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Preface

Freight transport and distribution is one of the primary components of the economic
and social welfare of our cities, playing a major role in many key socio-economic sectors
and activities. On the other hand, as a main component of urban traffic and mobility,
it has important effects on the quality of the environment and life in urban areas, as
heavily congested roads are significantly affecting the life of citizens.

Evaluations of CEMT (the European Council of Transport Ministers) show that ur-
ban freight transport is responsible for 34% of total goods transport, for20% of traffic
network occupation and 60% of whole polluting gas emissions. In Italy traffic for goods
distribution is about 20-25 % of overall road urban traffic and contributes to a consi-
derable increase of congestion and generally of internal and external transport costs.

The way freight transport is organised, managed and regulated influences and depen-
ds upon urban planning, production and consumption networks, social relationships.
Therefore, actions to improve freight distribution in urban areas imply policies and
integrated measures that deeply change the previous unregulated distribution systems.
Such a change is a challenge for the European cities and has a potential to offer new
work opportunities. However, it also requires a governing process clearly orientated
towards continuous improvement in transport efficiency, supported by dynamic long
term, strategic policies.

Urban freight transport policies assume more than others a transverse role, since they
operate within complex interdependencies at urban levels. Trade flow structures are
mainly influenced by SMEs (that represent 70% of the total EU company turnover)
that are involved mainly with short-distance procurement and distribution often in a

15
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context where there is a lack of culture of transport optimization techniques of dispa-
tching, scheduling and optimisation of distribution flows. Appropriate use of advanced
ICT solutions for the management of fleets of vehicles should considerables reduce the
number of empty trips or trips made with small loads increasing the overall economic
efficiency.

Growing attention has been recently paid to the search for new approaches and
innovative models and solutions for city logistics, taking advantage from a number
of enabling technologies and ICT tools. Local Authorities are increasingly engaged
on these issues and sustainable freight transport is the objective to be achieved. This
becomes particularly true when considering the specific, complex environment of ‘old’
urban centres and historical cities, a particular type of urban context which is common
in virtually all European countries. So city logistics represents the nervous texture of a
city production and economic life that should be qualified and preserved to ensure the
liveliness and attractiveness of our historical centres.

ENEA, the Italian National Agency for New Technologies, Energy and the Environ-
ment, has been involved for many years in research projects concerning rational and
sustainable use of energy both in passengers and freight transport. ENEA, conscious of
the importance of goods transport from an economic, energy and environmental point
of view therefore, starting from 1998, promoted research activities concerning freight
transport and logistics by means of “Consortium TRAIN”, an organization that besides
ENEA includes railway national companies (Trenitalia and RFI), universities and private
companies. The main competences of the consortium are: organisation of transport
services, advanced technology for intermodal transport through the development of in-
tegrated design techniques, development of planning tools, development of intermodal
dedicated carriers, intermodality with fast ships, urban passengers and freight mobility,
study and application of innovative technologies for faster freight loading and unloading
operations in freight terminals.

Interesting pilot projects of city logistics have been carried out in recent years that
could be followed in many European towns. ENEA believes that it is a good opportunity
to publish this book that not only provides a comprehensive, up-to-date overview of
the latest developments in the domain of sustainable city logistics, but also contributes
to dissemination of that innovation culture in a sector that is very important for the
future of our economies.

This book addresses results achieved in research and innovations initiatives recently
carried out in Italy, particularly the Tadiram project (part-funded by the Italian Ministry
of Scientific Research) and in Europe, particularly the eDRUL IST project and MERO-
PE Interreg IIIB MEDOCC projects, involving a relevant number of cities and towns.
These initiatives have been designed and implemented to investigate and experiment
innovative solutions to city logistics, addressing a range of aspects, from service schemes
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and organisational models, to enabling and supporting ICT solutions, to institutional
measures and policies.

The Tadiram Project is aimed at demonstrating all the elements of an innovative
logistic concept for freight distribution in urban areas: new organization and logistics
based on innovative vehicle (tram), use of freight HUB, telematics systems for gate
procedures and for service management, integration of value added economic activities,
new loading units specifically designed for the application.

Part-funded by the European Commission, Directorate General Information Society
Technologies (DG-INFSO) in the context of the 5" Framework Programme eDRUL
- eCommerce Enabled Demand Responsive Urban Logistics - was a pilot project desi-
gned and carried out taking into account this multi-faceted context. eDRUL pilot sites
— Siena, Aalborg, Eindhoven and Lisbon — all have an advanced urban environment,
well instrumented at physical and ICT levels, controlled by a defined set of normative
and administrative rules and operating ICT systems. Based on this, eDRUL allowed
the investigation, realisation and experimentation of innovative concepts and solutions
for city logistics, throughout nearly three years of activities, between April 2002 and
January 2005.

The demonstrations and evaluation undertaken in the eDRUL sites, as well as the
experiences gained with similar schemes and complementary elements and solutions in
MERORPE cities, have shown the effectiveness of the approach and the relevant role that
a City e-Logistics Agency and regulated city logistics schemes can play as fundamental
tools to implement and control sustainable solutions for urban goods distribution.

Maurizio Romanazzo

Responsible for “Iechnologies for Rational
Use in Transport”, ENEA, Rome
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CHAPTER 1

Context and contents of the book

G Ambrosino, M Boero, | D Nelson, M Romanazzo

1.1 An introduction to e-logistics in urban areas

In today’s Information Society the impact of the Internet continues to profoundly change

the established business logic. Boundaries between markets, industries, companies, prod-

ucts and services, sellers and buyers, and so on, are disappearing. Internet applications
can be divided into three major stages; e-presence, e-commerce, and e-business.

* e-Presence. e-presence often starts with one-way information about the company, its
products and services. The Internet is primarily used to publish information. Suppliers
can deliver product and service information directly to customers in a cost efficient
way.

* e-Commerce. In the second stage — e-commerce - opportunities are opened for transac-
tions. A transaction consists of two major parts; transaction creation and transaction
fulfilment. In the digital economy, transaction creation is achieved over the Internet
(e-creation), which usually leads to reduced transaction costs. When it comes to
digitally transferable services and products, such as bank services, computer software
and music, transaction fulfilment can also be achieved over the Net (e-fulfilment).
For physical products, however, fulfilment has to be supported by physical movement
(e-logistics). E-commerce can be divided into two separate areas: Business to Con-
sumer (B2C) and Business to Business (B2B) with different e-logistics requirements.
Logistics costs can account for more than 40% of total costs in e-trade. This means 19
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that e-logistics, e.g. in terms of cross-docking, and payment are the critical factors for
profitability. Since e-commerce transactions put heavy stress on effective and efficient
logistics operations the e-logistics concept is of great help. E-logistics companies can
act as advanced 3PL partners and add value in a very profitable way — for all parties
involved.

* E-business. The third phase — e-business — involves transformation of processes and
systems to increase integration and automation in order to take advantage of all the
possibilities created by the Internet.

1.1.1  Recent developments in e-logistics

The e-logistics concept is adapted to the digital economy in which the Internet is a
major backbone. The information flow is the starting point and the enabler — not the
physical resources. Physical resources for moving and storing products do not have to
be owned by the e-logistics company.

The e-logistics concept is defined by the interaction and integration taking place at
the interfaces between traditional logistics, Information and Communication Technol-
ogy (ICT) and process management. In summary:

* ICT provides the methods, systems, and techniques necessary. Database technology
and data mining techniques are major enablers in the implementation of the e-logistics
concept. The gap between those who know enough about ICT and those who know
enough about the application area of logistics has to be bridged.

* Logistics provides the frame of reference, the concepts, and the models for manage-
ment of cross-functional and inter-organisational flows and processes. Logistics is, in
many ways, the cradle for process orientation. Virtual integration offers the solutions
for inter-organisational co-ordination and co-operation, and also for the shift from
supply chain to demand chain thinking.

* Process management helps in creating the necessary conditions for renewal. Most of
the effective and efficient relationships in the networks of the digital economy are
process driven. The concept of e-logistics focuses on integration and improvement
of interaction in the interfaces between these processes.

E-logistics delivers total solutions that are built on virtual rather than ownership based
integration. ICT enables the creation of an intelligent value web in which individual
activities are optimized based on the creation of value to the customer. E-logistics is one
of the cornerstones for successful e-commerce, but it is also a key factor in e-business
and the rethinking of traditional industrial enterprises.

A clear understanding of the developments in e-logistics is necessary in order to un-
derstand the applicability of these concepts in urban logistics in general and has been
fundamental to the EC-funded eDRUL project in particular. The core objective and
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focus of the eDRUL project has been the integration of e-Commerce/e-Business services
with advanced city logistics management architecture (see Chapter 4) and (crucially) the
formulation of concepts relating to the development of a business case for an e-logistics

platform (see Chapter 7).

1.1.2 A basic understanding of freight distribution in urban areas

Logistics entails the management of the goods flow through a logistics chain; that is,
the sequence of consecutive actions that must be performed to enable the production
of and then delivery of a product to the end-user. Although the focus is mainly on the
final distribution of consumer goods in urban areas (physical distribution), insight in
related logistics processes (materials management) is also important to understanding
and optimising the physical goods distribution processes for urban areas.

Multiple actors are involved in logistics operations, including producers, logistics
service providers, retailers, transport companies, and consumers. In terms of transport,
actors can play roles as shippers, receivers, and transporters. Actors can optimise the
specific basic logistics activity they control via the normal business-economic optimising
strategies (by balancing the inputs of capital, man-power, and capital goods). In busi-
ness logistics, total chain optimisation can result in some efficient solutions. One can
propose concepts that aim to optimise distribution processes on a supra-company level.
Optimisation of the trade-offs between multiple basic logistics activities (of multiple
firms) means that for the sake of total efficiency, some partial inefficiency may occur
and must be accepted. This is clearly the case in just-in-time strategies where inventory
cost reductions can only be achieved by allowing less efficient transport.

Public policy usually aims at certain sectors and tries to optimise processes such as
production or transport, for instance, to limit the production of waste materials. Public
policy actors do not control basic logistics activities and can only impose measures to
guide decisions that should lead to societal optimisation. To achieve an overall societal,
transport system optimisation, inefficiencies may be introduced for individual actors. In
advanced public policy optimisation, sectoral optimisation is still the main goal, but all
relevant processes in the logistics chain are taken into account. This includes both verti-
cal optimisation (within a single logistics chain) and horizontal optimisation (between
different firms). In Western society, governments are reluctant to interfere directly with
business operations; therefore regulations, market forces (specific taxes, subsidies, etc)
and facilitating policies are used to reach the objective.

The six basic physical urban distribution concepts are:

1. Direct distribution originating from the suppliers

2. Round-trip distribution originating from the suppliers

3. Urban distribution with direct distribution from a local transfer point

4. Urban distribution with round-trip distribution from a local transfer point 21
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5. Network distribution with direct distribution from a regional transfer point
6. Network distribution with round-trip distribution from a regional transfer point

1.2  Institutional aspects of urban logistics

The institutional framework identifies the public and private actors within the field of
urban distribution and defines their roles. In the operation of the transport system for
urban goods distribution, many actors and regulators (public and private) are involved
(see Figure 1.1). Governments have limited control over the system.

accessibility

attractiveness

competitiveness

accessibility

Figure 1.1:
Actors and
their interests

Source: Binsbergen and Visser, 2001

Policymakers focus on urban logistics in order to:
* reduce congestion;
* reduce pollution and noise;
* improve road safety;
* safeguard accessibility of important economic areas; and
* increase the attractiveness of city centres.

Figure 1.2 describes the policy relevance of urban logistics, starting from the objective
22 of contributing to sustainable development.
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Transport system Economic
optimisation development
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i Figure 1.2: The
« exhaustion policy relevance
of urban logistics

Source: Binsbergen and Visser, 2001

Planning styles are a key element of the policy-making process. The following typol-
ogy of planning styles can be distinguished:

Traditional planning, in which governments act as doctors: they try to control proc-
esses and try to solve problems with public measures (top-down approach).
Progressive planning, in which governments act as educators: they provide information
to the relevant actors and try to let them solve the problems (bottom-up approach).
Consultative planning, in which governments act as facilitators: they present a win-
dow of opportunity and encourage public participation (combined bottom-up and
top-down approach).

eDRUL (2005) note that guidelines for the planning process are essential for a suc-
cessful implementation of policies:

* DPolicy-making is a rational process. Decisions are the result of a series of identifiable

steps.

* One can speak of a poly-actor model. Policy-making and implementation occur by
many public actors with their own values, interests, responsibilities and rationalities.
However, during the policy-making process, it is necessary to engage with a multitude 23
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of actors with overlapping and/or unclear authorisation and responsibility, but limited
numbers of representatives.

The policy-making must be well structured; offering space and a framework for policy
enforcement and adjustment.

Objectives should be defined clearly and should be made operational for evaluation
purposes.

Consensus on policy objectives and instruments is not, by definition, necessary.
The policy itself must be supported by sufficient means to realise the objectives.
The policy making process requires optimal communication and information proc-
esses.

Evaluation of policies should be possible during the policy-making and implementa-
tion (effectiveness, efficiency and coherence).

Involvement and commitment of the relevant actors is required during implementa-
tion.

The extremely important role of institutional issues in influencing the development

of e-logistics services is discussed in Chapter 10.

There are a variety of instruments that a government is entitled to use in order to

carry out a policy. The following typology of policy instruments is proposed by eDRUL
(2005):

Active involvement as a:

- Developer: public sector can develop infrastructure or technology

- Provider: public sector can provide financial means

- Operator: public sector can operate the systems

Planning instruments concerning:

- Infrastructure planning

- Spatial planning

Financial instruments dealing with:

- Taxes and pricing (e.g. time and location dependent road-user charging systems);
- Financial support (financing, subsidies, credit loans, financing guarantor)
Legislative instruments (licensing and regulation)

Communication and consultation instruments

Agreements and covenants (these instruments allow both public and private sector to
commit to change)

Regulation as a legislative instrument can appear in several types of traffic and vehicle

regulation (the subject of Chapter 3):

24

Time windows (a period during which one may enter a particular zone). Time win-
dows serve primarily to keep designated streets or areas completely free of freight
traffic during specific periods. Outside the time window the inconvenience does not
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exist but during the window times there is a concentration of traffic. Experience with
time windows shows that time windows that are too tight, or cover too broad an area,
can cause accessibility problems and extra traffic during peak periods. This shows the
importance of co-ordinated time windows.

* Dimensions and/or surface areas of vehicles. These restrictions are primarily intended
to limit the physical hindrance of freight traffic. Smaller vehicles are easier to ma-
noeuvre in the urban environment, and the driver’s control of the vehicle is usually
better. In many municipalities, the maximum length used is ten metres.

* Axle load and/or vehicle weight. These restrictions are meant to limit the physical
damage that freight vehicles inflict on the infrastructure and its surroundings.

* Emissions. Emission restrictions are aimed at improving the air quality.

* Noise. Noise restrictions are also aimed at improving the local living environment in
the city. Traffic is often the main source of noise pollution, and freight traffic plays a
significant role here.

* Target group and/or urgency. Admission rules based on the criteria of ‘target group’
and ‘urgency’ is another form of restrictive policy. For instance, it is possible to aim
for a higher degree of loading by providing only a limited number of concessions (as
in Amsterdam for example).

* Load factor. The load factor can be used as a restriction criterion because it is an
indicator for an efficient use of vehicles.

* Any combination of the above. A new development in regulation is the certification
of transport companies in combination with the introduction of permits. Certification
results in receiving a permit; with this permit the company can make use of certain
routes (dedicated bus lanes), may enter certain areas or may use certain public unload
facilities.

Enforcement is always an important issue in the application of regulation. Experience
shows that a lack of control can make a policy less effective. In recent years, all kinds of
tools have been developed to support the enforcement of regulations, including the use
of electronic identification, automatic (video-) cameras, and non-permanent roadblocks
(such as rising pyramids, rising steps or bollards).

1.3  e-Logistics in urban distribution

e-Logistics in urban distribution is mainly focusing on supporting operational processes
to fulfil the distribution of goods in urban areas by advanced ICT tools. A number of
tools are available to contribute to improved enforcement, like electronic identification,
automatic (video-) cameras, and non-permanent roadblocks (such as rising pyramids,
rising steps or bollards). Collaborative planning tools and web-based transport planning
services help in realising an efficient and effective urban distribution system. Further
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supportive tools are available in the form of communication services between the differ-
ent partner organisations in the supply chain, but also between the planner and vehicle
driver. Finally, a last cluster of tools to support e-logistics is the group of interfaces
connecting different systems, all necessary for an effective and efficient distribution of
goods in urban areas.

These kinds of tools, services and applications have been subject to the integration of
e-Commerce/e-Business services with advanced city logistics management architecture,
as has been developed within eDRUL and further validated within projects such as
MEROPE and AGATA. The extensive experiences of key applications in Europe, many
employing e-logistics applications are documented in Chapter 8.

1.4 Structure of the book

This book assembles recent research relating to the concept of e-logistics and its contri-
bution to the goal of sustainable freight distribution.

Chapter 2 introduces an essential prerequisite to a greater understanding of urban
freight management, namely an appreciation of the requirements and needs of users.
All “users” from local authorities, to transport service providers and private actors like
consumers, must be regarded as an important part of the overall organisation of freight
management.

Chapter 3 focuses on the process of goods distribution in urban areas. The chapter
gives examples of solutions adopted for the regulation and monitoring of goods distribu-
tion in sensitive areas and also considers alternative forms of goods delivery for private
customers.

The concept of a city logistics Agency based on e-Business services is developed in
Chapter 4. An IT platform for the support of the logistics Agency as a virtual organisa-
tion ensuring interoperation and co-ordination of different service providers in a multi-
organisation context is proposed based on the experience of the EC-funded eDRUL
project. In Chapter 5 the software techniques required to support the implementation
of a platform like eDRUL are explored in detail. Relevant communication and integra-
tion technologies are discussed and the eDRUL architecture is described showing the
technologies used. The chapter also provides a focus on fleet management and in-vehicle
technologies. Chapter 6 continues the discussion of software techniques required for
modelling the design and evaluation of city logistics projects. City logistics requires the
availability of appropriate models for the location of city logistics centres, routing and
scheduling of fleets and the generation of performance indicators for evaluation. Practical
experience with the AIMSIM simulator is described.

In Chapter 7 the emphasis turns to practical experience of urban logistics schemes
with an introduction to evaluation methodologies. It is emphasised that without the
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use of a proper evaluation process, all efforts of the development, testing and demon-
stration of useful applications may be worthless. The evaluation of a wide variety of
experiences with sustainable freight distribution in urban areas from across Europe is
provided in Chapter 8. Experience is documented in detail from sites in Italy, Denmark,
Spain, The Netherlands, Portugal and the Czech Republic drawing from the results of
high-profile EC-funded projects like eDRUL and MEROPE as well as many nationally
funded projects.

The capture of European experience of various aspects of freight distribution continues
in the chapters which follow. Chapter 9 reports the lessons learned from the BESTUFS
project which has identified and disseminated best practice with respect to urban freight
transport via an open network of experts, user groups / associations, projects, cities and
demonstrations. Institutional, regulatory and political aspects of e-logistics applications
are discussed in Chapter 10 with a specific proposal for the creation of a Management
Authority to support the development of e-logistics services.

Chapters 11 - 14 report the strategic experience of a number of European-level research
and demonstration projects. Chapter 11 describes the approach of the MOSCA project
which has developed a decision-support system for integrated door-to-door delivery. Four
test sites have been selected to test the MOSCA modules. Additionally, the design allows
for future valued added services (e.g. on-line routing) to be added. Chapter 12 describes
the 14 cities of the MEROPE project. The objective of MEROPE is to investigate and
develop evaluation models and telematics instruments to manage and control goods
distribution in urban areas. The project is actively promoting ICT and services in the
field of urban logistics and mobility planning and focuses on the MEDOCC (Western
Mediterranean) region. The CITY PORTS project is presented in Chapter 13. CITY
PORTS is concerned with developing solutions of urban logistics through development
of a methodology which is context-based, integrated and economically sustainable. A
network of 19 cities from 4 countries has been established. The main objective of the
project was to carry out a comprehensive analysis of urban freight effects for different
cities and situations in Europe. The project carried out analysis of selected supply chain
schemes and undertook evaluations of their impacts in an urban context, making use of
a common measurement methodology; the material is thus complementary to Chapter
7.

Chapters 15 and 16 highlight relevant aspects of recent developments in flexible
transport services for the movement of passengers. Chapter 15 provides an introduc-
tion to AGATA which is demonstrating a multi-services Agency for the integration and
co-ordination of mobility and access to transport services. This project focuses on the
MEDOCC (Western Mediterranean) region. Chapter 16 describes the CONNECT
project, an expert network established to promote the concept of flexible transport
services for passengers and small goods. A principal output of CONNECT is a virtual
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library to gather and manage information on on-going research, the state-of-the-art and
good practice in flexible transport and its supporting technologies.

The final contribution stimulates the important debate surrounding the emerging
business case for e-logistics services. Drawing on the experience of the eDRUL project
Chapter 17 identifies the complex issues associated with decision-making and the need
to balance socio-economic policy with the commercial business case.
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CHAPTER 2

Requirements and User Needs

R Macdario, G Caiado

Urban freight management has been systematically banished to a secondary level of
priority within urban transport policies, despite being responsible for a significant frac-
tion of pollutant and noise emissions (European Commission, 1998). Even the solutions
which aim to cope with urban logistics problems are most frequently isolated measures
disregarding the fact that this type of transport takes place in the same mobility system
as passenger transport.

The main reason behind this lack of focus is related to the fact that the problems
associated with the urban logistics field are extremely complex and involve a high level
of interdisciplinary engagement. In fact, acting in the urban logistics domain implies
intervening in different aspects of urban mobility management, particularly institutional,
regulatory, social, infrastructural and technological, therefore requiring the joint and
co-ordinated action of the different stakeholders in the urban logistics arena.

Although this is an area only few authors have exploited in terms of solutions and
experiences, especially when compared with other fields of transport policy, there are
some attempts to optimise the urban freight distribution process. However, these at-
tempts are mainly operational measures, aiming at regulating the access of freight
vehicles to the urban environment (for example vehicle weight limits, time windows
restrictions, etc.). The implementation of such measures is not always supported with a
reasonable knowledge of basic features of the urban freight transport system, resulting
in unexpected impacts.
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A clear example of such phenomenon is the introduction of different freight vehicle
weight restrictions in some European cities, sometimes even within the same country.
This situation puts an extra burden on the operation of transport and commercial op-
erators managing distribution fleets. Another disadvantage associated with this type of
restriction has to do with the increasing number of freight vehicle trips due to capacity
reduction.

One of the main urban freight challenges for the next decade is precisely the recogni-
tion that it is not enough to invest in infrastructure or in the introduction of extremely
limiting vehicle access regulations. Rather it is necessary to ensure an holistic overview
of the different interests and prior to operational measures, strategic orientations should
be developed in order to optimise the social and environmental parameters, namely by
considering the location of specific functions in order to reduce the number and length
of the freight trips.

Moreover, the role of land-use policies should not be disregarded in urban freight
policies. In fact, this is one of the areas with higher potential to increase the efficiency
within the urban freight system. Actions in this area have been mainly limited to the
introduction of urban freight distribution centres in order to limit freight vehicle move-
ments.

Nevertheless, it is crucial to emphasise that such initiatives should be framed through
a top-down approach, in which the location, capacity and function of these distribution
centres should be consistently equated, in order to optimise the whole system instead of
isolated elements (geographical areas or certain actors of the logistic chain). Furthermore,
it is also important to consider functions already settled through a bottom-up approach.
Therefore, the effectiveness of any urban freight policy will largely depend upon the
intersection of these two approaches.

The gap between the operational measures that are already widespread and the missing,
though extremely indispensable, strategic orientations represent an excellent opportu-
nity for the application of IT tools to urban freight management. These opportunities
will reveal themselves in the years to come in two major areas: i) increasing efficiency
enforcement; and ii) collecting data to continuously monitor and adapt the existing
system parameters to the dynamic user needs.

Urban freight transport is extremely complex and heterogeneous and especially when
compared with passenger transport the diversity of mobility patterns is much higher.
In this sense, it is very difficult to identify common characteristics in the requirements
of the different agents involved in this process. In addition, for each type of product
there is a huge variety of requirements, which will result in different decisions regarding
transport (for example vehicle type and dimensions, pick-up and delivery times, etc.).
Simple aspects such as supplier selection may imply different requirements, even for
the same product category.
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This heterogeneity and diversity of requirements leads to a multiplicity of perceptions
from the different types of problems, resulting in different concerns to the several ac-
tors involved in the urban freight distribution process. For instance, the private vehicle
drivers feel prejudiced when a freight vehicle delays them by reducing road capacity
when performing a loading or unloading operation. However, these drivers are precisely
some of the clients for the transported products. On the other hand, retailers value the
products that their suppliers deliver but regret the fact that a potential parking space for
their clients is dedicated to loading and unloading operations. In the same way investors
in shopping centres see the space they are forced to provide for loading and unloading
operations as non-profitable space. Finally, urban planners often face problems related to
space provision for freight vehicles operations. All these examples confirm that the vast
set of activities associated with urban logistics lead to an enormous variety of conflicts
and problems, which obviously raise difficulties to any attempt of systematisation. Each
actor of the urban freight distribution system has its own perception of the different
problems, resulting in conflicts between the different users of the urban space.

The benefits of freight distribution are not so visible for the end consumers when
compared with the disadvantages. In fact, drivers of private vehicles are more indul-
gent to congestion generated by other private drivers than to capacity reduction due to
freight vehicle operations. But if it is accepted that freight distribution is as important
as passenger transport for the functioning of cities, it is also true that there is a major
potential for optimising certain steps of this process.

In this context it is obvious that the starting point for the application of IT tools to
the urban freight field is to develop a deep and clear understanding of the different user
needs and requirements. This will allow the search for equilibrium between the different
interests, reaching minimum satisfaction levels for each of the private actors involved,
therefore promoting economic efficiency in a private perspective. On the other hand,
it should also decrease the impacts in the external dimensions of the freight system,
aiming at protecting society from the negative impacts of freight distribution, therefore
promoting the economic efficiency in a collective perspective. The movement of urban
goods raises a fundamental problem in urban living conditions that is to find an accept-
able balance between these conflicting interests (Ogden, 1992).

To achieve this balance a complex functional structure is needed to provide services to
both business agents and private users (eDRUL, 2002), with co-ordination of logistics
services and co-operation between different logistics operators. The main focus is on
business user categories, and on ways to improve efficiency of the logistics system in the
framework of urban mobility policies. However, private actors like consumers and the
customers of goods have to be regarded as an important node of the overall business
process organization. This is the function of the e-Logistics Agency which is introduced
in Chapter 4. 31
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2.1 Local Authorities

Urban freight distribution represents an essential activity for the economic and social
development of urban centres by sustaining the actual living styles and the retail activi-
ties. An efficient distribution system may significantly contribute to regional economic
prosperity, not only through the optimisation of the transport costs and other logistics
activities, but also by revenue and employment generation, crucial factors to the com-
petitiveness and wealth of metropolitan areas.

Any policy conceived to cope with the urban freight distribution problems should
address not only the economic aspects, but also environmental and social issues, includ-
ing the reduction of the conflicts between urban space users.

It is precisely because of its complex nature, involving a large number of interests and
issues, that the resolution of urban freight problems has been so difficult and in some
cases systematically postponed.

If the urban freight distribution market was free of any type of operational restrictions,
it is certain that all private companies would plan and execute their operations in such
a way that the costs associated with these operations would be minimised, that is, they
would only consider the specific parameters of their business (for example transport,
warehousing, handling, etc.), however ignoring any environmental and social issues.
For this reason it is essential to ensure the role of entities responsible for managing the
public space and planning the private spaces, namely by adopting policies, regulations
and enforcement methods which aim at establishing and effectively implementing rules
that try to internalise all or part of the external costs generated by freight distribution.

However, these interventions should also seek for a trade-off between these external
costs and the associated interference in the private companies” activities, as the market
should still make the operational decisions, in order to ensure an efficient production.
Nevertheless, it is likely that certain problems will not be solved if left to the market
self regulation, therefore local authorities and central governments should intervene
in a steering role, that is through regulation and monitoring of market behaviour and
performance.

As already stated, the ideal performance of the authorities, when it comes to urban
freight distribution would be to try to internalise most of the external costs, transfer-
ring them to the entity responsible for its generation, therefore protecting the public in
general from these negative impacts. As an example of this type of internalisation process
one could refer to the case of safety or noise emission reduction devices, in which the
additional costs imposed are in reality an internalisation of external costs. This principle
can be extended to other aspects of urban policies, namely the ones related with land-use
planning and access regulation of distribution vehicles.

In fact, due to its nature, the private sector planning and financial objectives are ex-
tremely limited to the concerns directly related with its operations. On the other hand,
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private agents tend to accept the inefficiencies of the transport system, thus avoiding
resource consumption in its eventual minimisation, because they believe that this will
not have a proportional return in terms of profits. For these reasons, the decisions seen
as optimal from a private perspective may not be so if seen from a wider perspective.
How far government intervention should go in these types of systems will continue
to be an issue of debate, however, it is already clear that central and local authorities
should attempt to change private companies selfish objectives, inducing behaviours that
internalize certain external costs.

As the institutional entities responsible for the planning and control of urban mobility
policies, Local Authorities are also one of the system users. For instance, it is important
that these entities have direct access to information regarding the logistics system in
order to be able to follow policy implementation as regards urban logistics processes,
and to perform adaptation and re-planning.

The overall objectives of local authorities and service providers show many similarities
in various cities. Since the local authorities deal with a wide diversity of stakeholders
their objective is focused on the functionality and long-term sustainable development
of the city. eDRUL (2002) suggest that in general they can be summarized in the fol-
lowing common objectives:
¢ To alleviate traffic congestion and reduce the number of heavy trucks in the city;

* to foster sustainable economic development;

* to maintain accessibility of the (historical) town centres;

* to maintain the attractiveness of the city for residents, tourists and commercial or-
ganizations; and

* to encourage optimal use of urban spaces, with a special emphasis on loading and
unloading spaces and parking spaces.

2.2 Freight Transport Service Providers

This group of stakeholders is responsible for the transport operation itself and therefore,
is obviously the main user group addressed although they can be divided into two dis-
tinct markets, long haul transport or urban distribution transport. For further purposes,
freight transport providers are hereinafter distinguished between transport operators and
urban delivery service providers. The former may include private or public organizations
providing various forms of goods transport services on a long/mid distance scale. These
include, for instance, forwarders and courier services. The latter, includes transport com-
panies typically operating with vans and small trucks, specifically dedicated to transport
operations and deliveries within the boundaries of the urban area.

At the time of writing, the companies which have transport services as their core
business dedicate themselves to other complementary activities in order to offer a more
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competitive service, such as: load consolidation, packaging, warehousing, documenta-
tion processing, etc.

The transformation of raw materials implies many production processes to which
transport connections may be associated. In many sectors, companies have dedicated
themselves to the core activities of production, sub-contracting the complementary tasks,
in which transport is included. This process of vertical disintegration may increase the
amount of transport connections to the supply chain and requires a higher degree of
co-ordination and communication between the different agents involved in the chain.

The trends for these types of actors in the short and medium term will involve the
establishment of some type of co-operative relations, especially to small and medium
operators, so that they can reach economies of scale. These changes will obviously imply
some loss of business-related independency and will be based upon the willingness to
co-operate with competitors, and are therefore strongly dependent upon human factors
and business strategic games.

In this context the objectives of fleet and transport service providers can be summa-
rized in the following aspects (eDRUL, 2002):

* To lower transport costs / maximize profit;

* to provide high quality services and maintain relationship with clients;
* to expand activities;

* to relieve traffic congestion and reduce traffic pollution; and

* to minimize trips of large trucks at low loading level.

23 Retailers

Commercial operators represent the second main type of business actors and include
shops, regarded as the commercial activities located or operating services in the city
centre (e.g. shops, shopping centres and malls, retail points, etc.). This user category
also includes the suppliers (e.g. wholesale dealers, distribution centres of large retail
networks, etc.) directly supplying goods to shops.

Retailers are the last link in the supply chain, providing final consumers with products.
Generally, they sell small quantities to customers and not to other businesses. Because
they are precisely the last link in the chain, they are able to have a more clear view of
the consumers’ preferences and even influence their choice.

These types of actors may carry out their functions in different types of establishments:
i) small independent stores, ii) groups of small stores under the same name and selling
the same products, iii) neighbourhood supermarkets, and iv) large supermarkets usually
belonging to huge enterprises and selling an enormous variety of goods.

In the last ten to fifteen years, the retail sector has been in the first line of logistics
innovation in many countries, mainly by recognising the importance of supply chain
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management in order to satisfy the different and demanding needs of the final consumers.
Just to mention some examples, the biggest retailer at global level, the Wal-Mart chain,
has always been in the forefront of logistics innovation mainly by its communication
and information systems as well as its centralised distribution systems. The Benetton
chain is also a good example of innovation and success due to its totally automatic stock
management systems and by using EDI (Electronic Data Interchange) to perform data
transmission related with supply requests. Its management strategy has contributed to
reach the fastest production cycles ever accomplished by the clothes industry.

One of the main interests of the retailers is to reach high efficiency levels within its
operation, mainly by reducing operational costs (for example transport, warehousing,
etc.). On the other hand, they also wish to increase the sales volumes, leading not only
to an increase in the profit margin, but also the product flows requested to its suppliers.
In fact, many retailers, after reaching the break-even (coverage of operational costs by
the sales income) dedicate their operation until the end of that month to maximise sales
volumes, manly through discounts to its clients.

The objectives of the commercial operators naturally focus on optimizing their busi-
ness operations (eDRUL, 2002) and may be summarized as:

* To minimize delivery costs / maximize profits;
* to expand retail / core activity;

* to gather new clients;

¢ to reduce stocks; and

* to increase service towards clients.

2.4 Consumers

Consumer demand has become extremely sophisticated, with a continuous need for
introduction of new innovative products that are themselves the drivers of new needs.
Trends follow one after the other causing the reduction of the product life cycle. Pro-
ducers are forced to produce and distribute more quickly, not only to decrease the risk
of surplus stock, but also because their competitors do the same.

Facing the increasing expectations of consumers, both producers and retailers adopt
a more flexible and agile attitude. Companies introduce production methods which
allow a high level of product diversity through modular and flexible processes. One of
the consequences of such phenomenon is precisely the freight distribution of smaller
quantities, though more frequently.

The introduction and growth of eCommerce has also brought deep impacts into the
urban distribution system. In this type of commerce the shop is suppressed and the direct
delivery implies strong demands from a logistics perspective (the “last mile” problem)
(OECD, 2003). Most eCommerce operators do not have their own vehicle fleet, therefore
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they rely upon the postal services transport or express carriers services. It is certain that
the continuous growth of the sales volumes will, in the short or medium term, lead to
the insufficiency of such distributions channels to satisfy the demands.

The objectives of the consumer reflect both objectives regarding delivery of goods,
tourism and urban environment (eDRUL, 2002) and may be summarized as:
* To reduce traffic congestion, noise, air pollution and accidents;
* to upgrade availability of the city centre for visitors and tourist; and
* to protect consumer’s rights and interests.
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CHAPTER 3

Freight Distribution Schemes and Business Models in urban areas

K Markworth, G Zomer, H Jess Jensen

3.1 Introduction

Freight distribution is becoming more and more important in modern life. Customers
expect a wide and growing variety of services in the local area e.g. shopping and leisure
facilities and recreational areas. However, most of these functions need some sort of
goods distribution in order to provide the necessary services for the customers. This
means a steady supply of goods to the commercial operators and thus a growing freight
distribution in these areas which can cause severe annoyance to inhabitants and the users
in terms of air pollution, noise, vibration, congestion and the visual environment.

At the same time some areas are more sensitive than others to heavy goods distribu-
tion e.g. pedestrian areas or older parts of cities. At the same time these are often the
areas that have most traffic by goods vehicles due to their status as both shopping and
leisure centres. To keep a steady supply of goods to the commercial operators and keep
the areas attractive and at the same time to minimise the environmental effect of goods
distribution in these areas new solutions are to be developed.

This chapter gives examples of solutions for regulations and monitoring of goods
distribution in sensitive areas, e.g. historic town pedestrian areas, in terms of traffic
restrictions in Traffic Limited Areas (TLA). Alternative forms for goods delivery for
private customers and how to co-ordinate goods distribution among the actors within
the city logistics area is also considered.
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3.2  City distribution in Traffic Limited Areas under access restriction

Access restriction is a common solution used to regulate traffic in certain part of cities
e.g. TLA (Trafhc Limited Areas) and can be implemented in numerous ways involving
various actors. Traffic restrictions in cities are however often related to goods distribution
due to the impact to the surrounding areas and the citizens.

The most important element is to define the area in which access restriction is neces-
sary. The primary reason to use access restriction is to secure:
* an improvement in quality of life;
* climination of unnecessary congestion;
* efficiency in goods distribution; and
* environmental improvements.

Preserving quality of life in a city can be one of the reasons to implement access
restrictions. Unique elements could for example be old parts of cities, traffic through
recreational areas, pedestrian areas etc. The unique parts of a city are often some of the
most frequented parts by citizens and tourists. As a consequence heavy goods traffic in
these parts of the cities causes problems.

In certain areas goods transport is often the reason for severe congestion. The goods
vehicles are typically slow moving due to several stops along a delivery route. At the
same time goods deliveries in urban areas often take place in confined streets, which
adds to the problem.

Environmental improvements are however often the most logical motivation to im-
plement access restriction due to the fact that environmental improvements will be the
positive outcome of the restrictions. Less traffic equals less impact on the surrounding
areas.

The most common access restrictions are:

* related to the goods vehicle;
* related to time; and
* related to place.

3.2.1 Access restriction related to the goods vehicle
A rather new phenomenon in European cities is areas where specifications for freight
vehicles determine access. The restrictions to enter the environmental zones are based
on the vehicles specifications at the present time and could be manifested in several
types for example:

* age of vehicle;
* type of engine;
* |oad factor; and
* maximum tonnage.

Systems and Advanced Solutions for eLogistics in the Sustainable City



It is mainly up to the local authorities to define which types to use when establish-
ing access restrictions. The optimal use of the restriction types are built into the local
conditions and the objectives of implementing access restriction. Some are thus more
suitable in some cases than in others. At the same time the local authority also defines
the degree of the restrictions e.g. the maximum age or maximum total tonnage of the
vehicles entering the zone.

To implement access restriction based on vehicle types it is necessary to have extensive
knowledge of the vehicle fleet in order to secure a steady supply of goods to the com-
mercial operators in the restricted area.

Access restrictions based on vehicle data can however be difficult to control for the
authorities. For example it is not possible for the enforcement agencies on sight to con-
trol how old the vehicles are or type of engine in each vehicle entering the area. These
problems can be solved to some extent but there will always be exemptions. Stockholm,
Gothenburg, Malmo, Lund and Copenhagen have already implemented a scheme for
access restriction formed as an environmental zone.

3.2.2 Time access restriction

Access restriction based on time windows (time intervals when it is legal to enter the
area/zone) are primarily used to keep goods traffic away during rush hours to secure
pedestrian mobility in the pedestrian streets during “shopping hours” (see Figure 3.1).
“Pedestrian Street” is written at the top of the sign. The text below allows daily (and
Saturday) goods distribution between 05:00-11:00.

Time access restriction is relative easy to control because outside the time window
goods vehicles are not allowed to enter the TLA. Time
restriction can in some sense be very inflexible. The
restriction does not leave room for commercial opera-
tors who either open late or have late opening hours.
In order to service these commercial operators the local
authority has to grant them permission.

3.2.3  Access restriction related to space

— The last type of access restriction mentioned in this
"Vﬁg.lel{‘:;t“‘ chapter is related to space. This type of access restric-

5-11 (5-11) tion can be introduced through parking restrictions.
— The parking restrictions can be used as an element to
regulate goods traffic through other corridors to the

commercial operators and to use alternative drop off

Figure 3.1: . .
Ti?n e restriction sign for pedestrian  POINCS for example using backdoors to drop off when
areas in Denmark available.
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Loading and unloading zones can be established alongside parking restrictions in the
traffic restricted area. In this scenario strategic locations in the area are identified as focal
points for goods deliveries. As with time restrictions access restrictions related to space
are easy to control for the local enforcement agencies.

3.2.4 Conclusions

In order to secure lively and attractive city centres goods distribution is a necessity. By
using access restriction it is possible to reduce the negative effects of goods distribution
in Traffic Limited Areas. Traffic restrictions can basically be built on three elements:

* time;

¢ the vehicle; and

* use of space.

Which type to use depends on the local conditions and the objectives of implement-
ing access restriction. At the same time it is necessary to keep a strong law enforcement
strategy in order to secure the restriction functions as planned.

3.3  Customer-driven goods delivery services through the use of special
infrastructure

The concept of customer-driven goods delivery services through the use of special in-
frastructure is another business scheme in urban logistics. This scheme is based on the
concept of goods delivery to the end user at an intermediate easily accessible collection
location (possibly indicated by the customers from a list of available collection points)
instead of the traditional door-to-door delivery. Several concepts will be discussed in
this section and some conclusions will be drawn. These concepts are goods delivery via
attended collection points, goods delivery via unattended collection points, and the
park-and-buy concept. The first two concepts are both alternatives for home delivery
in the distant selling market; the park-and-buy concept involves a service that makes
shopping and sightseeing more convenient.

3.3.1 Distant selling turnover
The distant selling market in Europe represents a sales figure of over 50 billion Euros
per annum and an average sales per capita of some 130 Euros. This trade sector employs
roughly 400, 000 people, of which 200, 000 are directly in the mail-order companies and
at least another 200, 000 are in ancillary jobs (post offices, telecoms, printing etc).
When defining distant selling, the element of “distance” and the fact that consumer
and company do not meet “face to face” is fundamental. The information concerning
the range of goods and services is given by way of a multitude of commercial commu-
nications: catalogues, mailings and such printed documents, telephone, call centres,
television, the Internet etc. Also essential is the “right to return” the goods or to cancel
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the order within a period of at least 7 working days. The products offered can be dis-

tinguished as follows:

- alarge range of goods, comparing with any high street store, including textiles, cloth-
ing, electrical goods, furniture etc.;

- a specialized range of goods, such as books, compact discs, computer hardware and
software, cosmetics, wines, plants and bulbs; and

- services like insurance cover, holidays, correspondence courses, financial services and
consumer credit.

The distant selling market in Europe is still smaller than the US market (88 billion
Euros in 2001). In 2002, total turnover of the countries represented in the European
Mail Order and Distance Selling Trade Association (EMOTA) was 54 billion Euros. In
1990, this was only 33 billion Euros, which means that the market grew on average with
3.2% each year. Figure 3.2 (below) shows the market development since 1990.

The growing penetration of e-commerce needs careful fulfilment of the orders re-
ceived and the delivery of parcels. Therefore, the need to enable reliable, affordable
and market-oriented postal services is and remains of the utmost importance. Postal
administrations and other dedicated service providers should therefore listen carefully
and respond adequately and creatively to the needs and wishes of this sector with respect
to the market and the customers. Customers demand low rates, high quality of service,
reliability, accountability and flexibility. For a growing group of customers, an important
user need is that they do not want to stay at home in order to receive the parcel. Postal
offices have begun to develop new and dedicated services for this market. But not only
postal offices develop such concepts; dedicated service providers like Kiala have also
developed services for flexible fulfilment of distant selling orders. The concept of col-
lection points, either attended or unattended, provides for those needs.

3.3.2 Customer driven goods delivery via attended collection points

One of the providers of dedicated services for delivery of distant selling goods using attended
collection points is Kiala. Kiala has set up a network of take-out stores (Kiala Points), al-
lowing customers to pick up, pay and return their parcels quickly, where and when it suits
them best. The Kiala points network consists of nearby stores (grocery stores, newspaper
stands, gas-stations, etc.), which allow easy access, long opening hours - even during the
weekend - quality service and secured storage space. As a consequence, the customer can
optimise his time by picking up his/her parcels at a place of his/her own choice.

The network is supported by a unique technology platform that automates most of the
activities involved in the transportation and delivery of parcels, thus raising productiv-
ity and lowering costs to the minimum. The heavy administrative tasks and sources of
errors disappear from the delivery process. The application also manages the numerous 41

Freight Distribution Schemes and Business Models in urban areas



42

and complex data flows going from and to end-customers, direct selling companies,
‘delivery points’ and transportation partners. As a consequence, the customer can track
and trace his/her parcel on the Kiala Internet site and he/she is immediately notified of
the arrival or of the delay of his/her parcel on his/her home telephone, mobile phone
or by e-mail.

Currently (beginning 2004), Kiala delivers more than 30, 000 parcels each day in
Europe, using a network of 4, 200 pick up points in France (3, 500), Belgium (300)
and The Netherlands (400). In Belgium, the network is almost operating at full capac-
ity, delivering about 25 parcels per pick up point each day. France has also shown a
remarkable growth. Hardly one year after starting the operations in France, France is
now responsible for 70% of the consolidated volume.

Since Kiala began at the end of 2001, the consolidated volume of parcels has grown
each quarter on average by 47%, as can be seen in Figure 3.2.
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Figure 3.2: Distant selling turnover

Pakje Gemak

TPG Post started in August 2002 with a new concept for distant selling deliveries, called
"Pakje Gemak’. Consumers can choose to have the parcel delivered to one of the 500
pick-up-points (supermarkets, bookstores, etc). The consumer can choose a suitable
moment to pick up the parcel (on the way home after work for example). Partners like
Kijkshop.nl offer this service to their customers.
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Afhaalpost — Postkantoren BV

Postkantoren BV is a joint venture of ING (50%) and TPG (50%), who have started
the concept of ’Athaalpost’. The concept has similarities with the PakjeGemak concept,
but differs in some crucial aspects. The pick-up-point network consists of 800 post
offices or post service points. The concept includes a payment service, which makes
it interesting for an additional group of retailers. The retailer does not take the risk of
doubtful debtors, while the consumer can choose a suitable moment to pick up the
goods. Afhaalpost is a logical extension of the current practice of handling of packages
and shipments (reliable, good back office). Athaalpost started offering their service to
Bruna.nl (books, DVD’s etc) which is also a 100% subsidiary of Postkantoren BV. Cur-
rently, the Afhaalpost-service is no longer offered at the website of Bruna.nl.

3.3.3  Customer driven goods delivery via unmanned collect points

Packstation — Van Gend and Loos Euro Express

Packstation is a concept from DHL (Deutsche Post) using unattended collection points
(see Figure 3.3). Packstation offers customers in commercial and consumer markets the
opportunity to collect their parcels from locker points 24 hours a day, at a time that
suits them. The locker system has special access codes for customers and is currently

provided free of charge.

Figure 3.3:
Packstation
from DHL

Packstation is a new service that meets the needs of the consumer (B2C) and business
user (B2B). It is an ‘end-to-end’ logistic process that gives users maximum freedom in
choosing the moment to receive the goods. For people often on the road - like service
engineers and sales representatives - it offers easy access to the materials they need. They
can collect these from a Packstation immediately after receiving a SMS message that
the package has arrived. Packstation is also ideal for customers or mail order companies
and Internet businesses because they can order when they like and decide for themselves
when they will collect the package.
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In the current situation the B2C market implies home deliveries. This means that
the consumer needs to be at home to receive the package. The courier has to call the
consumer on average 2.5 times in order to deliver the package. For the consumer this
means inconvenience and a decrease in speed of delivery. For the freight operators it
means increased costs of delivery (the “last-mile problem”). Packstation is able to offer
a solution to this problem.

A trial has been carried out at 15 places in Amsterdam and Eindhoven (McDonald’s
restaurants, BP stations and public areas). As part of the pilot, several branches of
Selektvracht, one of Van Gend and Loos Euro Express’s business units have also been
designated as attended Packstations.

Experiences with the Packstations in The Netherlands pointed out that the volumes
were not large enough to expand the concept in The Netherlands. An important conclu-
sion was that the concept of unattended pick up points did not satisfy customer’s demands
in the B2C market. These customers appreciate the human aspect (opportunity to give
feedback or complaints) in attended pick up points. On the other hand, the concept of
unattended pick up points suits the market for B2B deliveries very well (sales representa-
tives, agents, maintenance servicemen). Deutsche Post did not continue the pilot in The
Netherlands, but the Packstations are a huge success in Germany. On the heels of the
successful pilot project in Dortmund, Mainz, Frankfurt am Main, Offenbach and Bad
Vilbel, Packstation is being expanded: from the spring of 2004 the service is available
in cities like Munich, Cologne, Berlin, Hamburg, Wiesbaden and Darmstadkt.

44 Figure 3.4: Planned Via Collect points in Rotterdam
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Via Collect

Via Collect takes the challenge for delivering ‘the last mile’. The goods are not delivered
directly to the customer’s premises, but to Via Collect collection points, which are situ-
ated at strategic locations near the main motorway network (like Park and Ride sites).
Customers collect their goods themselves at these collection points and do not even
have to leave their car.

The first Via Collect points have been set up in the region of Rotterdam, where the
very first location was running from the beginning of 2002. Via Collect is supported
by the European TELLUS project.

The project was not successful and was terminated in 2003 because of the very low
volumes. The low volumes were mainly caused by the high price for the service.

3.3.4 Park and Buy

This service allows “hands free shopping” to customers purchasing heavy or bulky goods
during shopping or sightseeing and having the problem of carrying their purchases to
the car parked outside a limited access zone or to the hotel where they’re lodging. An
example of this park-and-buy concept is being implemented in Siena within the eDRUL
project. This section describes the main characteristics of the workflow.

The customer is offered this service by the shops and, in case he/she is interested,
he/she indicates the time within and the place where the goods have to be delivered.
After paying a small fee he/she gets a receipt for collection. When the customer accepts
this service the shop operator contacts a Logistics Agency (via dedicated web services or
a call centre) and provides information about the pick-up place, the delivery place, and
the expected delivery time.

When the shop operator has sent his request, the Logistics Agency calculates and opti-
mizes the load and the route of some local delivery truck and provides the shop operator
with some choices about the calculated trips’ delivery schedule. When the user confirms
one of the solutions proposed by the Logistics Agency, the new route will be uploaded
to the urban delivery van using wireless technology and hand held computer.

At the given time the urban delivery van driver will pick up the goods from the
shop and will deliver them to the selected place. When the parcel has been delivered
the operator, using its own hand held computer, will communicate with the Logistics
Agency. The Logistics Agency could transfer this information to the end customer, (if
that suits him), in order to notify that his parcel has been delivered by sending an SMS
message. Finally the customer presents the receipt when paying for the parking (or when
entering the hotel) and collects the goods. The Via Collect concept in Rotterdam was a
good example of this flow. Experience with Via Collect shows that price setting is crucial
to the success of the concept.
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3.3.5 Conclusion

The concept of offering alternatives for home delivery undoubtedly has a great potential.
Nevertheless, the concept can only be implemented successfully when offering a full
nationwide coverage and enough volume. This requires support from the large mail-or-
dering companies. Only a few concepts will succeed in generating enough critical scale
to become commercially viable. Kiala and Packstation seem to have good prospects of
becoming one of the few successful European service providers.

Cities with many shopping tourists like Siena in Italy may also develop successful
local solutions for hands free shopping using pick up points.

3.4  Delivery through co-operation of network transport providers

There are many ways to improve goods distribution in cities. It can be done either by
access restrictions as described above, co-operation between the actors in the city logistics
chain or a mix of both. This part focuses on the co-operation between the city logistics
actors in the City of Aalborg, Denmark.

The City of Aalborg participated in the national project “Sustainable City Logistics
Solutions”. It was a tri-city co-operation between Copenhagen, Aarhus and Aalborg
supported by the Danish Ministry of Transport (described further in Section 8.4). The
objective of the project was to improve goods distribution in urban areas by developing
and implementing new ideas of city logistics solutions. Different approaches were used
in the cities. The key factor in Aalborg was however voluntary co-operation between
the members of the city-logistic actors.

The overall principle in the Aalborg trial was voluntary participation among the actors
in the city-logistisc area. A local forum with representatives from goods distributors, the
commercial operators, shopkeepers, local authorities and the police was formed in order
to develop new solutions for goods distributions based on local conditions in Aalborg.

The voluntary participation in this forum secured a high motivation among the partici-
pants in order to achieve results that everybody could gain from. A bottom up approach
was chosen to identify problems and create new solutions among the actors. The working
forum strengthened open discussion among the participants before implementation and
created a joint project identity among the participants. This meant that the participant
more openly agreed to change internal routines and administration in order to meet the
project objectives due to the fact that co-operation would create more synergy in the
city logistics area for the benefit of all participants. At the same time it opened up new
working relations between the members creating future partnerships.

The pedestrian area in the city centre was identified as the target area (see Figure 3.1).
It is a well defined area consisting of more than 220 shops and several leisure facilities
and most of the city shopping and leisure activities are confined to this area.
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3.4.1 Examples of co-operation

During forum meetings several solutions were agreed. The solutions agreed were a mix
of both physical solutions and changes in routines and creation of new co-operation as

shown in Table 3.1.

Solution

Implementation

A change in driving
direction

A change in driving direction was implemented to secure overall logical and optimal
goods delivering routes for the goods distributors.

Creation of loading and
unloading zones

Loading and unloading zones were created to reduce the congestion in the target
area. The loading and unloading zones were established in connection to the
drive-by-zones, see below.

Creation of drive by
zones

Goods distribution in pedestrianised streets often causes congestion. By establishing
drive by zones, the congestion has been reduced and the flow for goods distribution
has been more efficient. The drive-by-zones were established in a dialogue between
the shopkeepers, transport companies, police and local authorities.

Time access restriction

A general access restriction was set up in the time between 05:00-11:00. This
meant that the goods distributors should leave the pedestrianised streets before
11:00. To smooth the delivery process the shopkeepers agreed upon not putting
merchandise into the streets until after 11:00. This meant more available space
for the goods distributors to manoeuvre the vehicle and make optimal use of the

“Pick-up-shop”

The shops in the target area open at different hours. Normally this means that
it is necessary for the goods distributors to enter the pedestrian zone more than
once each day. The drop zone made it possible to drop goods at one shop to be
“picked-up” later by a shopkeeper next door or nearby.

Two persons in each
vehicle

Two persons in a vehicle were part of a frial in order to speed up the deliveries in
the pedestrian zone. The persons in the vehicles were not necessarily from the same
goods delivery company. The result of this solution was that it was not attractive
in economic terms

Creation of a consign-
ment note

A consignment note was designed by the fourth largest goods distributors of goods
in the pedestrian area. The idea of the consignment note was to encourage the goods
distributors to co-operate in delivering goods in the target area in order to reduce
the number of trips and vehicles to the area. The consignment note made it possible
for one goods company to hand over parcels to another goods company who was
going to the target area anyway instead of creating another trip to the area. There
were no complications or extra expenses for the receivers of the parcels. The result
was fewer long distance service providers in the pedestrian zone because they had
to deliver their parcels at a nearby terminal for the city distributor to deliver. The
consignment note is shown in Figure 3.5.

Table 3.1: Examples of co-operation between members in the logistic area in the Aalborg trial.
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Table 3.1 shows some examples of co-operation between the actors in the logistics area
in the Aalborg trial. The examples are primarily interactions between the distributors and
the shopkeepers. The co-operation between the municipality and the police was however
very important. The local authority had a role as facilitator of the trial and function
as the co-ordinator of the trial. The law enforcement agencies had to secure no rules
was broken by the measures in the trial. By creating the forum for logistic solutions all
members of the logistic area were represented which resulted in a short decision process
due to the fact that all the necessary actors were present to take direct action.
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Figure 3.5: Consignment note between the fourth largest goods distributors in the Aalborg trial

3.4.2 Results

In addition to the co-operation between the city logistics actors access restriction for
goods distribution was implemented in the TLA. Through the evaluation several sig-
nificant results were obtained. The most important results were:

* an average 5 minutes time reduction in delivering goods in the pedestrian area per

vehicle;
* improved working conditions among the drivers of the vehicles e.g. they were working
48 for the same objectives;
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* delivery on time to the shopkeepers; and
* a 1%-3% reduction in emissions in the TLA due to more efficient goods distribu-
tion.

3.4.3 Conclusion

In this section some examples of co-operation between actors of the logistics area during
the Aalborg trial have been discussed. However numerous examples can be found where
a co-operation between the actors of the city logistics area is achieved. The Aalborg trial
showed that it is possible to establish co-operation where all the participants benefit from
it. Furthermore the Aalborg trial showed high motivation as a success factor, this was
due to the fact that all the participants engaged in the trial participated on a voluntary
basis and in dialogue.
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CHAPTER 4

City Logistics Agency Concepts: B2B and B2C services

M Boero, G Ambrosino, A Saffron

4.1 Basic concepts

The objective of the integration of e-Commerce/e-Business services with the goods
distribution management IT platform to support operation of City Logistics Agency
relates to:

* integration of different actors of the city logistics chain through a multi-service, web-
based e-Business platform supporting on-line collaboration among logistics parties
and operation of a City Logistics Agency;

* decision support and aid to operation of logistics resources enabling integrated, flexible
demand-responsive goods distribution schemes integrated in the ITS urban scenario;

* provision of a number of networked services enabling easy interface of end-customers
of the logistics system.

Figure 4.1 provides a schematic illustration of the basic e-Business services for a City
Logistics Agency.

The Logistics Agency acts as a virtual organisation ensuring interoperation and coordi-
nation of different logistics service providers in a multi-organisation context. Despite the
physical location of the operators and the goods terminals, the different types of fleet and
the different booking systems and shop keepers requests, the I'T platform of the Logistics
Agency must ensure the management of the entire goods distribution service chain (from
customer booking to service planning, monitoring and control) as a unique entity. 51
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Fig.4.1: B2B/B2C
e-Business basic

concepts

Specifically, it is supposed that the Logistics Agency platform should be able to provide
and integrate the macro-operations/functions shown in Figure 4.2 below.
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Fig.4.2: Main functions and services for Logistics Agency scheme
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These functionalities have to focus on the optimisation of the goods distribution chain
and should represent the fundamental core of the Logistics Agency service schemes with
the aim to coordinate and monitor the overall goods delivery/pickup process, independ-
ently from the different freight distribution reference models operationally designed for
coordinating and integrating the urban logistics service.

4.2 A reference for city distribution services

Most European cities and urban areas have to face similar problems with freight distribu-

tion: increasing urban congestion; increasing pollution and deterioration of the urban

environment; increasing number, duration and costs of goods delivery trips; insufficient
service quality for both the different actors of the logistics chain and for the consumers.

In order to meet these problems, three main logistics scenarios can be identified; each

scenario matches different problems that can be addressed in European cities.
In summary, we can find:

* Scenario-1: addressing the city distribution in traffic-limited areas (TLAs) under ac-
cess restrictions. In this case the city has got a restricted traffic zone which makes it
possible to enter into town only if the freight transport service provider agrees with
the city access rules. In such a scenario, the purpose related IT platform is to offer
entrance, slots booking, load optimisation and route planning services to the differ-
ent carriers accessing the TLA for deliveries on the basis of load factor and emissions
requirements in specific time windows.

* Scenario-2: addressing the consumer-driven goods delivery services through the use
of dedicated infrastructures. In this scenario the goods are not delivered to the end
customer but to dedicated infrastructures (e.g. pickup points or take away stations),
avoiding the “last mile problem”.

* Scenario-3: addressing delivery through cooperation of networked transport providers
focuses on load consolidation operations. This is relevant in situations where goods
distribution services are operated by different freight transport service providers who
agree on sharing resources (i.e., load capacity, logistics bases, etc.).

Figure 4.3 provides a schematic view of service Scenario-1.

Scenario-1 addresses freight distribution in city protected areas (Traffic Limited Areas,
TLA) i.e. areas where access limitations to traffic is applied according to specific policies.
In city distribution Scenario-1, it is supposed that access to a TLA for inner deliveries
is allowed only to certain kinds of freight vehicles: i.e long-/mid-range freight vehicles
meeting some predefined conditions or authorised fleets dedicated to goods distribu-
tion in urban areas. The former type of vehicles will only get permission to access the
city centre by booking through the Logistics Agency. Booking is done via a call centre
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Fig.4.3: Overall reference scenario-1 city goods distribution

or the Agency Portal and the corresponding permits are released only in case the access
conditions are met.

When the access is granted, the corresponding permit (certificate) provides the speci-
fication of allowed operations, including: the date and time band allowed for deliveries,
the entry/exit gate, the route and sequence of consignees. Freight operators may also
book “unloading spaces”, in case they need a time for deliveries longer than the granted
time band. The access and delivery booking can be related to different subscribing mo-
dalities: long-term, regular access subscription (e.g. yearly, monthly, etc.); non-regular
access subscription (e.g. for a given day); subscription “on-the-fly”, by direct presenta-
tion at the access gate.

For those vehicles that do not meet the access regulation restrictions, the delivery will
be only possible through transhipment at the logistics base and consignment to final
destinations by urban fleet operators. This will be the case also for those freight opera-
tors willing to hand over the “last mile” operation to the urban delivery fleet. In such
cases, the Logistics Agency, besides booking services for long distance freight forwarders,
will provide support services for planning and managing the operations of the urban
delivery fleets: delivery planning, route planning, tracking and tracing, communication
with vehicle drivers through PDAs, etc
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4.3

eDRUL reference architecture

Figure 4.4 below presents a schematic view of the overall reference conceptual architecture
for the Logistics Services Agency. Different implementation of the architecture based on
local functional, technical and operational requirements can be identified.

Citizens [ Customers

U

Shops | Retall Operators

City Logistic Agency

Dalivery Planning
Route Planning
C apacity
Optimization

Fig. 4.4: Reference architecture of the Logistics Services IT platform

Opverall, the architecture includes the following main functional and service compo-
nents:

* anumber of tools and services in the City Logistics Agency for planning and manage-
ment of the goods delivery system, including support to the operators in managing
system information, data and geographical information related to the logistics network,
algorithms for distribution planning and optimization, etc.;

* the Web Interface which provides functionalities to Private Users (B2C) as well as
Business Users (B2B) like:

the front-end of e-Commerce services enabling the interfacing between the end-
customers and the goods retail/delivery system;

e-Business services accessible for the integration between the management centre

and the parties involved in the logistics chain (traders and sale points, wholesalers

and goods distribution centres, transport operators). It involves the functionalities 55
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for information exchange among the participating parties, the access and interac-
tion through the network of distributed services;

* both fixed and wireless communication infrastructures to support the flows of informa-
tion among the logistics operators and between the end-customers and the logistics
system;

* mobile terminals to ensure the exchange of information among the logistics planning
and operation services of the platform and the goods delivery fleet (using Real-Time
Data Exchange). These include on-board terminals in the vans and hand-held devices
(palm tops, cell phones) for operators involved in the deliveries.

Specifically, the Logistics Services Agency platform allows logistics operators to man-
age the following (macro) operations:

Classification Description

Logistics Agency Back Office Trip planning and management for goods collection and distribution

Management of available transport resources (vehicle capacities), particularly
if vectors belonging to different operators are used within the distribution
system

Management of the economic costs related to the goods distribution services,
particularly concerning the allocation of costs/revenues to the different vectors
integrated within the system

B2B Reception of purchase orders

Communication with the producers and the goods collection points (e.g.
notification of collection time, changes or anomalies in the service, etc.)

B2C Communication of information to the customers (e.g. planned fime of goods
delivery)

Communication / Infrastructure | Management of communication with the vehicles for routine operations of
goods collection and delivery

Management of communication and exchange of on-line and real-time
information with the different vectors within the distribution system

Table 4.1: Overview of main services supported by the Logistics Agency IT platform

These functionalities optimise the goods distribution chain and provide the funda-
mental core for coordinating and monitoring the overall goods delivery/pickup process,
independently from the different freight distribution reference models operationally

56 designed for coordinating and integrating the urban logistics service.
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Figure 4.5 shows the physical architecture of the generic Logistics Services Agency
system.

Logistios, (Virtuai ) O pevating Centre
Flamning & Portal Server

Managemernt Platom &
. § r\'lh . . T = =
e ok = Anns

CallCerer Ope @or !

Intemet SR T —Q =
i
. 4 mportcparnbr
\% uUrtan
o T Reat
Cpén or
M é
i ISP GPRS urban
s atud Raat

Fig. 4.5: The physical
architecture of the generic
Logistics Services Agency
system

Streetvanden

At a general level, the main components of the general Logistics Services Agency
physical architecture can be described as follows:

* The (Virtual) Operating Centre (VOC): The VOC hosts the Server Platforms of
Logistics Agency (Portal Server, Logistics Planning & Management Platform Server,
Firewall and DTMEF-System Server), the required network connectivity and provides
the working environment for the Call Centre Agent of the system.

The Server platforms can be described as follows:

* The Portal Server: the Portal Server implements and provides the e-Commerce and
e-Business functionalities (B2B as well B2C) to the users, who access the systems
through the Internet using ASDL, ISDN, GPRS, .....

* The Logistics Planning & Management Platform: This component implements
the planning and management module logistics processes of the Logistics Agency. 57
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This platform can also be accessed by the operators of the urban fleet using a Virtual
Private Network (VPN) connection directly through the internet.

* The interface between the portal and the IT Logistics Planning & Management
Platform are described in detail in Section 4.4 (and also in Figure 4.6). It uses TXP/IP
and SOAP communication for the data exchange.

* The DTMF-System (added service): This system can be used to provide the drivers
of transport operators a simple way to apply a drive-in or -out for the Traffic Restricted
Zone and for the registration of the use of loading and unloading spaces.

4.4  Enabling technologies

Different technologies, methodologies and components can be evaluated for their pos-
sible use in the Logistics Agency implementation. We will therefore give an overview
of one of these approaches: from our point of view one of the most profitable in the
current scenario. Indeed in the last years, the market and solutions available for all the
basic techniques panned for use within the Logistics Agency system have experienced
rapid expansion and evolution.

This approach is based on an open architecture approach and use of current and
emerging standards and guarantees the longevity of the developed ITS architecture over
the next years. Accordingly, one requirement of any component and basic service of this
architecture was to be modular and as loosely coupled as possible in order to allow a fast
integration of new available solutions and elements.

The main technological areas that can be related to the Logistics Agency develop-
ment include:

o Web Applications and Services. Web-enabled information and services are used for both
B2B elements — e.g. information exchange, resource sharing for logistics operators,
etc. — and for B2C elements — e.g. booking and information on delivery services for
consumers and goods customers. Standard Opensource can be used as:

Cocoon Open Source Portal Software

MySQL Database

- Java Server Pages / Servlets

Tomcat Servlet Engine
- Apache Web Server

* Order Management, Goods Dispatching and Trip Planning. This provides the basis of
logistics planning, management and control services. Various tools and products were
available on the market, addressing different steps and phases of logistics operations
(e.g. order managers, demand-supply managers, vehicle assignment models, route
planners, load optimizers, etc.) but on the other hand the development of a completely
new product should be more profitable.

1

1
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Communications, notification and personal delivery of information. The interaction with
the Logistics Agency implies exchange of information of various types between the
Agency and the different users, both business actors (B2B) and consumers (B2C).
These include, for instance: mobile phones, using GSM/SMS or GPRS technologies;
e-mail; specific web services accessible via WAP or GPRS. The overall approach was
to support “anytime and everywhere” access to information for users.

The communications services are implemented in the Communication Gateway. The
logistics platform communicates with the fleet and with other users through the gate-
way. The communication services must be used either from the vehicle/user terminal
or from the platform. With the communications module and on-board-units, such as
combination of mobile phone and PDA or an integrated device, it must be possible to
send the delivery schedules to the drivers. From the practical point of view the main
idea has been to provide the freight operators with modern and cost-effective tools,
and more importantly, these are standard devices using existing public mobile com-
munication networks. Thus, in general, no design or build-up of specific hardware
or dedicated physical communication structures has been needed.

In-vehicle and Mobile Unizs. Delivery operations is supported during trip execution
by both in-vehicle units and hand-held devices (palmtops, PDAs, new generation
mobile phones based on WAP and GPRS) in such a way that vehicle drivers and
goods delivery personnel can access dedicated services during, e.g., goods collect or
consignment.

Long-range, wireless communication. Wireless communication is instrumental to support
interactions and information exchange between the Logistics Agency and the different
actors. GPRS channels and UMTS (less tested up to this time at the experimentation
site) are available for this objective.

It is important to stress that a number of reference methodologies and standard

alternatives can be evaluated during design and development, particularly as regards
interfacing of architectural components, service interoperability and communications.
At different architectural levels it is possible to find:

Interface Layer: W3C software standards like XML, XSL, RDE SSL and B2B exten-
sions like ECML and TranXML, EDI, EDIFACT;

Network Layer: all standard protocols such as e.g. TCP/IE, HTTE HTTPS, WADR,
SMS, GPS, GSM/GPRS/UMTS;

Implementation / Application Layer: object-oriented languages (e.g. JAVA, E]JB
2.0, ...), service support standards (e.g. JINI, WSDL, UDDI), standards for semantic
interoperability of components (e.g. DAML, KIE KQML, OIL, UML).

Finally, the following methodologies and technologies were selected and used during

the implementation described further in Chapter 5:
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* Interface Layer: W3C software standards like XML, XSL, RDE SSL and B2B exten-
sions like ECML and also for the implementation of the interface SOAP;

* Network Layer: all standard protocols such as TCP/IP, HTTP, HTTPS, WAP, SMS,
GPS, GSM/GPRS;

* Implementation / Application Layer:
- object-oriented languages: JAVA, EJB 2.0, C#
- service support standards: WSDL, UDDI
- for semantic interoperability of components: UML 2.0.

Figure 4.6 below presents a schematic view of the overall software architecture and
the use of some of the technologies and components.

Fig. 4.6: Schematic view of the overall software architecture of the Logistics Services Agency
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CHAPTER 5

eBusiness and eCommerce sw techniques
B Wild, A Saffran, L Vosilla, P Eloranta

5.1 Introduction

eDRUL — eCommerce Enabled Demand Responsive Urban Logistics — (IST-2001-
34241) is a 30 month project initiated under the EU Research and Technological De-
velopment programme Information Society Technologies (IST). The aim of the project
is to investigate, develop and validate innovative IST platform and e-commerce-based
service models for improved management of freight distribution and logistics processes
in urban areas.

The general concept of the system developed in the eDRUL project draws on the
application of the system components using modern communication techniques like
the Internet. Therefore most parts of the system have to be available via what techni-
cians call a “portal”. Thus the portal will be used as a starting point of the description
of Information and Communications Technologies for Freight Distribution Systems.

Starting from a general introduction of the important and modern information tech-
nologies used to-day in the implementation of a portal architecture like in eDRUL, this
chapter decribes the communication and integration technologies required to publish
information services from sub-systems.

Where appropriate, examples of the techniques used in the eDRUL project are present-
ed. Next the architecture of eDRUL is described, showing the technologies used. Then,
the results are summarized and an outlook on further developments is offered. Finally,
recent advances in fleet management and in-vehicle technologies are highlighted. 61
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5.2  Information Technologies

5.2.1 Portal Technologies
A “portal” (Web Portal) offers a broad range of resources and services, such as e-mail,
forums, search engines, on-line shopping malls and a “.. portal combines different in-
formation from the Web, corporate databases and applications into a single point of access
using Web browsers and search technology” (Computer World, 1999).
The main qualities which can be identified for portals are:
1. Navigation
2. Data Integration
3. Personalization
4. Notification
5. Knowledge Management
6. Application Integration
7. Infrastructure Services

For the implementation of these qualities, several techniques are used and necessary.
The principles of the main techniques are introduced below, concentrating on the tech-
niques used in the eDRUL project.

Figure 5.1:
The eDRUL Portal
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J2EE

J2EE is a platform independent, Java centric environment from Sun for developing,
building and deploying Web-based enterprise applications on-line. The J2EE platform
consists of a set of services, APIs, and protocols that provide the functionality for devel-
oping multi-tier, Web-based applications.

Some of the key features and services of J2EE:

* At the client tier, J2EE supports pure HTML, as well as Java applets or applications.
It relies on Java Server Pages and servlet code to create HTML or other formatted
data for the client.

* Enterprise JavaBeans (E]Bs) provide another layer where the platform’s logic is stored.
An EJB server provides functions such as threading, concurrency, security and memory
management. These services are transparent to the author.

* Java Database Connectivity (JDBC), which is the Java equivalent to ODBC, is the
standard interface for Java databases.

* The Java servlet API enhances consistency for developers without requiring a graphical
user interface.

JSP
Java Server Pages are an (server-side) extension to the Java servlet technology developed
by Sun. JSPs have dynamic scripting capability that works in tandem with HTML code,
separating the page logic from the static elements — the actual design and display of the
page — to help make the HTML more functional (i.e. dynamic database queries). A JSP is
translated into Java servlet before being run, and it processes HT'TP requests and generates
responses like any servlet. However, JSP technology provides a more convenient way to
code a servlet. Translation occurs the first time the application is run. A JSP translator
is triggered by the jsp file name extension in a URL. JSPs are fully interoperable with
servlets. You can include output from a servlet or forward the output to a servlet, and a
servlet can include output from a JSP or forward output to a JSP.

JSPs are not restricted to any specific platform or server. It was originally created as
an alternative to Microsoft’s ASPs (Active Server Pages). Recently, however, Microsoft
has countered JSP technology with its own ASPNET, part of the.NET initiative.

XML

XML (Extensible Markup Language) is a simple, very flexible so called markup language.
The development of this language started in 1996, the first W3C recommendation was
published in February 1998'. XML was originally developed to overcome the limita-

! For further information and more background to XML see Fowler et al (2002); http://www.w3c.org/XML/; heep://
www.computer.org/internet/xml/xml.tutorial. pdf
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tions of HTML. One main purpose was to develop a language which supports dynamic
contents on web pages. HTML is quite good for presenting static data but has some
limitation in showing dynamic data. If dynamic changes of a web page are required,
and for usage of HTML it is necessary, the content has to be generated each time on
request. So, XML was originally designed to be used in large-scale electronic publishing
but is now the pro-forma standard for exchanging data (not only in the World Wide
Web). Using XML, it is possible to define any number of elements that associate mean-
ing with data.

Basically, an XML document is very similar to HTML. If we are discussing XML
documents, we speak about well-formed XML-documents; they start with prolog and
contain exactly one element.

<company>
<companyname region="US">
Fast and Furious Transport Ltd.
</companyname>
<street>
Fast Street
</street>
<city>
Lisbon
</city>
<type>
Long Distance Service Provider
</type>
</company>

Figure 5.2: Example for XML

Webservices

A Webservice is a XML-based application which provides functionality in the form
of programs, objects, databases or business functions. For this purpose, the calling pro-
gram sends a XML-document in the form of a message through any kind of network
(Local Area Network, Internet, ...) to the Webservice. The Webservice may reply, also
sending a XML-document®.

In the eDRUL project, the general concept described above is used in different stages.
Due to the large distance of the software partners and due to the different experiences and
preferences of the partners concerning the development systems (mainly Microsoft.Net
and Sun Java), an early decision was taken to use Webservices for the implementation

2 To make this communication easier, Webservices provide the definition of the messages, of the interface, in a Web-
service Description, provided in the Webservice Description Language.
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of the interfaces between the different parts of the eDRUL system. Another important
point for the decision was the fact that it was possible to divide the system to be devel-
oped into modular parts, with differentiated functionality.

Database
XML Messages Application
Adapter to Legacy
Systems
Business Functions
Figure 5.3:
General Concept
of Webservice

Interfaces

Computer W ation PDA

i)

Logistics Planning /scheduling

i

I

)
-

Figure 5.4: Use of
SOAP in eDRUL 65
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WSDL

The Web Services Description Language (WSDL)? is a XML-based language used to
describe the capabilities of a Webservice. In the WSDL file of a Webservice, one will
find all information such as the definition of the interfaces, the data and message types,
the interaction patterns and the protocol mappings.

POST /eWebFunctions/WebLdtomgm.asmx HTTP/1.1
Host: edrul-develop.softeco.it
Content-Type: text/xml; charset=utf-8
Content-Length: length
SOAPAction: “http://edrul-develop.softeco.it/eWebfunctions/WemLdtoMgm.asmx/AddTruckToFleet”
<?xml version="1.0" encoding="utf-8"7>
<soap:Envelope xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema”
xmlns:soap="http://schemas.xmlsoap.org/soap/envelope/”>
<soap:Body>
<AddTruckToFleet xmIns="http://edrul-develop.softeco.it/eWebfunctions/WemLdtoMgm.asmx">
<ilLdtold>
<mLaUserld xmlIns="http://edrul-develop.softeco.it”>long</mLaUserld>
<mPoUserld xmIns="http://edrul-develop.softeco.it”>long</mPoUserld>
</iLdtold>
<iTheTruck>
<mPTruckld xmlIns="http://edrul-develop.softeco.it”>long</mPTruckld>
<mLTruckld xmlIns="http://edrul-develop.softeco.it”>long</mLTruckld>
<mTypology xmlIns="http://edrul-develop.softeco.it”>
<TypologyName>string</TypologyName>
<Version>long</Version>
<Width>long</Width>
<Height>long</Height>
<Length>long</Length>
<mTypologyld>long</mTypologyld>
<mTranspVolume>long</mTranspVolume>
<mTranspWeight>long</mTranspWeight>
<mpPollutionLevel>string</mPollutionLevel>
</mTypology>
<mHandyNumber xmlns="http://edrul-develop.softeco.it”>long</mHandyNumber>
<mNumberPlate xmlIns="http://edrul-develop.softeco.it”>string</mNumberPlate>
</iTheTruck>
</AddTruckToFleet>
</soap:Body>
</soap:Envelope>

Figure 5.5: Example of a WSDL (clipping)

3 WSDL is very often mentioned in connection with UDDI (Universal Description, Discovery and Integration).
UDDI is a Webservice discovery mechanism which is used for storing and categorizing business information and
retrieving pointers to Web services interfaces. So, for example, it is possible to get the description of a Websevice (in
the form of the WSDL) from the UDDI.
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Figure 5.5 shows part of a WSDL file. This WSDL implements a Webservice for adding a
truck to a fleet. This service is provided by the “Logistics Planning/scheduling” component
of the eDRUL system. In this description the following information can be found:

* the name of the function: AddTruckToFleet
* the parameters needed:
— the typology information
- width
- height
- length
- transport volume (mTranspVolume)
- transport weight (mTransp Weight)
- pollution level
— additional information
- mobile number (mHandyNumber)
- license plate (mNumberPlate)

UML

The Unified Modeling Language (UML) is a general-purpose mainly graphical notation
(language) specifying and visualizing complex software, especially large, object-oriented
projects. UML is consequently the successor of the wave of object-oriented development
concepts that appeared in the late ’80s and early *90s. UML went through a standardiza-
tion process with OMG (Object Management Group) and is now standardized in the
version 2.0.

Extract: Object Oriented Design & Programming

The Object Oriented Design is a software design method that models the characteris-
tics of abstract or real objects using classes and objects. Objects are key to understanding
object-oriented technology. You can look around you now and see many examples of
real-world objects: your dog, your desk, your television set, your bicycle.

These real-world objects share two characteristics: They all have state and behaviour.
For example, dogs have state (name, colour, breed, hungry) and behaviour (barking,
fetching, and wagging tail). Bicycles have state (current gear, current pedal cadence,
two wheels, number of gears) and behaviour (braking, accelerating, slowing down,
changing gears).

Software objects are modelled after real-world objects in that they have state and
behaviour, too. A software object maintains its state in one or more variables. A variable
is an item of data named by an identifier. A software object implements its behaviour
with methods. A method is a function (subroutine) associated with an object.

Figure 5.6: Object Oriented Design and Programming

#Extract from http://java.sun.com/docs/books/tutorial/java/concepts/object.html
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With UML, the model of the application to be developed can be described. This

description is mainly based on four different kinds of diagrams:

(a) Class Diagrams

Class diagrams are the central part of the UML. “A class diagram describes the types
of objects in the system and the various kinds of relationships that exist among them”
(Fowler and Scott, 2000). Mainly we can distinguish between two different kinds of

these relationships:

Figure 5.7: Example
of an association

- Associations:
Example: one (“1”) long distance service provider may own a number (“n”) of
vehicles.
Long Distance Service Provider
-Enterprise Name
Street
-Housenumber
-ZIP-Code
City
-Country 1
-Phone N
s PY Vehicle
-vehicle -Brand
-License Plate
- Sub-types:
Example: a lorry is a sub-type of a vehicle.
Vehicle
-Brand
-License Plate
Lorry Car Motorbike
-Cooling Unit

(b) Interaction Diagrams:

Figure 5.8: Example
of a sub-type

An interaction diagram defines how objects co-operate with each other. Typically,
68 you will find in one interaction diagram the co-operation of these objects in one use
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case. The co-operation is described in defining the messages to be sent between the
objects.

(c) Use-Case-Diagram
UML Use Case Diagrams (UCD) can be used to describe the functionality of a system
in a horizontal way. That is, rather than merely representing the details of individual
features of the system, UCDs can be used to show all of its available functionality. It
is important to note, though, that UCDs are fundamentally different from sequence
diagrams or flow charts because they do not make any attempt to represent the order
or number of times that the systems actions and sub-actions should be executed.
UCDs have only 4 major elements: The actors that the system you are describing
interacts with, the system itself, the use cases, or services, that the system knows how
to perform, and the lines that represent relationships between these elements.

(d) Activity Diagrams
In the following picture the whole business process to be build one e DRUL e-Com-
merce e-Business interface is shown.
The service “Submit delivery Booking Request / Modification” is presented here.
It is used by transport operators willing to deliver their goods to destinations in an
historical centre and restricted traffic zone. Delivery bookings may be submitted: (a)
via the internet (¢eDRUL portal), or (b) via phone call to eDRUL Logistics Agency
operators. In both cases, the information supplied is basically the same.
This service is the starting point of the entire chain of:
* delivery booking;
* negotiation of “load combination”;
* confirmation of accepted booking; and
* issuing of a delivery order by the eDRUL Logistic Agency.
In this phase, all relevant information is specified by the booking transport operator
and acknowledgement of receipt is issued by the eDRUL agency. The user may also
specify the preferred channel to get booking confirmation and delivery order back
from the eDRUL agency (e.g. web service, e-mail, SMS, fax).
If a modification is needed, the call centre operator will use the service “Search book-
ing request”. If not, a new request will be opened. The operator will now ask for the
required data, as a base for the decision about the request.
* Preferred time and date
* Destinations
* Type and volume of goods
* Type of car used
* Load percentage of the car
* Willingness of the consignor for an acceptance of load from a third party using

the load negotiation process 69
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* Finally, the willingness of the consignor for an acceptance to deliver the load to a
third party using the load negotiation process

starting consignor #DRUL System permission oparator

__wamrrineg comuignor wants 1o deliver pechet in historicsl conter by himess )

&
a wets s Tedsphons Cal

70 Figure 5.9: Example of an UML sequence diagram
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All the data entered has to be saved and transferred to the system. After this data col-
lection a decision about the permission of the request will be possible.

Case I: Permission accorded
In this case, the consignor has the possibility to deliver the parcel.

Case II: Permission denied at first
Case Ila:  Acceptance of Transhipment
In the case where the permission is denied and the consignor would accept any
kind of transhipment (to another or from another party), another service called
GS 1.10 “Request to negotiate load combination” will be used. If a compatible
load combination / transhipment can be found permission will be given.

Case IIb:  Refusing of Transhipment
In the case where the permission is denied and the consignor refused any kind
of transhipment (to another or from another party), the permission will be
denied completely.

The case where the consignor will use the Internet to submit a delivery-booking request
is now described. In this case, to enter the data, the consignor will use virtually the same
interface used for the delivery request. After entering the data the permission operator
will get a notification about the new request in order to analyse if the access permission
has to be raised or not. Now the further processing is the same as described above.

Web Content Management System (CMS)

A Web Content Management System (CMS) is a system which provides users without
deep computer knowledge the possibility to add information in the form of articles,
pictures, statistics, etc to a web site. Such systems span a wide variety of needs, from small
systems with almost no workflow for small user-groups and such, to large database-based
systems for running large, very active web sites such as those for a newspaper. One of
the main features of a CMS is the strong differentiation between content and layout.
The user has only to take care of the content, not of the layout. CMSs very often con-
tain some kind of work flow: standard users add the article, after some review a second
person publishes the article on the Internet.

Web Content Management Systems are at the first view not so important for the
urban freight transport process. At the second view, during the installation of a new
urban freight transport system or concept, these systems can be used by the responsible
authorities of the city, local authority, the political tree of a project, to promote the
activities, the objectives, etc to the respective user groups. In the eDRUL project, the
Open Source Content Management System “OpenCMS” was used. The following will
give some impressions about the usage and the layout of this system for eDRUL. 71
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Figure 5.10: The eDRUL Information Portal / CMS

Cocoon

Cocoon is an XML Publishing Framework. The main functionalities of Cocoon are to
manage XML data streams, processing and transforming them in different formats (e.g.
PDE HTML, WML’). The main objective of Cocoon is to enable the simple implemen-
tation of a portal. Here the strict separation of the following responsibilities was given
priority: data, logic and layout. So, the person responsible for the layout doesn’t have
to take care about the data and the developer of the business logic will not take a close
look at the layout. This concept is one of the main differences of Cocoon compared with
other technologies like Active Server Pages (ASP) or Java Server Pages (JSP). What all
these concepts have in common is the dynamic generation of the HTML-pages during
runtime. The main difference of Cocoon to the other concepts is the constant use of

XML in Cocoon.

> Wireless Markup Language is the primary content format for devices that implement the WAP (Wireless Application

72 Protocol) specification based on XML. WAP is mainly used by PDAs and Mobile Phones.
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All the main qualities, which were described at the beginning of this chapter, can be
covered when using Cocoon. A very short introduction to how Cocoon works is given
below®.

Using the so-called “Sitemap” (a XML-document, which defines the procedure to be
done for an URI) for each document an “XML-Pipeline” will be established. The XML-
Pipeline is a functional unit, built from a combination of different components. Each
pipeline starts with a generator, which supplies a XML data stream. This data stream is
processed by the other components of the pipeline. The source for a generator may not
be mandatory XML; a generator may also transform other data formats into XML.

File gensraicr Xslt Transformer
reads XML us:sreigrlte:::ﬁnfq @ html serializer
XML document

XHTML

Figure 5.11: e-Commerce/e-Business processing pipeline

This transformation is a very important point for the eDRUL Project, since within
the eDRUL website a multitude of generators will be developed to attach the sub-sys-
tems of eDRUL (e.g. traffic management systems, traffic control systems, access control
systems). As described above either this mechanism or the Middleware component for
complex transformations will be used.

After the file generation the data is available in XML format. Now another trans-
former may be (optionally) applied. This transformer may change the data. Additional
XML-elements may be included (from other data sources) or existing elements may be
deleted. Furthermore the structure of the XML element may be changed or information
of the XML data set may be changed.

At the eDRUL project website an XSLT transformer is used. This transformer will
add layout data http://www.neurauter.at. (XSLT stylesheet) to convert the data for a
proper presentation.

The last component typically used in a pipeline is a so called “serializer”. This com-
ponent transforms the XML data, now in the desired data format, the proper output
format, sets MIME-characters for the client and lastly generates the final document.

¢ For further details please refer to Langmall and Ziegler (2003); http://cocoon.apache.org; http://jakarta.apache.
org/tomcat
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Some examples for this final serializer are an HTML-serializer or a PDF-serializer. The
usage of this pipeline in the whole Portal Software internal architecture is shown in
Figure 5.12.

l—ﬂ-l“ l-

Figure 5.12: Portal Software internal architecture

Web Application Server

Also called an appserver, this is a program that handles all application operations be-
tween users and an organization’s backend business applications or databases. Applica-
tion servers are typically used for complex transaction-based applications. To support
high-end needs, an application server has to have built-in redundancy, monitors for
high-availability, high-performance distributed application services and support for
complex database access.

5.2.2  Electronic Marketplaces
Introduction’

Between companies and public organisations, a hierarchically organized form of co-
ordination is widely appreciated, whereas the marketplace dominates the majority of
interactions among companies and between companies and consumers.

7 This section draws on http://www.neurauter.at.
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A marketplace in the sense of an electronic (“virtual”) marketplace is in general not
reduced to geographic boundaries (a later example will show that due to the regional
concept of eDRUL, the usage of the marketplaces implemented in the eDRUL system
will be local).

This extension is based on the loss of former limitations like distances as they lose
their weight due to global networks (e.g. the Internet). An electronic marketplace may
therefore include classical local and global markets.

A marketplace is institutionally a medium:

* that assigns roles to a community of agents. Besides the necessary ones of the sell-
ers and the buyers - others can be defined, e.g. those of intermediaries, authori-
ties...

* in which protocols and processes that regulate interaction of the agents are de-
fined;

* that offers a common speech area which enables communication;

* which has a channel system, (i.e. a communications and transport system in store)
that enables the exchange physically.

It consists socially of a community of agents that:

e are within a certain state that includes the components knowledge, intentions, con-
tracts (assets and liabilities) and shopping cart;

* makes use of certain roles with their corresponding rights and obligations;

* by means of transactions, i.e. exchange or communications channels via the market
medium, seek for change of their state corresponding to their intentions.

It is economically identified by:

* the vector of the shopping carts of the agents within a certain moment;

* the supplies and demands of the agents at this moment and their summation, i.e. the
aggregated supplies and the aggregated demands;

* the contracts that are signed during a certain period;

* the exchange relations that exist for the contracts to a specific type of good, i.e. the
prices.

This leads to the insight that although companies have been connected to each other
using EDI and value-added networks for quite some time, these classical ways of utiliz-
ing electronic business were done on proprietary standards tightly bound to existing
systems. The new electronic marketplaces represent a paradigm shift in how companies
could potentially be doing business. The electronic marketplace model can enable real-
time or close to real-time communication and collaboration.

Below the general term “electronic marketplace’ a more detailed typology can be
layed out, as suggested by Timmers (2000). His first priority is the diversion of global

vs. local markets, which results in the following classification:
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Intrinsically global electronic marketplaces: They deal with global products, customers
and suppliers, e.g. MRO or automotive.

Globally replicated local marketplaces:

e.g. auctions or perishable products

Local markets with a global infrastructure:

e.g. location-dependent mobile commerce

electronic Ports:

products are exported globally by a collaboration of producers

Another diversification can be made according to the business models implemented

(Bauknecth et al, 2000):

electronic auctions:

Auctions can be applied in any situation where there is fluctuation of demand or
supply.

collaboration platforms:

They fit the wider definition of e-Commerce, namely that it is “about doing business
electronically including collaborative work”; e.g. collaborative design or construction,
consultancy, etc.

The different participants who decide to use a virtual marketplace may have different

reasons to do so. The main benefits offered by a “virtual” marketplace compared to a
traditional one according to Timmers (2000) are:

Improved process efficiencies:

Higher transparency at inter-organizational processes using telecommunications and
computer technologies.

Improved supply chain efficiencies:

reduction in cycle time, reduced inventories and better collaborative planning capa-
bilities.

Better control over the process:

Intra-organizational re-design of processes is a consequence of the integration of elec-
tronic marketplace processes into existing business processes. Therefore the insight
into the processes is increased.

Speed-up of processes and reduced media breaks

Access to additional suppliers/buyers:

Marketplaces in eDRUL

According to the concepts described, various marketplaces were developed for the
eDRUL system and the different requirements of the sites were implemented (see Figure

5.13).
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Figure 5.13: First version of a virtual marketplace in eDRUL

53 Architecture of eDRUL

5.3.1 The eDRUL Datamodel
User Model

The eDRUL e-Logistics Agency represents a complex organisational structure providing
services to a high number of users. The actor identification exercise and the description
of their respective relationships have been carried out in the project. Starting from user
categories and needs analysis conducted at site level, the underlying concepts have been
generalised to address the urban logistics scenario.

In the following, a brief overview of the different actors categories addressed by
eDRUL is provided, with the aim of illustrating the several user categories involved in 77
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the system’s scenarios. Finally, this section describes how this concept was transformed
into an object oriented data model.

The eDRUL e-Business/e-Commerce Logistics framework has to provide services to
both business actors and private users addressing co-ordination of logistics services and
co-operation between different logistics operators. The main focus is on business user
categories, and on ways to improve efficiency of the logistics system in the framework
of urban mobility policies. A private actor like consumers and customers of goods are
regarded as highly as an important node of the overall business process organisation
eDRUL is looking at. Figure 5.14 provides an overall summary of the business actors
involved in the eDRUL platform’s scenarios. The next section gives an example of the
data model implemented in the eDRUL system and project for the user class “transport
operator”.

Among business actors, Freight Transport Service Providers are one of the major
user groups involved within the eDRUL architecture. For the purpose of eDRUL this
may include private or public organisations providing various forms of goods transport
services on a long/mid-distance scale, including for instance forwarders and courier
services (DHL, FedEX). Chapter 3 described the different ways to regulate access into
the town, including the booked, non-booked and several booked access subscriptions.
The information related to the actors can be addressed in different ways.
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Transport operators as previously stated can be considered the overall category (or base
ancestor referring to Figure 5.15 below) of this group of actors. This actor identifies the
company that owns the truck (or the truck fleet). In this user category one may also
include private or public organisations. At the same level of the transport operators one
can find the actor that represents the user category of the external citizens. This refers to
private citizens not living in the Traffic Limited Area of the town but that need to enter

the town occasionally in order to transport their own items.

Transport operators

Q «extends» Q
N
|/

External
citizen
«uUses» «USes» «uses»

Truck not Truck not
booked allowed to enter

£%

Booked truck

«extends» [«extendss»

Truck to consolidate

Weekly
subscription

Long term
subscription

Occasional
booked truck

Figure 5.15: Transport
operator hierarchy

Focusing on business user categories, the transport operators will need some conveyance
in order to perform the delivery. As it is possible to guess within the overall conveyance
category several kinds on trucks depending on the actions they want to perform can be
found. Recalling the operative procedures previously introduced (and looking at Figure
5.15) the trucks’ category managed by the eDRUL platform will comprise: 79
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* Booked truck. This actor represents all the users that get the requirements to enter
into town including the trucks that have been consolidated before reaching the city’s
access gate. This category is further expanded into other actors described later on.

* Truck not allowed to enter. This actor identifies the truck that hasn’t the rights to enter
into town.

* Truck not booked. This actor identifies a truck that directly goes to the city’s access
evaluation point without a previous booking action.

* Truck to be consolidated. This actor identifies a truck that hasn’t the right to enter into
town but complies with the requirements that allow the load consolidation so this
actor identifies a truck that has requested use of the consolidation service and it has
been added to the consolidation list.

As Figure 5.15 shows, the category of booked truck can be further sub-divided into
several sub-items:

* Long-term subscription: This user category summarises the trucks that need to enter
into town frequently and don’t want to get diverted by the standard access procedures
because they need a more streamlined one. This user category (as reported in detail
within Chapter 3) will get an access subscription and infrequently will interface with
the eDRUL platform. In order to get the access permission the transport operator
will specify characteristics of the access permission required such as:

A. in which days,

B. which time windows,
C. specific vehicles,
D....

* Occasional booked truck: This user category summarises the trucks that need to enter into
town infrequently and in order to gain the access have booked their own delivery trip.

* Weekly subscription: This user category summarises the trucks that need to enter into
town consecutively for the whole week.

Operational context

The operational context represents the bond existing between the user category and the
services provided by the e-Commerce/e-Business platform. This information however
is difficult to manage, due to the great number of actors involved and also to the fact
that within the delivery chain the same actors can be involved in different actions, . In
order to face these issues the concept of role has been introduced.

A role can be defined as a collection of functions that are logically linked together and
could be performed by a certain actor within a business chain. For each actor all pos-
sible roles were identified. By analysing each actor-role pair of the eDRUL architecture
and integrating that with the service list introduced, all the services provided by the
platform have been obtained.
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In the following the description of the services every actor-role pair can be involved
in will be provided (Figure 5.16). Each actor-role pair has been related to the Generic
Service, which is a generalization and synopsis of specialized services provided by the
platform. For each Actor-role-Generic Service relationship a short description of the
activities pursued is provided. For example, the actor “Transport operator” playing the
role of “Performance evaluator” uses the Generic Service “Statistical data” when statistical

data of the usage of the eDRUL system is requested.

Logistics Agency interface

|4

External Systems

L3

Figure 5.16: Actors — role relationships

Description

Performonce evcluotor

The actor “Transport operators” plays the role of Performance evaluator when some
information and stafistics about the e-Commerce/e-Business platform is needed. This
business is executed in each scenario.

Temporary consignee

The actor “Transport operators” plays the role of femporary consignee when it gets the
goods to be delivered. This actor can play this role when he requests to consolidate his
own load in the scenario of delivery through co-operation of networked transport service
providers. In this scenario when the transhipment occurs the truck can be considered
the femporary consignee of the goods.

Temporary consignor

The “Transport operator” can play the role of temporary consignor in each business
that requires some delivery. This is executed in each scenario where some delivery
is required.

Table 5.1: Examples of actor-role relationships
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5.3.2 The eDRUL Communication Gateway

The eDRUL Communication Gateway (CQ) is the architectural component that imple-
ments all the communications services. The platform communicates with the vehicles
through CG, (the platform never communicates directly with the vehicle, always through
CG). The communication services can be used either from the vehicle or from the plat-
form, but only a few individual services have any meaning in both directions, most of
them are meant to be used only from one of the two communicating parties.

The use of the wireless communications module makes it possible for the Logistics
Agency to monitor the real-time state of the local delivery fleet at an individual van
level, e.g. the last delivery that the van operator has executed. This enables full-scale
utilisation and implementation of track and trace services. The communication module,
moreover, will also support the possibility to provide such functionality as sending SMS
to consumers’ mobile phones. This again would mean some value added services, e.g.
such that a carrier operator would receive on his own mobile phone the confirmation
of the booking process or a tourist sightseeing the city would receive on his own mobile
phone the delivery notification that his purchased goods have been delivered to a defined
drop-off point (i.e. pick-up point from the customer point of view), etc.

Demonstration of the functionalities that other eDRUL modules provided for the
management of the local delivery fleet would require some PDAs and GPRS based mobile
phones (see Section 5.4). There are also competitively priced integrated devices on the
markets. Use of these devices would enable demonstration of functionalities such as:

- Sending a message to the local van in order to communicate the route to be followed
during the delivery trip. This route can also be updated on the fly by a new message.
- Sending messages from the local delivery van driver to the Agency that provides the

Logistics Agency with information that a new good has been loaded to the truck

(pick-up notification) or that some good has been delivered (drop-off notification).

It should be noted that the terms pick-up and drop-off are always mentioned from

the eDRUL system point of view. An eDRUL drop-off point is a pick-up point from

the individual customer perspective.

5.3.3  Overall Architecture

For the implementation of the e-Commerce e-Business services the XML-Framework
“Cocoon” will be used. Figure 5.17 shows the basic architecture implementation.

In general, a portal is well suited to building a middleware solution that shields clients
from the backend-systems. Figure 5.17 shows how the portal software can access data
from a variety of systems and then manage it for presentation in the required output
format. The use of such architecture allows the platform, and therefore the project, to
merge different data to give the client a single presentation format that hides the source
of the data and its original format from the viewer.
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Figure 5.17: Overall architecture

This general architecture will be adapted to the specific requirements of the project.
Depending on the final specification of the Logistic Agency interface as well as the
interfaces to the traffic management systems additional Middleware software will be
used. This software has to provide a wide variety of standard input interfaces (e.g. csv,
XML, http, neutral) as well as output interfaces (e.g. XML, PDF; csv, FDF). The usage
of this software enables the project team to develop rapidly the necessary interfaces for
the system.

Figure 5.18 shows the enlargement of Figure 5.17 using an additional middleware
component and the interface modules to be developed for the implementation of the
e-Commerce/e-Business services. Input Modules (IM) will be developed either for the
Middleware or for the Portal Software. Each system, which has to be integrated in or will
deliver data to the eDRUL portal, has to send the data for the Portal Software in XML-
format; if not an eDRUL Import Module for this system will be developed. Depending
on the complexity, on the need for data transformation, and on the kind of the import
(real-time data or batch) it will be decided, if a direct import in the Portal will be done
or the components of the Middleware will be used. 83
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5.4  Case Study: Fleet management and in-vehicle technologies for
goods distribution

The new GSM/GPRS based automated vehicle dispatching systems for improving the
service levels of different transport companies by increasing both the speed and reliability
of dispatching and fleet management have developed rapidly during recent years. These
kinds of advanced telematics systems have shown that they can increase dramatically
the efficiency and operational areas of the fleet management and monitoring systems
and make it possible for the drivers to be contacted, helped and instructed. This is also
possible when drivers are not sitting in their vehicles if they are using mobile vehicle
terminals that are portable.

The new fleet management systems are based on the possibilities offered by the new
and emerging technologies. They can relay incoming resource and service requests
from the fleet management and dispatching centre to the optimal vehicle to satisfy the
customer needs and requests.

Because these new fleet management systems are data transfer path- and terminal-
independent, they can be used with various transfer technologies, such as private radio
networks and GSM/GPRS networks. Requests are transferred as data to the chosen
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vehicle terminals. The drivers confirm the target addresses on their vehicle terminals.
When this confirmation takes place the orders are automatically recorded as accepted.
The drivers can see their position and the target address on the map which can be shown
on the vehicle terminal display. The new systems can provide the driver with easy to
use route guidance.

When it comes to the vehicle fleet they can use any standard on-board unit with the
fleet management and dispatching systems (Windows, Windows CE and Series 60 equip-
ment). This makes it possible for each driver/taxi company to find the best technological
alternative to meet their needs and financial resources. The Series 60 alternative is using
the state-of-the-art technologies providing a location independent, flexible, low-cost
system for the taxi industry. For the mobile phone operators there is an opportunity for
highly profitable business in global markets through the fleet management and dispatch-
ing systems for Series 60.

The fleet management and dispatching systems can be operated by the transport
companies/dispatch centres themselves, which is the most common solution, but also by
the telecom operators or as an Application Service Provision (ASP). The fleet manage-
ment and dispatching systems are normally rather easy to use and yet very advanced.
However, proper training and good user manuals are also needed.

Only recently the systems utilising GPRS for communications between the dispatch
centre and the drivers have been implemented. Today the drivers can either use the in-
vehicle terminals or simply their own mobile phones to receive orders and instructions
and to communicate with the dispatch centre.

So far the fleet management and dispatching systems have often been regarded as
expensive and not so user friendly. The next generation fleet management and dispatch-
ing systems have changed the situation. When, for instance, using the fleet manage-
ment and dispatching systems and Series 60 mobile devices there is no need to invest
in other in-vehicle equipment. This solution offers transport companies an easy and
cost effective way to utilise the latest advantages in fleet management, scheduling and
communication technology.

As mentioned the GSM/GPRS based fleet management and dispatching systems
have just emerged and bring intelligent transport systems to the reach of small transport
companies. The increasing need for better use of resources is not the only justification
for new generation fleet management and dispatching systems. Using GPS (in the future
Galileo) positioning in the fleet management and dispatching makes it possible to see
the location of each vehicle all the time everywhere. One can say that the safety and
security issues can be dramatically increased because of the new fleet management and
dispatching systems.

There are cases where serious and dangerous situations have been quickly solved with
the help of advanced telematics systems. Indeed in real life situations the fleet manage-
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ment and dispatching systems have even helped to save drivers lives. There are also cases
where the violently attacked driver has been able to call for help and get it before the
situation has become too threatening. If the alarm button is pressed, the position of the
vehicle can be shown on the map, not only to the dispatchers but to all the other drivers
of the fleet too. Thus rapid reaction and quick help is assured. The feedback from the
drivers has been extremely positive.

The Windows-based environment and highly advanced technological features ensure
that the advanced fleet management and dispatching systems are normally also easy to
use. GPS positioning lets the dispatchers know the exact location and status of each
vehicle in the fleet. This functionality also eliminates the driver’s need to constantly
report his location and movements by manually keying in his position.

If several vehicles in the vicinity are available, the fleet management and dispatching
systems can offer the order and service requests to the vehicles that for instance have
been idle for the longest period of time. This maximises the utilization of the vehicles
on duty, enabling the fair and equal treatment of all drivers.

The fleet management and dispatching systems enable a single dispatcher to man-
age several dispatching areas, if needed, a feature that is particularly valuable when one
dispatch centre is responsible for several operational areas or services. The system cuts
costs and ensures the most suitable vehicle reaches and serves the customer quickly.
This increases customer satisfaction - and enables the transport companies to build a
reputation for speed and reliability.

The fleet management and dispatching systems are widely available throughout Eu-
rope and they are generally considered as reliable and powerful tools. The systems are
also becoming easier to use. The potential market of these kind of fleet management
systems is global.

The fleet management and dispatching systems improve service by making the dis-
patcher’s work easier and faster. The systems normally have at least the following key
features:

* Automatic dispatching (search of best service alternative)
* Digital maps

* Regular order management

* Advance orders

* Vehicle's properties and equipment management

* Automated positioning (GPS)

* Database reports

* Several language options

* SMS, WAP and WWW-ordering

* Emergency messages

* Connection to other systems of the transport company
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The fleet management and dispatching systems are normally an open architecture. This
means that they enable different bearers and vehicle terminals to be used even within the
same dispatching centre. For instance fleet management and dispatching in an urban
area could be handled using an existing private radio network or GPRS network, while
fleet management and dispatching in a rural area would use GPRS network. Thus the
use of bearers can be optimised and costs kept reasonable. The fleet management and
dispatching systems also make it possible to have some of the vehicles use voice radio
dispatching while the rest of the fleet simultaneously use automated fleet management
and dispatching.

The vehicle terminals can be advanced and powerful vehicle computers such as Sunit
d-series (with Pentium III processor 500 MHz and Windows 2000), vehicle computers
with Windows CE (Infowave Waveon 728), PDAs with Windows CE (Compaq iPAQ
with Nokia 6310i mobile phone and a GPS receiver) or any Series 60 GSM equipment.
This gives transport companies alternatives. Since no special equipment is needed to
run the cost effectiveness and savings are huge compared to the old “conventional” fleet
management and dispatching systems.

Fleet management and dispatching systems scenarios that can be presented include:

1. Fleet management and dispatching systems for bigger transport companies

The transport companies buy (or lease) vehicle terminals, servers and software. The
fleet management data needed can be sent via private radio network or GPRS network.
The software licenses and hardware are owned by the transport companies, and the fleet
management and dispatching is done by the companies themselves. New management
and dispatch areas can join the existing system very easily, so the company can provide
dispatching services for other areas, no matter where located. Investment costs naturally
depend on many issues. Costs depend always on the project, and they consist of issues
such as:

* Hardware in the dispatching centre: servers and workstations (costs vary)

¢ Software licenses of the dispatching software

¢ Vehicle terminals (from 300 to 5.000 euros each, VAT excluded)

¢ Communication media (GPRS/PRN etc.) and the amount of data sent

* Map coverage

¢ Fleet size (software licenses)

¢ Software and map data maintenance charges

2. Feet management and dispatching systems for small transport companies

Transport companies buy vehicle software licenses and buy or lease vehicle terminals but
purchase everything else from an Application Service Provider (ASP). Local partners are
required to provide a vehicle terminal service. 87
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In this scenario small transport companies get the benefits of a modern and power-
ful dispatch system without investing in their own dispatch centre software and server
hardware. The dispatching can be done by the transport company itself (normal case)
or the service can be bought from a third party. The transport companies can choose
whether they want to invest in PDAs or in more developed vehicle terminals. It is also
possible to use different vehicle terminals within one company.

Vehicle terminals can even be Series 60 mobile phones (for example in rural areas).
Almost all the system features and advantages are available, but instead of vehicle ter-
minals ordinary GSM phones are used. This way the drivers avoid the cost of separate
vehicle terminals. In cases like this the costs depend mainly on the vehicle terminals
used and also the pricing of ASP’s services. Costs usually consist of:
¢ Vehicle terminals (from 300 to 5, 000 euros each, VAT excluded)
¢ Communication media (GPRS/PRN etc.) and amount of data sent
¢ The pricing of ASP's services, which can include:

- Maps

- Vehicle software licenses

- Software license (central system)

- Hardware in the dispatching centre: servers and workstations

- Software licenses of the dispatching software

Software and map data maintenance charges
. Dlspatchmg service (if bought from a third party)

In the course of recent years the dispatching systems have been under continuous
development. The breakthrough of GPRS made it possible to develop extremely sophis-
ticated and at the same time low-cost solutions that are location independent, effective
and easy to use.

The low-cost terminal is around €300, whereas the most expensive on-board-units
may cost up to €5, 000. This offers a wide range of alternatives to the user. The software
and hardware cost depends on what kind of contract the customer wants to have. The
costs consist of hardware (servers and workstations), software licenses of the dispatching
software, vehicle terminals, communication media, data sent, maps, fleet and mainte-
nance. There is a possibility to use an Application Service Provider.

The following figures illustrate the new existing fleet management and dispatching
technologies. Figure 5.19 provides an example of the dispatcher user interface with map
and windows for order entry and fleet management/dispatching. Figure 5.20 displays
the user interface of a fixed on-board unit with Windows 2000.
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CHAPTER 6

An overview of models to design City Logistics projects

| Barcelo

6.1 Introduction

Logistics, as defined by the Council of Logistics Management (CLM, 2001), is that part
of the supply chain process that plans, implements, and controls the efficient, effective
flow and storage of goods, services, and related information from the point of origin to
the point of consumption in order to meet customers’ requirements. However, when
logistics activities take place in urban areas they show unique characteristics making them
different from the general logistics activities, which is the reason why freight transport
in urban areas, and specifically the freight flows associated to the supply of city centres
with goods, is usually referred to as “city logistics”.

Taniguchi ez al. (2001) define City Logistics as “the process of totally optimising the
logistics and transport activities by private companies in urban areas while considering
the traffic environment, traffic congestion and energy consumption within the frame-
work of a market economy”.

Among the special characteristics of urban freight transport there are two of particu-
lar relevance: its contribution to the traffic flows, and the subsequent environmental
impacts. According to Koriath and Thetrich (1998) from the total traffic within urban
areas, freight transport (lorries > 3.5 tonnes) has an average share of about 10%. If vans
and cars, which are currently becoming more important, are included this share would
be considerably higher. 91
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The importance of urban freight transport can also be shown by the cost distribution
within the freight transport chain. The share of pick-up and delivery operations, which
often take place in urban areas, on the total door-to-door cost is about 40% in combined
transport'. The weight of these costs is further increased by the reduction of stocks, the
smaller size of consignments and the increase in their number.

From a systems approach City Logistics systems have many components usually related
to the stakeholders playing a role in the system (such as those identified in Chapter 2),
who’s relationships can be described in the following terms:

1. Shippers, as for example manufacturers, wholesalers, retailers, etc. operating from
Warehouses and/or City Logistics Centres, whose location should be appropriately
determined when looking for optimal operations.

2. Freight Carriers, i.e. transporters, warehouse companies, operating the fleets supply-
ing the customer’s demand, whose optimal operation requires the appropriate deci-
sions on fleet sizes, types of vehicles, vehicle routes, and scheduling, dispatching and
monitoring systems.

3. Residents, consumers and clients, in the urban area, located at specific points in the
urban area, whose demands have to be supplied in time.

4. Administrators, at city levels in this context, who define the operational traffic and
supply policies in the operational area.

The involvement of such a variety of stakeholders and applications means that the
objectives of City Logistics Applications and the objectives of the various stakeholders
are multiple and possibly conflicting. Public stakeholders will usually be interested in
achieving social, economic, environmental or energy objectives. Private stakeholders
namely private shippers and freight carriers aim to reduce their freight costs and to
optimise their traffic flows in accordance to their specific needs, which do not conform
to the objectives of an overall optimisation.

Taniguchi ez al. (2001) propose a methodology for the design of a City Logistics
System which implies that:

* Problems must be identified and defined: these can, primarily, be of:

- Fleet planning and management

- Environmental impacts

- Traffic congestion
* Evaluation criteria must be set up according to the objectives of the City Logistics

Applications that can be primarily:

1. Social: i.e. reductions in traffic congestion by a more efficient pick-up/delivery

system that reduces the size of the fleets and maximize the load factor

1«

Inner Urban Freight Transport and City Logistics”, http://www.eu-portal.net, 2003.
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2. Economic: derived from the reductions in fixed and operational costs

Environmental: as a consequence of the reduction of the emissions and noise

4. Energy consumption: derived from the reductions in fuel consumption or the
resort to alternative energies.

B

Therefore the evaluation criteria should be based on the suitable models for each
purpose which should be multiple and usually conflicting since there are numerous
stakeholders involved, and take into account that, since there are a number of evalua-
tion criteria for each stakeholder, it is difficult to determine a single evaluation measure
for City Logistics Applications. This means that multi-objective evaluation techniques
must be used to compare the performance of alternative schemes (see Chapter 7 for
further details).

According to these criteria the design and evaluation of City Logistics Systems requires
the availability of proper models for the location of the logistics centres, routing and
scheduling of the fleets of service vehicles, and to measure the performance indices for
the various evaluation criteria.

6.2  Location and Vehicle Routing problems in the context of City Logistics

Taniguchi ez al. (2001) point out the many problems arising within urban areas as a
consequence of the distribution of goods based on road services. Contributions to traffic
congestion and environmental impacts along with high logistics costs, among others,
are examples of such problems. One of the main reasons is the fact that most of the
actors involved in urban goods distribution, industrial firms, shippers, freight carriers,
and so on, have been individually established to meet consumer demands looking to
maximize the company effectiveness and as a consequence, from a social point of view,
the resulting logistics system is inefficient from the point of view of the social costs and
environmental impacts.

A potential solution from the City Logistics approach, that could improve the efficiency
of the logistics system in an urban area, is to operate from common logistics terminals
or City Logistics Centres. Location Theory provides the models and algorithms to find
the optimal solution to this problem.

Mathematical Location Models are designed to address a number of key questions
(Daskin, 1995), for more details see Mirhandani and Francis (1990), including:

1. How many facilities should be open?
2. At which sites should each facility be located?
3. How large should the capacity of each open facility be?

4. How should demand for the facilities’ services be allocated to the facilities?
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The answers to these questions depend on the context in which the location prob-
lem is stated and on the objectives underlying the location problem. According with
these criteria a taxonomy of Location Problems has been proposed. Following Daskin
(1995), one of the most common criterion classifies Location Problems on the basis
of the topography and the way in which demands on candidate facility locations are
represented in:

e Planar versus discrete location models
- In Planar Location Models demands occur anywhere in the plane and facilities

can be located anywhere on the plane.

- In Discrete Location Models demands and candidate sites for facilities can occur
anywhere in the plane with arbitrary distances between them and no underlying
structure.

* In Network Location Problems demands and travel between demand sites and facili-
ties are assumed to occur only on a network or graph composed of nodes and links.
Depending on the network structure we can have:

- Problems that arise in trees, and

- Problems that must be formulated on a general graph that we will assume is fully
connected.

In most Network Location Problems often we assume that demands occur only at

the nodes of the network, although in some cases demands are permitted to occur

anywhere on the links of the network. Facilities can be located only on the nodes or
on the links of the network.

In the context of City Logistics Systems it is clear that travel between demand sites,
shop retailers, businesses, etc., and facilities, that is the City Logistics Centres, occur
only on the street network or, equivalently in terms of the model, on the graph repre-
sentation of the street network, therefore Network Location Models appear as the most
natural to model these systems.

BASE METWORE

Figure: 6.1a Figure: 6.1b
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Figure 6.1 depicts an example of a digital map of a borough of a city and its repre-
sentation in terms of a directed graph accounting for the directions of the streets, the
turning movements at intersections, banned turns, etc.

For a general discussion on Location Models see any of the references above. The
Optimization Group at the Department of Mathematics of the Kaiserslautern University
and the Fraunhofer Institut fiir Techno- und Wirtschaftsmathematik have conducted
research reported in Hamacher and Nickel (1996). After classifying the Location Models
they have developed a public library, LOLA, accessible at http://www.mathematik.uni.
kl.de/~lola, where the models and their algorithms are available. To illustrate the concept
we will discuss here two general cases of Network Location. (In what follows we will as-
sume that our problems are uncapacitated, that is we are not going to take into account
limitations on the capacities of the facilities, assuming implicitly that it will be enough
to satisfy the demands of all nodes assigned to each open facility):

* Vertex Centre Problems: in which facilities can be located only on the nodes of the
network and deal with placement of P facilities to minimize the maximum distance
from any facility to the demand point it assigned to serve, and

* Median Problems: dealing with placement of P facilities in P locations, to minimize
a cost criterion.

Vertex Centre Problems

Vertex Centre Problems can be formulated mathematically in the following terms
(Daskin, 1995): where 1={1, 2, ..., n} is the set of demand sites or customers, J={1, ...,
m} is the set of candidate sites for the facilities, d; is the distance from demand node
i to candidate facility site j; h; is the demand at node i; P is the number of facilities to
locate; x;=1 if a facility is located at candidate site j, and x;=0 otherwise; and y;; is the
fraction of the demand of node i that is satisfied by facility at node j.

MIN W (6.1)

st Y Yii =1, Viel 6.2)
el ¥

Y x.=P (6.3)
el !

Vi <X, (6.4)

W> 3 dijyij’ Viel (6.5)

=
Xj € {0,1}, Vjel (6.6)
Vi >0, Vieljel (6.7)
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The objective function (6.1) minimizes the maximum distance W between a de-
mand node and the closest facility to the node; constraints (6.2) state that the demand
of each node i is satisfied from some facility j; constraint (6.3) stipulates that exactly P
facilities will be located; constraints (6.4) ensure that the demand of a node i cannot
be satisfied from a facility which has not been located at node j; constraints (6.5) state
that the maximum distance W between a demand node and the nearest facility to that
node must be greater than the distance between any demand node i and the facility j
to which it is assigned. Finally constraints (6.6) and (6.7) are the integrality and non-
negativity constraints respectively.

P-Centre Problems
P-centre problems are well known Combinatorial Optimization problems for which a
wide variety of algorithms exist (see Hamacher and Nickel, 1996 and Francis ez 4., 1992),
but for most of them acceptably efficient heuristics have been found. An example of
such heuristics for the Unweighted Vertex P-Centre Problem in a General Graph, when
demands and facilities are located at nodes, and demands h; are not explicitly taken into
account, works as follows (Daskin, 1995). All link distances are assumed to be integer,
not a restrictive assumption since continuous distances can be acceptably approximated
to an integer multiplying them by a sufficiently large number. The heuristic searches over
the range of coverage distances looking for the smallest coverage distance that allows all
nodes to be covered. The search procedure works as follows:
* Selects initial lower and upper bounds on the value of the P-Centre objective func-
tion
* Solves a set covering problem (Daskin, 1995; Francis ez al., 1992) using as coverage
distance the average of the lower and upper bounds on the objective function.

- If the number of facilities needed to cover all nodes with that distance is less than
or equal to P, reset the upper bound on the value of the P-Centre objective func-
tion to the used coverage distance.

- If the number of facilities needed is greater than P, reset the lower bound to the
used coverage distance plus 1.

- If the lower and upper bounds are equal then stop, a solution has been found.
Otherwise repeat with the new coverage distance set equal to the average of the
upper and lower bounds.

The heuristic algorithm can be formally stated as follows: let us define P*(x) as the

optimal value of the set covering problem when the coverage distance is x, and W and
W/ as lower and upper bounds on the value of the P-Centre objective function W.

Step 0: (Initialization)
Set W/ to a suitable large number (For example: W' = (n—1) MAX{d, } where n is the
9 number of nodes in the graph and dj is the length of link (i, J)l)’

Systems and Advanced Solutions for eLogistics in the Sustainable City



Set Wz=0

This ensures an estimate of the coverage distance sufficiently large, because a path
between any two nodes will have at most n-1 links, and MAX{d,} is the length of the
longest link. Therefore (n-— 1)MAX {d } is an upper bound on the distance between
any pair of nodes in the network

Step 1: (Update Coverage Distance)
Set D, =L(Wé/ +WE)/ ZJ (Where | x| is the largest integer less than or equal to x)

Step 2: Solve a set covering problem with a coverage distance Dc:

MIN Y x.
jel

s.t. Zax >1,Viel
jer vl

X; € {0,1},VjeJ

. .. =1 if candidate site j can cover demands at node i .
coefficients aij are defined as: a_ i

Y |= 0 otherwise
terms of the distance between a demand node i and the candidate facility j. If DC is
the coverage distance then a; = 1 if d;, = DC.

=1 ifafacility is located at candidate site j

And Y =0 otherwise
Let the solution be P*(D,).

Step 3: (Update upper or lower bounds)
tP*(Dc) = P reset WY to Dy, otherwise reset W' to D¢ + 1

Step 4: If W)=W/ repeat from Step 1, otherwise stop. Wr =W/ is the optimal value
of the P-Centre objective function W, and the corresponding locations optimal for
the P-Centre.

This algorithm can be extended to solve the Weighed Vertex P-Centre Problem on
General Graphs, that is the case when demands h; are explicitly taken into account. For
that:

* The initial upper bound W/ is redefined to account for the demands in the network.

A solution is to multiply the upper bound used in the unweighted case by the largest

demand:

WY = (n— 1)|:MAX{dij}]|:MAXhi]
1,] i
* In solving the set covering problem, a candidate site j will be able to cover demand

node 1 lf dljhl = DC. 97
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Median Problems

In solving the P-Centre above we assume that the demand at a node is satisfied from a
facility if it is within the coverage distance otherwise it is not satisfied. In many cases,
however, the benefits (costs) associated with satisfying a demand from a facility decreases
(increases) with the distance to the nearest facility. An example, suitable to many City
Logistics problems, is the case when servicing a retail establishment from a warehouse
which depends on the time the driver must spend in travelling from the warehouse to
the retail store. This is the type of problem addressed by median problem when costs
are assumed to be linear.

The P-Median problem is to find the location of P facilities on a network so that the
total cost is minimized, assuming that the cost of serving demands at node i is given by
the product of the demand at node i and the distance between demand node i and the
nearest facility to node i. The P-Median problem can be formulated as a mathematical
programming problem as:

MINE;Z}hidijyij (6.8)
ol i
s.t. Dy, =1 Viel 6.9)
jel
Y x,=P (6.10)
;:—ijO Viel,Vjel (6.11)
x; €{0,1} Vjel (6.12)

Yi € {0,1} VielVjel] (6.13)

The objective function (6.8) minimizes the total cost expressed in terms of a weighted
distance between each demand node and the nearest open facility. Constraint (6.9)
requires each demand node i to be assigned only to one facility, and constraint (6.10)
states that exactly P facilities are open among the |J| candidate sites. Constraints (6.11)
link location variables x; with allocation variables y;, stating that demand at node i can
only by assigned to a facility j that is open. Constraints (6.12) and (6.13) are the inte-
grality conditions, the allocation variable y; is equal to 1 if demand at node i is served
by a facility located at node j, and 0 otherwise.

P-Median Problems are well known Combinatorial Optimization problems for which
a variety of algorithms exist (see Daskin, 1995; Mirhandani and Francis, 1990; Francis
etal., 1992), for the purpose of these comments we will illustrate them with an example
of heuristic algorithm following the approach in Daskin (1995).

As for other Combinatorial Optimization problems heuristics for the P-Median
Problem can be classified in two broad classes:
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* Construction, or primal, heuristics, whose purpose is to discover an acceptable solu-
tion to the problem at a cheap computational cost.
- Greedy algorithms are standard construction algorithms which attempt to build
a good solution from scratch
* Improvement, or dual heuristics, that starting from an already existing feasible solu-
tion try to find a better one.
- Exchange and neighbourhood algorithms are examples of improvement heuris-
tics.

A greedy algorithm for the P-Median Problem

As usual in greedy algorithms the basic assumptions rely on some intuitive facts or
straightforward reasoning on the main features of the problem to be solved. In the case
of P-Median problems a quite natural assumption could be the following. If we were
to locate only a single facility on a network the optimal solution could be found by
enumerating all possible locations and choosing the best. Taking into account that the
solution to P-Median Problems on a network consists of locating facilities only at nodes,
we could evaluate the objective function for this 1-Median Problem as:

Z = ghidij (6.14)

if we locate the unique facility at node j. Calculating Z; for each demand node we
could then choose as solution to the problem the location resulting in the smallest value
of Z;.

Suppose now that we are given the location of P-1 facilities. Let X;., denote the loca-
tions of these P-1 facilities, and d(i, Xp;) the shortest distance between demand node i
and the closest node in the set Xp.;. Similarly we let d(i, jUX;.,) be the shortest distance
between demand node i and the closest facility in the set Xp.; augmented by candidate
location j. A similar reasoning leads us to think that the best place to locate a single new
facility, given that the first P-1 facilities are located at the sites in X, is at the location
j that minimizes:

Zj = zhid(i’juxp—l) (6.15)
iel
This approach leads to the following greedy algorithm:

Step 0: (Initialization)
Set k:=0 (Counter of the number of facilities located so far) and X,:=& (X, will give
the location of the k facilities located at iteration k of the algorithm)

Step 1: (Iteration counter)
Set k:=k+1

929
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Step 2: Compute Z¥ =Y hd(ijuX,_,) for each node j which is not in X, ; (Cost of
locating the k-th facility at node j given that k-1 facilities have been located at nodes
in X,

Step 3: Find the node j*(k) that minimizes Z;, that is j*(k)= argmin{Zf}
This is the best location for the k-th facility given the location of the first k-1 facil-
ity.

Step 4: If k=P stop, the P facilities have been located and Xj is the solution. Otherwise
repeat from 2.

An improvement to this solution could be found by a neighbourhood algorithm based
on the consideration that we should expect that given the locations of some facilities
the allocations of demand nodes should be assigned to the nearest facility since the
facilities are uncapacitated (that is we are not taking into account the capacities of the
facilities assuming implicitly that each one has enough capacity to satisfy the demands
of the nodes assigned to it), and we are trying to minimize the demand-weighted total
distance. That allows the creation of a set of nodes or neighbourhood of each facility,
all of them assigned to that facility. If we assume that within each neighbourhood the
median should be located optimally, we can generate a set of P 1-median problems whose
solutions could improve the greedy solution.

6.3  Some comments on the concept of distance and location problems
in City Logistics applications

A common feature of all location models and the corresponding algorithms is that they
are based on the idea of minimizing a distance or a weighted distance between demands
and facilities. In the case of Network Location we assume that this is the distance be-
tween nodes, the key question then is, how these distances are calculated? Usually these
distances are calculated in terms of shortest paths between nodes in the network but
shortest path algorithms calculate the solution in terms of link costs, therefore the ques-
tion should then be restated as, which is the concept of link cost that is relevant for the
City Logistics application of interest?

A variety of cost concepts could be used ranging from geometric link lengths, to link
travel times under certain traffic conditions or a combination of both. When link travel
times are taken into account then traffic assignment models are among the candidate
models to estimate average link or path travel times. Taniguchi ez a/. (2001) propose
the formulation of the location and traffic assignment as a joint problem. This could be
the most appropriate approach in some cases while in others, either because not all the
required information for such models is available, or because the relative contribution of
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the urban freight transport lies within the limits mentioned in the introduction, traffic
assignment and location can be treated separately in a sequential scheme in which traffic
assignment provides the average travel times used to calculate the link costs on which
the distances for the location algorithm will be based.

User equilibrium models for traffic assignment

The main traffic models to estimate the distribution of traffic flows on a road network are
based on mathematical models of route choice, that is, the modelling of how users select
their routes under the prevailing traffic conditions. The concept of equilibrium plays a
central role in this model building process. Wardrop (1952) stated the two principles that
formalised this concept of equilibrium and introduced the behavioural postulate of the
minimisation of total costs that along with the principles are the fundamental modelling
hypothesis. Traffic equilibrium models are descriptive models aimed at predicting link
flows and travel times that result from the way in which users choose routes from their
origins to their destinations in a transportation network (see Florian, 1986; Florian and
Hearn, 1995; Sheffi, 1985; or Patriksson, 1994).

The first principle states that “The journey times on all routes actually used are equal
to or less than those which would be experienced by a single vehicle on any unused
route”.

The traffic flows that satisfy this principle are usually referred to as “user optimised
flows”, since each user chooses the route that he perceives the best. “System optimised
flows” are characterised by Wardrop’s second principle which states that “the total travel
time is minimum”. Static Traffic Assignment Models built according to these princi-
ples and the postulate of minimisation of total cost consider a given period of time for
which the demand characteristics have been determined and estimate the flow patterns
that result from the interaction of the demand and the congestion characteristics of the
transport infrastructure available. The road network is modelled in terms of a graph,
whose nodes nEN represent origins, destinations, and intersections of links, and links,
aE€A, represent the transportation infrastructure. The flow of trips on a link a is given
by va, and the cost of travelling on a link is given by a user cost function sa(v) where v
is the vector of link flows over the entire network. As these functions model the time
delay for a journey on arc a they are called volume/delay functions. An example of
volume delay functions widely used in practice is the Bureau of Public Roads, or BPR
functions, of the form:

B
sa(va)=t0 I+a z—“

a

Where t, is the free-flow time, c, is the capacity of link a, va the flow on the link and
o and [ calibration parameters. Demand characteristics are represented in terms of trip 101
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or Origin to Destination matrices, origins and destinations are coupled in pair and g,
i€l, where I is the set of origin/destination pairs, is the number of trips between the
I-th O/D pair, for a given time period and a trip purpose. Trips between an O/D pair
may use directed paths k, k€K, where K; is the set of paths for O/D pair i. The flows
on paths k, hy, satisfy flow conservation and non-negativity conditions:

2 h, =g, Viel
kek; (617)
h, 20,keK, Viel

The corresponding link flows va are given by:

v, = Z Z O,.h.,Vae A where: §, =

iel kek;

1 if link a belongs to path &k
{ 4 griop (6.18)

0 otherwise

5e=2.8,5,().Vke K, Viel)

acA

The cost of each path s, is the sum of user costs of the links on path k:
u, = Min{sk Ik e Kl.} Viel

Let ui be the cost of the least cost path for any O/D pair i:

The network equilibrium model is formulated by supposing that for every O/D pair
Wardrop’s user optimal principle is satisfied, or in other words, that all the used directed
paths are of equal cost, that is:

L. {zo if B 20 keK.iel
S, —Uu. =

>0 if =0 (.19)

Opver the feasible set (6.17)-(6.18).

When the user cost functions are separable, that is, they depend only on the flow in
the link: s,(v)=s,(v,) a€EA, and demands gi are considered constant, independent of travel
costs, the assignment model is equivalent to the following convex optimisation problem
(Florian and Hearn, 1995; Patriksson, 1994):

Minz I s, (x)dx

acA (
6.20
s.t. thzgi,‘v’iel (6.20)
keKk;
102 h,20,keK,iel
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and the definitional constraint of v, (6.18). Efficient algorithms to solve the model have
been proposed (Florian and Hearn, 1995; Patriksson, 1994), and some of them are
implemented in commercial transport planning software packages, such as EMME/2
for example. These are the typical algorithms implemented in most transport planning
packages based on this approach, for example EMME/2 (INRO, 1998).

An example of the proposed use of the traffic assignment to provide the distances
d;; for locational studies is depicted in Figure 6.2. The figure depicts the graph of the
street network of Barcelona in which (ZAL) identifies the potential location of a City
Logistics Centre, encircled are the locations of some of the demand nodes, where the
customers are located, and the shortest paths from the facility to the demand nodes are
identified. These shortest paths are calculated in terms of the average path u; travel times
estimated by the assignment.

£ Emtoolwin 2.4 - Copyright [C] INRD Cansiltants Inc. 1996,

-
| HOETEST PATHS ON BASE NETWORE e bl i)
| MEASURE O DISTAWCE: USER DEFINED LINK DATA 2 Ay

IEEE/2 PRODECT: BN 92 09-03-12 18:27
sCEmARZO  L0SO: 8T000 mopUiE: 2.8
| I6E_FIB. ... 360

Figure 6.2: Shortest path analysis after a traffic assignment on the urban network of Barcelona

6.4  Vehicle Routing and Scheduling Models

According to Taniguchi ez al. (2001) Vehicle Routing and Scheduling Models provide
the core techniques for modelling City Logistics. Once the facilities, or the City Logistics
Centres have been located, and the demand nodes have been allocated to each facility the
next step is to decide the efficient use of the fleet of vehicles that must make a number
of stops to pick up and/or deliver passengers or products. The problem requires the
specification of which customers should be serviced by each vehicle and in what order

103
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so as to minimize the total cost subject to a variety of constraints such as vehicle capaci-
ties, delivery time restrictions, etc. For a complete State-of-the-Art of Vehicle Routing
and Scheduling Models see Toth and Vigo (2002).

To illustrate the concepts we will restrict our exposition to a few simple cases of Ca-
pacitated Vehicle Routing Problem (CVRP) and Vehicle Routing problem with Time
Windows (VRPWT).

A Simple Case of CVRP (Fisher, 1995)

This is the case when there is a fleet of identical vehicles making deliveries to customers
from a unique central depot. Let K be the number of vehicles in the fleet, n the number
of customers to be served, b the capacity of each vehicle, ai the demand of customer i
measured in the same units as vehicle capacity, and ¢;=0 the cost of travelling between
points i and j. For convenience customers are indexed 1 to n, and index 0 denotes the
central depot, that is the City Logistics Centre in our case. A basic assumption in simple
models is that travel costs are symmetric, that is c;=c; This is not a very restrictive hy-
pothesis for Vehicle Routing Problems at a regional level but could lead to unacceptable
solutions in urban networks.

The CVRP is to determine K vehicle routes where a route is a tour beginning and
ending at the depot and visiting a subset of customers in a specified sequence. Each
customer must be assigned to exactly one of the K vehicles and the total amount of the
demand to be serviced by a vehicle must not exceed the vehicle capacity b. The routes
should be chosen to minimize the total cost.

CVRP is also a well know case of a hard Combinatorial Optimization Problem (see
Toth and Vigo, 2002, for details) for which exact and heuristic algorithms have been
proposed. One of the earliest heuristics, still widely used in practice, due to Clarke and
Wright (1964), works as follows:

* Assuming a graph G=(N, A), with a set of nodes N={0, 1, ..., n}, with the central
depot at node 0, and customers or demand nodes at 1, ...n; and a set of arcs A=NxN.
Begin with an infeasible solution in which every customer is supplied individually by
a separate vehicle.

* Combine any two of these single customer routes to use one less vehicle and reduce
cost:

- The cost of servicing customers i and j individually by two vehicles is

CoitCio+Coj+Co

- The cost of one vehicle serving i and j on the same route is
Coi+Ci+Cio

- Combining i and j results in cost saving of

Sij= Cio+Coj=Cjj
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- Select the arc (i, j) with maximum saving s; subject to the requirement that the
combined route is feasible (i.e. does not exceed vehicle capacity).
n
23

. . - ]
s Repeat the process until the number of routes is reduced to K =| =1

Since the seminal work of Clarke and Fisher many other algorithmic approaches have
been proposed. The Vehicle Routing Problem is still a fertile field of research as Toth and
Vigo (2002) show. The various approaches can be roughly classified in two groups:

* Cluster first and route after
¢ Allocate and route the vehicles simultaneously

One of the better known heuristics of the first group is the Fisher and Jaikumar heu-
ristic (Fisher, 1995), in which customers are first clustered and assigned to vehicles and
then a sequence of routes for each vehicle visiting customers in each cluster are defined.
Figure 6.3 depicts an example.

- Figure 6.3: Example of cluster

first and sequence routes after

Customers are first clustered and each cluster is assigned to a vehicle and a route for
visiting customers in a specific order is determined for each cluster.
The Fisher and Jaikumar heuristic:
1. Solves a Generalized Assignment Problem approximation of the VRP to determine
an assignment of customers to vehicles.
2. Sequences the visits of each vehicle to the assigned customers solving a Travelling
Salesman Problem (TSP) in the cluster. 105
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The VRP can be formulated in terms of the following non-linear assignment prob-
lem:

Let vy, be

1, if customer i is visited by vehicle k
Yi = Y = (yOk’ylk"""ynk)

0, otherwise

MIN Y fiy,) 6.21)
S.t. k
Yay,<b, k=1, K 622)  (GA-1)
| K, i=0
2y = {1, 1 m 6.23)
yi ={0,1}, i=0, k=1, K 6.24)

where f(y,) is the cost of an optimal Travelling Salesman Tour of the points:
N(y)={iEN | yy=1}

The exact value of f(y,) would be given by the solution to the problem:

fiy,) = MINZ CXije (6.25)
s.t. ’Jz X =Y  §=0,1...n (6.26)
zlxijk =Y, i=0,1,..n (6.27)
ixﬂk <IS|-1 ScN(y,),2<|S|<n (6.28)
ij e{0,1} ij=01,..,n (6.29)

which is a hard problem (namely taking into account that it could be an exponential
number of constraints (6.28)). To overcome this difficulty the heuristics of Fisher and
Jaikumar propose to replace f(y,) by the linear approximation Y. d,y, , problem (GA-1)

106  then becomes: :
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MIN Y > d,y, (6.30)
k i

S.t.
Yay,<b, k=1, K 6.22) (GA-2)
> K120 6.23
- yik - 1, i: 1, ,n ( . )
yi ={0,1}, i=0, n,k=1, K (6.24)

The coefhicients dik of the linear approximation are estimated by the following heu-
ristic procedure:

1. Specify K “seed” customers, ij, ..., iy, that are assigned one to each vehicle. The
quality of the “seed” strongly affects the quality of the solution, and therefore various
procedures to specify this seed have been proposed (see Fisher, 1995, for details).

2. Assume customer i, is assigned to vehicle k, k = 1, ..., K, then set coefficient dik to
the cost of inserting customer i into the route on which vehicle k travels from the
depot to customer i and back: d, =c, +¢c; —c,

The solution to (GA-2) provides the assignment of customers to vehicles in terms of
vio @ TSP problem is then solved to determine the optimal route of each vehicle to visit
its customers. A state-of-the-art for TSP problems can be found in Lawler ez a/. (1995);
Reinelt (1994); Gutin and Punnen (2002).

A drawback of this approach in the context of City Logistics, as pointed out above, is
the assumption on the symmetry of the costs c;=c;. A more realistic approach for City
Logistics applications would be to obtain travel distances by applying a shortest route
algorithm to a computerized model of the road network system, namely when travel
times become the relevant data instead of distances.

A similar approach to that proposed for Network Location Problems could be used
here, but then, as Figure 6.4 illustrates the costs are no longer symmetric, that is costs
are now asymmetric ¢;=c;. In the example shown in Figure 6.4 the digital map of a part
of the city of Barcelona is depicted. To travel from node A, to node B, the shortest time
travel path is highlighted in grey, while to travel from B to A under the same conditions
the vehicle should follow the green route, sections in black correspond to the links were
the two routes overlap.

This is due to the fact that in an urban environment routes using the streets have
to account for one way streets, issues related to penalties at intersections, signalized as
well as unsignalized, banned turning movements and/or U-turns, etc. This is the reason
why some authors make a distinction between Routing Problems and Street Routing
Problems (see Bodin ez al., 1993, 1999; Golden ez al., 2002). Consequently we shall

107

An overview of models to design City Logistics projects



108

AIMSUN v4.2.4 hitp M. aimsun. com
Fie Ctject  viw Egenment Run Aepors Pahi  valldason wiedow il

& TSS
Y
| PR

AN T

r/%. it | @ - %
%‘% mnuE I : Sam

N

) ﬁgm . .:._:_‘_\- f
(t!: L v

AN mE

scue 1[15787 Tme[BZin m|M] b |w]m|e| =

Figure 6.4: Asymmetry of the travel costs in a urban network

draw our attention towards the models that deal explicitly with the asymmetry in the
travel costs, as the most appropriate for urban routing problems.

An Overview on Asymmetric Capacitated Vehicle Routing Problems (ACVRP)

Toth and Vigo (2002) classify the formulation of these problems in vehicle flow and
commodity flow models. A typical integer programming formulation for the ACVRP
is based on a two-index flow model that uses binary variables x to indicate if a vehicle
traverses an arc in the optimal solution:

1 ifarc (i,j) € A belongs to the optima n
i~ al solutio

0 otherwise

The ACVRP consist of finding a collection of K simple circuits, one for each vehicle,
servicing the customers in such way that each customer is serviced by exactly one vehicle
and the total cost is minimum. According to Toth and Vigo (2002) the two index flow
ACVRP model is:
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MINY Y c.x; 6.31)

ieN jeN
st Y x = VjeN-{0} (6.32)
ieN
Yx, =1 vieN-{0} (6.33)
jeN
Y x,=K (6.34)
ieN
Y x,; =K (6.35)
jeN
Y Y x,2r(s) VScN-{0}.S2D  (6.36)
ieS jeS
x; €{0,1} VijeN (6.37)

Where in-degree and out-degree constraints (6.32) and (6.33) impose that exactly
one arc enters and leaves each vertex associated with a customer. Constraints (6.34)
and (6.35) impose that K vehicles arrive and leave the depot at vertex 0. The capacity
cut constraints (6.36) play a twofold role imposing both the connectivity and vehicle
capacity requirements.

They impose that each cut (N-S, S) defined by a customer set S is crossed by a
number of arcs that cannot be smaller that the minimum number of vehicles r(S)
needed to serve customers in S. Assuming that the K vehicles are identical, each with
capacity b, and that each customer has a demand a; < b, then the demand d(S) of
customer in set S is d(S)= Y a, then r(S) in constraints (6.36) can be replaced by the

@ 1€
b
by means of the degree constraints (6.32) and (6.33) into generalized sub-tour elimi-

nation constraints:

> Y x,<[8|-1S) VScN-{0}8=@ (6.38)

ieS jeS

trivial lower bound ’V 1 Alternative formulation can be found transforming (6.36)

which impose that at least r(S) arcs leave the customer set S. The main difficulty with
constraints (6.36) or its alternates (6.38) is that they have a cardinality growing exponen-
tially with n, this has led some authors to propose alternative formulations of polynomial
cardinality considering the sub-tour elimination constraints proposed for the TSP (for
details see Toth and Vigo, 2002):

u,—u,+bx,<b-a, VijeN-{0},i#], suchthat a,+a,<b (6.39)
a <u <b Vi e N-{0} (6.40)

109

An overview of models to design City Logistics projects



where u; is an additional continuous variable whose value represents the load of the
vehicle after visiting customer i, these constraints also impose the capacity and the
connectivity requirements for ACVRP. When x;=1 they impose that u;zu;+a; that also
eliminates isolated sub-tours.

A way to partially overcome some of the drawbacks associated with the two-index
models is to explicitly identify the vehicle that traverses an arc including in this way
additional constraints on the routes.

This formulation uses binary variables x;; counting whether vehicle k traverses arc
(i, j)€A in the optimal solution and additional binary variables y; to identify whether
customer i is served by vehicle k in the optimal solution (yy=1) or not (y;=0). The
alternative model is now:

K

MIND Y e > x,, (6.41)
ieN jeN k=1
K
s.t. Yy =1, VieN-{0} (6.42)
k=1
Y ya=K (6.43)
k=1
Y Xy = X =Yy VieNk=12,..K (6.44)
jeN jeN
Yay,<b, k= 1...K (6.45)
ieN
Y Y xu 2y, VScN-{o}lheSk=1..K  (6.46)
ieS jeS
v, €10,1}, VieNk=1,...K (6.47)
x; €{0,1}  VijeN,k=1...K (6.48)

where constraints (6.42), (6.43), (6.44) imposed that the demand of each customer is
served by only one vehicle, that K vehicles leave the depot and that the same vehicle
enters and leaves a given demand node. Constraint (6.45) ensures the capacity of each
vehicle is not violated, whereas constraint (6.46) imposes the connectivity of the route
of vehicle k. As in the other model these constraints can be replaced by ad hoc sub-tour
elimination constraints, and in particular the adapted formulation of (6.39), (6.49):

u, —u, +bx, <b—a, VijeN-{0},i#j, suchthat a,+a,<b,k=1..K (649
a,<u, <b VieN-{0},k=1,..K (6.50)

A third alternative formulation based on modelling commodity flows has been pro-
110 posed by Baldacci ez al. (1999), according to Bodin ez al. (1999); this is a formulation
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specially well suited for street routing problems, and therefore for City Logistics applica-
tions. According to Toth and Vigo (2002) the formulation requires an extended graph
G’=(N’, A) obtained from G by adding vertex n+1 which is a copy of the depot node.
N:=NU{n+1, ..., n+K-1} contains K-1 additional copies of vertex 0, and the cost C;j
of each arc in A is defined as follows:

c; foriyj eN-{0}

¢, forieN-{0},je W
" e, forie WjeN-{0}

A forije W

where W:={0}U{n+1, ...., n+K-1} is the set of the K additional vertices of G’ associated
with the depot, and A is a proper value.

Routes are now paths from vertex 0 to vertex n+1. Two non-negative flow variables,
y; and y; are associated with each edge (i, j)EA’. If a vehicle travels from i to j, then
yiand y; give the vehicle load and the vehicle residual capacity, respectively, along the
edge, i.e. y;=b- y;.

The roles are reversed if the vehicle travels from j to i. Therefore the equation y;+y;=b
holds for each edge (i, j)EA’. For any route of a feasible solution, the flow variables de-
fine two directed paths, one from vertex 0 to n+1, whose variables represent the vehicle
load, and another from n+1 to vertex 0, whose variables represent the residual capacity
on the vehicle. The resulting model is formulated as follows:

MIN z CiiXjj (6.51)
(ij)eA’
st > (vi—yy)=2a, VieN-{0On+1} (6.52)
jeN'
D>y =d) S=N-{0n+1} (6.53)
jeN-{0,n+1}
Y yp=Kb-d(S) S=N-{0n+1} (6.54)
jeN-{0.n+1}
> Yu;=Kb 6.55)
jeN-{0.n+1}
¥ t¥; = bx; V(ij) e A’ (6.56)
> (x;+x;)=2 VieN'—{0n+1} 6.57)
jeN'
y; 20 V(ij) e A' (6.58)
X; € {0.1} V(i,jeA (6.59) m
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Conservation constraints (6.52) impose that the difference between the sum of the
commodity flow variables associated with arcs entering and leaving each vertex i is
equal to twice the demand of i. Constraints (6.53-6.55) impose the correct values for
the commodity flow variables incident into the depot vertices. Constraints (6.56-6.57)
impose the relation between vehicle flow and commodity flow variables and the vertex
degree respectively, and constraints 6.58-6.59) are the non-negativity and integrality
constraints respectively.

A wide variety of algorithms from exact based on branch and bound, branch and
cut, lagrangean relaxations, to heuristics and specially metaheuristics based on genetic,
tabu search, scatter search, simulated annealing or ant colonies, have been proposed for
ACRP.

To conclude this summary overview of VRP models which could be of special interest
in the context of City Logistics applications we should mention the Vehicle Routing
Problem with Time Windows (VRPTW), an extension of CVRP where the service at each
customer must start within an associated time window and the service has a duration.

As for the other models the problem is formulated on a graph, G=(N;A), where
customers with known demands ai, i=1, ..., n are located at the nodes, with the depot
located at node 0, cij is the cost of travelling from node i to j. In the case of a City Lo-
gistics application we will assume that graph G corresponds to the street network, and
travel costs to travel cost between nodes of the street network.

The Vehicle Routing Problem with Time Windows is a CVRP in which each cus-
tomer i is associated a non-negative demand di, a non-negative service duration si and
a time window [ai, bi] representing the earliest and latest time, respectively, at which
the customer can be serviced. The VRPTW consists of assigning K vehicle routes on

G such that:

i. Every route starts and ends at the depot

ii. Every customer belongs to exactly one route

iii. The total load and duration of route k do not exceed E, and L, respectively

iv. The service at customer i begins in the interval [e;, 1], and every vehicle leaves the
depot and returns to the depot in the interval [e), 1)]; and

v. The total travel time (cost) of all vehicles is minimized

A formulation of the (VRPTW) as a multi-commodity network flow model with time
windows and capacity constraints, Toth and Vigo (2002), is the following:

Systems and Advanced Solutions for eLogistics in the Sustainable City



MINY Y cxy (6.60)

keK (i,j)eA
YD xu =1 VieN (6.61)
keK je *(i)
Y xp =1 VkeK (6.62)
> xp— D, Xy =0, VkeK,jeN, (6.63)
Y X =1, Vk e K (6.64)
ie "(n+1)
Xy (Wy s+, -w, <0, VkeK(iLj)eA  (6.65)
e, 2 xuk_ L <1 2 x;  VkeK,ieN (6.66)
E<w <L ‘v’keK,ie{O,n+1} (6.67)
Y, 2 xuk < Vke K (6.68)
ieN j€
X5 € {0,1}, Vk e K,(i,j) eA (6.69)

The VRPTW is defined in network G=(V, A) where the depot is represented by the
two nodes 0, and n+1. All feasible routes correspond to paths in G that start from node
0 and end at node n+1.

Nodes 0 and n+1 have associated a time window [e,, ly]=[e,,1, 1..1]=[E, L] representing
the earliest possible departure from the depot and the latest possible arrival to the depot
respectively, and feasible solutions exist only if:

—E<11€vvm{\01}[11 t,] and 1., —L>116\/V[H{\()I}[e +5,+t | (6.70)

An arc (i, j) € A can be eliminated due to temporal considerations if ej+si+t;>1;, or to
capacity limitations if di+d;>b. The variable x;, (i, j)EA, k€K, is equal to 1 if arc (i, j)
is used by vehicle k, and 0 otherwise, and N=V\{0, n+1} is the set of customers.

In this model constraints (6.61) ensure that each customer is assigned to exactly one
vehicle route; constraints (6.62) to (6.64) characterize the flow on the path of vehicle
k and constraints (6.65), (6.67) and (6.68) ensure the feasibility in terms of time and
capacity. For a given vehicle k constraints (6.66) force wy=0 whenever customer i is not
visited by vehicle k, and time variables wy, i€V, and k€K specify the start of service at
customer i by vehicle k.

This formulation allows lower bounds to be obtained from various relaxations to be
used by exact algorithms. A typical case is the network lower bound obtained by relax-
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ing time and capacity constraints (6.65) to (6.68), and solving the resulting network
flow problem. Another example is the linear programming lower bound obtained by
replacing constraints (6.65) by

Wy s Ft—w, < (1 —~ xijk)Mij VkeK,(i,j)eA  (6.71)

where M;; can be replaced by MAX{l;+s:+t;-¢;, 0}, V (i, j)EA, but it needs only be enforced
for arcs V(i, j)EA such that M;>0 (otherwise the constraints are satisfied for all values
of wy, wy; and x;) and constraints (6.69) by x;. = 0 VKEK, (i, j)EA, and solving the
resulting linear programming problem.

Efficient algorithms based on metaheuristics exists for the VRPWT, Cordeau ez 4.
(2001) based on a tabu search extension of a previous heuristic for the TSP with time
windows (Gendreau ez al., 1998). For more general references see Toth and Vigo (2002).
The unified tabu search heuristic for VRPTW proposed by Cordeau ez al. (2001) is a
local search meta-heuristic that explores the solution space by moving at each iteration
from the current solution s to the best solution in its neighbourhood N(s), including
anti-cycling rules to prevent deterioration of the solution. This allows exploration of
infeasible solutions during the search and uses diversification mechanisms to help the
search process to explore a broad portion of the solution space. A summary description
of the heuristic is the following:

Let S denote the set of solutions that satisfy constraints (i) and (ii):

- A solution sES is a set of K routes such that every customer belongs to exactly one
route
- This solution may violate:
- The maximum load and duration constraints
- The time windows constraints associated with the customers and the depot
The time window constraint at customer i is violated if the arrival time ai of the
vehicle is larger than the time window upper bound li
Arrival before ei is allowed and the vehicle then has to wait the time wi=ei-ai
- For a solution s&S let

- c(s) be the total travel time (cost) of route s

- q(s) be the total violation of load
d(s) be the total violation of the duration constraints

- wi(s) be the total violation of the time windows constraints
- Solutions are evaluated using an objective function

f(s) = c(s) + o q(s) + B d(s) +y w(s)

where o, B and y are positive parameters whose values are dynamically adjusted to

facilitate the exploration of the search space.

- With each solution s&S an attribute set is associated
B(s) = {(i, k): customer i is visited by vehicle k}
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- The neighbourhood N(s) of a solution s is defined by applying a simple operator that
removes an attribute (i, k) from B(s) and replaces it with an attribute (i, k'), where
k=k’.

- When customer i is removed from route k, the route is simply reconnected by linking
the predecessor and successor vertices

- Insertion in route K is performed between two consecutive vertices so as to minimize
the value of f(s).

- When customer i is removed from route k, its reinsertion in that route is forbidden
for the next 0 iterations by assigning a tabu status to the attribute (i, k)

- The tabu status can be revoked if that would allow the search process to reach a solu-
tion of smaller cost than that of the best solution identified having that attribute.

- To diversify the search, any solution s € N(s) such that f(5)=f(s) is penalized by a
factor that is proportional to the addition frequency of its attributes and a scaling

factor:
p(5)= lc(§)\/ﬁ( )z‘,( )pik (6.72)
i,k)eB(s

where pj; counts the number of times attribute (i, k) has been added to the solution
during the search process. The scaling factor ¢(5)v/nK introduces a correction to
adjust the penalties with respect to the solution cost and the size of the problem in
terms of the upper bound on the number of possible attributes. The parameter A
controls the intensity of the diversification.

The heuristic has two main components: a constructive phase that constructs at most
K routes as follows:
1. Randomly choose a customer jE({1, ..., n}
2. Set k:=1
3. Using the sequence of customers j, j+1, ..., n, 1, ..., j-1, perform the following steps
for every customer i:
i. If the insertion of customer i into route k would result in the violation of load or
duration constraints, set k:=MIN{k+1, K}
ii. Insert customer i into route k so as to minimize the increase in the total travel
time (cost) of route k

Taking into account that the insertion of customer i can only be performed between
successive customers j; and j, if e; <e, <e, , otherwise customer i is inserted at the end
of the route. At the end of the procedure routes 1, ..., K-1 satisfy load and duration
constraints, and route K may violate any of the three types of constraints.

And an improvement phase, in which the tabu search starts from the solution of the
construction phase and chooses at each iteration the best non-tabu solution in N(s),
and after each iteration modifies the values of parameters a, § and y accordingly. This
process is repeated for 1) iterations and the best feasible solution s* identified during the
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search is post-optimized by applying to each individual route a specialized heuristic for
the Travelling Salesman with Time Windows
Procedure:
1. Set a:=1, B:=1 and y:=1
If s is feasible set s*:=s and c(s*) = c(s)
Otherwise set c(s*) = o
2.Fork =1, ...,m,do
a. Choose a solution 5 € N(s) that minimizes f(5)+ p(s)and is not tabu or satisfies
its aspiration criteria
b. If solution § is feasible, and c(5)<c(s*), set s*:=5, and c(s*):=c(5)
c. Compute q(5),d(s) and w(s) and update a, f and y accordingly
d. Sets:=5%
3. Apply post-optimization heuristic to each route of s*

6.5 City Logistics and ICT

The advent of ICT adds a new dimension to City Logistics applications, namely with
respect to information systems and e-commerce which appear to offer great potential.
Nevertheless one must take into account that:

¢ The changes implied by e-commerce (B2B, B2C) on City Logistics may or may not
contribute to alleviating traffic congestion and improve environment

* Organizational changes arise from the concentration of logistics centres in Public
Logistic terminals whose location will require the use of the appropriate models. In
other words realistic Network Location models become even more necessary.

* From the operational point of view models for routing and scheduling vehicles, etc.,
should be available. Vehicle Routing and Scheduling provide the core techniques
for modelling City Logistics, as described in the previous section but, two cases of
particular relevance to ICT applications are:

- When customers specify a time-window to be visited by the pick-up/delivery
trucks

- When the vehicle routing and scheduling has to be dynamic based on real-time
information. The information changes whilst vehicles are distributing goods and
a sequential updating of routes should occur when new information is received.
The types of real-time information could be:
- On system performance: Travel time (congestion, incidents and breakdowns),

Service times, Waiting times

- On customer demand: Location, Time window, Amount of goods, Priority
- About the vehicle: Location, Load status

Therefore models to account for this new dimension of City Logistics must be

116 models that not only include the main components of City Logistics applications but
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should also be able to include the dynamic

MODELS FOR VEHICLE ROUTING aspects required to model ICT applica-
AND SCHEDULING: tions. Methodological proposals of this

] _(l_?;d;'li’i:‘)’ ows type have been formulated by Taniguchi

- Pick up and delivery et al. (2001), Taniguchi ez /. (2000), and

- Dial a ride Kohler (1997).Figure 6.5 summarizes the

- Others conceptual scheme of the methodology

A proposed by Taniguchi. The dynamic traf-

fic simulation models emulate the actual

Y traffic conditions providing at each time
OPTIMAL AVERAGE interval the estimates of the current travel
ROUTING (Time depend.) times, queues, etc. on each link of the road
SCHé\I;lU[:.ING Link travel time network. This will be the information used

by the logistics model (i.e. a fleet manage-
ment system identifying in real-time the
positions of each vehicle in the fleet) and its
operational conditions — type of load, avail-
able capacity, etc. — determines the optimal
routing and scheduling of the vehicle.
A further step is the case of dynamic
fleet management systems in which carrier
‘ ) ) fleet operators should be able to respond
Figure 6.5: Conceptual diagram of an integrated . . .
“Routing-Simulation “approach for modelling to changes in demand, driver and vehicle
“City Logistics” schemes in the presence of ICT availability while also taking into account
the time changes in traffic network con-
ditions. These systems are essential to take advantage of real-time information made
possible by technological advances in location, communication and geographic informa-
tion systems. To properly model this new dimension brought to City Logistics by ICT
dynamic simulation models become a key component of the system. As Reagan ez al.
(1998) point out such conditions can be represented effectively in a computer simulation
modelling framework, which provides the requisite flexibility of strategy representation
and complex process emulation for the evaluation of dynamic fleet management systems.
The proposed approach, Reagan ez al. (1997), is complementary to that of Taniguchi
and includes an approach for generating a set of initial vehicle assignments that would
take known and predicted future demands into account and incorporate strategies for
reacting to changes as they occur. The conceptual scheme of the modelling framework,
adapted from the one proposed in Reagan ez al. (1997), is depicted in Figure 6.6.
In both approaches the core models for the evaluation of a generic City Logistics ap-
plication, as well as for the evaluation of real-time fleet management applications, are

DYNAMIC TRAFFIC
SIMULATION MODEL
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Vehicle Routing Models able to
DEMAND FLEET . . . .
GENERATION GENERATION interact with dynamlc simulation
MODULE MODULE models. This raises the question
of which is the most appropriate
y . .
Y \ simulation approach for these
DEMAND o )
ACCEPTANCE applications. Our proposal is that
for City Logistics applications
l dealing with goods distribution
ROUTING in urban areas, involving a fleet
AND
SCHED NG management aspect based on
MODULE the ability of a real-time tracking
l and dispatching of the vehicles,
the simulation models should be
INITIAL OPERATING of a microscopic type to allow
PLAIN . e
the tracking of the individual
l vehicles. The evaluation plat-
INFORAATION form should then integrate the
DYNAMIC vehicular traffic simulation with
+ New demands L ROUTER AND ; .
+ Unsatisfied demands SCHEDULER the models for vehicle routing
+ Traffic conditions and scheduling, as depicted in
" Fleet availabiliy the conceptual diagram in Fig-
\d ure 6.6, which in the case of the
DYNAMIC real-time fleet management ap-
OPERATING PLAN T
plications would became one of

the components of the dynamic
Figure 6.6: Conceptual scheme for the evaluation of real- router and scheduler.

time fleet management systems .
J Y The simulator that we propose

is AIMSUN (Advanced Interac-
tive Microscopic Simulator for Urban and Non-Urban Networks), a well proven traffic
simulator implementing a microscopic simulation approach based on emulating indi-
vidual vehicles according to sophisticated car-following, lane-changing, gap acceptance
and other behavioural models which have been calibrated in a wide variety of circum-
stances. AIMSUN can capture in great detail the time variability of traffic conditions
accepting as input time sliced Origin/Destination trip matrices. At each time slice the
corresponding number of vehicles start their trip from their origins to their destinations
along the available paths on the network. The paths can be fixed or traffic condition
dependent, and thus recomputed, according to a variety of user controlled design factors.
At each time slice vehicles are assigned to the available paths according to route choice
models. AIMSUN can also account in a very detailed way for junction modelling and
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the control logic governing the traffic lights at junctions, fixed control plans as well as
adaptive real-time control, or pre-emptive signals giving priority to public transport.

AIMSUN distinguishes between vehicle classes, and vehicle types within each class;
time sliced Origin/Destination matrices can be defined by vehicle types provided such
detailed information is available. The routes, fixed or time dependent, and the route
choice models can also be vehicle type dependent. Two extreme examples could be the
public transport vehicles and the dynamically guided vehicles. Public transport vehicles
travel along fixed routes (bus lines) on the network, according to an Origin/Destination
matrix defined according to the bus schedules for each line, and stopping at bus stops
for variable amounts of time depending on the public transport demand. Dynamically
guided vehicles can be allowed to dynamically change the route en route according to
the available information.

Being based on emulating the movement of individual vehicles through the network
a natural function of a proper traffic microscopic simulator is that of tracking individual
vehicles, emulating in this way the monitoring of fleet vehicles in a real-time fleet
management system. Figure 6.7 depicts an example of following a vehicle during the
simulation and gathering dynamic data (i.e. current position, previous position, current
speed, previous speed, etc.) while following the vehicle, in a similar way as the data that
in real life an equipped vehicle could provide.

AIMSUN v4.1.5 http:/hwww. tss-ben.com C:\Archivos de programa\TSS-Transport Simulati  yehicle 3157
File Objects View Expermeni Run Reports Pathe  Validation Window
— W Follow
M [ Vetici At
Ql Possibility to follow a vehicle during the Airibuln | vaiua Junts |
@ and to gather dynamic data while following the Vehicle id nsr
vehicle Vehicle Type car
Current Entity Section 1
Tuming Angle 134 degrees
Neod Turning Angle 179 degrees
Curment Position 11558 m
Pravious Pesitian 10268 m
Vehicle informatio Curment Speed B205 Knm
Previous Speed 8170 Knim
Mean Speed Desired af Fos 6299 K
Guided Hot quided v|
J5 Get foating car data.
Afiributs Valu |units
Legend Di... | X Distance travelled 2580 L]
origin Time followed 00:00:01 s
Controdds Mean 1pesd .6 KEmh
m Stop Aumber 0
m:Z
¥ Slop time 00:00.00 b
L K]
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m7
m 5 Fing Ramove | [ ciose |
m e
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SO— A
[ I
oo 1 i 4 M || 0| FE—T
scaie 1:|fiz00 Time:| 10:19.40 JHI_» |»m] e PESS=Z |

Figure 6.7: Emulating the monitoring of an equipped vehicle in microscopic traffic simulation
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Figure 6.8 depicts an example of how the conceptual process described in Figure 6.6
could be simulated on the basis of the proposed microscopic simulation approach. The
various lines identify the initially assigned routes to a set of 5 vehicles and the order in
which customers will be served according to the initial schedule. At time t after the trips
have started a new customer calls for an unscheduled service. The simulation process
emulates the real-time vehicle monitoring and therefore the positions and availabilities
of the fleet vehicles are known. This is the information required by the “Dynamic Router
and Scheduler” in the logic diagram in Figure 6.6, to determine which vehicle will be
assigned to the new service (vehicles 1 and 2 would be the potential candidates in our
example) and which will be the new route for the selected vehicle.

New customer
Siewroute Calls at timet
for vehicle 1
New route for
/ vehicle 2
Position of & F Position of
vehicle 1 & § vehicle 2
& § attimet

®
7’
L 1 7
(] /
| /
1 /
@ ’
o o % "
. '
120 Figure 6.8: Dynamic vehicle rerouting in a real-time fleet management
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6.6  Conceptual approach to a decision support system for the design
and evaluation of city logistics applications

One of the tasks developed in the context of the MEROPE project of the INTER-
REG III Programme has been the proposal of a methodology for the evaluation of City
Logistics applications and the development of a software system to implement such a
methodology (see Chapter 12). The system has been conceived as a Decision Support
System whose conceptual approach is based on the combination of an Operations Re-
search approach and a Computer Science approach. This methodology has been based
on the results of the SADERYL project, founded by the Spanish DGICYT. Methodo-
logically Operations Research works with models that formally represent the systems
on which the decision have to be made. Valid models of systems provide the support to
answer “what if” questions on the intended system. The main models behind the what
if questions that City Logistic Applications have to afford belong to the domain of the
Operations Research (i.e. plan location problems to determine the optimal design of the
Public Logistic Terminals — number of Public Transport Terminals to operate in a given
city, sizes, etc - determination of the fleet sizes, routing and scheduling of the vehicles,
and so on) therefore it is quite natural to adopt this point of view to address the design
of the intended decision support system.

A key question for an efficient use of the Operations Research models concerns the
computing environment into which they are embedded, and the friendliness to build
the model and determine and apply which is the most appropriate algorithm to find the
solutions to the model, solutions that will provide the answers to the what if questions.
This means that it is not only a problem of an efficient computational implementation
of the algorithm but also of implementing the algorithm as part of a software structure
conceived as a Computer Decision Support System (Turban, 1993). The core architecture
for the proposed system has been based on an adaptation of the conceptual structure
proposed by Schrague and Watson (1986). This structure, depicted in Figure 6.9, consists

of the following main components:

* A Data Base to store all the data required by the implied models: locations of logistics
centres and customers, capacities of warehouses and depots, transportation costs,
operational costs, fleet data, etc.

* A Data Base Management System for the updating of the information stored in the
data base

* A Model Base containing the family of models and algorithms to solve the related
problems, discrete location, network location, vehicle routing, scheduling, etc.

* A Model Base Management System to update, modify, add or delete models from the
Model Base. 121
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Figure 6.9: Conceptual Structure of a Quantitative Decision Support System

* A Graphic User Interface (GUI) supporting the windows-based dialogues to define
and update data, select the model suited to the intended problem, apply the corre-
sponding algorithm, visualize the problem and the results, etc.

Taking into account the nature of the problems addressed in a City Logistics Applica-
tion, and their underlying geographic reality, it seems quite natural that the framework
in which the GUI should be embedded is that of a Geographic Information System
(GIS) or a software platform with the main GIS functions required to support transport
applications. The integrated approach Routing-Simulation, proposed by Taniguchi ez
al. (2001) for the City Logistics Applications, as depicted in the conceptual diagram
in Figure 6.5 and its adaptation to real-time fleet management depicted in Figure 6.6,
implies that further to the traditional Operations Research models mentioned so far,
other models are also necessary:

122 * Trafhc Assignment models, like EMME/2, for example, INRO (1998), and
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* Microscopic traffic simulation models, like AIMSUN?2.

The logics of the decision process supported by the software environment works as
follows:
* To reproduce the underlying geographic reality as closely as possible the system im-
ports digital maps (as dxf or bitmaps files, for instance), or shape files. As depicted in

Figures 6.10 and 6.11 where an AUTOCAD file and shape file have been imported
into the working area of the screen respectively.

AIMSUN NG Standard Edition v5.0 (March Alpha) {(medificads) - [Vista 1]

[)érchivo Editar Vista Awangs She Almeun Locstion tnols Routng ol Favoriins Ventana Ayuda

BB NIAII N NVIANS/DUDEHAFO DB =P TR oxorion Weoes  hiwews |

= Modo de Diugade] Ninguro. [ Edoon |

i

:
I

I

Figure 6.10: Importing the digital map of a city as a.dwg file

* The graph of the corresponding road map is automatically built. This is a requirement
for the Network Location and Vehicle Routing models.

* On the top of the graph or the digital map the analyst opens a windows dialogue to
define the type of model for the problem and input interactively the corresponding
data.

28S —Transport Simulation Systems, GETRAM/AIMSUN, Version 4.2, User’s Manuals, November 2003, htep://www.
aimsun.com.
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Figure 6.11: Importing a shape file and defining a Plant Location Problem

* Figure 6.11 also depicts the dialogue to define a plant location problem on the top
of the imported shape file.

* Once the data model is defined the analyst selects the algorithm to solve the model,
this is also done interactively through the corresponding windows dialogue.

* Once the solution is found it can be displayed graphically as shown in Figure 6.12.

In the case of the Vehicle Routing models combined with dynamic simulation the
GUI has not only to be capable of visualizing how the customers have been clustered
to be allocated to the vehicles, and which is the route assigned to a particular vehicle,
but also to provide the way to analyse the paths used, get travel times, distances, etc. as
depicted in Figure 6.13.
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18.36.00

18:40:00 18
1841:00 14
s 19Az00 9

Scale 14351 | Time 104200

Figure 6.13: Path analysis: path identification and related attributes (path length, travel time, path cost, etc.) 125

An overview of models to design City Logistics projects






CHAPTER 7

Evaluation Methodologies for Urban Logistics Schemes

G Zomer, D Nieuwkerk

7.1 Evaluation, assessment and validation

Assessment and validation is a key step in the development and implementation process
of telematics applications. Any decision on the development or implementation of ap-
plications and services for urban logistics schemes, for instance: (a) whether the design
or functionality of an application should be changed; or (b) whether and how an ap-
plication (a system or a service) should be implemented, should be made on the basis
of sound knowledge about the performance and impacts of the application.

What do we mean by the terms “assessment” and “validation” Assessment is the
process of determining the performance and/or impacts of a candidate application,
usually in comparison to a reference case (existing situation or alternative applications),
and usually including an experimental process based on real-life or other trials, often
involving users. Validation is a term introduced within the European Commission’s 4th
Framework Programme and is the process of verifying that an application performs as
expected, often based on assessment results.

In this sense, validation is usually considered as an extension to the assessment proc-
ess. Nevertheless, validation has a more technical focus, while assessment also includes
impact assessment on socio-economic aspects. Therefore we make a distinction between
technical and non-technical validation. The complete assessment of both technical and
non-technical aspects is called evaluation.
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7.2 Overview of the assessment process

In accordance with the CONVERGE guidelines (CONVERGE, 1998), seven key stages
have been identified which constitute a generic evaluation process:

1. Definition of User Needs

2. Zero State Analysis (Pre-Assessment of Expected Impacts)

3. Describing Applications

4. Defining Evaluation Objectives

5. Evaluation Methods

6. Data Analysis

7. Reporting Results

Each of these stages will be discussed separately.

7.2.1 Definition of User Needs

Obtaining a sound understanding of the requirements of users for urban logistics telemat-
ics applications is the essential first step in the evaluation process. Identification of user
needs is essential for both system design and system assessment. For system design the
question is, “How can the system/application be designed to best meet the users’ needs?”,
while the system assessment asks, “Does the system as applied/tested perform as intended
and meet the users’ needs in practice?”. User needs can be categorized based on the dif-
ferent stakeholders. User needs can also be categorized based on the type of impact that
may be expected. A commonly used categorization for this kind of analysis is:

* Technical aspects

* Operational aspects

* Commercial aspects

* Socio-economic aspects

evaluation process categories

Technical Operational Commereial Socio economic
impacts 3 impacts impacts impacts

Figure 7.1: Categories in an evaluation process
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Sometimes a fifth category including political aspects can be added. This category
not only reflects the attitude of policy makers but can also be useful in projects and
types of applications that require enough support from the different stakeholders (see
Figure 7.1).

A detailed description of user needs analysis has been presented in Chapter 2.

7.2.2  Zero State Analysis (Pre-Assessment of Expected Impacts)

In the evaluation process, before a study can assess the impacts of a telematics applica-
tion it should first “pre-assess” those impacts on the main groups of users (or non-users)
likely to be affected. In that way the impacts to be actually assessed or focused on can
be determined.

Any project must have objectives, leading to intended impacts - those which the
telematics application should produce. The assessment should verify these expected
impacts. In fact, the project cannot be properly designed without a good idea of the
nature and scale of likely impacts.

For example, if a reduction of travel time of 5% is likely, that would demand a certain
measurement sample size in order to verify the expected impact. If the system would af-
fect certain categories of users or non-users, this would suggest the groups to be targeted
in any measurements or data collection.

Therefore it is necessary to identify system impacts expected in principle and assess
their approximate magnitude and target groups before deciding which impacts should
be assessed in the project. Where it is neither necessary nor reasonable to assess all
possible system impacts such a process can help focus the evaluation activities on the
most important issues. For this purpose, it is useful to prepare a table indicating the
impacts expected and their magnitudes. The expected impacts can be either qualitative
or quantitative.

7.2.3 Describing the applications

A precondition for an effective evaluation or validation plan must be a clear and concise

description of the key characteristics of the urban logistics telematics applications to be

validated. In many cases a project is carrying out assessment and validation activities

at several sites, in different countries, and where various telematics applications will be

validated. It is recommended that the project summarize the key characteristics of these

applications in a table, including at least following information:

* application name or type;

* major technologies (e.g. GSM, GPRS, SOAP, .NET etc.) whose application is going
to be validated;

* functionality or service offered; and

* verification and demonstration site.
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7.2.4 The evaluation objectives

The identification and definition of assessment objectives primarily needs to be based
upon the definition of user needs (stage 1 of the assessment process). What are the key
questions to which the users, decision makers and other stakeholders concerned in the
project must have answers? These questions comprise the requirement for information
which should then be fed into the next stages of the assessment process.

Assessment objectives should correspond to the criteria for making judgements and
choices. There is usually a hierarchy from a general to a more specific level. For instance,
“improving mobility” leads to “improve transport efficiency”, then to “reduce the fre-
quency and severity of congestion”. In that way, a set of assessment objectives can be
defined against which the applications should be judged.

The assessment objectives are not necessarily the same as the application design
objectives, those set by designers and manufacturers for developing the system. The
assessment objectives should relate closely to the implementation and use of the ap-
plication. For this reason, in many cases additional requirements must be taken into
account. Although, for instance, a route guidance application may be developed to help
drivers avoid congestion, the safety impacts or institutional aspects may also need to be
assessed. Generally speaking, assessment objectives should incorporate all application
design objectives, as well as those related to needs and requirements of public authori-
ties, operators and end-users.

7.2.5 Evaluation methods

There are different types or categories of evaluation, under which more specific and similar

types of evaluation objectives can be grouped. Examples of evaluation categories are:

* Technical assessment (system performance, reliability);

* Impact assessment (safety, environment, transport efficiency, user behaviour, modal
split etc.);

* User acceptance assessment (users' opinions, preferences, willingness to pay);

* Socio-economic evaluation (benefits and costs of system implementation);

* Market assessment (demand and supply); and

* Financial assessment (initial and running costs, rate of return, payback period).

Different assessment categories may be inter-related: for instance, to perform a
socio-economic evaluation requires the results of an impact assessment, while results of
a user acceptance assessment would be an important input to a market assessment.

Moreover, it is necessary for any assessment to use experimental tools, e.g. field
trials, user surveys, simulation and modelling, data collection and measurement of
indicators. These different evaluation methods will be discussed in detail in Sec-
tion 7.3.
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7.2.6 Data analysis

The first step for the analysis of any variable is to examine the distribution of data values.
This may follow a more statistical approach.

The following statistical techniques can be used in data analysis:
1. Techniques for interval data (‘hard’ measures)

- T-tests: the € test is appropriate for comparing the mean values from two samples.

- F-tests: the f” test is appropriate for comparing the mean values from more than
two samples.

- One-way analysis of variance: In ‘one-way’ analysis of variance only one factor
which may define many groups) is considered.

- Many-way analysis of variance: This technique is appropriate if there are several
factors of interest, e.g. alternative transport telematics applications and also dif-
ferent times of day.

2. Techniques for categorical data (‘soft’ measures)

- Chi-squared: The chi-squared test is appropriate for analysing count data.

- Proportions: Sometimes the impact measure of interest is a proportion of occur-
rences, for example the proportion of transport operators who think that city access
has serious limitations.

- Loglinear modelling: The technique of log-linear models is appropriate to analyze
inter-relationships between categorical variables. In many respects it can be regarded
as an extension to the chi-squared test, but with interaction terms specifiable and
to include as many variables as required.

- Meta-analysis: Meta-analysis generally refers to the statistical integration of the
results from independent studies. Essentially it is the statistical analysis of the sum-
mary findings of many empirical studies. Meta-analysis is thus important where it
is necessary to combine results from studies carried out at different sites and where
different transport telematics applications have been trialled.

An important step in data analysis is the interpretation of results. For the results to
be believable the basic assumptions underlying the analytical technique must not have
been significantly violated. Perhaps the expected changes due to the transport telematics
implementation have not been realised. Were there other changes during the study period
that might have reduced the impact? Should other variables be checked for change, such
as traffic flow rates, the weather, etc.? This is the time to check that the study design and
analysis were not compromised, or confounded by other effects.

7.2.7 Reporting results
It is recognised that there will be different audiences for the assessment results. Whilst
traffic managers and engineers require a detailed and technical presentation of all project 131
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results, the “end clients” who are usually not specialists in the field, require more of an
overview of the key results. Results should be expressed in clear and simple language, all
conditions or provisos important for their interpretation should be made transparent,
and statistical analysis should be used to assess the significance of the results. Hence,
it is recommended that the following structure is used for project validation results
deliverable(s):

* DPart I Key validation results at project level

* DPart I Detailed validation results

¢ DPart III Comparison of validation results across trials or sites

Part I should be a summary of Parts I and III.

7.3  Examples of evaluation methods

Each of the following evaluation methods has its particular characteristics, which makes
the use of it worthwhile, depending on the focus'.

7.3.1 Technical assessment

A technical assessment aims to determine how far a system meets technical requirements
and expected objectives. It may be a process for comparing a candidate system with
alternative(s). In this case, the purpose of a technical evaluation is to identify which
solution can best achieve technical requirements and intended objectives. It would not,
however, address the impacts of the system beyond its own boundaries.

Results of laboratory or field trials or other experiments may be used as input for a
technical assessment. The results from a technical assessment may affect decisions on
whether the system under consideration merits further assessment, e.g. impact assess-
ment, market assessment or socio-economic evaluation.

7.3.2 Impact assessment

Impact assessment is the measurement or estimation of the impacts (effects) of an applica-
tion, e.g. those on safety, environmental conditions or transport efficiency, for the particular
target groups (drivers, system operators, society etc.) likely to be affected. This means deter-
mining how the indicators of assessment may have changed, which implies a comparison:
either a “before-and-after” measurement, or a comparison between alternative(s).

An impact assessment may be based on the results of field trials, of other experiments,
of calculations, e.g. modelling or simulation, and/or of a technical assessment. An impact
assessment may provide input, for example, for a related socio-economic evaluation or
may support the decision process directly.

! Descriptions have been used from both the CONVERGE guidelines and the SURFF Validation and evaluation
guidelines (SURFE 1996).
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7.3.3  User acceptance assessment

User acceptance assessment aims to estimate users attitudes to and perception of
application(s) investigated, usually based on questionnaire surveys, interviews, etc. Here
the users may be the operators who implement and operate the systems, the people using
the service, or the drivers who buy and use in-vehicle equipment for the service.

For drivers, the user acceptance is often estimated in terms of perceived benefits, e.g.
improvement in safety, reduction of vehicle operating costs, saving in travel time, im-
provement in driving comfort, HMI friendliness, etc. “Willingness-to-pay” is of special
interest to manufacturers of equipment or services to be purchased by individual travellers.
Although difficult to assess when not based on real purchasing decisions, users’ valuation
of specific equipment or services can be estimated using specialized methods.

7.3.4 SWOT-analysis

SWOT-analysis is an evaluation methodology for strategic assessment, analyzing Strengths
and Weaknesses (SW) of pilots and Opportunities and Threats (OT) that can affect their
results. This analysis is mostly of a qualitative nature and will elaborate on the possible
influence the new telematics applications could have on the total transport market and,
ultimately, on the society as a whole.

7.3.5 Socio-economic evaluation

Socio-economic assessment aims to estimate the “social” gains or losses (the economic
gains and losses for all members of society) as the result of implementing an application
in comparison with the existing situation.

It is usually appropriate to use socio-economic assessment in the public sector, where
a government authority is required to take into account not only the direct, perhaps
financial costs and benefits of a scheme, but has to consider also the wider effects on the
whole community, non-users included. Indeed, a form of socio-economic assessment is
often a requirement for major public-sector schemes. However, there is no agreed frame-
work for socio-economic assessment valid across Europe. In socio-economic assessment,
time-savings are usually assigned a monetary equivalent through the “value of time”.

Socio-economic assessment usually rests, therefore, on methods that mix actual
measurements with calculations based on modelling or even assumption of certain key
parameters. This can give an internal consistency to the process, so that a comparison of
different alternatives may be reasonably reliable, but it makes a comparison with schemes
or projects assessed using a different evaluation framework quite unreliable.

The evaluation of transport telematics applications is even more problematic than
that of more conventional transport infrastructure. This is because the benefits often
include increased traveller satisfaction or comfort, improved availability or quality of
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information, or reduced accident risk; benefits like these cannot easily be measured
or quantified. Furthermore, there is often little evidence for the mechanism by which
benefits are created from the application of telematics technologies.

Depending on the technical approach, there are two principal types of socio-economic
evaluation methods: cost-benefit analysis and multi-criteria analysis. A third one is cost-
effectiveness analysis.

Cost-benefit analysis
Cost-benefit analysis (CBA), developed from the basis of welfare theory, is used to esti-
mate the ratio (or difference) of the benefits to the costs of an application. The analysis
would consider a specific time horizon (e.g. 20 years) and spatial dimension (e.g. a
motorway corridor or a city). Both benefits and costs incurred in future years should
be “discounted” by an appropriate discount rate; future benefits are less certain than
those of today, hence are attributed a lower value. Cost-benefit analysis uses money as
the only unit of account. That means that both cost and benefit must be measured or
converted into a monetary unit, e.g. Euros, to enable a direct comparison of costs and
benefits related to a proposed implementation. Values for key indicators must be agreed
as they affect directly the outcome of the analysis.

The relevant costs and impacts should be defined with respect to different target groups,
e.g. system operators and drivers. Particular care should be taken to avoid double count-
ing of a cost or benefit item or of neglecting to assess all items that may be significant.

Welfare approach Within geographic scope (EU or particular country) Outside
geographical scope
Priced effects Non-priced effects

Causal approach Redistribution | Efficiency | Efficiency | Redistribution

Direct | Operator Operating profit Uninsured risks

Effects | Users Cheaper transport Travel time savings, safety | Travel time savings

Third parties Emissions, noise Emissions
Indirect Effects on other modalities | Congestion Congestion
Effects Strategic effects Regional imparity Exchange rate effects

Source: CPB/NEI, 2000, Leidraad voor kosten-batenanalyse, SDU, Den Haag
Table 7.1: Typology of project effects

Table 7.1 presents a typology of project effects. In general three types of effects are
defined in a social-economic CBA:
1. Direct effects: the direct costs and revenues of the project. This includes both financial
costs and benefits for users in the urban logistics and distribution world.
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2. Indirect effects on non-users; this item includes aspects like redistribution or crea-
tion of employment and business activities that are started as a consequence of the
project

3. External effects; these are environmental effects (noise nuisance, emissions) and social
aspects (safety, congestion). As far as possible these effects have to be quantified in
monetary terms. If this is not possible, they are usually included in CBA results as
‘PM’ and treated qualitatively in the underlying report.

Multi-criteria analysis

In contrast to cost-benefit analysis, multi-criteria analysis (MCA) can also deal with
discretionary or intangible impacts that cannot reasonably be expressed in monetary
units. Like cost-benefit analysis, MCA also aims to assess and evaluate the impacts of an
application by comparing it with a reference case or with alternatives before a large-scale
implementation of the application.

Different criteria included in a MCA can be combined to determine a single deciding
value (as in cost-effectiveness analysis), or treated separately without aggregation (as in
compatibility analysis). For each alternative the effectiveness should be determined and
will be used, together with the respective cost determined, as the basis for making a
decision on which alternative should be selected for implementation.

The main difference between a utility analysis and a cost-effectiveness analysis is that
within a utility analysis the cost is determined as a negative effectiveness and thus for
each alternative only a single utility value is determined. The utility value is used as the
basis for comparison and final selection of the preferred application. The approach for a
utility analysis in determining the effectiveness is the same as that for a cost-effectiveness
analysis. The same precautions apply in MCA as for cost-benefit analysis.

Cost-effectiveness analysis

This methodology is used in the final stage of an evaluation in which all impact cate-
gories are used: those that can be directly expressed in monetary terms, as well as those
that can only be indirectly expressed in monetary terms (e.g. through expert opinions),
and purely qualitative impact categories.

Positive and negative monetary expressed impacts are weighted against the positive and
negative non-monetary expressed results. Cost effectiveness analysis focuses on one
particular direct effect, whereas cost-benefit analysis also includes indirect and external
effects. Another difference is that costs and effectiveness are compared using a ratio
(relative comparison), whereas cost-benefit analysis uses net present value of both costs
and benefits (absolute comparison). Without the use of a proper evaluation process, all
the efforts of the development, testing and demonstration of useful applications may
be worthless, because the evaluation results have to convince other actors to dissemi-
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nate and build further upon these ideas on a wider scale. The next chapter presents the
evaluation of a wide variety of experiences with sustainable freight distribution from
across Europe.
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CHAPTER 8

Experiences and applications in Europe

M Boero, G Ambrosino

8.1 Introduction

This chapter presents results from the evaluation of a wide variety of experiences with
sustainable freight distribution in urban areas from across Europe. Experience is docu-
mented in detail from sites in Italy, Denmark, Spain, The Netherlands, Portugal and the
Czech Republic drawing from the results of high-profile EC-funded projects like e DRUL
and MEROPE as well as many nationally funded projects. Overall, the experience tends
to fall into two distinct categories, those that arise from a regulative or indirect policy
framework (e.g. Copenhagen, Milan) and those that arise where a structural or direct
policy framework is permitted (e.g. Leiden, Aalborg, Genoa or Siena). A summary of
relevant experience (not restricted to the case-studies in this chapter) in terms of type of

intervention, stakeholders involved and results is given in following tables.

Experiences promoting a regulative or indirect policy framework (1)

In the city centre the access to
the TLZ is forbidden fo vehicles
that are over 7,5 tonnes, larger
than 9 metres, not Euro2 emis-
sion or with a loading factor
less than 80% to be delivered or
picked up. This regulation was
introduced after a referendum
that took place in 1993.

and local haulers

City Type of intervention Stakeholders involved Results

Amsterdam Regulation of the access based | Municipality in collaboration | 50% of inhabitants have
on capacity, length, |oadinifoc- with Chamber of Commerce | tested a decrease of the

(NL) tor and emissions of the vehicle.

traffic congestion due to
heavy vehicles

100% of interviewed
hope fo see a further
application of access
restriction in the city
centre
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Experiences promoting a regulative or indirect policy framework (1)

loading factor of the vehicles
(60% of the capacity). In 2002
an experimental phase lasting
21 months was launched in
which the mandatory scheme
states that vehicles over than 2,5
tonnes should buy a certificate to
be able to stop in the city centre

and logistics operators, unions
and the University in 1998

City Type of intervention Stakeholders involved Results
Copenhagen Regulation of the loading/un- | Municipality promoted an | Participation of 80
(K] loading areas based on the | agreement with local transport | companies for a total

of 300 vehicles
86% of the haulers

agreed on the introduc-
tion of the mandatory
scheme

Assigned about 4,000
certificates (180,000
Euro)

Table 8A: Experience promoting a regulative or indirect policy framework (1)

Experiences promoting a regulative or indirect policy framework (2)

City Strategy
Milan No logistics platform for freight urban distribution has been installed. Release of permissions
(IT) (paid or free) allows commercial vehicles to circulate and park in the restricted zones.

Table 8B: Experience promoting a regulative or indirect policy framework (2)

Experiences promoting a structural or direct policy framework

138

and licenses, according to spe-
cific environmental standards
and logistics efficiency. The pilot
started in 1996: in the periphery
9 logistics platforms have been
identified in existing platforms
of the haulers who provide the
“final mile” service.

City Type of intervention Stakeholders involved Objectives /Results
Amsterdam | Regulation of the urban distribu- | Private initiative of the | The project aimed at
(NL) tion through a system of permits | haulers in partnership | handling 20% of the

with the Chamber of | total amount of freight
Commerce and the Mu- | and to decrease the
nicipality. Investment has | total number of vehi-
been sustained by Mu- | cles entering the inner
nicipality for the imple- | centre.

mentation of the project
and for new traffic signs.
The membership is op-
tional.
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Experiences promoting a structural or direct policy framework

City

Type of intervention

Stakeholders involved

Objectives/Results

Leiden

(NL)

Municipality established an urban
distribution system based on the
release of permissions and linked to
a Urban Distribution Centre (UDC).
Access hours for freight distribu-
tion in the centre were different
for the haulers who don’t support
the UDC.

The management company
of UDC comprised the mu-
nicipality, Mostert company
(making available its own
existing platform) and a
former company controlled
by Municipality with the
task to provide the necessary
manpower. The licensing is-
sued by Municipality was a
function of several criteria:
vehicle load, number of
deliveries per day, etc.

Initiative started in 1997
but was suspended in 2000
as no financial profitability
was achieved and the haul-
ers were against the policy
of the Public Authority to
create a monopoly in the
urban goods distribution
service.

Utrecht
(NL)

Municipality established a system
of urban distribution based on
the release of permissions and the
realisation of three distribution
centres. Permissions are awarded
to haulers matching conditions on
load, number of deliveries per day
and using the system.

Access for haulers using the system
was wider.

No public funding.

The two companies that
obtained the license have
merged into a company.

Initiative started in 1994
and ended in 1996 be-
cause of the low number
of companies passing their
own deliveries on to the
authorized company.

Malaga
(SP)

The initiative was launched in
2002.

The historical centre is almost in-
cluded in pedestrian area and
specific loading/uploading areas
have been reserved.

Public funds are provided.
The participation is vol-
untary.

In the future the logistics
platform will carry out
some added value services
as: storage, packaging
disposal, integration of IT
tools for the receipt of the
requests and the localisa-
fion of the vehicles.

Adlborg
(DK)

Urban goods distribution centre
carried out by different operators.
Unified planning and information
provided by the management com-
pany of the Centre.

Aalborg Municipality, NTC
(Nordic TransportCentre
Ltd.), ACO (Arctic Container
Operation Ltd.), Danske
Fragmaend (main freight
transport operator in Den-
mark).

The information system on
the distribution is underu-
filized.
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Experiences promoting a structural or direct policy framework

City

Type of intervention

Stakeholders involved

Objectives/Results

Genoa

(I)

The basic structure of MERCI project
is the hub where freight are collected
to be distributed with ecological (2
methane and 8 electrically pro-
pelled) vehicles. This hub is 1.5 Km
apart from the motorway and 5
Km from the historical centre. The
initiative started on March 2003
with the funding of Sustainable
Environment Draft Plan by ltalian En-
vironment Ministry and of MEROPE
EU project. The hub is built upon an
area of 1,400 m 2,700 of which
are roofed-over.Road pricing system
is also active in Genoa. Cameras
based on Telepass technology and
covering the whole historical centre
perimeter have been installed and a
first demonstration phase involving
200 drivers was completed.

The manager company is
Genoa-Eco Distribuzione
Merci srl, joining together
the Chamber of Commerce,
Trade Unions and Genoa
Municipality.

In a first pilot phase (March
2003 - June 2004), deliv-
eries were made only in a
limited area (25,000 m?
that is 17% of the whole
historical centre counting
328 refail points).

In a second phase (from
June 2003), deliveries were
extended to the overall
historical centre counting
2,000 retail points.

In the pilot phase an aver-
age of 150 trips/month
were carried out with an
average of 5,000 items/
month delivered.

In the second phase the
amount of deliveries is
expected to increase 5-6
times.

Siena

(I)

Creation of two logistics bases as
part of the ALIFE project interven-
tions (Ecommerce pilot project of the
Ministry of Transport). The project
started in 1999.

The historical centre of Siena is
completely TLZ and each street has
an own weight limit for the access
of vehicles.Municipality of Siena
established a set of traffic restriction
measures inside TLZ area based on
the subdivision of goods category
(from 6:00 to 10:00 and from 14:30
to 19:30 for pharmaceutical prod-
ucts and fresh groceries, from 6:00
to 10:00 and from 15:30 to 17:00
for other goods) and automatic
access control system based on
Telepass technology

Local Administration, public
private partnership, trans-
port operators and ENEA
(Italian Energy Authority).
A Ltd company of Logistics
and Services was constituted
to manage and coordinate
different aspects related to
service.

37% reduction of the freight
vehicles travelling in the
historical centre (from 450
to 280) with the aim of
reaching 60% of the total
amount of carried goods.
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8.2  The Experience of Siena in Italy
A Flori, A Liberato, W Manni

8.2.1 Background

As a world renowned tourist site the City of Siena is one of the most prominent Italian
historical towns. In addition to a population of about 60,000 inhabitants, 13,000 com-
muters/day and 17,000 University students, Siena and its surroundings are visited by
more than 5,000,000 tourists every year. The city is characterised by a wide historical
area surrounded by ancient walls and gates, a network with narrow streets and relevant
gradient. More than 750 shops are located in the inner city centre and freight trafhic
amounts to some 450 delivery trips/day with more than 160 tons/day of goods being
consigned. In addition, the city distribution system as a whole appears (as in many Eu-
ropean urban areas and cities) to be largely inefficient, with more than 70% of freight
vehicles using less than 50% of their available load capacity.

Although Siena presents one of the higher levels of city life quality in the Italian and
European context the figures described above impact on the urban environment in
various ways:

* high pressure of tourists;
* high number of daily commuters; and
* high level 