
which show a similar patterns of population growth and decline for other Western and Eastern Europe
states respectively, albeit with a smaller intgnsthis analysis suggests a shift of the population of
European Union froreastto west

3.2.1.2 Age composition of EU population

The projected age composition of the populatioBd27 leads to the conclusion that the average age
will increase significantlyFigure3-3 andFigure 3-4 illustrate the age projection of EU for 2005 and
2030 respectively.

1004

Figure3-3: Age composition of EU population in 2005 (Sourgarostat, 2008a)
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Figure3-4: Projected age composition of EU populatid®030 (Source: Eurostat, 2008a)

Figure 3-3 shows that in 2005 the largest age group for both men antewdn 2005 was 339

years, representing approximately 4% of the total populatid@iaf7, while Figure 3-4 suggests that

in 2030 the largest age group for men will beGd0years (comprising approximately 3.5% of the total
male population ofEU27), while for women the largest age group will be 80+ years (approximately
4.3% of the total female population) [Eurostat, 2008a]. The data presented above illustrate a
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significant increase in the average age of EU population and configdgnehe importance of nen

working age groups (i.e., above 65 years of age). The increase in the average age of the population
also suggests that a decrease of the active workforce of the European Union is expected, both in
absolute and relative numbeiBo further corroborate this finding, it is projected that the old age
dependency ratio (i.e., the ratio of the population aged above 65 over the working age population) will
more than double between 2005 and 2050 (from 23.3% to above 50%) [Eurostal, B602820,

the old age dependency ratioBt25is projected to be 32.1% [EUPHIX, 2008]. This means in 2020
three persons of working age would correspond to one person afar&ing age, compared with

four persons to one in 2005he increase of theder populabn in the EU countries implies that the

size of thelabourforce for the freight transport industry will shrink and that it will become more
difficult to recruit qualified younger persons to work in the freight transport sector. However, given
the fact that immigration to Europe presents a visible trend, it is expected that some of the problems
associated with the ageing workforce will become less intense.

Theoryand empirical research (e.g§Erlansden and Nymoen, 2005uggestshat age compsition

has an effect on aggregate consumptiblore specifically research has shown that aggregate
consumption decreases, and consequently savings rate increases, when the share-afjediddle
persons (i.e., between 50 and 66 yeeoasidered to be theimary age category in terms of savings)
in the populatiorincreasesTaking into accounthe significant projected increasé the age classes
that fall into this category (as illustratedfigure 3-3 andFigure 3-4), it is expected that the increase
in the average age of EU population will have a negative effect on consumption.

3.2.1.3 Geographical distribution of population

The projected stagnation and subsequent decrease in the popul&ldd7dby 2025 ad after 2025
respectively) is coupled with a projected internal migration within Europe towards existing and
developing economic centres. While relevant data is not available featJalr countries, there is a

clear trend (with regards to 2030) of increas¢he population of financially dominant regions in the
European Union (e.g., Valencia, Madrid and Andalucia in Spain, Athens and Attica Region in Greece,
Lombardia and Emilid&Romagna in Italy, Hamburg and Stuttgart in Germany). In Germany, for
example,projections for 2020 [BR, 2006] illustrate a significant (above 3%) internal migration of
population towards existing financial and economic centres (Frarddulain, Munich, Berlin,
Hamburg). This internal migration trend often compensates for thetiveegavolution of natural
population in certain areas (e.g., western Germany, eastern Austria, northern Italy) [Eurostat, 2008a].

The relationship between geographical concentration of population and consumption is rather
straightforward.The concentratiorof population in specifigeographical areadirectly affects the
concentration of consumptionProvided that economies of agglomeration are big enough
consumption may concentrate and increase at a higher rate than could be justified by the concentration
of population.
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3.2.2 Changes in social/market behaviour

3.2.2.1Individualisation

Extant studies and statistical data demonstrate an increasing degree of individualisation in the
European society. Indicators which represent this factor relate to the average libssehahd the
number of onanember households. While family and household structures differ significantly across
European countries, a number of common characteristics can be identified [Eurostat, 2008b]:

- Reduction in the average household size: The geeraousehold size foEU27 is
approximately at 2.4 persons per household [Eurostat, 2008c], a significant reduction in
comparison to 1981 (2.8) and 1991 (2.6).

- Increase in the number of ecnember householddn 1995, the number of ormmeember
households irEU15was 42 million. Different future scenarios predict a sharp increase (for
2025) the baseline scenario accepted by the European Union predicts 62 million households
with one member, an increase of apprbpbxi matel

This increase of individualization in the societal structure of the European Union has as a result an
increase in the individualization of economic activity and in consumption patterns (also aided by
technological drivers, which will be discussed in ®ec#0). Individualization of economic activity

and consumption is now a significant characteristic of the consumer conceperjB&00% andin
combination with the proliferation of electronic business (see next seeffexjs the structure and
management of supply chaiftirough the increase of individual consumption patterns which lead to

a subsequent increase in direct deliverias)well as the demand intensityterms of frequency and

size of shipmentandtheorganization of freight transport services.

3.2.2.2 Proliferation of electronic business

The trend towards individualization of economic activity cannot be seen in isolation from the rapid
increase of electronic business (both for individuals and companies). Hiectaurcing for
individuals (businesto-consumer) has increased rapidly in the European Union; the percentage of
EU citizens who ordered goods or services over the Internet for private use has increased from 15% in
2004 to 25% in 2008 [Eurostat, 2008f].leEtronic business, despite being driven from the
groundbreaking technological advancements in Information and Communication technologies of the
last decade, constitutes an aspect of consumer behaviour in itself, as it accentuates the individual
characteof the consumers and their ability to purchase goods in any place at any time.

Electronic ordering, especially in combination with thematerialization of certain goods (e.g.,
software, music, books) may thus be reorganized to decgeasdities transpoed but at the same

time require more frequent deliveries with smaller loads. Moreover, the prolifeddiiodividualised
ordering and consumption will lead to an increase of direct deliveries (through the use of transport
modes that can cater for theggecific characteristics of freight transport demand, e.g., personalized
road transport (courier) services) and a geographically wider distribution of goods.

BE LOGIC/WP3/BE-LOGIC_D3.1_Final.doc page 37 of 159



4

SEVENTH FRAMEWORX
ROGRAMME

Benchmark Logistics for Co-modality

3.2.2.3 Social and environmental consciousness in consumption and production

The deterioration of the gbal ecological environment has motivated consumers to acknowledge the
dependency of human existence on the natural environment and the need to protect it from the
negative impacts of human activity. The adoption of an environfrientdly culture in the eonomic

activity (which includes the freight transport activity) requires that economic actors (consumers,
producers, intermediaries) consider the following factors in the organization and provision of freight
transport services:

- The environmental effectsf the economic activity.
- The rational use of scarce resources.

- The requirement for positive contribution of the economic activity to environmental
sustainability.

To this extent, the onset of an environmi@ndly consumer culture may lead to a prefesen
towards goods that are produceohd distributedwith environmentfriendly production and
distribution processe®(g., biological productgroducts creating relatively small total environmental
footprint (production and distributiop)) which in turn m& impose special transportation
requirements. Environmental consciousness of consumersgem®rate pressures to companies to
decrease their emissions footprints and use more envirofiri@ly transport modes. This in turn
may modify modal split in fawar of environmenfriendly modes (where possible) such as rail, inland
waterway transport and short sea shipping.

Moreover, an increasing number of European companies are promoting corporate social responsibility
(CSR) strategies as a response to varia@ak environmental and economic pressures. While
various definitions of the CSR concept exist (e.g., Commission of the European Communities, 2001),
the common approach is that it constitutes a voluntary commitment of companies to integrate social
and enwonmental concerns in their business operations beyond their legal obligations. The Hellenic
Network for Corporate Social Responsibility (HNCSR) identifies three points of consent with regards
to the definition of the concept of CSR [HNCSR, 2008]:

- The voluntary character of CSR
- The close relation of CSR to the concept of sustainable development

- The treatment of CSR as a strategic choice of the company and not as a secondary or
temporary one.

Besides the social responsibility of companies, it is also stegh#sat consumers play a critical role

and are the driving force behind the emergence of CSR programs. Socially conscious consumers are
those consciously and deliberately choose to make certain consumption choices based on personal and
moral beliefs, thudaving a significant role in promoting ethical corporate practices through their
daily purchase decisions [Auger et al, 8D0Most commonly, the issues under investigation have
included environmental (e.g., degree of environnigendliness of productsoverall emissions
footprint) and labour (e.g., avoidance of child labour, fair payment) issues.

The incorporation of CSR in corporate strategy and the consideration of consumer consciousness may
have significant effects on the organization of the freligirisport system and the provision of freight
transport services. The inclusion of the environmental dimension of CSR (in the cases in which a
requirement for compliance with relevant regulations does not exist) in the provision of freight
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transport servies may require the incorporation of reverse logistical activities in the configuration of
the supply chain networkndthe introduction obther measures that may decrease the environmental
footprint of a company likeecodriving training for the driverof commercial vehiclesReverse
Logisticsactivitiesmayinclude [Rogers and Tibbdrembke, 199] the collection of used, damaged,
unwanted or outdated products as wadl packaging and shipping materials from the end user or
reseller and their further mgnulation (e.g., resell, refurbish and reuse, salvage, recycle).

The following table summarises the discussion on the future evolution of thecsttci@l drivers
presented above.

Category Driver Direction / intensity of
Change for 2020
EU population projections +

Working population -
Concentration of population in financially
dominant regions

Increase in individualisation ++
Proliferation of electronic business +++
Increase of social and environmental
consciousness

Legend: +/ -: moderate increase / decrease, ++ / --: significant increase / decrease, +++/---: very
significant increase / decrease (and combinations thereof)

Table3-1: Sociccultural drivers and their pregted direction and intensibf changeby 2020

++
Socio-cultural

+++

The above presented table illustrates that a moderate increase in the population of the European Union
and a concurrent reduction in the working population is expected for 2020. Moreover, a significant
concentration of EU population in specific financially dominant regionssignificant increase in
individualisation, asery significantproliferation of electronic business angexy significant increase

in the social and environmental consciousness of cozrsuane also expected.

3.2.3 Expected impact on freight transport system characteristics

The above discussed drivers of the sagitiural environment are expectedritave an impact othe
following characteristics of the freight transport system

0 The cemand fo freight transporservices given the change in consumption patterns
(individualized/customized consumer behavioand in the quantities of freight
transportedThus, more flexible and agile transport services will be demanded in the
future.

0 The cmandfor and supplyof environmenffriendly transport modes, i.e., rail
transport, water (mainly inland waterway) transport.

o0 The patterns of traffic flowgspatial distribution of freight traffi¢)with a prominent
increase of corridorserving financiallydominant regions

o The environmental performance (e.g., reduced emissiongreased energy
efficiency) of the freight transport modes.
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0 The development and utilisation of transport infrastructure.

0 The fleetsize and composition which mainly concerns the uselezner and more
energy efficient vehicles, as well ashicle size and utilisation.

3.3 Technological drivers

This section outlines drivers stemming from the technological environment of the freight transport
system.A major assumption [ProgTrans, 2007] &t current advances in transportation technology
assist the optimisation of existing transport systems rather than lead to the development of entirely
new and innovative transport systemslvancements in the technological environment play a major
role inthe evolution of the freight transport system and for the sake of the present analysis can be
classified in two major categories:

- Drivers related to advancementsvighicleand cargo handling technologies

- Drivers related to advancements in Information @dhmunications Technology (ICT)

3.3.1 Vehicle and Cargo Handlingtechnology advancements
Advancementi vehicletechnology can be classified as follows:
- Engine technologies

- Cargo handling technologies

3.3.1.1 Engine technologies

Major technological developments mettransportation sector relate to the production of more energy
efficient vehicles that are capable of adhering to the increasingly strict emission standards set forth by
the European Commission. For healnty vehicles involved in road freight transpdhe EURO V
standard has been effective since October 2008, while an even stricter regulation (EURO VI) is under
consideration for implementation after 2012. In adhering to the EURO IV and EURO V standards, a
number of heawduty vehicle manufacturers inading Volvo and Scania [DieselNet, 2007] have
announced the commercial introduction of EURO V compatible engines which not only adhere to but
significantly surpass the EURO V limits concerning reduced particles emission, smoke emission, and
fuel consumptia. In the United States, similar emission standards have been set forth by the
Environmental Protection Agency (EPA) and advancements in engine technology have been
introduced by engine producers (e.g., Detroit Diesel Corporation) to meet the emissicmrenis

of the EPA [FleetOwner, 2004].

Further future transport technology advances that may lead to even greater energy efficiency and
reduced environmental effects are [Progtrans, 2007]:

- The implementation of Selective Catalytic Reduction (SCR) techgdfodiesel engines used
in road, rail and water transport

- The development of hybrid dieselectric engines for freight transport.
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3.3.1.2 Cargo handling technologies

Advances in cargo handling technologies are most evident in water transport, in which
containeisation has been the major innovation of the past three decades. Handling of containerised
cargo has been a significant source of technological innovation [CATT, 2002] and has increased the
efficiency of port and terminal facilities. Advances in crane aagdgo storage and retrieval
technologies such as megacranes, robotic cranes, smart spreaders, cell elevators, and others in design
or experimental phase could have a significant effect on the efficiency of terminal operations once
properly implemented. Bjections of cargo handling capability of the most advanced cranes can be to
the extent of 75 to 100 movements per hasiopposed to the current maximum of approximately 50
movements per hoy€CATT, 2002]. Improvements in cargo handling efficiency at iaais, leading

to potential economies of scale for shippers, constitute one of the driving forces for the increase of the
size of container vessels to unprecedented levels. For example, Korean shipbuilder STX has
announced plans to develop a container stith a carrying capacity of 22,000 TEUs, while the
currently largest operating container ships are designed as 13,500 TEU ships [Shipping Times, 2008].
Such vessels would reduce shipping price per container by 40% and achieve greater fuel efficiency.

3.3.2 Advancements in Information and Communication Technologies

Advancenens in Information and Communication Technology (ICT) have found fertile ground for
implementation in the transport sector, and especially in freight transport. The following categories of
ICT in freight transport demonstrate the most prominent advancements or are at the forefront of the
technological restructuring of the freight transport sector envisaged by the European Union.

3.3.2.1 Tracking and tracing technologies

Identification / tracking andracing (T&T) technologies are applicable where exact location of
vehicles and goods along the supply chain is necessary. The main functions of T&T systems are [BPR
Logistics, 2003]:

- Acquisition of information, i.e., identification and location (geograghpmosition) of vehicle
together with complementary information.

- Transmission of i nformati on: I ntegration of
information system of the company.

- Management of information: Transmitted information has to be compptedessed and
stored.

- Distribution of information: Information treated has then to be distributed and shared with
partners and clients.

The objective of the identification activity is to deteéne the identity of a vehicle and the associated
cargoin time and place. A broad range of technologies is offered in the market to acquire information,
with barcode technologies and RFID (Radio Frequency Identification) being the most prominent in
freight transport. Of these two, RFID is rapidly becoming more comras it is more suitable for
automated identification than bar codes, as cargo units can be identified at longer distances, there is
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no need for visual contact and the target to be identified can be on the move during identification. The
decreasing costf RFID tags has led to a significant increase of its use in freight transport sector,
however largescale RFID adoption is still not widespread as further research is required on the
relatively still high cost of RFID tags, radio spectrum managementropgeability and
standardisation [Commission of the European Communities, 2006a].

Within the European Union, tracking and tracing of cargo is envisaged to be largely aided by the
introduction of the GALILEO Satellite Navigation System, and the integraifoine Long Range
Identification and Tracking (LRIT) data centre (for the reception of position reports from ships which
fly under EU Member States flagsRiver Information System (RIS) and Automatic Identification
System (AIS) for water transport with GAEO, as well as the introduction and use of Vessel
Traffic Management Information System (VTMIS).i$ also envisaged that tracking and tracing for

rail transport will be largely enhanced by the full introduction and operation of the European Railway
Traffic Management System (ERIS) currently under deploymefEuropean Communities, 2006a].

3.3.2.2 Intelligent transportation technologies

Technological advancements in intelligent transportation have proliferated in the last decades, in an
attempt to combat incasing traffic congestions as a result of extensive urbanization, population
growth, and population density. Intelligent transportation systems (ITS) provide significant
opportunity for increasing the capacity and performance of the freight transport distergh
improved management, control and use of resources and allow for the efficient flow of information
along the transport chain, thus increasing the efficiency of freight transpmwtinand facilitating
transfers across modes [Zografos and Red@84]. Moreover, they can greatly contribute towards
co-modality by improving infrastructure, traffic and fleet management, facilitating a better tracking
and tracing of goods across the transport networks and better connecting businesses and
administratios.

While the advantages of ITS have been evidenced through numerous studies and research
applications, their deployment in the European Union is rather @ampmission of the European
Communities, 2007], especially in the road freight transport sectasta€les towards the use of ITS

in freight transport include:

- Insufficient standardization of information exchanges

- Differences in ICT capabilities of market actors involved in [ES3., presence of high
percentage of SMEs in the road freight sector withitéd financial resources and
technological capabilities)

- Legal requirements, data security and privacy issues.

In order to promote the use of ITS (and ICT in general) in the European freight transport market, the
European Union is actively seeking thé&raguction of ITS in the Freight Transport Logistics Action
Plan [Commission of the European Communities, 2007] and the development of a cohesive
deployment strategy. To this extent, th&reight initiative aims at developing an integrated ICT
concept wihin and across transport modes in line with the principles ehadality, that will
incorporate the use and implementation of ITS.
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The use of Information and Communication Technology includes tracking and tracing technologies as
well as the use of softwarsolutions supporting Supply Chain Management plans and operations,
provides ample opportunities for optimizing freight transport operations and safeguards level of
service. The use of fleet management vehicle routing and scheduling software combin#e with
availability of reaitime information regarding the condition of the transport network may contribute
substantially in increasing vehicle utilization, travel time and travel reliability, and adaptability and
flexibility of deliveries through dynamicoute planning and fleet management

3.3.2.3 Supply chain security technologies

Supply chain managers are becoming increasingly sensitised in terms of the vulnerability of their
supply chains to a range of security breaches and disruptions [Rice and SpaydS@60Security
breaches are not only related to the obvious factor of terrorism (e.g., attacks of September 11, 2001,
Madrid bombings of 2004, London bombings of 2005) but also to natural phenomena (e.g.,
earthquakes), failures of technology (e.g., utifijylures in Europe and U.S. in 2003) and human
factors (e.g., strikes). This clear need for increased security in supply chain operations requires firms
to make the appropriate technological investments that will allow the uninhibited execution of supply
chain operations.

Technological investments in supply chain security cover many aspects of supply chain operations.
The following categories of technological investments for supply chain security are suggested [Rice
and Spayd, 2005]:

- Asset visibility and tacking, such as investments in Global Positioning Systems (GPS) and
Radio Frequency Identification (RFID) technologies that are used for tracking the location of
goods and vehicles.

- Transportation and conveyance security, such as investments in vigibilisyto maintain
known location and status of goods and vehicles (e.g., GPS and RFID systems) and physical
security features to the cargo transported (e.g., electronic seals)

- Development of technological security standards, which facilitate the idatitficof security
breaches and facilitate coordination of muatiimpany security activities.

The following table summarises the discussion on the future evolution of the technological drivers
presented above.

Category Driver Direction / intensity of
change for 2020
Road vehicle engines with stricter environmental standards ++

Development of more efficient cargo handling and transport

technologies

. Proliferation of ICT technologies for vehicle/cargo

Technological o+
management

Advancements in intelligent transportation systems and

technologies

Advancements in ICT for supply chain security +++

Legend: +/ -: moderate increase / decrease, ++ / --: significant increase / decrease
Table3-2: Technological drivers and their projected direction and intemgighangeby 2020

++

+++
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The above table illustrates that significant increase is expected in the development of road vehicle
engines with stricter environmental standarifs,the development of effient cargo handling
technologiesin the development of tracking and tracing technasdor vehicle/cargo management,

in the intelligent transportation systems and technologied,in the advancement of ICT for supply
chain security

3.3.3 Expected impact on freight transport system characteristics

The above discussed drivers of the technological environment are expected to have an impact on the
following characteristics of the freight transport system:

o Efficiency of freight transport system (e.g., letwhes, load factors, etc.)
Freight transport service cost.

Use of cleaner and more enefgfficient vehicles.

Reliability of freight transport services.

o O O O

Flexibility of freight transport services.

3.4 Economic drivers

Changes in the macroeconomic environmenteght transport have been diverse and rapid. In the
present analysis, macroeconomic drivers reflect changes in the structure and size of economy at
European level and in turn affect the structure, organization and management of supply chains.

3.4.1 Increase of economic activity

The European economy has followed a general trend of expansion in the last decades, notwithstanding
a number of economic/financial incidents (e.g., oil crises of 1973 and 1980, crisis of the Japanese
economy in 1992, current global firdal and economic crisis) that have led to a temporary
stagnation of growth or recession. Different economic indicators are used to measure the size of an
economy, with the Gross Domestic Product (GDP) being the most common.

Share

of

EU-27

(%)

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2006

EU-27 7353 7759 8130 BG545 9160 9536 9893 10057 10555 10991 11583 1000
Euro area 5762 G5&91 6119 6400 6733 7026 7271 7485 7787 &H054 8433 728

Figure3-5: EU GDP increase 1998006 (Source: Eurostat)

As seen inFigure 3-5, European GDP has increased by approximately 57% (in current prices)
between 1997 and 2006 [Eurostat, 2008c]. In contrast, irsah@ period the GDP of Japan has
decreased by approximately 5% (also demonstrating a significant instability within this period) and
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U.S. GDP has increased by approximately 71%. In the wake of the current global economic crisis, this
long-term growth of tie European GDP has been put to a halt with the European economy technically
entering a recession, as the GDPE&f27 declined by 0.2% in the third quarter of 2008 [Eurostat,
2008d]. This longerm increase of economic activity is not equally distributedragtMember States.

Before the introduction of 12 new Member States in 2004 and 2007, the countries with the highest
growth in economic activity (as measured by GDP) were Ireland, Finland and Greece, while Italy and
Germany have experienced much lower rae$DP increase. Following the enlargement of the
European Union in 2004, the highest increase in GDP was reported in countries of Eastern Europe
under economic reform, such as Romania, Slovakia, Estonia and Latvia.

The above described continuous increasésDP is reflected in the income peapital for EU

households. However, consumption does not increase with per capita income increase. Statistical data
[Eurostat, 2008b] show that the proportion of consumption on per capita income has not increased
between 1995 and 2005 (56.8% and 57.0% respectively). Therefore, the rate of increase in
consumption has not been stronger than the rate of increase in per capita income. However, net
consumption has increased significantly, from 8,300 PPS (purchasing pawdarsis) in 1995 to

12,700 PPS in 2005, thus reflecting the increase in per capita income. At this point it should also be
noted that according to Eurostat [Eurostat, 2008b] the expenditure of households on transport services

in 2005 was (at 13.5%)thesennd | ar gest category of expenditure
gas and other fuelso (21.7%).

GDP is the single, most important predictor of freight transport demand and as such constitutes the
basis of most of the freight demand forecasting nwdehe expected increase of the GDP for the
time horizon 2020 varies between &% in the ASTRA model used in the STEPs projstinzon

and Nijten, 2006] for EU25, Bulgaria, Romania, Norway, and Switzerland, while the
TRANSVISION projectf TRANSVISION, 2009 projected GDP increase of 2.28%r EU27. Other

GDP forecasts used in freight transport modelling suggest GDP increase rates ¢gR25%nd
Hansen, 2009However, taking into account the current economic crisis GDP forecasts for year 2020
are suggestkto be more conservative

The financial and economic crisis has already led to GDP reduction. Three broad scenarios have been
put forward regarding the effect of current crisis on the future development of World GDP
[OECD/ITF, 200%:

- The cri siisd eatgnardd,nwhi¢hassumes that the current economic situation is an
accident and thatr@turn to precrisis businesasusual growth patterns after the crisis is over
( A Bo4Bm@ c)dés possible.

- T h ge tiir e n c deanaria, twidich assumes that thisisrwill have as an effect structural
changes of the prerisis globalisation patterns.

- TheduBment 0 scenari o, whi ch postul at efgshet hat t
current development patterns.

For t he-Ba®&k oAdustdendi s gos theaimpact of the crisis is assessed by assuming

zero growth in 2009 and 2010 and return back to theses growth rates in 2013 by using 0.5 and

0.75 of the prerisis growth ratdor 2011 and 2012 respectively [OECD/ITF, 200Blh e A Bounc e
Bac&md fAAdj ust nretmetshort term §.@.,dy 2020)sprovide similar GDP growth rates,
while in the long run their differences become more prominent.
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3.4.2 Increase of integration of intra - and extra-EU trade of goods and services

According to the Eunpean Commission, trade integration of goods and services is measured as the
average value of trade debits and credits expressed as a share of GDP [Eurostat, 2008¢e], and
illustrates the degree of integration of the European economy with the internationaingc Given

this definition, the economy of thEU27 demonstrated a larger degree of integration with the
international economy in 2006 than at any point in the previous five years. The average value of
EU27 trade flows of goods corresponded to 10.8% &fPGin 2006, a much higher ratio than the
relative low of 8.6% in 2003, reflecting the broad upturn in economic activity. Although the volume

of international trade in services is smaller than the volume of international trade for goods, the
integration oftrade of services also rose from a relative low in 2003 to 3.6 % of GDP in 2006.

3.4.3 Globalisation of industry/services

The increase in the economic activity and the integration of trade in the European Union indicate a
widespread globalisation of industri@oduction and service provision. Globalisation of industry and
services benefits from the removal of barriers and constraints to trade and market access, which has
been the pillar of economic reform in the European Union since its inception. The reffoaaiars

and constraints to market access and movement within the European Union resulted in an
unprecedented integration and development of a commercially viable economic market. In other parts
of the world, treaties that remove the barriers in tradk capital movement across countries have

been established in the past 20 years (e.g., MERCOSUR in 1991, NAFTA and ASEAN in 1992, and
others); however, none of these treaties neither aimed at nor achieved to create a common economic
market such as the Eurgm Union.

The abdication of barriers to trade and market access is supported by the rapid increase in the use of
Information and Communications Technology (ICT), which allows instant communication and
information exchange throughout the world. As the ecdin activity is decreasingly inhibited by
national boundaries, the outreach of companies increases and the competitive field expands to include
wider geographical areaklowever, the outlook on globalisation suggests that it may have reached
some upper tnit, at least with regards to European countries. An analysis of the Globalisation Index
developed and monitored by A.T. Kearney [A.T.Kearney, 2009], which constitutes the most
important measure of economic, social and political globalisation, showshth&Utl5 Member

States were among the 32 most gldadeali states worldwide, while the Swiss Economic Institute
assessment of globalisation indicates that while European globalisation has achieved a substantial
growth between 1991 and 2000, its rate of ingeelaas slowed down significantly between 2000 and
2006. This trend is illustrated in the following figure.
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Index of Globalization - Europe

Figure3-6: Globalisation Index for Europe, 192006 (Source: Swiss Economic Institute)

Two moreissues should be taken into account in examining the evolution of the globalization trend,
namely the current economic crisis and the freight transport cost. It has been argued that one of the
possible scenarios of the future impact of the current ecenonisis isfiRe t r e n JOEQR/ITR, 0

2009. According to this scenario the crisis may inhibit the-quisis globalization patterns. This
retrenchment may be the outcome of policy initiatives and the unsustainability of sowqrsigre
globalization aspés. In parallel, high transport costs, mainly due to a high increase of fue(dwsts

to reduction of oil reservesinay also lead to more regionalized trade patterns. Both developments are
expected to have a negative impact on freight transport activity

3.4.4 Market enlargement

The European market has witnessed a significant enlargement in the past decesfeeaiatly since

2004 with the addition of 10 new member states to the core group of 15 members and the additional
expansion in 2007. This significatrend is expected to continue in the future basically taking into
account the current status of countries as recognized candidate countries. In this respect, the inclusion
of Turkey, Croatia and the Former Yugoslav Republic of Macedonia (FYROM) may levexthy

2020 and will significantly increase the common European market in terms of population and
consumption. Other potential candidates for future accession accentuate the significance of this driver.
The potential accession of former republics of 8wwiet Union (e.g., Russia, Ukraine, Georgia and
others) and Balkan states (Serbia, Albania, etc.) may further enlarge the common European market.
Thus, EU enlargement and subsequent market integration will induce significant increase in
commodity tradingnd freight transport activity.

The following table summarises the discussion on the future evolution of the economic drivers
presented above.
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Category Driver Direction / intensity of change
for 2020

Economic Long-term projected increase in EU economic o+

activity

Increase of EU trade integration with international ot

partners

Globalisation of industry and services 0

Market enlargement ++
Legend: +/ -: moderate increase / decrease, ++ / --: significant increase / decrease

Table3-3: Economic drivers and their projected direction and intelgichangeby 2020

The above table illustrates thatvary significant increase is expected for 2020 in trade integration
between EU partnerand in the erdrgement of the European common market, wadkght increase

in economic activity is expectedhe growth rate of the economic activity is expected to be lower
than the experienced peeisis growth rateFinally, the globalisation of industry and sesgswill

have negligible growthot experience any further growth

3.4.5 Expected impact on freight transport system characteristics

The above discussed drivers of the economic environment are expected to have an inipact on
demand for freight transport secess, due tahe increase in thital quantities of freight transported
and theaveragalistancdravelled

3.5 Ecological drivers

Thelastdecade has seen dramatic downward changes in the quality of the natural environment which
threaten the welbeing of tle planet. The impact of these natural changes is profound and can be seen
not only in the consciousness of people but also in the organization of the economic activity. While
the direct impact of drivers stemming from changes in the natural environmehe @atonomic
behaviour of companies and individuals is significant, the present research assumes that their indirect
impact (via the political drivers related to energy and environment) is stronger, due to the more
concerted process of developing, impletirenand monitoring relevant policy measures.

3.5.1 Energy Shortage

The global increase of economic activity and the rise of new countries in the global economic field
(e.g., China, India) have led to a significant increase in global petroleum consumptioteupetr
consumption has increased by 35% between 1980 and 2006 [EI8], 20th the AsiaOceania

region demonstrating the largest percentile increase (86%). At the same time, the existing exploitable
oil sources and oil reserves cannot cater for the inagaemand for petroleum. This suggests that
shortage®f petroleum resources may become imminent given the difference between the increasing
rate of demand and consumption and the rate of introduction of new resources.
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While this may be the case at praseahe discovery of new and directly exploitable/recoverable
petroleum resources (e.g., Alaska) or the technological advancements in the oil drilling sector that
may render recoverable resources that are currently unrecoverable cannot be estimatety.accurate
Thus, at present the extant trend suggests that the continuation of the current rates of consumption and
renewal of global petroleum resources may increase the potential depletion of said resources.

The transport sector is a very significant consuniemergy, 31% ofotal final energy consumed in

2005 was attributed to the transport sedtoirthermore, the transport sector is the bigger consumer of

oil products (about 60%) and the freight transport sector is highly dependent on fossil fuels (94%
depaendency in 2005)Commission of the European Communities, 200Baergy use projections for

the freight transport sector suggest that total energy use will be increased, however, the rate of
increase will be less than the expected rate of increase of (BB&@gsadualdecoupling between

freight transport energy use and freight transport activity will be obsd@ethmission of the
European Communities, 2008a

3.5.2 Climate change and total emissions produced by transport sector

According to the Intergovernmeait Panel for Climate Change [IPCC, 2007], global atmospheric
concentrations of carbon dioxide, methane and nitrous oxide have increased markedly as a result of
human activities since 1750 and now far exceedimitestrial values spanning many thousands of
years. The global increases in carbon dioxide concentration are due primarily to fossil fuel use and
land use change, while those of methane and nitrous oxide are primarily due to agriculture.

It is very likely that results of these concentrations suclhasincrease in the average measures
temper at ur e o-furfacehagr and aceanshcansbe attgbated to human economic activity
[IPCC, 2007]. Warming of the climate system is unequivocal, as is now evident from observations of
increases in globahverage air and ocean temperatures, widespread melting of snow and ice, and
rising global average sea level. Specifically, eleven of the twelve years between 1995 and 2006 rank
among the 12 warmest years in the global surface temperature record [IPCIC, 2007

The freight transport sector is significant contributoGoéen House Gad&HG) emission. In 2004,
the transport sector was responsible for 23% of world enerigyged (GHG) emissions [OECD,
2008b]

Historical data [Eurostat, 2009] suggest that,00&, the transport sector was responsible for almost
one fifth (19.3%) of the total GHG emissions generated. During the period-2088 GHG
emissions grew 19.3% or with an annual rate of about 1.5%. The annual growth rate of GHG
emissions for this periodtas lower than the corresponding GDP growth rate. The emission intensity
measured in tCOequivalent / toe for the period 192006 decreased with an annual rate of about
0.8% [Eurostat, 2009].

The following table summarises the discussion on the futuoduton of the ecological drivers
presented above.
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Category Driver Direction / intensity of change

for 2020
Ecological Reduction in oil reserves ++
Increase in total emissions produced by o
transportation

Legend: +/ -: moderate increase / decrease, ++ / --: significant increase / decrease
Table3-4: Ecological drivers and their projected direction and interdighangeby 2020

The above presented results suggest that a significant increase ite@xpethe reduction of oll
reserves worldwide and in thetal emissions produced by the transportation actiitgre it is
important to stress the fact that although total emissions are expected to grow substantially by 2020,
the emissions per unit ofdight transporactivity, e.g., emissions/tkm is expected to be reduced.

3.5.3 Expected impact on freight transport system characteristics

The above discusseécological drivers are expected to have an impact on the following
characteristics of the freight trgport system:

o Demandfor clearerandmoreenergyefficient transport modes.
o Demand for cleaner and more energy efficient vehicles.
0 Utilization of vehicles

3.6 Political drivers

The evolution of the freight transpasystem in Europe is significantly dependen the political
environment, which is expressed by transmarérgy, environmental, and fiscal polinyeasures at
national and international level. Significant changes in political approaches for tranaperbeen
noted during the last decades, sastderegulation of the transport industry, sustainability of transport
services, intermodalitand cemodality. The focus of this analysis is on political drivers that affect
the freight transport system at European rather than national level.

3.6.1 Deregulation of transport industry

The deregulation process that the main transport modes have experienced since-1880mid
constitutes the most important policy development in European transport. The degree of deregulation
still varies across transport modes.

Air transport was the first transport sector to undergo extensive deregulation (effective 1993) in four
major areas: market access, capacity control, fares, and operating licenses for air companies. This
process ended in 1997 with the complete lifting ocalvotage in Europe. At present, the focus of air
transport policy in terms of deregulation lies in monitoring of state aid and competition aspects
[Commission of the European Communities, 2006b], as state intervention in the operation of the air
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transportmarket is still evident, and in monitoring the operation of the internal market to improve the
performance of all segments of the aviation industry.

Road freight transport deregulation is well established, at least in terms of international road transport
(while national road haulage is still largely protected). However, cabotage in the road transport sector
accounts for only 1.2% of national road transport markets [Commission of the European
Communities, 2006b]. Extant policy activities in terms of roahgport deregulation include the
extension of cabotage to new European Union Member States by 2009.

Rail transport is currently in the midst of deregulation process of deregulation outlined in the Council
Directive 91/440/EEC of 1991 which set the stageafaumber of significant modifications in the rail
transport industry (e.g., separation between infrastructure management and railway operations, access
to railway infrastructure etc.) Two policy packages, enacted in 2001 (Directive 2001/12/EC) and 2004
(Directive 2004/49/EC) respectively, constitute the rail transport deregulation activities. These
packages included regulations related to the harmonization of regulatory structure among Member
States, the allocation of railway capacity, and safety manadeehird policy package is currently

under preparation, which will complete the legal framework for rail transport and will open
international passenger transport. This package was scheduled to be completed in 2007 [Commission
of the European Communiig2006b] but as of present it has not been announced.

Deregulation in waterborne freight transport is more complicated, since coastal (eesh)@hipping

(the major component of waterborne transport in terms of cargo transported) is governed by
intermational regulations leaving little room for intervention by the European Union. Future issues
include the devel opment of a Acommon European
Communities, 2006b] that will remove obstacles to internal trade casuedhrough waterborne
transport.

The above discussion illustrates that there is an ongoing attempt to improve the European transport
institutional framework in order to achieve higher levels of efficiency of the various transport modes
and to enhance c@mtition both within and among transport modes. The opening of the competition
and the subsequent introduction of international players could leadestracturing of the modal

split, and to an increase in the supply of freight transport services, Wiglavailability of and
subsequent increased competition among a larger number of alternative carriers is considered to drive
changes in the performance of the freight transport system flead. utilization, freight rates, lead

times, service quality).

3.6.2 Transport infrastructure harmonisation

Major challenges to be addressed byhthamonsation of transport infrastructure include reduction of
congestion in certain transport corridors and increase of accessibility (mainly of peripheral regions
and states)To this extent, the development of the projects which constitute the-Huaopean
Transport Network (TEN) is currently in full progress. However, by 2003, only 3 out of the 14
transport infrastructure projects that had been endorsed by the Europewil @oEssen in 1994 had

been completed. Thus, an update of the priority axes and projects (in view of the current and future
enlargement of the European Union) was performed in 2005 and 30 transport infrastructure projects
were included in the list, witthe aim of completion by 2020. Such projects cover all transport modes
(e.g., motorway, railway and inland waterway axes), as well multimodal transport axes, airports and
the European global satellite navigation system (Galileo).
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A significant developmenbutside the framework of Traitsuropean Transport Networks is the
Single European Sky (SES) initiative, which aims at restructuring the European airspace, create
additional capacity and increase the overall efficiency of the air traffic management system
[Eurocontrol, 2008]. The Development Phase is currently identifying the technological systems and
infrastructure requirements (development and upgrades of infrastructure) that will be required for the
implementation of the SES initiative.

The above discusm illustrates that a concerted attempt at improving access to transport
infrastructure and bridging the gaps in terms of quality and quantity of transport infrastructure among
Member States is in progress. The expansion of transport infrastructuretaoagions (and markets)

that are currently poorly covered is considered to lead to a significant increase in the capacity of the
freight transport system and in the demand and supply of freight transport services (through the
introduction of freight transort services of the new regions in the Tr&sopean Network), and to

the expansion of the field of competition for European carriers. The expanded field of competition
may in turn lead to increased pressures towards carriers for achieving higher gectorof the

freight transport services they offer.

3.6.3 Energy and environmental aspects of transport policy

Transport policy at European level is closely interconnected with energy policy and aims to promote
the following objectives [Commission of the Europg&aommunities, 2006b]:

- Reduction of C@emissions
- Reduction of import dependency of European Union on fossil fuels

In order to achieve these objectives, the European Union focuses on the promotion and adoption of
transport policies which reduce energy agnption by improving fuel efficiency of vehicles and
gradually replacing oil by other fuels (e.g., biofuels, natural gas, electricity, etc.) It is clear that such a
significant shift requires major research and technological investments. Some initiatieebden
launched, e.g., the introduction of the second generation of biofuels and hydrogen for transport,
research on the devel opment of Agreend trucks,
standards in shipping.

Besides the stipulationsf ahe environmental and energy policy of the European Union, the
formulation of international environmental treaties and their adoption by European Union member
states also constitutes an important driver. Of major significance in this category is ttienaciojine

Kyoto Protocol [UN, 1998] which, for the transport sector in specific, stipulates the necessity of the
adopting parties to formulate and implement measures to mitigate climate changearad,
specifically, limit and reduce emissions of greeoke gases and methane emissions.

To this endthe environmental policy of the European Union is also stressing the importance of the
prevention of waste production and possibilities feuse of recyclable wast&€he introduction of the
Integrated ProducPolicy by the European Union seeks to minimise the negative effects on the
environment caused by the manufacturing, use or disposal of products by looking at all phases of a
products' lifecycle and taking action where it is most effective.
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3.6.4 Internalisati on of external costs / fair and efficient pricing

The internalisation of the external costs caused by the transport activity has been envisaged by the
European Commission since the Green Paper (1995) on fair and efficient pricing and internalisation
of theexternal cogof transport in the European Union [Commission of the European Communities,
1995] The importance of this objective has been accentuated in subsequent policy documents of the
European Union (e.g., White Paper on European Transport Pati@pi®, 2001; MidTerm Review

of White Paper, 2006).

After a lengthy period of research and public discussions/consultations for the determination of the
external costs of transport and their estimation in monetary terms, the European Commission is in the
process of developing a model for the assessment of all external costs of transport which will serve as
the basis of future calculations of infrastructure charges. However, the status of internalisation of
external costs is not the same for all modes.aihtransport, for example, Directive 2001/14/EC
allows for internalisation of external costs but only if the charges for using rail infrastraceure
accompanied by an equivalent increase in infrastructure charges for competing modes of transport.
Hence, the internalisation of rail transport awaits the revision of Directive 1999/62/EC on the
charging of heavy goods vehicles, whictdigectly competes with rail transpd@ommission of the
European Communities, 2008b]. Said directive for road transpest mat allow for the internalisation

of external costs, something which the European Commission seeks to remedy [Commission of the
European Communities, 2008b] by proposing its revision. Moreover, internalisation of external costs
in road transport is inteled to be achieved through the use of Intelligent Transportation Technologies
(e.g., interoperable electronic toll systems across Eurapé)improvement of mobility in urban
areas.

With regards to short sea shipping, the increase of CO2 emissions haddrgdied and the request

of the European Commission towards the International Maritime Organisation to develop a series of
measures within 2009 to reduce greenhouse gas emissions has been expressed. Inland waterways
transport can beevitalisedwhen tke full internalisation of the external costs (envisaged by the
NAIADES Communication for 2013) is achieved.

The above discussion illustrates that the actual internalisation of external transport costs and its
incorporation in infrastructure charges hashegn implemented yet, despite the existence of relevant
strategies, documents and policié€an thereforde said that this driver of the political environment

will have a profound effect from now on and until 2020.

The following table summarises thasclission on the future evolution of the political drivers
presented above.

Category Driver Direction / intensity of change
for 2020
Political Deregulation of transport activity +
Harmonisation of transport infrastructure ++

Connection of European transport policy with
energy and environmental policy
Internalisation of external costs ++
Legend: +/ -: moderate increase / decrease, ++ / --: significant increase / decrease

Table3-5: Political drive's and their projected direction and intensitghangeby 2020

++
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The above results illustrate thabderatancrease is expected by 2020 in terms of the deregulation of
transportationwhile significant increase is expectiedthe harmonisation of transgpianfrastructure in

the European Union, in the connection between transport, energy and environmental policy and in the
internalisation of external costs.

3.6.5 Expected impact on freight transport system characteristics

The above discussed drivers of the ficdil environment are expected to have an impact on the
following characteristics of the freight transport system:

o Demandfor energyefficient and environmertiendly freight transport services
o Demand for energgfficient and environmeritiendly vehicles

o Development and utilisation of transport infrastructure.

0 Freight transport service cost.

The impact of the socioultural, technological, economic, ecological, and political (STEEP)
environment on supply chain management and freight transportation isgmdsented isectiord.
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4 Supply chain and freight transport trends

Section2 described the conceptual model developed for the examination of the relationship between
drivers of the external emginment, supply chain and freight transport trends, and freight transport
APIs. The present section describes the trends that are manifested in the structure, organisation and
management of the supply chain and freight transport systems and assesd$lesvihg fmpacts:

- Impact of external environment drivers on supply chain trends.

- Impact of external environment drivers and supply chain trends on freight transport trends.

4.1 Introduction

Supply chain trends are related to the structure and organizatiosupply chain and the operations
associated with it. Specifically, the supply chain trends examined in the present research can be
classified in the following categories:

- Physical structure trends: trends affecting the physical configuration of the sthpgly
network, e.g., number and location of supply chain nodes, length of the supply chain

- Organization and management trends: trends affecting the organization and management
practices that are implemented by the focal firm and/or supply chain partners.

- Flow trends: trends affecting the flows of products and information within a supply chain.

Freight transport trends reflect changes observed in the demand, supply and performance of freight
transport system. According to the conceptual approach presersedtion 2 of the present report,

the freight transport system trends are directly influenced by the external environment and by the
trends related to the structure, organization and management, and flows in the supply chain. In turn,
supply chain trendsra affected by the already identified drivers of the external environment.
Moreover, there also exists a reverse impact of the trends related to the demand and supply of freight
transport services on the structure, organisation and management of supyyahe the associated
trends). The analysis presented in this section has the following objectives:

i) To check and update the current validity of findings from previous studies in terms of existing
supply chain and freight transport trendsd

i) To assesgredictions(in a foresight as opposed to forecasting senééfe evolution (i.e.,
change in the rate of their growttf) said supply chain and freight transport trends within the
time horizon of BE LOGIC (i.e., 2020).

4.2 Identification of supply chain and freight transport trends

The first step that is required to undertake the alo@seribed analysis is the identification of supply
chain and freight transport trends that will be examined. The identification of the supply chain and
freight transport trends based on a macroscopic view and discussion of the developments in the
supply chain management domain and in the freight transport system, which are triggered by changes
in the external environment.
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4.2.1 Identification of supply chain trends

The selection fothe supply chain trends is based on the examination of the current situation in supply
chain management in terms of the changes in the organisation and management of supply chains and
the drivers forcing them. In general, supply chains exhibit a tendem@rds greater coordination

and collaboration among partnefs.g., [Min et al, 2005), which is in turn influenced by the
broadening of economic activity and the subsequent increase in competition among supply chains.
The increasing competition amongpgly chains highlights theendency towards the development of
integrated supply chains (SC trend: supply chain integration), in which the boundaries inhibiting the
flow of materials/products, financial resources and information (SC trend: informatidng3heare
removed in order to optimise the overall performance of the supply chain [Sundaram and Mehta,
2002]. In this globalised field of competition, supply chains are faced with the need to service
geographically more distant markets which they can aésoto source the materials required for the
production processgbe.,wider sourcing of supplies and distribution of gotrésd

The shift of the field of competition among companies to competition among supply chains highlights
the importance of optiising processes across the supply chain and simultaneously abolishing local
optimisation at individual nodes of the supply chain (e.g., inventory optimisation per supply chain
partner) and enhancing the flexibility in the configuration of the supply ch@irimprove
responsiveness to customer requiremeirgs, agility/adaptabilitytrend Moreover, advancements in

ICT along with the increasingndividualization of consumption patterns have intensified the
importance of providing consumers not only with tonsized products but also with customized
transport services in order to enhance responsiveness to their requirdraenitend on increasd

direct deliveriesTherefore, the integrated view of supply chain operations and the need for greater
agility ard adaptability requires at first the reconfiguration of the current network of suppkers
supply base rationalisatidrend,to select those suppliers that can best serve the optimal supply chain
network configuration. The shift of competition to apply chain level and the consequent
globalisation of the field of competition has also shifted the focus in several sectors from nationally
based production to single locations which produce for a part of or even the entire international
market they serye.e.,spatial concentration of productitrend

Advancements in transport technologies and in ICT, enhancement of transportation infrastructures
and the onset of greater integration among supply chain partners have also facilitated the
rationalisation bthe network of stockholding points and its concentration in specific geographical
locations which offer supply chairgsfinancial benefit that is substantially larger than the additional
transport cost they have to incue.,spatial concentration ofiventorytrend

Finally, the deteriorating state of the global natural environment (climate change, reduction of natural
resources) has resulted in a radical increase in the importance of environmental and energy efficiency
of supply chain operations, wiiichas led to the incorporation of reverse logistical activities in the
management and organization of supply chaiasreverse logistictrend
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Table4-1 summarises the supply chain trends identified in the above dmtuss

Spatial structure trends Organization and management Supply chain flow trends
trends
Spatial concentration of production Supply chain integration Reverse logistics
Spatial concentration of inventory Information sharing
Wider sourcing of supplies and Agility / adaptability Increase in direct deliveries
wider distribution of goods

Table4-1: Supply chain trends

4.2.2 ldentification of freight transport trends

The previous section on the extant supply ctie@énds described a growth environment in global
economy throughout the last decade, which has provided a climate conducive to the expansion of
international trade. Europe, and especially the European Union, benefited the most from the growth of
the globaleconomy at least until 2007 (and to an extent drove this growth), when the first signs of the
current financial crisis started to show (e.g., a reduction in the growth pace of world trade to 5.5%
from 8.5% in 2006)JOECD, 2008a] The growth of the Europeatonomy has positively affected the
market for freight transport services, both from the pointiefv of shippers expressing demand for

such services and the point\aéw of carriers supplying freight transport services. Moreover, as the
support for inermodaland cemodal transport constitutes a major theme in the European transport
policy [Commission of the European Communities, 2001; 2006c], the assesdrtiemidemand and
supply for such services constitutes a crucial part in the description @ketblet transport system
characteristics.

The approach followed for the present analysis suggests that the projected evolution of the modal split
(for 2020) affects the demand for and supply of freight transport services for each transport mode,
which in wurn are represented by a set of demand and supply trends. The interaction between the
expressed demand for and supply of freight transport services affects a set of freight transport system
trends which assess the utilisation of the vehicles used in dightfrtransport activity and the
congestion in the transport infrastructure.

The freight transport trends examined in the present research include the most prominent
characteristics of the freight transport system. The analysis starts with the consider#imcurrent

status and future (2020) evolution of the modal split which is considered to influence trends related to
demand, supply and performance. Demand trends examine the evolution of characteristics/indicators
expressing the demand for freighdrisport services, while supply trends examine the evolution of the
characteristics/indicators expressing what types of freight transport services are offeat/laict

capacity More specifically demand trends are represented by:

- The quantities of frghtlifted (in terms oftonnes.
- The distances travelled (in terms of kilometres).
- The transport activity (the product of the two factors mentioned above in terms cktajne

Thus, the examination of what quantities of goods need to be transported arttisteimces must be
covered determines the actual demand for freight transport services (meastke).irDemand
characteristics are also influenced by the types of freight transport services used (in terms of
ownershipi.e., third party vs. privatelyaned, which influence the utilisation of vehicles, and by the
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number of times that a cargo is handled across the supply chain (handling factor), which influences
thequantities of transport services required, the modal split, and the demand for teemiicaks

In turn, freight transport supply trends are represented by:
- Thefleetsize (i.e., number of vehicles comprising the fleet) per mode and
- The size of the vehicles comprising the fleet (in terms of tonnage they are able to carry).

- The fleet composion in terms ofhie percentage of cleemandmoreenergyefficient vehicles
in each fleet.

- The capacity of the transport system infrastructure.
- The capacity of the terminal infrastructure.

Thus, the examination of how many vehicles are provided and tiwiiatcapacity is, how many of
these vehicles amdeanand how much capacity is provided with regards to the transport and terminal
infrastructure determine the supply of freight transport services.

The freight transport trends representing the intenadbetween demand for and supply of freight
transport services examined in the present research are:

- Vehicle utilisation (load factor), influenced by the interaction between the supply of freight
transport services and by the demand for freight transpatites and the types of services
requiredand offered

- Enroute and terminalcongestion, influenced by the interaction between the demand for
transport services and the capacity of the trangpioastructure.

Table4-2 summariss the freight transport demand, supply and performance trends considered in the
analysis.

Freight transport demand-supply
interaction trends
Quantities (_)f freight transported Fleet size Vehicle capacity utilisation
in tonnes (load factor)
Fleet composition (clean
technologies)

T2 ., MaIITI
DL 772277 MMM
A A

Table4-2: Freight transport demand, supply and derrsuqaply interaction trends

Freight transport demand trends Freight transport supply trends

Distances travelled in km En-route congestion

BE LOGIC/WP3/BE-LOGIC_D3.1_Final.doc page 58 of 159



4

SEVENTH FRAMEWORX
ROGRAMME

Benchmark Logistics for Co-modality

4.3 Analysis of supply chain trends
The analysis is performed per each supply chain trend and it is structuredws:foll

- Using supply chain management theory and extant empirical research, justification is
provided as to why said trend is applicalfie relation to freight transport system
performancegt present and will continue to be applicable in the future

- Using «tant quantitative information (e.qg., results from SULOGTRA, (2000); MIT SC2020
study (2004), CapGemini study (&)} it is attempted to develomassessment concerning
the intensity of said trend in the time horizon of 2020.

4.3.1 Physical structure trends

4.3.1.1 Spatial and geographical concentration of production

4.3.1.1.1 Current situation and perceived future direction

One of the major supply chain trends identified in earlier studies [McKinnon and Forster, 2000;
Zografos and Giannouli, 200BULOGTRA, 2002] is the cono&ration of production facilities in

fewer locations (spatial concentration) and closer to the markets they serve (geographical
concentration), evident at European and global level. Following the dominant theoretical rationale of
Afaggl omer at i ¢Brnaunerhgebnnanan Uobansson, 2003], the benefits of spatial and
geographical concentration relate to the exploitation of economies of scale and monetary (i.e., demand
and supply linkages) and nononetary (i.e., knowledge) spillovers in the geographigibres under
examination and are offset by the trade costs, i.e., costs of supplying a market from a more distant
location.

SULOGTRA (2000) and Zografos and Giannouli (2001) identified that spatial concentration of
production was expected to demonstratecalenate increase by 2010 in five industrial sectors (food

and beverage, building materials chemicals and fertilisers, machinery, and waste) in which the trend
was considered applicable. Results presented in TRILOG (2000) predicted a significant increase in
the geographical concentration of production at Euwgige level by 2005; this trend was predicted

to be much weaker at national level largely because of the globalisation of business and the
subsequent shift of competition from a national to an intienmait level. Despite the difference in the
intensity of the trend predicted by these two studies, these two elaborate studies consent to the fact
that spatial concentration of production will continue to constitute a significant trend in supply chain
managment.

With regards to the current situation, empirical results are mostly focused on countries or industrial
sectors. Sturgeon et al (2008) suggest that spatial concentration of production (not only in terms of
focal firms but also of suppliers) is stifominent in the U.S. automotive industry in the Detroit area.
Devereux et al (2004) report that relatively Haeh industries in the United Kingdom (e.g., salt
extraction, ceramics) appear to be geographically concentrated, while of similar natueerassiitis

of Alecke et al (2006) for Germany. They posit that 80% of the 116 industrial sectors they examined
are geographically more concentrated than what would result if location decisions were random;
however, higitech and mediuaech industries demstrate a low degree of concentration. Reasons
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for high geographical concentration include pooling of labour, input sharing (especially for highly
specialized production units) and concentration of natural resources [Alecke et al, 2006].

Transportation costalso constitute a significant factor have an incremental effect on geographical
concentration of production. Classic economic theory suggests that higher transportation costs induce
firms to locate production facilities closer to suppliers and custorensvithstanding the current

drop in fuel prices due to the extant economic crisis, their continuous rise (average increase of
approximately 110% in automotive diesel oil prices between 2002 and 2008 according to Eurostat)
would suggest that companies wibuwhove towards the spatial concentration of production through
the consolidation of production facilities and their relocation closer to the markets they serve, This
could also partly explain the low degree of concentration of-tdgh industries: developents in
transportation and communication technologies may render geographical proximity less important in
enabling higktech firms to capitalise on knowledge spillovers, which are the major source of
competitive advantage for these industries [Devereak €004].

The above discussion suggests that the trend towards spatial concentration of production is still
applicable in several industrial sectors at a European level and will continue to be applicable in the
future.

4.3.1.1.2 Perceived intensity in the future

According to SULOGTRA (2002), the trend related to spatial concentration of production within the
time horizon of 2010 was predicted to demonstrate the following development in the industrial sectors
under research:

- 7% (moderate) increase in the food aesldrage sector

- 10% (moderate) increase in the waste sector

- 10% (moderate) increase in the machinery sector

- 15% (high) increase in the chemicals and fertilisers sector

The above results show that the SULOGTRA project predicted a moderate increase iatitthe sp
concentration of production by 2010. The key drivers identified as driving this moderate increase
were: harmonisation of national regulations with European Union directives, standardisation of goods
and their movement, market enlargement in the EeaopUnion, integration of networks
infrastructure, and introduction of regulations for hazardous materials.

The present analysis suggests that the intensity of spatial concentration of production is determined by
the following drivers:

- Globalisation: The lgbalisation of industry and services benefits from the removal of barriers
and constraints to trade and market access. This has enabled supply chains to seek alternative
locations of production facilities in a wider geographical setting, in order taathkantage of
significant cost differences. Globalisation of European Union countries continues to increase,
albeit with a lower rate since approximately 2002 [Dreher et al, 2008], which indicates that a
potential plateau may have been reached in termbheokftfect of globalisation on spatial
concentration of production.
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Market enlargement: The globalisation of economic activity increases the size of the markets
that supply chains should accommodate. The requirement for supply chains to serve a broader
international market (composed of many and potentially new national markets) increases the
potential for supply chains to seek alternative locations of production facilities in a wider
geographical setting, in order to take advantage of significant cosedit&s. The significant
market enlargement may therefore lead to a significant increase in the spatial and
geographical concentration of production.

Increase in the integration of trade among EU countries: The internal market of the European
Union is yet tabe fully developed, as several barriers still exist (e.g., incomplete deregulation
of transport modes). As the internal market materialises, the trade integration among EU
countries increases (average valueebf27 trade flows of goods corresponded to8P6. of

GDP in 2006, 8.6% in 2003). As the latter increases, the potential for concentrating
production activities along the main corridors in which the increasing trade takes place also
increases. The moderately increasing trade integration among EU gaidnénerefore
expected to have a moderate incremental effect on spatial concentration of production.

Decrease of oil reserves: The continuous decrease in global oil reserves has led to a sharp rise
in oil prices (more than 100% between 2002 and 2008)¢chwinifluences the decisions of
supply chains to locate their production facilities close to the markets they serve in order to
reduce transportation costs among production facilities and markets. Despite the recession in
oil prices due to the extant econigncrisis (according to the US Energy Information
Administration, a decrease of approximately 40% between 2008 and 2009) [EIA, 2009] the
forecasts for 2020 suggest a further 15% increase from 2008 oil prices or a cumulative
increase of approximately 2.3rés the oil prices in 2002. However, this significant increase

in oil prices may only have a slight or moderate effect in driving companies towards spatial
concentration of their production facilities, as the increase in transportation cost may be offset
by the enhancement of vehicle management (e.g., higher vehicle utilisation, optimisation of
routing and scheduling) and the introduction of cleaner and more egifficgnt vehicles.

Harmonisation of transport infrastructure: The harmonisation of transf@astructure across

EU member states may facilitate the concentration of production facilities in certain
geographical regions, as the physical access to markets is made easier. The significant
increase in the harmonisation of transport infrastructoresa the European Union may lead

to a moderate increase in spatial concentration of production.

Following the above discussion, the cumulative impact of the drivers of the external environment on
the spatial concentration of production at present andhtpact of their projected intensity in 2020
are illustrated in the following table.
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Drivers Drivers currently Current impact Drivers 2020 2020 impact on
on trend trend

Globalisation +++ +++ +++ +++

Market enlargement ++ ++ +++ +++

Incr. trade integration ++ ++ +++ 4+

Harmonisation of
transport infrastructure

Dec. oil reserves + - ++

Legend: + / -: moderate increase / decrease, ++ / --: significant increase / decrease, +++/---: very
significant increase / decrease (and combinations thereof)

Table4-3: Current and projected impact of external drivers on spatial concentration of production

The above table shows that the current intensity of the drivers of theaha@avironment at present
resultsto significant levebf spatial concentration of production. The projected intensity of the drivers
in 2020 is expected to be strongaking into accounthat a very significant increase in trade
integration andnarket elargement will take placeandthatharmonization of transport infrastructure
will be increased significantJywhile the decrease of oil reserves may have a negativeréductiol
effect on spatial concentration of productidrhus,it is expected thaby 2020 the level opatial
concentration of productionill be very significantwhile the rate of increase of spatial concentration
of production is expected to be moderate.

4.3.1.2 Spatial concentration of inventory

4.3.1.2.1 Current situation and perceived future drection

Spatial concentration of inventory has been identified as a significant trend in earlier studies
[McKinnon and Forster, 2000; SULOGTRA, 2002]. It is considered to yield significant financial
benefits to producers through the reduction of stockhgldoints and the subsequent reduction of the
amounts of safety stock as well as through economies of scale in warehousing. These benefits are
considered to exceed increases in transportation cost due to the centralisation of stockholding points
and the asociated generation of additional freight movementqrereof product distributed.

Research on the development of this trend is scarce. TRILOG (McKinnon and Forster, 2000)
predicted that the concentration of inventory would continue until 2005 (timeohoof the study)

and would increase by more than 30% at European level than globally and within individual

countries. Moreover, it was predicted that increasing transportation costs would exert a stronger
influence on warehouse location than factory timea Zografos and Giannouli (2001) predicted a
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moderate increase in four industrial sectors (food and beverage, chemicals and fertilisers, petrol, and
waste) by 2010. Despite the difference in the intensity of the trend predicted by these two stddies, sai
studies consent to the fact that spatial concentration of inventory continues to exist as a trend in the
physical structure of supply chains.

With regards to the present situation, the trend towards the spatial concentration of inventory is
accentuated yothe broadly reported increase of collaboration and integration among supply chain
partners. One of the main constructs of supply chain integration is the integration of information flows
across supply chain partners, which is demonstrated by increaimmation sharing on activities

such as production, demand planning, inventory management and replenishment, and capacity
planning [Tsanos and Zografos, 2008]. It is suggested that the sharing of inventory information
among supply chain partners can lgada shift away from local (i.e., at individual supply chain
nodes) determination of inventories and the negative effects (i.e., bullwhip effect) that local
optimisation of inventories brings about for the entire supply chain [Lee et al, 1997; Akkerragns et
1999]. The sharing of information on inventory management and replenishment among supply chain
partners allows partners who have the role of supplier to:

- Choose the timing of the replenishment shipments to their customers and level demand peaks,
e.g.,by delaying replenishments that are not critical §&ms et al, 2003], and

- Better allocate inventory to customers since they have visibility of information related to the
actual inventory positions of ordering partners rather than just the frequeneyr afrters.

This can lead to a reduction of the overall inventory levels and therefore to a reconfiguration of the
supply chainés network configuration with fewer
benefits that may far exceed the penalonf increased transportation costs among production points,
stockholding points and markets. The extant economic crisis could also accentuate the reduction of
the number and the spatial concentration of stockholding points.

The above discussion suggestattithe trend towards spatial concentration of inventory is still
applicable at European level and will continue to be applicable in the future.

4.3.1.2.2 Perceived intensity in the future

According to SULOGTRA (2002), the trend related to spatial concentratiamventory within the
time horizon of 2010 was predicted to demonstrate the following development in the industrial sectors
under research:

- 7% (moderate) increase in the building materials sector
- 20% (high) increase in the waste sector

- 15% (high) increase ithe chemicals and fertilisers sector
- 8% (moderate) increase in the food and beverage sector
- 10% (low) increase in the petrol sector

The above results show that the SULOGTRA project predicted a modietagh increase in the
spatial concentration of inméory by 2010. The key drivers identified as driving this moderate
increase were: harmonisation of regulations, standardisation of goods and their movement,
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advancements in ICT, integration of networks infrastructure, hazardous materials regulations, and
green packaging and production.

The present analysis suggests that the intensity of spatial concentration of inventory is determined by
the following drivers of the external environment:

Globalisation: The globalisation of industry and services benefits fine removal of barriers

and constraints to trade and market access. This has enabled supply chains to seek alternative
locations of stockholding points in a wider geographical setting, in order to reduce
transportation costs. Globalisation of Europearolrtountries continues to increase, albeit

with a lower rate since approximately 2002 [Dreher et al, 2008], which again indicates that
the effect of globalisation on the spatial concentration of inventory may have reached a
potential plateau.

Increase irthe integration of trade among EU countries: The internal market of the European
Union is yet to be fully developed, as several barriers still exist (e.g., incomplete deregulation
of transport modes). As the internal market materialises, the trade ittegaatong EU
countries increases (average valueetR27 trade flows of goods corresponded to 10.8% of
GDP in 2006, 8.6% in 2003). The increase in the trade integration among European Union
countries leads to the development of trade flows, among whicha@nmeore pronounced in
terms of volumes of goods. The trade integration facilitates the relocation of stockholding
points along the main corridors in which the increasing trade takes place.

Decrease of oil reserves: The continuous decrease in globaseilves has led to a sharp rise

in oil prices which in turn influences the decisions of supply chains to locate their
stockholding points close to the markets they serve in order to reduce transportation costs to
markets. The significant increase in oilges may only have a slight or moderate effect in
driving companies towards spatial concentration of their stockholding points, as the increase
in transportation cost may be offset by the enhancement of vehicle management (e.g., higher
vehicle utilisationpptimisation of routing and scheduling) and the introduction of cleaner and
more energyefficient vehicles.

Harmonisation of transport infrastructure: The harmonisation of transport infrastructure across
EU member states may facilitate the concentratibrineentory stockholding points in
specific geographical regions, as the physical access to markets is made easier. The significant
increase in the harmonisation of transport infrastructure across the European Union may
therefore lead to a moderate ince@sspatial concentration of inventory.

Advancements in intelligent transportation systems and technologies: Advances in
information and communication technologies (e.g., inventory management systems,
Enterprise Resource Planning systems, Veilanaged mventoryi VMI i systems) allow
supply chains to improve the efficiency of managing inventories across the supply chain. The
increased efficiency in inventory management may enable supply chains to reduce the
quantities of inventory requires for their slhpphain operations, and thus reduce the
stockholding points in the supply chain. The significant advancement of intelligent
transportation systems and information and communication technologies relevant to inventory
management may therefore lead to aificant increase in spatial concentration of inventory.
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Following the above discussion, the cumulative impact of the drivers of the external environment on
the spatial concentration ofventoryat present and the impact of their projected intensity i) 202
illustrated in the following table.

Drivers Drivers currently | Current impact Drivers 2020 2020 impact on
on trend trend

Globalisation +++ +++ +++ +++

Incr. trade integration ++ ++ +++ +4+

Decrease of ol

+ - ++ -
reserves
Harmonisation of
transport + + ++ ++
infrastructure
Advancements in ICT

++ + +++ ++

and ITS

Legend: +/ -: moderate increase / decrease, ++ / --: significant increase / decrease, +++/---: very
significant increase decrease (and combinations thereof)

Table 4-4: Current and projected impact of external drivers on spatial concentration of inventory

The above table shows that the current intensity of the drivers of the external environment at present
results h a moderate increase of spatial concentration of inventory. The projected intensity of the
external environment dters in 2020 is expected to bongertaking into account that the increase in

trade integrationwill be very significant and thatharmonsation of transport infrastructure and
advancements in ICT and Il experience significant growthwhile the decrease of oil reserves

may have a negative (i.e., reduction) effect on spatial concentration of invertoi;it is expected

that the trend towards spatial concentration of inventaryl reach a vensignificantlevel in 2020

while the rate of increase of the spatial concentration of inventory is expected to be moderate.

4.3.1.3Wider sourcing of supplies and production / wider distributioncafcs

4.3.1.3.1 Current situation and perceived future direction

An expansion of the logistical reach of companies which have been able to expand the geographical
scope of their sourcing of supplies and distribution of goods is witnessed. Through the wider sourcing
and distribution, companies are able to take advantage of cost differences (e.g., raw materials cost,
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labour cost, manufacturing cost) among a larger number of regions/countries. This may lead to an
increase in the economic activity of the regions in Wwhie cost of said resources is lower.

This trend is widely evident in industrial sectors. The electronic sector has shifted its production to
Southeast Asia since the 1970s, while the same has happened with the automotive industry in the last
20 years [Hmphrey, 2003], in order to take advantage of the low labour and manufacturing costs in
the region. Moreover, European companies (especially in the automotive industry) would operate
production plants in Eastern Europe, although this trend has decreabkedatter years due to the
induction of the majority of these countries in the European Union. Furthermore, the expansion of the
field of international competition, supported by the increase in the use of ICT, has enabled companies
to expand their customebase to a global level. Products can be purchased electronically by
individuals throughout the world, and companies need to cater for the provision of the appropriate
transport services to bring the products to customers around the world.

The impact of wder sourcing of supplies and production and of global distribution of goods on the
organization of the freight transport system is evident. Modal split may be affected in favour of
transport modes which can provide intercontinental transport servidesirpping) combined with
economies of scale. Increase in the demand of freight transport services is another significant impact,
given the ability of each individual to purchase products at any time and from almost any place.

Empirical research [Zografoand Giannouli, 2001] on the development of this trend predicted a
strong increase for 2010 in the machinery and building materials sectors, and a moderate increase in
the chemicals and fertilisers, petrol and waste sectors. It is also believed thagnithis/itl be quite
prominent in the future, taking into account a time horizon of 2020. A survey performed within the
framework of the Supply Chain 2020 project (initiated by the M#fagoza International Logistics
Program) [SC2020, 2004] suggests thajamizations will be compelled to consider the globally
spread resources in designing their supply chains through owned facilities or through suppliers. This
trend is classified in the said study as very likely to materialise in the manner predicted ayp@@20

often mentioned in relevant publications.

The above discussion suggests that the trend toweaids sourcing of supplies and production /
wider distribution of goodss currently prominenand will continue to be present in the future.

4.3.1.3.2 Perceivedintensity in the future

According to SULOGTRA (2002), the trend related to the wider sourcing of supplies and distribution
of goods was predicted to demonstrate the following development in the industrial sectors under
research within the time horizon dd20:

- High increase in the building materials and chemicals & fertilisers sectors
- Moderate increase in the petrol and petrol products, machinery, and waste sectors.

Thus, SULOGTRA predicted a moderatehigh increase in the wider sourcing of supplies and
distribution of goods for 2010. The key drivers identified as driving this increase were: market
enlargement, harmonisation of regulations, integration of networks infrastructure, and transport
deregulation.

The present analysis suggests that the interditthe development of the trend towards wider
sourcing and distribution is determined by the following drivers of the external environment:
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- Individualisation / proliferation of electronic business: The effect of individualisation,
combined with the prolif@tion of electronic businegg-business or -eommerce) on the
increase in the logistical reach of supply chains (in terms of distribution of goods) is
prominent: the increasing ability of individual customers for online purchase of products from
aroundthe world results in wider distribution of goods. The significant projected increase in
individualisation (approximately 20% more emember households in EU in 2020 in
comparison to 2008) and the increasing pervasion of broadband internet in individual
households (required for performing electronic transactions) are expected to have a significant
incremental effect on the wider distribution of goods,

- Advancements in transport and cargo handling technologies: The continuous development
and introduction of mvironmentfriendlier and more energy efficient engines results in lower
average fuel consumption and emissions and consequently reduces transportation costs. This
in turn may allow for greater distances to be travelled for sourcing of supplies anditigstrib
of goods.Therefore, advancement in transport and cargo handling technologies may have a
significant contribution in the wider sourcing and distribution of godkxrease in oil
reserves that may lead to higher transport aostg negatively affecthe distances travelled
for suppliesanddistribution of goods

- Increase in EU trade integration: As mentioned above, SULOGTRA (2000) identified market
enlargement as the most important driver of the external environment affecting the wider
sourcing of suplies and distribution of good¥he internal market of the European Union has
not reached its full integration potential since several barstdtsexist. As the market will
become more integrated, it will become more efficient to seek suppliers anithutks
products on a wider geographical scale. Tiernationalisationof manufactuing in the
integrated market will be conducive to a geographically wider sourcing and distribution of
goods.

- Globalisation: Although globalisation is expected to increaae a diminishing ratethe
globalisation level in 2020 will be very significant and it will have a very significant impact
on thewider sourcing and distribution of goods.

- Market enlargement: Thenlargemenbf the EUeconomic activitywill increase theize of
the markets that supply chains should accommodate. The requirement for supply chains to
serve a broader international market (composed of many and potentially new national
markets) increases the potential for supply chains to seek wider for suppli¢e broaden
the distribution of their goods in wider geographical settifigfe envisaged enlargement of
the European Union towards east (e.g., Croatia, FYROM, Turkey, Balkan states) will increase
the trend towards wider sourcing and distribution addgThe projected significant market
enlargement may therefore lead tosrexry significant increase in the width of sourcing of
supplies and distribution of goods.

- Harmonisation of transport infrastructure: The harmonisation of transport infrastrucuss acr
EU member states may facilitate physical access to wider sources of supplies and to wider
markets for distribution of goods. The significant increase in the harmonisation of transport
infrastructure across the European Union may therefore lead tmificsigt increase in the
width of sourcing of supplies and distribution of goods.
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- Deregulation of transport activity: The deregulation of transport activity and the subsequent
opening to competition may decrease the cost of providing freight transpacesewhich in
turn may render the exploitation of wider markets for sourcing of supplies and distribution of
goods a cosefficient solution. The moderate projected deregulation of transport activity may
therefore lead to a moderate increase in the wififourcing of supplies and distribution of

goods.

Following the above discussion, the cumulative impact of the drivers of the external environment on
the wider sourcing of supplies and distribution of goods at present and the impact of their projected
intensity in 2020 are illustrated in the following table.

Drivers Drivers Current impact on Drivers 2020 2020 impact on
currently trend trend
Individualisation +++ ++ +++ ++
Proliferation of e-business ++ ++ +++ +++
Adv. in transport & cargo tech. + + —+ ot
Decrease in oil reserves + - ++ -
Increase in EU trade integration ++ ++ +++ +++
Globalisation +++ +++ +++ +++
Market enlargement ++ ++ 4+ +++
Harmonisation of transport
) + + ++ ++
infrastructure
Deregulation of transport activity ++ ++ +++ +++
EEINNNN NN
Total effect \ ++ +++
B NN

Legend: + / -: moderate increase / decrease, ++ / --: significant increase / decrease, +++/---: very significant
increase / decrease (and combinations thereof)

Table4-5: Current and mjected impact of external drivers on wider sourcing of supplies and

distribution of goods

The above table shows that the current signifiggedgraphicalextent of thewider sourcing and
distribution of goodwwill further increase in 2020 to become vesignificant mainly due to a very
significant increase in the proliferation ofbasiness, the very significant increase in EU trade
integration and enlargement, and the very significant deregulation of the transport activity. Other
contributing factors aréhe significant advancements in vehicle and cargo handling technologies and
the harmonisation of transport infrastructure. On the other hand, the decrease of oil reserves will have
a significant negative impact on the expansion of the supply and dismingtworks.Thus, it is
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expected that the trend towards wider sourcing of supplies and distribution of goods will reach a very
significant level in 2020, while the rate of increase of wider sourcing of supplies and distribution of
goods will be moderate.

4.3.2 Organisation and management trends

4.3.2.1 Supply chain integration

4.3.2.1.1 Current situation and perceived future direction

While the field of competition for enterprises has expanded across national boundaries te a supra
national, continental or global level, curranénds demonstrate a shift from competition among
enterprises to competition among supply chains. The business environment is characterized by the
requirement for supply chains to significantly improve their capabilities in order to respond to
competitionby driving out cost elements and realizing benefits in terms of operational efficiency and
revenue enhancement [Gattorna, 2002].

In this new operating environment supply chain managers are faced with the difficult task of
increasing the performance of taetire supply chain (as opposed to functional performance within a
supply chain partner) in order to be able to survive competition among supply chains. The ultimate
aim of supply chain managers is to nurture the ability of supply chains to responaffawit only

to the mandates of global competition but also to the business requirements and opportunities which
arise locally, i.e. at a national or continental level. Success in this new competitive business
environment depends on the degree in whiokerprises are able to integrate across traditional
functional boundaries [Ellinger, 2000; Bowersox et al, 2000].

An initial assessment of the most important current trends identified in supply chain management
literature [Bowersox et al, 2000; Zografosda@iannouli, 2002] confirms the prominence of an
approach towards the development of integrated supply chains, in which the boundaries inhibiting the
flow of materials/products, financial resources and information are removed [Naylor et al, 1999] in
orderto optimise the overall performance of the supply chain [Sundaram and Mehta, 2002]. In order
to effectively manage the complex flows among supply chain partners and to improve efficiency and
customer responsiveness, integration among the various suppiypahtmers is required.

Supply chain integration affects the organization of the freight transport system in multiple ways. The
more integrated the supply chain, the stronger the requirements for higher coordination and
performance of the supply chain;dathe stronger the performance requirements, the lower the
transport leadime and the higher the quality of transport services (in terms of punctuality, safety of
cargo etc.)

Despite the recognition of the importance of supply chain integration, supgigscbperating in
Europe are still hesitant in involving other supply chain partners in the management and operations of
their supply chains. The results of a survey by Bagchi and Skjaeten (2005) on the integration of
European supply chains suggdsttwhile supply chains recognize the performance benefits brought
about by integration, the nature and extent of integration is still selective mostly due to the fact that
focal firms are cautious in sharing sensitive information with their supply chaimeps,
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4.3.2.1.2 Perceived intensity in the future

Despite the limitations and obstacles currently hampering supply chain integration, the future outlook
is very positive indeed. The penetration of information technologies in all supply chain operations is
expeced to lead to the substitution of inventory with information. In this sense, companies involved

in a supply chain will need to increase the degree of information sharing among them in order to
effectively manage not only the flows of information but alse material and financial flows and
enhance responsiveness to customer requirements. Integration among supply chain partners in terms
of material, information and financial flows is hecessary to achieve this.

This view is also shared by the companies tlewves. The results of a study by CapGemini titled
AManufacturing i n 0g,0®2 Which 15 ananGfactaiing comparite® in eight
countries (China, France, Germany, India, Netherlands, Sweden, UK and USA) were surveyed,
foresees an increase iretinvolvement of suppliers and customers in all supply chain activities that
will help manufacturers cope with the demands in new and local markets, which, in turn, are expected
to proliferate. This increased involvement of suppliers and customers presgghe integration of
information and material flows as well as the onset of a collaborative and cooperative culture among
supply chain partners in order to flourish [Tsanos and Zografos, 2008]. The importance of this trend is
also accentuated in the MBC2020 study, which also mentions that supply chains will have to adapt
to local environments/markets without superimposing the global image of their business.

The present analysis suggests that the intensity of the development of supply chain integration
determined by the following drivers of the external environment:

- Globalisation: The effect of globalisation on the integration of supply chains is
straightforward.As the field of competition for enterprises has expanded across national
boundaries to aupranational, continental or global level, there is a shift from competition
among enterprises to competition among supply chains. The new business environment is
characterized by the requirement for supply chains to significantly improve their cégmbilit
in order to respond to competition by driving out cost elements and realizing benefits in terms
of operationakfficiency and revenue enhancemfBattorna, 2002]. This can be achieved by
increasing integration among supply chain partners.

- Increase ofrade integration / Increase of economic activity: The increase of global economic
activity and trade integration among EU member states broadens the field of competition for
supply chains. The broader field of competition may signify the entrance of suppy
chains in the competition as well as intensify the need for higher quality of services to the end
customer. Supply chain integration is significantly affected by these two drivers, as it
constitutes a strategic option by which supply chains careaser their competitiveness
against other supply chains.

- Intelligent transportation systems / Information and communications technology for supply
chain security / Information sharing: With regards to the use of intelligent transportation
systems, it is edent that the identified increase in the use of such technologies allows for
enhanced exchange of information among supply chain partners; this relationship has been
widely investigated and asserted [e.g., Closs and Savitskie, 2002; Bagchi andLSkieeit
2002; and others]. For example, tracking and tracing technologies, intelligent transportation
systems (ITS) as well as information technologies for supply chain security increase the
availability of information across supply chain partners with regtodbe reatime exact
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location of vehicles and cargo and the current condition and potential threats against vehicles
and cargo. In turn, information exchange among partners has a profound impact on supply
chain integration.

Following the above discussipthe cumulative impact of the drivers of the external environment on
the increase of supply chain integration at present and the impact of their projected intensity in 2020
are illustrated in the following table.

Drivers Drivers currently Current impact Drivers 2020 2020 impact on
on trend trend

Globalisation +++ +++ +++ +

Inc. trade integr. ++ ++ +++ +H+

Advancements in ICT
and ITS

++ ++ +++ +++

ICT for SC security ++ ++ +++ 4+

Legend: +/ -: moderate increase / decrease, ++ / --: significant increase / decrease, +++/---: very
significant increase / decrease (and combinations thereof)

Table4-6: Current and projected impact of external drivers on supply chain integration

The dove table shows that the curresignificant level of integration observed in supply chains is
projectedto increaseto a very significant leveflor 202Q while the rate of increase of supply chain
integration will be moderate

4.3.2.2 Agility/Adaptability

As the focus of market competition is gradually shifted fronter-companycompetition towards
competition among supply chains, the prevailing mindset tends to consider end customer satisfaction
as the major determinant of supply chain success or failure. géttis,g the right product to the right
customer at the right place, time, and price and in the right condition constitutes the pillar of supply
chain success [Christopher and Towill, 2001] and a concern spanning the entire supply chain
organization and rienly the focal firm. In such competitive and increasingly volatile markets, supply
chains tend to adopt organizational and management structures that enable them to respond to the
emerging market contexts of short response times, high product and seawety, and highly
customized product and service offerings [van Hoek, Harrison and Christopher, 2001].

A major organizational trend which aims at creating supply chains that are more responsive to
specialised customer requirements is agility, defineédlashe abi | ity of a supply
to unexpected or rapid shifts in supply and dem
are becoming prominent in various industries characterised by high volatility, low predictability and

short ife-cycles, especially in the fashion industry [Christopher et al, 2004]. Lee (2004) mentions that
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supply chains need to develop deep intelligence into market trends and characteristics and be efficient
in undertaking changes in supply chain architectoredpe with the sudden changes in demand.
Along with agility, adaptability of supply chain architecture design to produce the right product for
the right customer at the right time is also proposed as a characteristic ctlasddupply chains.

The preent analysis suggests that the intensity of the development of agility/adaptability is
determined by the following drivers of the external environment:

- Individualisation: Individualisation requires the development, manufacturing, and distribution of
goodsthat fit to the requirements of the individual consumers. Therefore, supply chains are
oriented to satisfy market demand (market pull) as opposed to push goods in the market
(manufacturing push). This new market environment requires supply chains to bewyme
adaptive to the market needs, and therefsgemore flexible and agile.

- Intelligent transportation systems / ICT for supply chain security: Intelligent transportation
systems (ITS) and ICT for supply chain security increase the availability ofmiafimn across
supply chain partners with regards to the tgaé exact location of vehicles and cargo. This
availability of information across the supply chain also increases the agility and adaptability of the
supply chain, as it allows supply chain pars to expedite the decisiomaking process and thus
be able to respond more effectively to unexpected market changes. The development of ITS
increases the flexibility of supply chains with regards to the transportation activity and therefore
significantly affects their agile capabilities and increases their adaptability to changes in demand.

- Globalisation: In order for a supply chain to respond to global increase in consumption,
highlighted by increasing volatility in terms of quantities, frequency o€hmase, and width of
distribution, it should develop the capability to adapt to rapid changes in demand and to respond to
the increasing di
products and services. Thus, the effitimsponse of the supply chain lies in the adoption of agile
principles and in the reorganisation towards producing the right product for the right customer at
the right time according to the demand patterns. The globalisation of economic activity and
consimers needs has a significant effect on the agility/adaptability of supply chains.

fferenti

ation of

cust omer so

Following the above discussion, the cumulative impact of the drivers of the external environment on
the increase of agility/adaptability at present and the impact of ttaecped intensity in 2020 are
illustrated in the following table.

Drivers

Drivers currently

Current impact on
trend

Drivers 2020

2020 impact on
trend

Globalisation

+++

+++

+++

+++

Advancements in ICT and ITS

++

++

+++

+++

Total effect m ++ W it

Legend: + / -: moderate increase / decrease, ++ / --: significant increase / decrease, +++/---: very significant

increase / decrease (and combinations thereof)

Table4-7: Current ad projected impact of external drivers on agility / adaptability
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The above table shows that the currsignificant level of supply chaimgility/adaptability is
projectedto increase to a very significant level B92Q while the rate of increase of muly chain
agility / adaptability will be moderate

4.3.3 Supply chain flow trends

4.3.3.1 Reverse logistics

4.3.3.1.1 Current situation

The incorporation of reverse logistical flows in supply chain operations had not received significant
attention by academics and practitianatike until the start of the present decade. There is a clear
trend towards the incorporation of reverse logistics in supply chain operations and this is
demonstrated by its increasing market size, estimated at $58 billion in 2004 for the U.S. [Li and
Olorunniwo, 2008]. The trend towards the intensification of reverse logistics activities is becoming
even more pronounced with the rise of environmental concerns and corporate social responsibility
initiatives as well as following the rise in commodity psge.g., oil, steel, copper) within the last
decade. It is expected to be full deploymentby 2020 and sparks great concern along with other
Afgreenodo issues that will have to be tackled by

It is clear that reverse logistics is ptiaally applicable to all industrial sectors; however, their relative
importance differs among sectors. For example, Rogers and Tlileneinke (1999) state that return
percentages vary betweer8% for household chemicals aneb% for consumer electronice 20

30% for book publishers and 50% for magazine publishers. Although these percentages show a
difference in the importance of reverse logistics across sectors and despite the fact that quality efforts
are undertaken by the companies in order to redwmhupt returns, reverse logistics is fast becoming

a competitive necessiyue to customer pressures and shorter lifecycles.

4.3.3.1.2 Perceived intensity in the future

According to SULOGTRA (2000), the trend towards reverse logistics was predicted to demonstrate
the following development in the industrial sectors under research within the time horizon of 2010:

- High increase in the food and beverage and waste sectors.
- Moderate increase in the building materials, chemicals & fertilisers and machinery sectors.

Thus, IILOGTRA predicted a moderate-high increase in reverse logistics for 2010. The key factor
identified as driving this increase for all industrial sectors was the introduction of green packaging and
production, customisation of goods and harmonisatioregflations among EU countries were also
identified as secondary drivers.

The present analysis suggests that the intensity of the development of reverse logistics is determined
by the following drivers of the external environment:

- Social and environmentalareness: The increase in social and environmental consciousness
in consumption and production and the associated market pressures for envifoiemelyt
manufacturing is also a decisive factor leading to supply chain reorganization to incorporate
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reverg logistical activities. As the deterioration of the global ecological environment
continues, consumers are more motivated to acknowledge the negative impact of human
existence on the natural environment, while at the same time they play a criticald@eean

the driving force behind the emergence of programs related to Corporate Social
Responsibility (CSR). Thus, the increasing social and environmental awareness of consumers
constitutes a very significant driver for companies to incorporate reversédalgactivities

in their supply chains.

- Energy and environmental policy of EU: The energy use and environmental protection policy
of the European Union stresses the importance of the prevention of waste production and the
possibilities for reuse of recylable waste or products that are near the end of their economic
life. This flagship policy (Integrated Product PolicyPP) is bound to have a very significant
effect on the increase of the intensity of reverse logistics in the European Union for all
trarsport modes.

The incorporation of reverse logistics in the supply chain activities is also considered to be a very
prominent trend by 2020, as mentioned in the CapGemini (2008) and SC2020 (2004) surveys. Stricter
requirements in recycling and remanufagigriwaste management and disposal regulations focusing

on safety, as well as ease of disassembly and sorting are predicted to render reverse logistics an
inseparable part of supply chain management by 2020.

Following the above discussion, the cumulativgact of the drivers of the external environment on
the increase of reverse logistics at present and the impact of their projected intensity in 2020 are
illustrated in the following table.

Drivers Drivers currently Current impact Drivers 2020 2020 impact on
on trend trend

Social & Environ.
++ ++ +++ +++

Awareness

Energy and
environ. EU policy

Legend: + / -: moderate increase / decrease, ++ / --: significant increase / decrease, +++/---: very
significant increase / decrease (and combinations thereof)

Table4-8: Current and projected impact of external drivers on reverse logistics

+ ++ ++ +++

The above table shows that the current signifitawrel of reverse logistics activities whlecome very
significant by202Q while the rate of increase of reverse logistics activity will be moderate

4.3.3.2 Information sharing

The need for supply chain partners to have access to information concerning supply chain operations
is implicit in several of th supply chain trends described earlier. The effect of information sharing on
the efficiency of numerous supply chain operations is profound and widely documented [Lee et al,
1997; McCarthy and Golicic, 2002; and others]. Information sharing has a pefféee on demand
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planning (including collaborative demand forecasting), capacity planning, planning of production
activities, performance management, and inventory management and replenishment (among others)
and is considered the basic pillar of supplgiolintegration.

Information integration is considered as one of the most prominent future trends in supply chain
management. The SC2020 study predicts that information will exceed over inventory, as companies
are taking advantage of the significant insean information availability to transition towards an
informationbased operation that will allow better management and lower inventory levels. This is
considered a highly likely development by 2020 and one that is considered highly relevant to the
future of supply chains.

The present analysis suggests that the intensity of the development of information sharing is
determined by the following drivers of the external environment:

- Intelligent transportation systems / ICT for supply chain security: Intaellijansportation systems
(ITS) and ICT for supply chain security increase the availability of information across supply chain
partners with regards to the raathe exact location of vehicles and cargo, their condition and the
potential threats againstetin security. This availability of information may lead to an improvement
in the efficiency of the transportation activity in the supply chain which in turn can be translated to
an overall increase of supply chain performance (e.g., in the form of redrudsrdfulfiiment lead
times). Thus, the availability of information across the supply chain significantly increases the
agility and adaptability of the supply chain.

- Proliferation ofe-business: The proliferation efbusiness enables supply chain partheiacrease
their exchange of information regarding end demand, inventories across the supply chain, product
design etc. This availability of information may lead to enhancements in the efficiency of supply
chain operations in general and transport agtivi specific. The significant increase érbusiness
foreseen for 2020 is therefore expected to lead to a significant increase in information sharing.

Following the above discussion, the cumulative impact of the drivers of the external environment on
the increase of reverse logistics at present and the impact of their projected intensity in 2020 are
illustrated in the following table.

Drivers Drivers currently Current impact Drivers 2020 2020 impact on
on trend trend

Advancements in

ICT/1TS o ++ o +
ICT for SC security ++ +++ +++ F++
Prolif. of e-business ++ ++ ++ .

Toa et R m

Legend: + / -: moderate increase / decrease, ++ / --: significant increase / decrease, +++/---: very
significant increase / decrease (and combinations thereof)

Table4-9: Current and projected impact of external drivers on information sharing

The above table shows that the currgighificantlevel of information sharingaking place among
supply chain partnersill become very significant by 2028vhile the rate of increase of information
sharing among the supply chain partners will be moderate.
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4.3.3.3Increase in direct deliveries

4.3.3.3.1 Current situation and perceived future direction

The increase of individualisation io@ety has a significant impact on consumption trends, as the
reduction of the average household size and the increase in the numbemuérober households

may lead to a net increase in consumption. Individual consumption is also supported by the
proliferation of Information and Communication Technologies which allow individuals not only to
purchase goods (and services) online but also choose the transportation service characteristics for the
delivery of the goods.

These social and economic trends hawemgirise to an increase in direct deliveries of goods. This
disintermediation has the benefits of reducing lead times and costs to customers, while at the same
time it has provided customers with access to a wide range of products. Direct deliveries are by
default small and more frequent and presuppose a move away from large vehicles towards smaller
size and more energsfficient vehicles. The rationalisation of the supply chain and the shift of its
focus on the core operations of supply chain partnerddeh$ocal firms to outsource the direct
delivery activity to third party freight transport service providers, thus achieving significant cost
reductions.

The trend towards direct deliveries was projected to demonstrate a moderate increase in the building
materials and petrol sectors and a moderate decrease in the food and beverage sector [Zografos and
Giannouli, 2001]. However, TRILOG (2000) predicted that the direct distribution to the home from
nationally based and foreign suppliers was likely to expeei¢ine fastest and most significant growth

in terms of the different modes of distribution to end customers by 2005.

The above discussion suggests that the trend towards increase of direct deliveries is applicable at
European level and will continue to peesent in the future.

4.3.3.3.2 Perceived intensity in the future

SULOGTRA (2000) identified that the trend towards increase of direct deliveries was predicted to
demonstrate the following development in the industrial sectors under research within the time
horizan of 2010:

- High increase in the building materials and food & beverage sectors
- Moderate increase in the chemicals and fertilisers sector
- Low increase in the petrol sector.

Thus, SULOGTRA projected a higher increase of direct deliveries in manufacturasctsrechd
products that exhibit a greater degree of sensitivity. In general, SULOGTRA predicted a rimderate
high overall increase in direct deliveries. The key drivers identified as driving this increase were:
advancement and integration of informatiord amommunication technologies, and customisation of
goods.

The present analysis suggests that the intensity of the development of the trend towards direct
deliveries is determined by the following drivers of the external environment:

BE LOGIC/WP3/BE-LOGIC_D3.1_Final.doc page 76 of 159



1/
(i
—_— /(_
SEVENTH FRAMEWORX
ROGRAMM!

Benchmark Logistics for Co-modality

- Individualisation / prbferation of ebusiness: The increase of individualisation has a
significant impact on consumption trends, as the reduction of the average household size and
the increase in the number of emember households may lead to a net increase in
consumption. Idividual consumption is also supported by the proliferation of Information
and Communication Technologies which allow individuals not only to purchase goods (and
services) online but also choose the transportation service characteristics for the délivery o
the goods. Both these drivers are expected to exhibit a significant increase by 2020; the
number of onanember households in the EU is expected to increase by 20% in comparison
to 2008, while the significant projected increase in the pervasion of brwhdbternet
technologies by 2020 (estimated at 2.7% for OECD countries in 2008) and the development
of innovative platforms for online transactions are expected to further increase customised
transactions and subsequently increase direct deliveries.

Following the above discussion, the cumulative impact of the drivers of the external environment on
the increase of direct deliveries at present and the impact of their projected intensity in 2020 are
illustrated in the following table.

Drivers Drivers currently Current impact Drivers 2020 2020 impact on
on trend trend
Individualisation +H++ ++ +++ +++

Prolif. of e-business

Legend: +/ -: moderate increase / decrease, ++ / --: significant increase / decrease, +++/---: very
significant increase / decrease (and combinations thereof)

Table4-10: Current and projected impact of external drivers on direct deliveries

++ +++

The above table shows that the curreignificant level ofdirect deliveries will become very
significantby 2020, while the rate of increase of direct deliveries will be moderate.

4.3.4 Concluding remarks

The abovementioned discussion revealed a set of prominent supply chain trends that are predicted to
be present in supplghain organisation and management by 2020. Ta&lilesummarizes the results

of the discussion concerning the impact of external environment trends on supply chain trends as well
as the perceived direction and intensity of the identified supply chaohstier2020.
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Supply chain trends direction and intensity in 2020
External environment driver . . . . - .
A ISR C TS Spatial Spatial Wider sourc. Direct SC Agility / Reverse Information
conc. prod. conc. inv. / wider distr. deliveries integration adaptability logistics sharing
Time horizon Curr. | 2020 | Curr. | 2020 | Curr. | 2020 | Curr. | 2020 | Curr. | 2020 | Curr. | 2020 | Curr. | 2020 | Curr. | 2020 | Curr. | 2020
Individualisation | +/++ | +++ ++ ++ ++ +++
Pm"fe_ration of ++ +++ ++ +++ ++ +++ ++ +++
e-business
Social &
environ. ++ +++ ++ +++
awareness
Road env.
engines
ﬁ]dl\é:a'l?(;engel'rr]tss ++ +++ ++ +++ ++ +++ ++ +++
Advancements
in cargo and + -+ + i
transport
technologies
ICT'for supply ++ +++ ++ +++ ++ +++ +++ +++
chain security
Increase EU
trade ++ +++ ++ +++ ++ +++ ++ +++ ++ +++
integration
Globalisation +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
Market ++ +++ ++ +++ ++ +++
enlargement
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