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Foreword by Minister Melanie Schultz van
Haegen

The Netherlands: gateway to Europe. It is this short
phrase that underlines the unique position of our
country. Our maritime ports in Rotterdam and
Amsterdam, for instance, import 536 million tons of
goods every year. Most of these are shipped to desti-
nations further inland, traveling by road, rail, or water.
Germany as our most important trade partner is a vital
destination. Both countries realize that a strong
industry cannot survive without a healthy logistics and
supply chain sector. Apart from investments in infra-
structure as taking place in both countries, innovation
in logistics also needs a strong knowledge base.

The fact that Germany and the Netherlands already rank positions 1 and 2 on the
World Bank’s Global Logistics Performance Index 2014 is no reason to lay back.
Faced with a fierce competition, among others from emerging economies, smart
innovation has been made a cornerstone of our economic policy, including inno-
vation in logistics and supply chain control.

For that reason, I welcome the initiatives of two of the most important logistics
knowledge clusters, the Dutch Institute for Advanced Logistics (Dinalog) and the
Effizienzcluster LogistikRuhr in Nordrhein-Westfalen, to join hands and start a
long-lasting cooperation—a cooperation which is based on public—private part-
nership programs in which industry and academic institutes closely work together
to the benefit of our industrial and logistics sectors.

In June 2014, a cooperation agreement was signed at the Fraunhofer Institut fiir
Materialfluss und Logistik, attended by King Willem Alexander and Queen Maxima
of the Netherlands, as well as the Ministerprisidentin Hannelore Kraft of
Nordrhein-Westfalen. This book is a first proof of the fact that such a cooperation




vi Foreword by Minister Melanie Schultz van Haegen

bears fruit. It shows the richness and versatility of the logistics domain but above all
it demonstrates that real logistics innovation can be achieved, when all partners are
willing to join hands. I welcome the publication of this book and I sincerely hope
that it may serve as a source of inspiration to both students and logistics practitioners.

Melanie Schultz van Haegen
Minister of Infrastructure and the Environment
The Netherlands



Foreword by Minister Michael Groschek

This book contains exemplary and innovative
contributions regarding the state of the art in logistics
research as well as practice, all aiming at improving
the contemporary processes in supply chains. This is
very important for economic development in
general—and especially so for the two involved
regions, home of the two leading research clusters
DINALOG and EffizienzCluster LogistikRuhr, as the
Netherlands and especially North Rhine-Westphalia
play a crucial role in the overall setup of global and
European logistics concepts.

As incorporated with this book, the two
regions—awarded the leading ranks also in the World Bank global Logistics
Performance Index—are complementary regarding global seaports as well as
excellent Hinterland connections and value-added services in integrated and resil-
ient logistics concepts.

The state of North Rhine-Westphalia has supported the development of the
logistics sector on a concept level as well as at important locations such as
Duisburg, Cologne, or Dortmund in the best possible manner, as it features
Europe’s largest inland port, the third largest German cargo airport as well as
leading logistics research facilities as the University of Duisburg-Essen and the
Fraunhofer Institute for Material Flow and Logistics in Dortmund.

In order to further strengthen the existing logistics excellence, our state is pre-
pared and motivated to provide further support. This is implemented for example
with the new ERDF program with the specific cluster support for “mobility and
logistics.” This competition for the funding of innovative ideas in logistics was
started in April 2015 and has submission options in 2015 and 2016.

vii



viii Foreword by Minister Michael Groschek

Logistics researchers, entrepreneurs, and their partners in industry and commerce
within our state and beyond proceed to strive for exceptional results in building the
supply chains of the future and providing sustainable as well as resilient and
responsible services to our society.

Diisseldorf Michael Groschek
July 2015 Minister for Building, Housing
Urban Development and Transport

of North Rhine-Westphalia



Preface

In today’s global economies, logistics has been recognized as one of the key factors
that determine the competitive position of both individual corporations and
industry-based networks. At the same time, the very nature of supply chains and
supply networks is changing rapidly, as a result of both technological and social
developments. These developments include advances in ICT and industrial auto-
mation (sensors, robotics, 3D printing, and smart mobility) but also environmental
concerns (scarcity of natural resources, carbon emission, and congestion) and
finally new business models (e.g., e-commerce). The incorporation of these new
technologies’ potential in modern supply chain operations, while at the same time
addressing environmental and societal concerns, is a formidable challenge for
companies, economic clusters, and nations. But a challenge that has to be met: The
importance of logistics as an indispensable factor of economic development is
undisputed, as evidenced also by the annual publication of the World Bank
Logistics Performance Index.

Innovation in logistics and supply chain management is a key to respond to the
challenges outlined above. Such innovation requires intensive collaboration of
industry and research and education institutes, to translate technological develop-
ments into sound business models and to train tomorrow’s logistic engineer. For
Germany and the Netherlands, the two focal innovation clusters are the Dinalog
cluster and the EffizienzCluster LogistikRuhr. The editors of this book have ample
experience in conducting projects that aim at the implementation of concepts and
ideas in the day-to-day business environment (practicality gap). They also con-
cluded there is a strong need in industry to understand the fundamentals of topics
such as sustainable logistics, ICT integration, and Web-based businesses (theory
gap).

From these experiences, the basic idea for this edited volume was born: to
present state-of-the-art advances in logistics theory in different fields as well as to
provide case studies for successful and promising logistics applications within
important innovation areas in modern logistics management as best practice. This
book reports on a number of studies carried out (and still ongoing) in the
Dinalog cluster and the EffizienzCluster LogistikRuhr, bringing together different

ix



X Preface

perspectives of basic and applied research. Above all, it should serve to inform the
broader logistics and supply chain sector on what can be achieved by implementing
novel and smart innovative ideas and what is needed to make these implementations
successful.

In order to support this approach of bridging theory and practice in modern
logistics, a selected portfolio of theory outlines, practical examples and case studies
and in particular project reports or knowledge management documentations within
different areas of logistics and supply chain planning is presented in this volume.
The editors have selected contributions from a wide variety of projects carried out
in the Dinalog cluster and the Effizienzcluster LogistikRuhr. Contributions are
grouped into five main parts, each representing key domains in the evolution of
logistics and supply chain management:

(A) Logistics innovation and sustainability;

(B) Urban logistics;

(C) Value chain management;

(D) IT-based innovation; and

(E) Logistics training and knowledge management.

Within each part, important topics are outlined and demonstrated through their
application in a variety of case studies. This book is intended for both researchers
and practitioners in the field of logistics and supply chain management, to serve as
an important source of information for further research as well as implementation in
practice and hence to stimulate further innovation.

The five parts are preceded by an introductory chapter by Henk Zijm and
Matthias Klumpp. After a brief historical overview and a discussion of the need to
design more sustainable supply chains, they list chances and opportunities and also
discuss an approach advocated by the European Technology Platform for
Logistics ALICE. The paper is completed with a discussion on training and com-
petence management in logistics, including a preview on what may be expected.

Subsequently, Part I outlines basic concepts and strategies for sustainable and
green logistics based on research and the implementation of new developments.
Martijn Mes and Maria lacob outline an approach of synchromodal transport
planning in order to optimize transportation in light of greening the supply chain
(“Synchromodal Transport Planning at a Logistics Service Provider”). In
“DAVINC’: Towards Collaborative Responsive Logistics Networks in
Floriculture™, Jack van der Vorst, Robert Ossevoort, Marlies de Keizer, Tom van
Woensel, Cor Verdouw, Edwin Wenink, Rob Koppes, and Robbert van Willegen
describe research the results of a large research project on the development of a
collaborative logistics network in the floriculture industry as a very high-value as
well as high-quality example in terms of innovative logistics. In a larger perspec-
tive, sustainable multimodal hinterland networks, including the concept of extended
gates, are discussed as a major approach toward green and cost-effective logistics
by Albert Veenstra and Rob Zuidwijk (“Towards Efficient Multimodal Hinterland
Networks”). Thomas Kjaergaard, Martin Schleper, and Christoph Schmidt suggest
in “Current Deficiencies and Paths for Future Improvement in Corporate
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Sustainability Reporting” that corporate sustainability reporting should be in the
center of attention and management action in order to really achieve sustainable
logistics. In an operational perspective, Simon Thunnissen, Luke van de Bunt, and
Iris Vis are outlining the logistics impediments and chances of the use of LNG as a
fuel for both the transport and maritime sector (“Sustainable Fuels for the Transport
and Maritime Sector: A Blueprint of the LNG Distribution Network™). The final
contribution in Part I comes from Raphael Heereman von Zuydtwyck and Holger
Beckmann in “Efficiency Optimization for Cold Store Warehouses Through an
Electronic Cooperation Platform”, in which they discuss a specialized but prom-
ising approach regarding the use of online cooperation in cold store warehousing in
order to reduce the environmental impact of this important section of transportation.

Parts II and III outline different levels of the logistics chain and optimization
perspective. Whereas Part II deals with the local level in urban logistics concepts,
Part III addresses the global level of value chain design and optimization. In Part II,
challenges, failures, and successes of urban freight transportation are discussed by
Goos Kant, Hans Quak, René Peeters, and Tom Van Woensel (“Urban Freight
Transportation: Challenges, Failures and Successes”). In “The Role of Fairness in
Governing Supply Chain Collaborations—A Case-Study in the Dutch Floriculture
Industry”, Robbert Janssen, Ard-Pieter de Man, and Hans Quak provide an insight
into the impact of fairness considerations on local transport regimes in the flori-
culture industry. A further important aspect of urban logistics is last-mile parcel
distribution, increasing steadily with e-commerce—and therefore the contribution
of Theodoros Athanassopoulos, Kerstin Dobers, and Uwe Clausen is a welcome
contribution that suggests options to reduce its environmental impact (“Reducing
the Environmental Impact of Urban Parcel Distribution”). In “Order Fulfillment and
Logistics Considerations for Multichannel Retailers” of this part, Kees Jan
Roodbergen and Inger Kolman present a framework for decision making on order
fulfillment and logistics in multichannel retail distribution.

In Part III, attention is paid to maintenance and service logistics. Maarten
Driessen, Jan Willem Rustenburg, Geert-Jan van Houtum, and Vincent Wiers
develop control structures for integrating decision making on inventory control and
repair shop control for rotable spare parts (“Connecting Inventory and Repair Shop
Control for Repairable Items”). In “Knowledge Lost in Data: Organizational
Impediments to Condition-Based Maintenance in the Process Industry”, Ronald van
de Kerkhof, Henk Akkermans, and Nils Noorderhaven present a pilot study on the
introduction of condition-based maintenance in the process industry, as a tool to
increase asset availability. Jan Willem Rustenburg discusses the merits of a control
tower approach for spare parts management as a radical new business model in
“Planning Services: A Control Tower Solution for Managing Spare Parts”. Finally,
in “Impediments to the Adoption of Reverse Factoring for Logistics Service
Providers”, Christiaan de Goeij, Alexander Onstein, and Michiel Steeman focus on
the adoption of supply chain finance methods, in particular reverse factoring, by
suppliers in the logistics service businesses, as a tool to enhance chain liquidity.

Part IV is dedicated to the information technology enhancements driving many
innovations in logistics and supply chain management. In “Towards an Approach
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for Long Term AIS-Based Prediction of Vessel Arrival Times”, Alexander
Dobrkovic, Maria Iacob, Jos van Hillegersberg, Martijn Mes, and Maurice
Glandrup address how automatic information system data can be used to accurately
predict vessel arrival times and thereby optimize logistics. More generally, the use
of information technology as a tool for supply chain design, integrating various
formerly isolated modules, is discussed and illustrated with case examples by
Matthias Parlings, Tobias Hegmanns, Philipp Sprenger, and Daniel Kossmann in
“Modular IT-Support for Integrated Supply Chain Design”. Even more into current
information technology research is the use of multi-agent systems, i.e., in transport
coordination as presented by Frank Arendt, Oliver Klein, and Kai Barwig
(“Intelligent Control of Freight Services on the Basis of Autonomous Multi-agent
Transport Coordination”). Also the supply chain-wide implementation of RFID is
still on the table for logistics innovation and value optimization as Kerem Oflazgil,
Christian Hocken, Fabian Schenk, Oliver Teschl, Thorsten Lehr, Mareike de Boer,
Christoph Schrdder, and Rainer Alt outline in “Smart. NRW—RFID as Enabler for
an Intelligent FMCG Supply Chain”. The need to improve compliance to external
regulations (e.g., customs) in supply chains, without delaying the flow more than
necessary, presents a further challenge to smart information system design as
Melissa Robles, Juan Diego Serrano, Maria Laura Maragunic, and Bernd Noche
argue in “Developing Support Tools for Compliance in Supply Chains”. A logistic
assistance system to support quality control and quality management for logistic
processes is presented by Markus Zajac and Christian Schwede (“Cross-Process
Production Control by Camera-Based Quality Management Inside a Logistic
Assistance System”). The last contribution of Part IV, “Logistics Mall—A Cloud
Platform for Logistics” by Damian Daniluk, Maren Wolf, Oliver Wolf, and Michael
ten Hompel, discusses the logistics mall, an approach for a domain-specific cloud
platform for the trading and usage of logistics IT services and logistics processes.

Last but not least, the final Part V highlights the importance of competencies and
knowledge management for logistics in bringing most innovation and technology
approaches to full fruit. Therein, an approach for problem-oriented knowledge
management in logistics is discussed by Natalia Straub, Christoph Besenfelder, and
Sandra Kaczmarek (“Problem-Oriented Knowledge Management for Efficient
Logistics Processes”). In “Logistics Qualification: Best-Practice for a Knowledge-
Intensive Service Industry”, Matthias Klumpp is providing an overview regarding
measurement concepts as well as political initiatives directed toward best-practice
approaches in logistics training and education. Finally, in “Serious Games for
Improving Situational Awareness in Container Terminals”, Alexander Verbraeck,
Shalini Kurapati, and Heide Lukosch discuss the concept of situational awareness at
container terminals as a basis for online (re)planning; they have developed various
serious gaming-based instruments that have proven their value in the training of
both students and practitioners in industry.

We would like to stress that many contributions include pilot or case studies at a
large spectrum of industrial companies, which therefore essentially contribute to the
objective of this volume: to bridge the gap between theory and practice in logistics
and supply chain management. At this place, we extend our appreciation to their
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willingness to share current processes and data and to jointly work with academic
partners toward improving business processes. But most of all, we are grateful to all
the authors for their highly valued contributions; working with them was a
rewarding experience. Finally, we express the hope that the projects discussed in
this book may be of interest to practitioners in industry as well as to industrial
engineering and logistics students, and that they may serve as a source of inspi-
ration for further research. We look forward to the further application and imple-
mentation of the innovative concepts presented in this volume in industry.

June 2015 Henk Zijm
Matthias Klumpp

Uwe Clausen

Michael ten Hompel
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On May 27, 2014, the Effizienzcluster LogistikRuhr and the Dutch Institute for
Advanced Logistics (DINALOG) signed an agreement to jointly work on logistics
and supply chain innovation, in close collaboration with industries and the logistics
sector in Germany and the Netherlands. The signing ceremony was attended by
their Majesties King Willem Alexander and Queen Maxima of the Netherlands, the
Prime Minister of North-Rhine Westphalia, Mrs. Hannelore Kraft, The Minister of
Economic Affairs of the Netherlands, Mr. Henk Kamp, and the Mayor of
Dortmund, Mr. Ulrich Sierau.
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Mrs. Hannelore Kraft, Prime Minister of the State of North-Rhine Westphalia
His Majesty King Willem-Alexander of the Netherlands

Her Majesty Queen Maxima of the Netherland

Prof. Dr. Henk Zijm, Scientific Director of the Dutch Institute for Advanced
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Logistics and Supply Chain Management:
Developments and Trends

Henk Zijm and Matthias Klumpp

Abstract The demand for sustainable logistic and supply chain processes poses
enormous challenges in terms of technology integration, the development of new
business models, cultural change and job qualification, and as such requires a real
paradigm shift. In this paper, we start with a brief sketch of how modern logistics
and supply chains emerged as a result of diversification and specialization of
industrial production, globally scattered availability of resources and more
demanding consumer markets. Jointly with advances in freight transport and
communication technologies, these developments have led to the global economy
we face today. The strong growth of trade and consumption however also revealed
some essential weaknesses of the system that renders current practices in the long
run unsustainable—in social, environmental and economic terms (people, planet,
profit). Future supply chains should no longer deplete scarce natural resources or
contribute to climate change, should avoid environmental pollution and withstand
safety and security threats, while at the same time remaining competitive and
satisfying high labor quality standards. This requires not only the application of
advanced technologies to mitigate or even neutralize these negative effects, but also
the development of smart business models, new job qualification standards and
corresponding (lifelong) training and education programs at all levels, including
artificial intelligence based learning.
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1 Supply Chains: Definition and a Short History

A supply chain concerns the entire production and distribution chain from raw
materials to final customers and on top of that the return flow of products and
possible re-use of materials or components (closed loop supply chain). Almost
always, such a production and distribution chain is not executed by one industry but
instead encompasses a number of companies and organizations jointly operating in
a chain or network. This so-called end-to-end supply chain is represented in the
Supply Chain Operations Reference (SCOR) model, see Fig. 1 (Poluha 2007,
Simchi-Levi et al. 2008).

Current supply chains often span the entire globe and involve production, trade
and logistics organisations around the world. For instance, in many European
countries, most solid materials products and a significant percentage of food
products are not produced in the region or country of use or consumption but
elsewhere, not seldom even at other continents. In this paper, we investigate why
worldwide production and—as a consequence—worldwide logistics flows have
become so dominant, what their merits are but also why current practices in the
long run are not sustainable, either in social, environmental or economical terms. To
turn the tide, a fundamental rethinking of the way we organise production and
logistics as well as logistics information management and education is needed. To
understand this paradigm change, we first briefly review the way current production
systems evolved, see also Hopp and Spearman (2008).

1.1 The First Industrial Revolution: The Principle of Labor
Division

In 1776, the English economist Adam Smith published his “An inquiry into the
nature and causes of the wealth of nations”, in which he explained in detail the
merits of what has become known as the “principle of labor division” and clearly
demonstrated the productivity gains that could be achieved by systematically
exploiting the learning curve (Smith 1776). That publication marked the start of the
dominant philosophy of efficiency through specialization, worked out towards a
first theory on production organisations by Charles Babbage (who later became
known as the father of the digital computer) in his “On the Economy of Machinery
and Manufactures” (Babbage 1835). The first industrial revolution, initiated by the
invention of the steam engine, or rather its application in industrial production as
engineered by James Watt, meant the definitive change from the classical domestic
system and the craft guilds to mass production and mechanization, which has
dominated production ever since. Mass production requires physical concentration
and so the massive factories were born that colored the industrial landscape in the
19th and large parts of the 20th century. Ideas of mass production were governing
the development of the steel industry by Andrew Carnegie, the large food



Logistics and Supply Chain Management: Developments and Trends 3

e
Source xh'j‘akegﬂfﬂif_ﬂ.\:ts"ﬁ".“ J

__) C Returp -_R_elulia_:} } '::_EEI'-"P_W::'
- o - i
H : H H
Suppliers’ Supplier Your Company Customer Customers’
Supplier Customer
Internal or External Internal or External
SCOR reference model

Fig. 1 SCOR model of end-to-end supply chains (Source Supply chain council)

conglomerates, the automotive sector and so on: scale, not scope was the leading
paradigm. Famous became the reply of Henry Ford to the question in what color the
T-Ford was going to be produced and customers might choose from: “Any color, as
long as it’s black”. It was also the time in which the first scientific management
theories were developed, with Frederick Winslow Taylor, now often viewed as the
first industrial engineer, as its most famous representative. His work on time and
motion studies, best working practices and in particular the differential piece rate
system, was followed by pioneers such as Frank and Lilian Gilbreth, and Henry
Gantt, who introduced the Gantt Chart in project management, while a first attempt
to systemize quality management was developed by Walter Shewhart through his
work at Bell Labs on Statistical Quality Control methods.

Mass production and limited product diversity continued to be the name of the
game, also during the first decades after the Second World War. There was a
shortage of the most basic goods; everything that could be made could be sold.
However, starting with the sixties, as prosperity grew, consumers began to demand
larger variety, leading to more complex products. In response, manufacturing
industries introduced more versatile machines that could produce a variety of
products, albeit at the cost of large setup or changeover times. The result was still
production in large batches: economy of scale remained the leading philosophy.
Also, the transfer of production to low wage countries in the Far East and Southern
America was an attempt to sustain mass production at affordable costs. Efficiency
also marked modern logistics: the introduction of the container and modern
materials handling systems meant a big step forward in processing the ever growing
logistics and material flows. Functional specialization, concentration of mass pro-
duction in large factories, the shift of routine production to low wage countries, and
as a result supply chains that tend to grow longer and longer, marked the industrial
landscape still in the seventies and eighties of the preceding century.
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1.2 From Mass Production to Flexible Manufacturing
and Logistics

The two oil crises of 1973 and 1979 for the first time revealed also the weaknesses
of the prevalent production philosophy. Raw material prices and interest rates raised
sharply and industrial companies started to realize that long supply chains repre-
sented large amounts of stock and hence capital invested; besides, long supply
chains make it hard to quickly adapt to changing market demand. Companies were
inert, and not prepared for the flexibility that a changing society required. In
addition, publications such as “Limits to Growth” from the Club of Rome (1972)
stressed the depletion of natural resources and the pollution of our natural envi-
ronment at an exponentially increasing rate (Meadows et al. 1972). For the first time
industry and the public started to realize that current supply chains were to become
economically prohibitive, and socially unacceptable.

And so, large scale batch production once applauded as the most efficient pro-
duction philosophy now became the cause of all evil. Fortunately, new technologies
proved to be at least a partial remedy. The introduction of flexible manufacturing
systems, often based on computerized (CNC) machining and robotized assembly,
helped to balance efficiency and flexibility, not only in production but also in the
nodes of logistics networks, i.e. the material handling and distribution centers. In
addition, attempts were made to synchronize and integrate supply chains by means
of administrative information systems such as MRP and ERP, or by introducing
new production philosophies such as Just-in-Time, or lean and agile manufacturing
that focus on rigidly removing any buffer stocks as these were primarily seen as
indications of waste or slack that characterize non-synchronized production. These
were the heydays of the Toyota Production System and the SMED (Single Minute
Exchange of Die) system, an engineering philosophy advocated by Shigeo Shingo,
who systematically sought to reduce machine setup or changeover times, thereby
again aiming at flexible, synchronized manufacturing and logistics (Shingo 1985).

Hence, although factories became more flexible, long and expensive supply
chains due to functional specialization and dispersed production of parts and
components continued to be the overarching story. At the same time, these supply
chains contribute significantly to the BNP of those countries for which logistics is a
strong economic sector, including Germany and The Netherlands (which ranked
positions 1 and 2 on the World Logistics Performance Indicator 2014, published by
the World Bank). The unprecedented growth of production and logistics and its far
reaching rationalization as a result of modern manufacturing methods, the intro-
duction of the container and above all the penetration of automation and computing
technologies is definitely one of the sources of prosperity in most developed
countries.

But this growth comes with a price and more and more it is realized that current
supply chains are fundamentally unsustainable. This will be outlined in the next
section.
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2 Unsustainability of Today’s Supply Chains

Current production and logistics systems cause serious and in the long run unac-
ceptable environmental damage, due to for instance the emission of hazardous
materials (CO,, NO,, particulate matter), congestion, stench, noise and more gen-
eral the high price that has to be paid in terms of infrastructural load. While the
European Committee has set clear targets to reduce Greenhouse Gas Emissions
(GGE) in 2015 to 60 % as compared to 1990, the percentage of transport related
GGE has increased from 25 % in 1990 to 36 % today (ALICE 2014). Besides, the
pressure of the infrastructure needed on land use gives rise to additional social and
environmental problems which hit urban areas in particular. Below, we first
describe various phenomena which sometimes represent threats but in all cases pose
at least important challenges to future supply chain management. In Sect. 3, we list
ways and developments that may help to address these challenges.

2.1 Scarcity and Sustainability

Natural resources are scarce and not evenly distributed in terms of type and geo-
graphical location in the world. Logistic chains enable the distribution of materials,
food and products from the locations where they are extracted, harvested or pro-
duced to people’s homes and nearby stores. Current supply chains and logistics
systems are global, partly due to natural conditions but certainly also because of
labor rate differences between emerging and mature economies. First indications of
reshoring production however become visible, not only because wage rates are
moving upwards also in a number of Far-Eastern countries, but also since the
amount of manual labor needed in high tech products continues to diminish, while
logistic costs are increasing. As a result, future supply chains are believed to be
“glocal”: global when needed, local when possible. On the other hand, global
supply chains will remain inevitable in cases where conditions for growing food
ingredients are only satisfied in some regions in the world, or when minerals are
only locally available. They will also continue to exist in cases where material
processing consumes such an immense amount of energy that this is only sus-
tainable at places where energy is abundantly and sustainably available, such as
locations with geothermic energy, locations with water-powered energy generation,
and locations with long periods of sunshine.

2.2 Demographic Trends

The current world population of 7.2 billion is projected to increase by 1 billion over
the next 12 years and reach 9.6 billion by 2050, according to a recent United
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Nations report (LOG2020 2013). Within Europe, population size is predicted to be
stable—but a severe shift in population movements is expected from Eastern to
Western Europe. Ageing continues, meaning that people in general will work
longer in order to maintain a reasonable standard of living. Europe-based compa-
nies should be prepared for scarcity of human resources and should be able to
provide working conditions that extend the working life of employees. The need to
further increase productivity while at the same time diminishing the ecological and
social footprint, requires a quality upgrade of the human resource pool, e.g. by
better education and training, including lifelong learning programs. In parallel
productivity can be improved by better support tools, easier access to relevant
information, and finally further automation of both technical processes (i.e.
robotics) and decision making (i.e. artificial intelligence).

2.3  Urbanization

As urbanization continues' it becomes an unprecedented challenge to keep cities
livable, which includes a sustainable logistics planning and execution. The devel-
opment of wealth in Asia and Latin America has resulted in a huge shift from
agricultural and nomadic forms of living to urban life. More and more cities with
over 10 million inhabitants will emerge requiring different modes of transport and
logistics systems than available today. There is an increasing interdependency
between supply chain design or management and urban planning or land-use
management. It is not yet clear whether mega cities are sustainable when wealth
increases to the levels currently accessible for the population in developed coun-
tries. Innovative sustainable, safe and secure logistics might inspire agencies and
institutions towards new patterns of sustainable urbanization.

2.4 Supply Chain Safety and Security

Border-crossing supply chains and logistics systems often concern high-value
goods, and therefore are vulnerable to crime and illicit acts. Within the European
research programs, various projects have developed roadmaps to enhance supply
chain safety and security. Regarding safety, extensive attention has been paid to
safe working conditions (and for instance driving hour regulations) but the fight for
supply chain security, abandoning crimes and illegal activities, appears to be a
harder one. Economic crimes for example include: theft (robbery, larceny,

'In 2007 the world passed the point in which more than half of its population is living in urbanized
areas, in some developed countries the urban population percentage is well above 70 %, and
continues to rise.
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hijacking, looting, etc.), organized immigration crime (human trafficking, illegal
immigration), IPR violations and counterfeiting and customs law violations (tax
fraud, prohibited goods). Alternatively, ideologically or politically motivated
crimes occur, next to obvious vandalism (Hintsa 2011). A legislative framework
may in principle safeguard society against these unwanted practices and provide a
mandate for government authorities to act. However, the challenge often is to find a
balance between required inspections and interventions, and the economic interests
of shippers and logistic service providers who wish to minimize delays, ineffi-
ciencies and additional costs.

Another aspect of supply chain security is supply chain resilience, which can be
defined as the ability to maintain, resume, and restore operations after a major
disruption (Gaonkar and Viswanadham 2007). This is a critical aspect of supply
chain risk management and is generally seen as one of the major future challenges.
Disruptions to supply chains can prove costly, as highlighted by a variety of natural
disasters. According to research conducted by Accenture, significant supply chain
disruptions have been found to cut the share price of impacted companies by 7 % on
average (WEF/Accenture 2013).

2.5 Changing Consumer Markets

Commercial product life cycles tend to become still shorter. At the same time we
observe an increased re-use of products, components and materials, both via
(electronic) second markets and in so-called closed-loop supply chains
(cradle-to-cradle, circular economy). Mass customization is an important aspect of
current consumer markets, enabled by fast technological developments (to be dis-
cussed below). The rapid advance of e-commerce is another characteristic of
today’s markets: on the one hand it reduces the number of links in the supply chain,
but without adequate regulation of both forward and reverse flows of packages it
often leads to a rapid additional increase of urban congestion and pollution. Finally,
we note that in some sectors customers no longer buy an actual product but only the
service the product represents (e.g. cloud computing, music streaming, car sharing).
These phenomena will have a profound impact on the ecological footprint of
mankind and as such also on the design and planning of future supply chains.
All phenomena sketched above pose important challenges to future supply chain
design, planning and control. Fortunately, technological innovations are extremely
helpful to at least partially address some of these challenges. But technological
innovation alone is only a part of the story; at least equally important are the
development of smart and fair business models based on joint responsibilities and
fair allocation of revenues instead of on individual profit maximization, and the
mind shift needed for all stakeholders concerned, which in turn requires high
investments in (lifelong) training and education programs (cf. Sect. 4).
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3 Chances and Opportunities for Future Supply Chains

The observations outlined in the preceding section call for a fundamental paradigm
change when redesigning future-proof supply chains, i.e. supply chains that are able
to efficiently deliver goods and services when and where needed, while respecting
social and environmental constraints. Fortunately, both technological and social-
economic innovations provide adequate tools that may help to address that challenge.

3.1 New Materials and Manufacturing Technologies,
Design for Logistics

The design of new and lightweight (bio-)materials and their application in a wide
variety of products poses exciting new possibilities to diminish both the costs and
ecological footprint of these products. Rapid advances in such fields as polymer
technology, bio-engineering and nanotechnology already lead to products that
could not have been imagined only 10 years ago. Technologies like 3D-printing and
micro-machining are also a step forward towards mass-customization but in addi-
tion have a profound logistic impact, for instance in stimulating “local for local”
production. In addition, 3D printing which is believed to have a future in particular
in small batch and one-of-a-kind manufacturing, may lead to far shorter lead times
and hence a reduction of so-called anticipation (safety) stocks, because it allows
production at the place and time needed. Another manifestation of improvement
through technology is the continuous development of cleaner engines and
non-fossil fuel based engines (e.g. electric, hybrid or LNG-powered vehicles for
city distribution and local passenger transport, but also for both inland and sea
vessels as an attempt to diminish the environmental footprint. It is important to
realize the importance of an integrated supply chain view when focusing on
reducing their negative impacts. As an example, consider product design. Modular
product design allows the transport of components instead of full products which
not only results in a higher package density but in addition again allows custom-
ization closer to the end-user. Also note that that 3D-printing and additive manu-
facturing in general is based on material addition, instead of material removal as in
classical machining, hence in principle has a waste avoidance potential. Smart
packaging logistics also may help to reduce volumes and to avoid waste, in par-
ticular in the case of bio-degradable package materials.

3.2 Automation and Robotics, Internet of Things

The impact of robotics has already been visible for a long time e.g. in automotive
assembly lines but also in warehouses and distribution centers, in so-called ASRS
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(Automatic Storage and Retrieval Systems), often consisting of high bay storage
racks which are served by fully automated cranes, and equipped with automatic
identification, i.e. RFID technology. Apart from the visible hardware, innovative
warehouse management systems help to coordinate and synchronize activities, in
close communication with information systems covering both suppliers and cus-
tomers. Similar developments can be found at container terminal sites in both
seaports and inland harbors. Without exception, all such systems rely heavily on
smart sensor and actuator systems, recently evolving towards the so-called Internet
of Things, where devices are equipped with sensors that automatically signal when
actions such as ordering or replenishment have to be initiated. Additionally,
materials and machinery themselves are able to communicate with each other and
find solutions based on decentralized and autonomous decision making using
state-of-the-art algorithms. In particular the world of both passenger and freight
transport is currently innovating rapidly, as demonstrated for instance by various
experiments with freight vehicle platooning, in which a convoy of freight trucks is
controlled by a single driver. Vehicle transportation in 2050 is foreseen to be largely
unmanned transportation.

3.3 Business Information Systems, New Business Models

Although many scholars view business information systems and architectures as
belonging to the field of technology development, it is essentially more than that.
Complex modern supply chains are first and foremost characterized by the fact that
many stakeholders are involved in shaping its ultimate manifestation. Direct
stakeholders are of course suppliers of raw materials, product designers, manu-
facturing and trading companies, logistics service providers, forwarders and
transport companies, and ultimately the customer. Indirect stakeholders are supply
chain financiers, ICT consultants, local and regional governments in their role as
infrastructure providers but also as representatives of societal interests, customs
authorities and indeed the public at large. The multi-stakeholder and multi-decision
maker environments we deal with require adequate mechanisms to respond to their
requirements, including distributed architectures, cloud computing solutions, cog-
nitive computing and agent-based decision support systems. Organizational inno-
vations are indispensable to fully exploit the potential of advanced information and
decision support architectures. The recent attention for data driven models (big data
analytics) marks an important further step towards full-blown automated decision
architectures.

The design and acceptance of decision models based on both horizontal and
vertical cooperation in supply networks however proves to be one of the most
difficult steps to make. Although many stakeholders quickly recognize the potential
win-win situation arising from collaboration they find it in general extremely hard



10 H. Zijm and M. Klumpp

to give up their autonomy. Mathematically, game-theoretical approaches have
proven to provide adequate tools to handle such multi-stakeholder games, for
instance the Shapley value calculation defines a “fair” allocation of cooperation
gains to individual actors. But the key idea—established in the Nash equilibrium
theory—that players may give up their individual optimal solution in order to
achieve an overall stable equilibrium solution is still hard to accept in particular for
private companies that were used to concentrate on their individual profits. This is
perhaps the biggest hurdle to be taken to arrive at sustainable logistics; it involves
not only smart business solutions but more important a change of mindset and
indeed trust in the value of collaboration.

3.4 Circular and Sharing Economy, Servitization

The key idea behind servitization is the realization that both private consumers and
industrial asset owners basically need the functionality of assets and products,
rather than the products itself (Cohen et al. 2006; Neely 2008). Initially, this idea
has led to the establishment of after sales service models that aim to deliver
improved availability and system performance based on smart service level
agreements. One step further is not to sell products anymore but to lease them, or to
provide “power by the hour” support as some industrial equipment suppliers
already do. Apart from the long-term relationship between supplier and customer
and the emphasis on lifecycle support it also enables a planned take-back and
renewal of systems at the end of their functional lifetime. The circular economy is
based on the idea that products and systems that are disposed of can be either
restored and reused or disassembled after which components and parts are given a
second life in next generation equipment. Another option is to jointly use equip-
ment in a predefined group of people. Those products or systems are either owned
by individual group members or remain property of the supplier and can be leased
or hired at moderate costs. It may be clear that such developments may have
important consequences for supply chain design, planning and control in that the
focus may at least partially switch from delivering products to delivering services.
An example can be recognized in the trend towards car sharing, implying for
logistics that cars may not have be to delivered to the individual end customer (via
the usual dealers) but more centralized towards several car sharing operators,
changing the setup of the distribution logistics concept entirely.

Other important developments concern e.g. the design of new supply chain
finance models, such as reverse factoring, and developments in marketing and sales.
Figure 2 displays a key summary of the main developments that may serve as
drivers for innovation in supply chain management, regarding the physical, infor-
mation and financial flows (Zijm and Douma 2012).
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4 Roadmaps Towards Sustainable Logistics and Supply
Chain Management

In this section we briefly sketch some developments at a European level, more pre-
cisely the foundation of the European Technology Platform (ETP) for
Logistics ALICE (Alliance for Logistics Innovation and Cooperation in Europe).
Within ALICE, five working groups have developed roadmaps that address the issues
sketched in the preceding sections (ALICE 2014), converging to the Physical Internet
paradigm. The five roadmap topics are listed below and visually integrated in Fig. 3):

e Sustainable, safe and secure supply chains: this roadmap aims at a thorough
rethinking of the contents of the goods flow. How to design products and
processes such that efficient logistics is enhanced at minimal social and envi-
ronmental costs, and how to enhance safety and security (protection against theft
and other illicit actions, but also supply chain resilience in case of natural
disasters,

e Global supply network coordination and collaboration: to further enhance
logistics efficiency, cooperation is needed, both along the supply chain and
across various heterogeneous supply chains (i.e. horizontal and vertical syn-
chronization). Combining flows and integrating forward and reverse flows may
prove to provide adequate remedies against too low transport loads and empty
vehicles drives.
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Physical

Internet

Fig. 3 ALICE roadmaps and their interactions: towards the Physical Internet

e Corridors, hubs and synchromodality: hubs and corridors are key infrastructural
elements to increase efficiency of transport. Synchromodality is the concept to
exploit multiple modes in a flexible, dynamic way, and in this way to shift loads
from road to e.g. rail or water, based on a reconciliation of economic and
environmental goals (people, planet, profit).

e [Information Systems for interconnected logistics: there is no doubt that a sound
and, more important, uniform (single window) and transparent information
infrastructure is essential to achieve a tight interplay between the many stake-
holders involved, to really achieve economic and ecological sustainable solu-
tions that integrate decision making along the supply chain.

e Urban logistics: the trend towards further urbanisation still continues which
calls for drastic policies to preserve or enhance quality of life. The rapid advance
of e-commerce causes a sharp growth of small load (forward and reverse) freight
flows which further increases pollution, noise and congestion. Sound infra-
structural policies are needed to address these problems in order to keep cities
attractive as centres of economic activities.



Logistics and Supply Chain Management: Developments and Trends 13

The roadmaps and instruments outlined above all form important stepping stones
towards more sustainable logistics and supply chains. In the long run, however, the
concept of a “Physical Internet” as proposed by Montreuil (2011) may serve to
integrate all these elements in a radical new logistics framework. The Physical
Internet is defined as a logistics system in which modular packages are automati-
cally routed from source to destination through a network of hubs and spokes.
Major elements of such a network more or less exist for parcels, pallets, containers
and “swap bodies”. Carriers of these types of loading units do optimize between
various alternative routes in their networks, e.g. by bypassing hubs, either in
advance through offering more time definite services, or real time during the actual
transport. A full-fledged physical internet may be built upon all these elements with
the holistic integration of existing elements and concepts as the main challenge.

The Physical Internet should not be confused with the Internet of Things; the
latter refers to the possibility of communicating devices, often followed by local
actions initiated by software agents. Internet of Things technology may be an
important building block of the Physical Internet, e.g. in determining alternative
routes in case of congestion on the preferred route, or in signalling a potential
quality loss in case of delays (e.g. in food and flower transport). But the Physical
Internet is a full-fledged alternative to a classical, manually operated logistics
network, with important consequences for all stakeholders involved but first and
foremost transport companies and service providers.

Why is the Physical Internet a radical solution? Basically, because decentralized
market economy mechanisms usually prevent holistic optimization as many pro-
viders of transport and logistics services are “locked-in” in their current ways of
working and acting. This happens for instance by fixed or sunk costs in specific
equipment, preventing the individual actor from agreeing to large-scale collabora-
tion and optimization. To arrive at such enhanced cooperation levels, shippers,
manufacturers, retailers, carriers and other providers of logistics services should
take the broader sustainability goals into the economic equation. This requires new
ways regarding decision making in the system on financial and market criteria but
also on safety, security and environmental aspects. In particular, transnational
governance and regulation is needed to achieve such a cultural shift, and to
encourage collaboration, coordination and horizontal partnerships.

A major challenge is to design a multifaceted decision support system for the
Physical Internet, with partly automated execution via intelligent agents. Radical
new business models based on openness and sharing or resources are required, as
opposed to the current local ownership and control of resources. Note that this
notion of openness is almost in contrast with the core of e.g. supply chain security.
Therefore, the adoption of a Physical Internet will require radical changes with
respect to the roles and responsibilities of many stakeholders. Achieving such a
combination of physical and electronic infrastructure is just one step, stimulating
shippers and logistics operators to connect to it, is an even bigger challenge.
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5 Logistics Training and Competence Management

So far, we only obliquely touched the topic of human skills and competences in
logistics. However, it goes without saying that a fruitful contribution of technology
innovation and smart information systems to sustainable supply chains critically
depends on the presence of a competent workforce at all levels in both private
organisations and government (LOG2020 2013). Training is needed to adopt and
adequately apply new technologies while the design of smart business models
requires academic skills to understand the increasing complexities of modern global
supply networks. Figure 4 displays the essential three elements and their mutual
relations that are essential in shaping future supply chains. Indeed, apart from
natural resources and despite the growing world population, the quality and
availability of human competencies appears to be the most important limiting factor
(Wu 2007). That recognition was an important argument for several countries to
invest not just in physical but above all in logistics competence clusters, of which
the DINALOG cluster in the Netherlands and the Effizienzcluster LogistikRuhr in
Germany are two notable examples. Such clusters not only govern applied research
but moreover play an important role, together with the available knowledge
infrastructure, in training and upgrading logistics operators and management alike.
In this section, we take a closer look on logistics competence management.

The first scientific description of sustainability as a general concept is due to the
18th century German agriculture and forest academic Hans Carl von Carlowitz. In
1713 he defined sustainability in relation to wood cutting, as follows: “Wird der-
halben die grof3te Wissenschaft und Einrichtung hiesiger Lande darinnen beruhen,
wie eine sothane Conservation und Anbau des Holtzes anzustellen, daf3 es eine
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Fig. 4 Essential elements in shaping future global supply chains
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continuierliche bestdndige und nachhaltende [“sustainable”] Nutzung gebe, weil es
eine unentberliche Sache ist ohne welche das Land in seinem Esse nicht bleiben
mag™? (Sylvicultura Oeconomica, pp. 105-106).

If transferred to the question of available qualification and competencies of the
human workforce, it is striking that the amount of research that has studied the
development of human knowledge and competence in a general sense is fairly
limited, in spite of the recognition that innovation essentially requires a close match
between technology, policy and business support, and human skills development
(i.e. Aghion et al. 2009). This is further outlined in Fig. 5, depicting an average
competence level of the human workforce in a very simplified manner, inspired by
an “application of knowledge paradigm”.’

It can be stated that, starting from the industrial revolution (“A”), the necessary
or expected competence level of the workforce has increased on average. For
logistics processes especially it can be argued that this still ongoing process has a
“double nature”. First, existing activities such as truck driving, warehouse processes
or production processes increasingly demand higher level competences—as dem-
onstrated for example by the new vocational training for truck drivers in Germany
or by EU regulations that request further training of drivers regarding safety reg-
ulations, sustainability and hazardous goods as well as technology usage. Whereas
only thirty years ago truck driving was a typical “unskilled” profession without any
necessary training to do the job properly (apart from a truck driver’s licence), today
no individual could just “start driving” a truck in complex transport processes as a
multitude of systems (toll systems, routing systems, communication systems, auto
ID systems etc.) have to be mastered. This development can be named “knowledge
and competence enrichment” of existing processes. Second, new activities arise in
logistics and global supply chains, typically with a very high knowledge and
competence requirement, such as IT systems management, logistics consulting,
logistics and supply chain finance, logistics tender management, logistics control-
ling and so on. This trend can be titled “knowledge and competence extension” as
new processes increasingly demand new and higher knowledge and competence
levels (see e.g. Klumpp 2013).

Between the ever-increasing expectations and requirements regarding human
competence levels (the upper black line in the figure), a distinctive “gap” is opening
up over time as the required training for humans has for each and every person to
start “anew”: learning cannot be “inherited” or automated. Longer schooling and
training programs are needed in order to arrive at the required competence levels of
a modern logistics and business environment. This can be termed a “knowledge
accumulation gap” (grey field in the figure) that arises due to the fact that humans

2“The first and foremost objective of research and practical application shall therefore be a method
securing the establishment and preservation of tree cultivation, enabling a continuous and sus-
tainable use as this is an essential prerequisite for the well-being of the land.”

*Competence is here understood as the application of knowledge and information for a given
(exemplified) real-world problem, e.g. the transportation and placement of a container in a seaport
terminal or the production of a car specified by a customer.
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Fig. 5 Competence development for humans and artificial intelligence

are not able to accumulate knowledge over generations, as opposed to machines and
computers that are increasingly able to do exactly that. Artificial intelligence based
machines may in the future mitigate or close this gap.

Besides human knowledge and competence levels, automated or artificial
intelligence (non-human) competence levels (dotted line in the figure) are expected
to impact technology and business development. Though artificial intelligence had
a somewhat “slow start” during the sixties, seventies and eighties of the preceding
century (Newell 1982), it has significantly accelerated in solution contribution
width and depth recently. This is connected to the trend of “deep learning”,
allowing computers autonomously to acquire new knowledge and to find links as
well as directions of further learning and meaning themselves (Erhan et al. 2010).
As outlined in Fig. 5 (point “B”), automated systems were initially very slowly
adopted;, examples in logistics include the automated gearbox in trucks, partly
automated cranes and warehouse equipment as well as automated communication
and transmission devices in logistics management (EDI systems, automated deci-
sion protocols). These “separate” and limited systems never really “matched”
human competence levels, which is why the dotted line traverses significantly
below average human competence levels between B and C. This was further
demonstrated by introducing only slightly different context variables or external
changes that proved to be too hard for these early automated systems, making
human intervention necessary in every case.

In recent years however—symbolized by point “C” in Fig. 5—automated sys-
tems have undergone a drastic change, only partly described by a “merging” or an
“integration point” as formerly separate systems now are increasingly coupled and
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are beginning to interact. This is on a rudimentary level the idea of the “Internet of
Things” as outlined above. For example, current automated warehouses are inte-
grated systems of software (warehouse management systems), hardware (moving
goods) and even optimization (error analysis, automated storage optimization). This
integration tremendously increases the capability of such systems and accelerates
their “innovation speed” significantly.

In some cases artificial intelligence and automated systems are already “over-
taking” human competence levels (point “D”). For truck driving for example, the
“intelligent” combination of the “old” automated gearbox with GPS-based navi-
gation systems allows a state-of-the-art truck to actually downshift before the steep
slope of an oncoming mountain street is even visible to the human driver. This form
of “foresight and decision as well as action” is a new capability of automated
systems, which has recently passed new levels in freight platooning and automated
passenger car driving experiments. The general prediction is that automatically
driven vehicles are in the long run safer than those controlled by humans; the main
obstacles to their further introduction are of a legal rather than a technical nature.
More and more we see machines taking over increasingly complex tasks—not
incidentally the year in which machines started to play continuously better chess
than the best human being was in 2005.*

What comes after point “D” can only be speculated but it is not unlikely that in
the future a point “E” is reached, where automated systems even exceed the
expectations (set by humans) of society and business. This may sound risky, as
“unintended and unforeseen behavior” of automated systems may rightly worry
humans—not unintentionally artificial intelligence is listed as a risk by the “Centre
for the Study of Existential Risk” in Cambridge. But as most technologies, it can
easily be argued that risks and opportunities are usually embedded in any devel-
opment, from the taming of fire to the atomic chain reaction and similar regarding
artificial intelligence applications. Just for a short insight, some of an unknown
multitude of applications and developments can be listed for the area beyond “E”
signified with a question mark:

e Automated trucks may for example leave the motorway having information
about a jam ahead or even a severe accident in order to make way for emergency
operations.

e Automated production systems may increase output on specific workdays
(Thursday say) due to an identified structure and repeating sequence for cus-
tomer demand.

e Automated logistics systems may decide to switch to a different supplier in
another country having analysed reports about imminent hostilities or fraud in
the current supplier’s country.

“The chess computer IBM “Deep Blue”; the first victory was already in 1997 against Garry
Kasparov, but until 2005 human players still were able to score in some cases against computers.
Today in chess ranking “ELO points” computers lead unchallenged with 3304 against the best
human with 2.882 (Magnus Carlsen in 2014).
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In any case, the future regarding logistics education and training (human as well
a non-human) will be increasingly interesting and important to innovation processes
in logistics.

In the light of the described qualification and training developments, the general
model of innovation in a partnership of technological development and human
qualification and training in implementation has to be scrutinized. In the past, the
sequential model “A” in Fig. 6 was mostly implemented. This model of technology
development, followed by implementation and finally training has a clear structure
and also a very distinctive risk mechanism—workers were only trained for tech-
nologies already developed and implemented, “lost training” was therefore seldom.
But in the modern world, this model is outdated as (i) the total time for change and
innovation is shrinking, leaving no time for the “luxury” of sequential approaches
and (ii) the volume and depth of training has severely increased, but is at the same
time essential to complete a successful timely innovation.

The current model “B” is using a parallel approach for at least a part of the
timeline, regarding implementation and training experiences as essential input for
further technology development (“user involvement” in research and development).
In some cases trainings even start before the actual implementation, i.e. before new
machinery or software arrives at the manufacturing or office floor. A future outlook
is suggested in model “C”, where in an environment of largely automated blue and
white collar work the innovation process may even be devoid of any large-scale
human training. In such systems, human roles are limited to technology develop-
ment as well as general oversight. Artificial intelligence and robot appliances may
take over the innovation process completely by introducing new manufacturing as
well as management decision concepts without necessary detailed human training.

( .
Technology Technology Technology
Innovation Implementation Training
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s D NSt 5
Technology Innovation '
_ 1

__________________
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Technology Training

Fig. 6 Innovation and training regimes in the past, present and future
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This may also enable the phases of technology development and implementation to
go largely “hand in hand” as innovation cycles grow shorter and shorter. Finally,
such a foresight implies that technology development and implementation are two
intertwined parallel infinite processes—as can be observed already in the smart-
phone app market today.

6 Outlook

As argued in this chapter we expect the landscape of modern logistics and supply
chain management to change significantly in the next two decades, a shift
unprecedented in its magnitude and impact. A comparative figure may be the
development of the global smartphone market in the consumer arena: in 2007 there
were only some “smart phones” as Apple introduced the iPhone on January 9. In
2015, only eight years later, there are more than 2 billion smartphone users on the
planet, each on average with a computing power larger than the NASA Apollo 11
lunar module used in 1969 to put the first human being on the moon. In 2013, the
annual sales volume exceeded one billion smartphones alone, bringing the average
user lifetime per device to some one and a half years—a very fast and flexible
market indeed. The smartphone device has already revolutionized private life, from
buying to dating, communicating and learning to even selling goods and services,
increasingly in a sharing economy—and all in less than a decade. An increasing
number of applications and services—f{rom travel booking to health analysis—are
based on the smartphone device and are evolving faster every year. This compar-
ative picture may indicate what the Internet of Things as well as the full use of
automated systems and artificial intelligence may imply for the business context
and global supply chains, as well as for its associated learning processes: nothing
less than a revolution on how we do business and logistics lies ahead.

References

ALICE (2014) European technology platform for logistics. http://www.etp-logistics.eu/

Aghion P, David PA, Foray D (2009) Science, technology and innovation for economic growth:
linking policy research and practice in ‘STIG Systems’. Res Policy 38:681-693

Babbage Ch (1835) On the economy of machinery and manufactures, 4th edn. Charles Knight,
London

Cohen M, Agrawal N, Agrawal V (2006) Winning in the aftermarket. Harvard Bus Rev 84
(5):129-138

Erhan D, Bengio Y, Courville A, Manzagol P-A, Vinvent P, Bengio A (2010) Why does
unsupervised pre-training help deep learning? J Mach Learn Res 11(1):625-660

Gaonkar RS, Viswanadham N (2007) Analytical framework for the management of risk in supply
chains. IEEE Trans Autom Sci Eng 4(2):265-273

Hintsa J (2011) Post-2001 supply chain security—impacts on the private sector. Doctoral Thesis,
HEC University of Lausanne (Chapter 7)


http://www.etp-logistics.eu/

20 H. Zijm and M. Klumpp

Hopp W, Spearman M (2008) Factory physics: foundations of manufacturing management, 3rd
edn. Waveland Press Inc, Long Grove

Klumpp M (2013) How to structure logistics education: industry qualifications framework or
topical structure? In: Pawar KS, Rogers H (eds) Resilient supply chains in an uncertain
environment, ISL 2013 Proceedings, Vienna/Nottingham, pp 895-902

LOG2020 (2013) Logistics and supply chain management 2020: training for the future. WP2:
positioning paper. ERASMUS LLL project ID: 527700-LLP-1-2012-1-NL-ERASMUS-EMCR

Meadows DH, Meadows DL, Randers J, Behrens WW 1III (1972) The limits to growth. Universe
Books, New York

Montreuil B (2011) Towards a physical internet: meeting the global logistics sustainability grand
challenge. Logistics Res 3(2-3):71-87

Neely A (2008) Exploring the financial consequences of the servitization of manufacturing. Oper
Manag Res 1(2):103-119

Newell A (1982) The knowledge level. Artif Intell 18(1):87-127

Poluha RG (2007) Application of the SCOR model in supply chain management. Youngstown,
New York

Shingo S (1985) A revolution in manufacturing: the SMED system. Productivity Press

Simchi-Levi D, Kaminski P, Simchi-Levi E (2008) Designing and managing the supply chain:
concepts, strategies and case studies. McGraw-Hill International, Boston

Smith A (1776) An inquiry into the nature and causes of the wealth of nations. W. Strahan,
London

von Carlowitz HC (1713) Sylvicultura Oeconomica oder hauBwirthliche Nachricht und
NaturgemafBige Anweisung zur Wilden Baum-Zucht, (edited by Johann Friedrich Braun),
Leipzig

World Economic Forum/Accenture (2013) Building resilience in supply chains. An initiative of
the risk response network in collaboration with Accenture, Geneva

Wu YC-J (2007) Contemporary logistics education: an international perspective. Int J Phys Distrib
Logistics Manag 37(7):504-528

Zijm H, Douma A (2012) Logistics: more than transport. In: Weijers S, Dullaert W
(eds) Proceedings of the 2012 freight logistics seminar. Venlo, The Netherlands, pp 395-404



Part 1
Logistics Innovation and Sustainability



Synchromodal Transport Planning
at a Logistics Service Provider

Martijn R.K. Mes and Maria-Eugenia Iacob

Abstract In this chapter, we consider synchromodal planning of transport orders
with the objective to minimize costs, delays, and CO, emissions. Synchromodal
planning is a form of multimodal planning in which the best possible combination
of transport modes is selected for every transport order. The underlying problem is
known as the multi-objective k-shortest path problem, in which we search for the
k-shortest paths through a multimodal network, taking into account time-windows
of orders, schedules for trains and barges, and closing times of hubs. We present a
synchromodal planning algorithm that is implemented at a 4PL service provider
located in the Netherlands. We illustrate our approach using simulation with order
and network data from this logistics service provider. On the corridor from the
Netherlands to Italy, an average cost reduction of 10.1 % and a CO, reduction of
14.2 % can be achieved with synchromodal planning.

Keywords Synchromodal transport - Intermodal transport - Transportation plan-
ning - Shortest path problem - Decision support systems

1 Introduction

Growing freight flows, increasing road congestion, and increasing pressure to lower
emissions all stimulate the use of intermodal transport. Commonly, in intermodal
transport different modes of transport are decided upfront for certain shipment
types, such as shipments on a particular corridor. Since the actual transport orders
and network characteristics may vary (e.g., rush orders and low water levels), a safe
choice is often to rely on road transport. A recent development to cope with the
inflexibility of pre-determined modes is the use of synchromodal transport. Here,
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the best possible combination of transport modes is selected dynamically for each
incoming order, based on aspects like costs, duration, reliability, and sustainability.
A shipper agrees with a logistics service provider (LSP) on the delivery of products
at specified costs, duration, and sustainability but gives the LSP the freedom to
decide on how to organize the transportation according to these specifications.
The LSP is able to deploy different transport modes flexibly depending on real-time
information, traffic conditions, and resource availability. Synchromodal planning
offers the opportunity to improve transportation services in terms of sustainability,
costs, and quality.

In this study, we investigate the applicability of synchromodal transport planning
at a Dutch 4PL service provider active in the European transport market. An
exploration of the concept of synchromodal planning reveals its high complexity
compared to truck planning. The option to select from more alternatives also
increases the demand for computer aided planning. Furthermore, a potential
increase of stakeholders, like multiple carriers and terminal operators, leads to
higher planning complexity and also requires more coordination tasks for the LSP.

We propose a planning algorithm with the objective to minimize costs and CO,
emissions, while maintaining delivery reliability. Our goal is to provide the human
planner with a list of the top k multimodal routes. The complexity of our algorithm
depends on the number of legs available for transport, where a leg is defined as a
combination of a direct connection between two hubs (points where a modal switch
can take place), a carrier operating on this connection, and—possibly—a
pre-defined departure and arrival time.

The goal of this chapter is twofold: First, we propose a synchromodal planning
algorithm that is easy to work with, easy to implement, and able to cope with many
practical challenges. Second, we illustrate and test our approach using a real case
study, thereby showing the potential benefits of synchromodal planning.

The remainder of this chapter is structured as follows. In Sect. 2 we provide a
literature review on planning methods for synchromodal transport. After intro-
ducing the problem in Sect. 3, the synchromodal planning approach is proposed in
Sect. 4. In Sect. 5, we shortly describe the implemented system and how it is used in
practice. Our analysis and the results of the case study can be found in Sect. 6. We
end with conclusions and recommendations (Sect. 7).

2 Literature

Synchromodal transport is closely related to intermodal transport. Literature
reviews on intermodal transport are given by Macharis and Bontekoning (2004),
Caris et al. (2008), and SteadieSeifi et al. (2014). They all conclude that the
majority of research on intermodal transport focuses on strategic decisions, such as
network design and location of terminals. Operational aspects, like mode choice
and routing decisions for incoming shipments, have received limited attention
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(Caris et al. 2008). We mention some related studies on operational aspects in
intermodal transport.

Boardman et al. (1997) describe a decision support system to determine the best
combination of transport modes to use for intermodal shipments. Their system
evaluates multiple routes based on costs, service level, and type of commodity
being shipped. Ziliaskopoulos and Wardell (2000) consider a similar situation, but
explicitly take into account transfer times and time-dependent arc travel times; the
latter being derived from transit time tables. Also in the area of public transport,
some related work can be found. For example, Horn (2004) considers a traveller
information system that provides a sequence of journey-legs (combination of
walking, taxi, bus, and train) that meet the traveller’s requirements against lowest
possible costs. The proposed planning procedure first generates routes consisting of
only a single leg, and gradually increases the number of legs in a route while
simultaneously establishing upper bounds. Horn (2004) states that this procedure
generally leads to an optimal schedule quickly, because good routes tend to contain
only few legs. We also utilize this idea, since in intermodal transport, each tran-
shipment results in additional handling costs.

The planning problem we consider is related to the k-shortest paths problem
(Eppstein 1998). Our goal is to provide the human planner with a list of the top
k multimodal routes taking into account costs, CO, emissions, and delivery reli-
ability. Many of the k-shortest path algorithms, such as those proposed by Eppstein
(1998) and Yen (1971), provide good results, but their running time complexity is
quite large, which is inconvenient in practical situations when the available time for
calculating a new set of options might be very short. Vanhove and Fack (2012)
propose a heuristic that is capable of doing this, although there is no absolute
guarantee that the k shortest paths are always found.

Shortest path problems typically have one objective, namely minimizing the
travel distance. Typically, for barges and trains, the costs and CO, emission per
kilometre would be lower compared to trucks; however, the total transport time is
usually larger. Therefore, our problem can be best characterized as a multi-objective
k-shortest paths problem, because we have to balance costs, emissions, and delivery
punctuality. A few existing approaches are relevant in this context. Martins (1984)
presents two algorithms, tested on a shortest path problem, in which multiple
objectives can be included. Climaco et al. (1982) presents an algorithm that returns
the set of Pareto optimal paths. An algorithm to solve bi-criterion shortest path
problems is developed by Mote et al. (1991); this algorithm also returns the set of
Pareto optimal paths. Drawback of this method is that only two parameters can be
taken into account for each leg. Mote et al. (1991) have tested their method against
the k-shortest path approach of Yen (1971); they conclude that their parametric
approach is significantly faster.

Besides the requirement to provide the planner multiple options and select these
options based on multiple criteria, additional complexity is introduced in our
problem due to (i) the decision which carrier to use on which leg at what time,
(i1) soft time windows, (iii) pre-defined timetables for rail and barge transport
causing variable waiting times, (iv) contractual agreements, (v) complex costs
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functions depending on time, weight and volume, and (vi) the possibility of freight
consolidation. The contribution of this chapter is that we provide a multi-objective
k-shortest path algorithm that is able, in combination with the human planner, to
handle the afore-mentioned practical complexities. In addition, we describe the
planning system that has been implemented at the LSP, and provide numerical
results quantifying the benefits of synchromodal planning at this LSP.

3 Problem Description

Our problem concerns an LSP that provides logistics services (i.e., transportation
and warehousing) to its customers. These customers (i.e., the shippers) have freight
that needs to be transported from a pickup location to a delivery location. The
pickup is only possible after an earliest pickup time, and delivery after a latest
delivery time is penalized. A lane is defined as the combination of a pickup and
delivery point. The LSP has contracts with multiple carriers that have one or more
modalities available to transport the goods.

The network where carriers operate consists of hubs and legs. Hubs are points
where containers can be transferred from one modality to another. Legs are route
segments between two hubs. Since multiple carriers might operate on the same leg,
we introduce the term carrier-leg. This can be defined as the leg a carrier is assigned
to with the related values of the criteria (e.g., costs). We extend this concept by
adding another level by connecting the resource (e.g., the train leaving at 10 a.m.) to
it: resource-carrier-leg. We make a distinction between main legs and free legs.
Main legs have a fixed schedule (in location and time), whereas free legs offer more
flexibility. A route consists of a sequence of legs connecting the pick-up and
delivery point of a transport order. In case of ‘traditional’ road transport, we only
have a free leg connecting the origin with the destination (left part of Fig. 1),

Fig. 1 Example of road transport versus intermodal transport
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whereas in intermodal transport, the route typically consists of a few main legs
connected by free legs (right part of Fig. 1). The challenge is to find, for each
incoming order, k routes that score well on the criteria costs, duration, and emission.

To simplify the presentation of the planning algorithm, we make some
assumptions. Later on, in Sect. 5, we describe how to generalize these assumptions
in practice. First, we assume that all costs, times, and emissions are known and
deterministic. This holds for the legs, but also for hubs that have closing times and
transhipment costs. Second, we ignore contractual restrictions, such as volume
agreements and preferred carriers. Finally, orders are planned one by one, without
considering consolidation opportunities.

Our proposed algorithm will be used within a control tower. A control tower is
software that helps a planner to direct the transport through the network. It takes
restrictions into account and tries to find the best way (based on user preferences) to
schedule all transports. Next to this, the control tower provides all users with
real-time data about all ongoing transport orders.

4 Approach

In our intended implementation environment, we face several challenges. First, the
optimization criteria and constraints are ‘negotiable’, which means that the exact
objective coefficients (weights for various optimization criteria) are not given up
front, and constraints on duration (delivery windows) and contracts (volume
agreements) are soft (flexible). Second, the human planner does not want a single
‘optimal’ recommendation for multi-modal transport, but wants to choose from a
top k of potentially good options, such that the planner can balance various opti-
mization criteria as well as constraint violations (through sorting and filtering).
Given these characteristics, we decide to use a sequential heuristic approach.

Our approach consists of 2 stages: (i) offline steps in which no order-specific
characteristics are taken into account, and (ii) online steps in which order-specific
characteristics are taken into account, to make sure that the generated options are
suitable for a given order at a given time.

In the offline steps, also called pre-processing, we attempt to reduce the network
for each lane (combination of origin hub and destination hub), which will speed-up
the process of determining the top k options when an order arrives. Pre-processing
starts from a full network including all legs and hubs, an origin hub and a desti-
nation hub. By removing hubs (and their associated legs) from this network, which
are geographically too far from the route between the origin and destination hub, a
reduced network for a specific lane can be created. We use a parameter o to indicate
a threshold on the maximum increase in distance when inserting a hub in a route
from the origin to the destination hub (i.e., with a = 1.5, we allow a 50 % increase
in total distance when adding a hub). The resulting reduced network is a subset of
the complete transport network, and legs that are likely not to be used for this order
are not part of this subnetwork. The trigger for executing these offline steps does not
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Fig. 2 General overview of the approach

have to be an incoming order, but may also result from a change of the network.
The smaller the reduced network is, the faster the online steps can be carried out.

The online steps are triggered when an order arrives. We distinguish between
three steps, as shown in Fig. 2. In the remainder of this section, we explain the
algorithm in more detail.

In the first step, the incoming order will be matched with a certain lane (or a few
lanes) so that a reduced network is selected (the selected lane has a pickup hub
closest to the pickup location of the order and a destination hub closest to the
delivery location of the order). This network can be reduced even further at this
step, because order characteristics are known. Legs with insufficient capacity are
removed. For all remaining main legs, resource-carrier-legs will be generated (see
the definition in Sect. 3) for each possible departure time within a given planning
horizon (e.g., the period between the earliest pickup time of the order and a few
days after latest delivery time). In the remainder, we simply refer to these
time-resource-carrier-legs as main legs.

The next step is to enumerate all possible combinations of main legs (which
result in routes after adding free legs where necessary) to determine, for given
weights, a relative large number k' of ‘shortest’ routes, with ¥’ > k. In the third
step, the human planner can apply filters (filtering out less desirable results taking
into account criteria not explicitly included in the planning algorithm) and change
the weights attached to the three criteria. After changing the filters and weights, the
results are sorted and at most k routes are shown.

The first and third step can be performed very fast (in milliseconds). Note that
even for a large value of k', the third step only requires (i) selecting the k-shortest
paths and (ii) sorting these k paths, i.e., making sure that the remaining paths are
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worse than the kth path. However, the enumeration step (second step) might cause
computational complexities.

In the enumeration step, we iterate on the number m of main legs included in a
route. We do this because (i) good routes are likely to have only a few main legs
and (ii) during iteration we can check whether it is efficient to extend existing routes
with additional main legs. An enumerated route is characterized by its sequence of
main legs. Free legs are added to these routes to make sure they are connected
(connected path from pickup to delivery location through all hubs). In case there are
multiple free legs available, we choose the one with lowest costs (alternatively, the
cheapest one based on default settings of the weights).

In iteration m, we take all routes from iteration m — 1 (routes with m — 1 main
legs), and for each of these routes we remove the last free leg connecting to the
delivery location of the order. A route up to the last hub (i.e., a route excluding the
last free leg connecting to the delivery location) is called a partial route. In an
iteration, we loop over all partial routes and loop over all possible main legs to be
added at the end of these partial routes. Possible main legs to add are those that have
(i) a destination hub not yet present in the route and (ii) a closing time later than the
earliest arrival time at the origin hub. In case there are multiple resource-carrier-legs
of the same carrier-leg (different departure times within our planning horizon), we
only consider the first suitable departure time. For each of the extended partial
routes, we add free legs where necessary (to create a connected path from pickup to
delivery location).

At the end of each iteration, we check which partial routes are eligible for
consideration in the next iteration. For this, we introduce two thresholds: § and y.
These thresholds represent the maximum allowable increase in costs () and delay
(y) of the partial route compared to respectively the cheapest route and the route
with the least delay found so far. After updating the lowest costs or lowest delay,
we will be more critical in adding new routes. However, we might also come back
to routes generated earlier that now might become infeasible regarding the maxi-
mum deviation to the lowest costs (B) and to the lowest delay (y). In addition to
these two thresholds that limit the number of routes enumerated, enumeration is
also limited to k' routes at most.

Obviously the number of routes explodes due to the number of main legs. To
illustrate this, suppose we have M main legs in a reduced network; then we already
have M! possible routes containing all of the M legs (we have a full connected
graph since trucks can drive between all hubs). The total number of routes R of all
possible lengths m is be given by:

For a network with M = 35 carrier-legs, a typical amount faced by the LSP under
study, we have 2.8 x 10% different routes (note that our algorithm uses the
resource-carrier-legs as input, which automatically results in even more routes).



30 M.R.K. Mes and M.-E. Tacob

Obviously, the majority of these routes will contain many main legs, whereas in
practice one would expect the better routes to contain only a few main legs (less
transhipment costs). For the example with 35 legs, we have approximately 1.2
million routes containing at most 4 main legs. In addition, the number of routes is
reduced using the thresholds p and vy.

The values of the thresholds have a large impact on the output of the algorithm.
Setting appropriate vales for them is therefore important. We use three tuneable
parameters: o (used in the offline steps), p (threshold on the maximum costs of a
partial route), and y (threshold on the maximum delay of a partial route). In the
remainder of this section, we discuss how to find appropriate values.

It is difficult for the human planner to determine good values for the thresholds
as it is hard to estimate the impact of certain values, e.g., on the number of routes
R that will be generated. Setting the thresholds too high results in long computation
times, while setting the thresholds too tight results in limited options to choose
from. Also note that the human planner needs enough options because (i) he has to
balance the three criteria (changing the weights in step 3 of our planning approach)
and (ii) has to apply other criteria not explicitly included in the enumeration step
(using the filters to, e.g., to filter out results that violate contractual agreements).
Obviously, when no additional criteria play a role,  can be set to 1, i.e., only
accepting the ‘shortest’ route for the given weights.

With respect to o, it is useful to have an o that is lane-specific; lanes with an
origin and/or destination in densely populated areas will have a lower o than when
they connect sparsely populated areas. This way we can make sure that for each
lane a comparable number of hubs remains in the reduced network, which is likely
to result in a comparable number of routes to enumerate. We can assist the human
planner by showing a map that displays the result for a given a. In addition, we can
use a feedback method: when the number of enumerated routes exceeds k' for a
certain lane, we advise the planner to reduce a for this lane. A possible extension is
to use an automated approach, where all possible realizations of the number of
enumerated routes and used threshold per lane/corridor are stored, and used to assist
the human planner in the best choice of parameter settings. Whenever a planner (or
system administrator) changes the values of a threshold, the user is provided with
feedback on the expected number of routes that will be enumerated. If this exceeds
the limit &', visual warnings can be given. Moreover, the system may learn to
propose the ‘right’ set of k routes by memorizing the routes most often selected by
the human planner. If the human planner always selects a route consisting of hubs
close to the direct route (hence which would have been selected with a low value of
o), the value of a could be decreased. This will make future calculations faster and
more efficient.

The same line of reasoning for setting o can also be followed for setting § and y.
The right choice for these parameters depends on &'. Ideally, £ and y are set in such
a way that a number close to k' routes are generated. To give an indication of
reasonable parameter settings, we used the following values in our case study: a
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value of k' = 100,000 (a lower value k' = 10,000 did not provide a sufficiently large
number of results to handle all additional constraints taken care of in the filtering
step), @ = 2 (accepting hubs that result in routes twice as long as a direct con-
nection), f = 2 (accepting partial routes that are twice as expensive as the cheapest
route found so far), and y = 2 (accepting routes that have 1 additional day of
lateness compared to the route with the least amount of lateness).

5 Relaxation of Assumptions

In Sect. 3, we made several assumptions for our algorithm. Specifically, we
assumed that (i) input data is known and deterministic, (ii) no contractual restric-
tions have to be taken into account within the algorithm, and (iii) only one job at a
time is considered. In this section, we describe how to relax these restrictions in
practice.

The proposed algorithm treats the current status of the network as static and
deterministic input. However, execution of plans might work out differently than
planned. We might face unexpected delays, e.g., caused by traffic jams, missed
connections, and breakdowns. In these situations, we have to perform re-planning.
The system can be used by modifying the changed network status (e.g., removing
legs or changing the duration of legs) and planning the order from its current
location onwards. The main challenge here is to adjust, preferably automatically,
the input data used by the algorithm.

We previously mentioned that the existence of contracts and governmental
regulations is not considered within the algorithm. However, contractual restrictions
can be taken into account in the sorting and filtering step. The benefit of this
approach is that the algorithm itself (i.e., the enumeration step) remains fully
independent of contractual changes. Restrictions like required legs and carriers can
be incorporated both in the pre-processing stage (by changing the input data) and
the sorting and filtering phase. Regarding the latter, if a leg or carrier is required, we
can simply filter out all routes that violate this requirement. If we have volume
contracts (e.g., on a certain corridor, 50 % of the loads should be rewarded to carrier
A and 50 % to carrier B), we have another performance criterion that states for each
route the deviation from contractual agreements. We can then filter out large
deviations, or we can weigh this additional criterion against the others.

Finally, our assumption to schedule one job at a time makes it hard to consol-
idate jobs. Even though we typically deal with containers in intermodal transport,
consolidation might be possible. Again, by changing the input data, we can support
consolidation decisions with the implemented planning system. In the time between
planning and execution of an order, we can create ‘copies’ of the legs planned for
this order. These copies have reduced capacity and possibly a reduced price. In the
planning of a subsequent order, we also consider these copies, thus enabling
consolidated shipments on certain legs.
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6 Implementation

In this section, we shortly describe the Synchromodal Control Tower (SCT) system
and its relationship with other surrounding systems from the LSP and with external
actors. The structure of the business network served by the SCT is depicted in
Fig. 3. The system needs inputs from the shippers and the warehouses where the
cargo will be loaded or dropped. The planning is communicated with the carriers
handling the cargo on the different legs along the chosen lanes. The system is also
connected with the customs for the automated handling of paper work.

The functional components of the SCT’s application architecture are shown in
Fig. 4. In the old situation, the LSP’s architecture consisted only of the software
components shown in Fig. 4 in blue or green. More precisely, the LSP had an
enterprise resource planning system in place supporting all operational tasks (e.g.,
the static planning of shipments and invoicing), a Geographical Information System
for the mapping and routing of shipments, and a Track and Trace module for the
monitoring of ongoing transports. In the new situation, a synchromodal control
tower application (shown in red) has been added. Due to this major change and the
need to establish connections between the new tower and the existing systems,
some of the existing application components (those coloured green) required some
modifications in order to make the exchange information with the SCT possible.
Furthermore, the architecture also shows the external parties that have access, or
provide information to the new SCT.

The SCT consists of several components, the most critical one being “Top k
lanes calculation”. The main task of this component is to carry out the calculation of
the k-shortest routes, based on the algorithm explained in Sect. 4, and using a

Warehouse[*] T

USB Portal

Order entry

=) EDV/e-mail 2 Pona
Carrier("] |—P| < LSP O shipper) “

OTP portal Phone

%
Customs

Fig. 3 Actor model



Synchromodal Transport Planning at a Logistics Service Provider 33

LSP 2
( Operational tasks Q)

Order entry
Portal

Load/ Unload
list

Order
Confirmation

EDl/e-mail

-O
Camier] ;]

Unload
list

g

E

Pick-up
list

Warehouse[*]

LSP
Planners[*]

Fig. 4 Application architecture

network of legs and hubs as input (the management of which is done by the
“Network management” component).

Another important function of the SCT concerns the price and CO, emissions
calculation for the chosen lane, which is dealt with through the “Price & CO,
calculation” component. For the CO, emission calculation, we use an external,
cloud based, carbon management system (ABCO,) that has been designed on the
basis of the reference architecture proposed by lacob et al. (2013).

The implementation of the SCT has also lead to better “Track and Trace” and
business performance monitoring (i.e., the “BI tool”) functions. Orders can be
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traced now (nearly real time) up to leg-level, and the dashboard of the BI tool has
been enriched with new KPI’s to monitor the carrier’s performance per leg.

A number of new interfaces had to be built to ensure the exchange of infor-
mation with internal and external systems and users. The most important one
enables the human planner to interact with the planning algorithm, and has func-
tions such as setting values for parameters and running the algorithm, filtering of
orders and lanes, management of contracts, management of the logistic network and
of incidents, etc.

7 Validation

We illustrate and test our approach using an order set from the LSP. The LSP
currently outsources its transport per lane (combination of pickup and delivery
point) to a preferred carrier (typically truck transport). In principle, all transport on
this lane will be outsourced to this carrier. In the new synchromodal way of
working, this LSP will decide upon the carriers in a dynamic way. Obviously, this
makes the planning process more complex, but they aim to realize significant
efficiency gains with respect to transport costs and CO, reduction. The synchro-
modal planning system described before is consistent with their wishes and can
therefore be used. To determine the impact of the planning approach, a simulation
study will be carried out.

The goal of the simulation study is to provide insight into the working of the
synchromodal planning approach. With the simulation study, the approach can be
clearly explained to the planners of the LSP, which will convince them of its power
and will help in the process of accepting this new way of working. The main
indicators are the costs, CO, emission, and service level. Next to this, the simu-
lation study will also be used to validate the planning algorithm.

For our experiment, we focus on the corridor between the Netherlands and the
middle of Italy, including Germany, Belgium, Switzerland and Austria. We use
orders on this corridor during one quarter of 2013, originating in The Netherlands
(1728 in total). We use the historical data set to determine the following charac-
teristics. For the orders, we use the pickup and delivery location, earliest pickup
time, latest delivery time, and volume. For the network information, we use 110
available barge and rail connections (legs) on this corridor. For each leg, we define
the carrier, modality, distance, CO, emission, schedule of departure and closing
times, and duration. For each hub, we use the coordinates, opening times, possible
modality switches, and handling and transfer times. As costs components we use a
price per kilometre for each carrier-leg, and for the handling- and transhipment
costs per hub.

The results showed that for 39 % of the orders it is beneficial to make a modal
shift (for at least part of the route) from road to rail (30 %), barge (5 %) or a
combination of both (4 %). Mainly orders with destination in Italy, Switzerland and
Austria showed to be suitable for synchromodal planning because of their relative
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long transport distance and good connections over rail and water (we observe a
minimum distance of approximately 400 km before intermodal transport is pre-
ferred over direct truck transport). On average, a cost reduction of 10.1 % can be
achieved with synchromodal planning, while CO, emissions reduce with 14.2 %,
which comes down to a yearly reduction of 712 tons of CO, on this single corridor.
Additional savings can be achieved by extending the deadlines with 1 day (1.5 %
cost reduction) and by limiting the FTL size of orders to the capacity of 40 ft
containers (4.0 % cost reduction).

The results so far are based on the assumption that the LSP does not consolidate
shipments, which in practice does not hold. For a fair comparison, we extend the
synchromodal planning algorithm with a consolidation option (see Sect. 5). In this
case, the cost reduction of synchromodal transport with consolidation compared to
truck transport with consolidation is 3.9 %. This value is lower than the original
reduction of 10.1 %, because consolidation opportunities arise when there is suf-
ficient slack in the delivery windows. Since intermodal transport typically takes
longer than truck transport on this corridor, the cost reduction of synchromodal
transport gets smaller.

8 Conclusions

We developed an algorithm to support synchromodal transport planning. The
underlying problem is known as the multi-objective k-shortest path problem, in
which we search for the k-shortest paths through a multimodal network taking into
account time windows of orders, schedules for trains and barges, and closing times
of hubs. We provide the human planner with a list of the top k multimodal routes,
with the objective to minimize costs, delays, and CO, emission.

Our approach consists of an offline phase and an online phase. In the offline
phase, also called pre-processing, we attempt to reduce the network for each lane
(combination of origin hub and destination hub). The online phase is triggered
when an order arrives. We distinguish between three steps. In the first step, the
incoming order will be matched with a certain lane so that a reduced network is
selected. The next step is to enumerate all possible routes from origin to destination
within the reduced network. In this step, we iterate on the number of main legs
included in a route, since routes with a limited number of transfers tend to be better.
In the third step, the human planner can apply filters, change the objective weights,
and make the final choice.

We illustrate our approach using simulation with order and network data from a
Dutch 4PL service provider. On the corridor from the Netherlands to Italy, an
average cost reduction of 10.1 % and a reduction in CO, emission of 14.2 % can be
achieved with synchromodal planning.

The proposed synchromodal algorithm has been implemented at the LSP within
their supply chain control tower. This system contains all required information on the
LSP’s main transport routes (time tables, costs, duration, emission, etc.), provides
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real-time decision support on the best combination of transport modes, and monitors
the actual execution of transport. The synchromodal control tower was put into use in
2013, and already during the second half of 2013 a modal shift of 1500 TEU with a
CO, reduction of 3230 ton has been reported.
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1 Introduction

The floriculture sector in the Netherlands is of world-class quality, and serves as
main trading hub for Europe. The sector as a whole has a huge impact on the Dutch
economy, being the largest exporter of fresh products in Europe, the top-3 largest
exporter in the world with still significant opportunities for further growth. Most
flowers physically pass through the Dutch auction houses on their fixed routes from
international growers to European customers to allow for physical inspection,
quality control and break-bulk activities. However several developments, such as
the upcoming of new markets in Eastern Europe and increased virtualization, will
move the centre of gravity eastwards and stimulate the chain to become an efficient
floriculture hub-network, in which cut flowers, plants and other products are
delivered to international customers taking different (direct) routes and using dif-
ferent logistics concepts. Cross-dock centres and hubs (trade parks) are being set-up
in Europe (linking local with global flows) and the sector is searching for efficient
coordination and control mechanisms for the complete logistics network to con-
solidate flows and fulfil market demands. However, this is not easy as the sector is
characterized by a large number of independent SMEs (many growers, traders, and
small LSPs) and a large auction on a cooperative basis, each with their own
objectives and views on roles and functions of parties in the supply chain network.

The Dutch sector wants to continue being the (virtual) floriculture-trading hub of
Europe, and has therefore initiated the DaVinc®i project. DaVinc?i is an acronym
for Dutch Agricultural Virtualized International Network with Coordination,
Consolidation, Collaboration and Information availability (see www.davinc3i.com).
The project aims to develop innovative logistics concepts supported by an infor-
mation platform and collaborative business models in support of the Dutch com-
petitive strength. More specifically, we study:

e the functional specifications for potential logistics coordination, consolidation
and collaboration concepts, with particular attention for responsive quality
driven logistics networks and synchromodal transport management;

e opportunities for advanced information exchanges and architectures to facilitate
the advanced planning and control concepts developed in the project;

e relevant collaborative business models that work for specific settings.

The next sections, successively, present sector specific characteristics and
developments resulting in industry needs, key issues in the design of a responsive
synchromodal logistics network for perishables, and five illustrative case studies
resulting in determining key factors for successful and sustainable collaborative
logistics.
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2 Sector Characteristics and Industry Needs

The Netherlands is at the heart of the international floriculture sector. It has an
intricate and high-quality network of companies, ranging from breeders and
growers to sales experts and export firms, representing every aspect of the business.
The supply chain network consists of the following links: growers, auctions,
traders, logistics service providers and outlets (Fig. 1).

The FloraHolland flower auction consists of five auction centres for trading in
cut flowers (about 70 % of turnover) and ornamental plants (about 30 %), a national
intermediary organization (facilitating direct trade between growers and traders)
and an internationally active import department. FloraHolland is a primary coop-
erative: its roughly 5000 members, especially growers in the Netherlands, own the
business. The traders can be split up in three groups: wholesalers, exporters and
importers. Sometimes this overlaps, when a Dutch wholesaler also acts as an
exporter. There are about 1200 Dutch traders, dealing with many (inter)national
customers. Most important import countries are Kenya, Ethiopia, Israel, Ecuador
and Germany. Key export countries are Germany, United Kingdom, France, Italy,
Belgium and Russia. In many cases, the transport between two chain stages is
outsourced to one of over 70 logistics service providers. In some cases, the pro-
viders execute extra activities like quality control, handling and packaging. On
average there are 20,000 truck movements per day and about 1800 truck move-
ments per day between the five marketplaces.

Different sales channels can be identified in the market. The DaVinc’i project
distinguishes between three types of sales channels: the traditional “detail”
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Fig. 1 The floriculture supply chain network (de Keizer et al. 2014, p. 162)
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(specialist shops) and “retail” (including supermarkets, garden centres and con-
struction outlets) channels, and the expanding “‘e-tail” channel (online shops). Retail
industry has seen significant consolidation and concentration, which led to domi-
nance of the market by large retailers. Retail sells flowers and plants as by-product
and aims for large volumes of specific products guaranteed via long-term (preferred
supplier relationship) contracts and fixed prices. Specialist shops often gain their
competitive advantage due to a deep product assortment (and hence small volumes
per individual product) and a focus on high-quality products. They market
value-added products via small-scale shops using day-to-day prices and volumes
available. Online shops are relatively new to the sector and the result of increased
digitalisation and virtualisation. It is not yet clear how this channel will further
develop and what kind of assortment will be offered as well as which order fulf-
ilment strategies will be applied.

The cut flower detail chain is a supply driven chain with small but very per-
ishable product flows to, and main inventory placed at, geographically dispersed
detail shops. The cut flower retail chain is a growing demand driven chain with
