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ABSTRACT

As the result of more and more ambitious production and marketing strategies, such as Just-In-
Time and increasing product customization, current vertical logistics collaboration approaches
based on a single supply chain seem insufficient to achieve further transportation efficiency
improvements. Horizontal logistics collaboration (HLC), which has been proven an effective
approach to efficiency improvement, has attracted both academics and practitioners. One of the
main barriers to HLC implementation is the lack of feasible collaboration mechanism, in partic-
ular a gain-sharing mechanism. We identify two organizational forms of HLC: centralized and
decentralized. For centralized HLC, we propose a collaboration model that is a collaboration-
conducting process integrating decision-aiding tools to guide implementation of the collabora-
tion. We also develop a generally applicable game-theoretic sharing mechanism for different
categories of centralized HLCs modeled as super-additive and non-super-additive cooperative
games. This sharing mechanism takes into account collaborator contribution, coalition stability
and bargaining power to propose a credible sharing scheme for collaborators. The approach
is illustrated by numerical examples taken from logistics cases. For implementation of decen-
tralized HLCs, we propose an open collaborative logistics framework, and design the system
protocols as the collaboration mechanism that specifies the combinatorial-auction-based request

allocation and payment determination to foster the collaborations.

KeyWOl‘dS: Horizontal logistics collaboration, Collaboration mechanism, Centralized
and decentralized collaboration, Supply network pooling, Cooperative game theory, Combi-

natorial auction
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RESUME

En raison des stratégies de production et de marketing de plus en plus ambitieuses telles que le
Juste-a-Temps et la personnalisation au client, les approches de collaboration logistique verti-
cale qui sont courantes atteignent une limite d’efficacité notamment en transport. La collabo-
ration logistique horizontale (CLH) et plus particulierement la mutualisation, dont 1’efficacité
a été prouvée dans la littérature et dans les cas réels, a attiré 1’attention des chercheurs ainsi
que des praticiens. Cependant, un des obstacles principaux a la mise en ceuvre des CLHs est
I’absence d’un mécanisme de collaboration raisonné, en particulier un mécanisme de partage
des gains. Nous identifions deux formes d’organisation centralisée et décentralisée. La forme
centralisée est limitée a de petites coalitions, celle décentralisée pouvant comprendre de nom-
breux participants. Pour des CLHs centralisées, nous proposons un modele de collaboration qui
est un processus de conduite qui integre les outils d’aide a la décision. Nous développons égale-
ment un mécanisme de partage par la théorie des jeux. Ce mécanisme est applicable aux dif-
férentes catégories des CLHs centralisées, qui peuvent €tre modélisées par des jeux coopératifs
super-additif ou non. Afin de proposer un plan de partage crédible aux collaborateurs, ce mé-
canisme de partage prend en compte la contribution de chacun des collaborateurs, la stabilité de
la coalition et leur pouvoir de négociation. Ce cadre est illustré par des exemples numériques is-
sus de cas logistiques. Pour la mise en ceuvre des CLHs décentralisées, nous proposons un cadre
de travail de logistique collaborative qui est ouvert aux participants potentiels, et avons congu
des protocoles fondés sur le mécanisme d’encheére combinatoire, qui spécifient 1’allocation de
demande de livraison et la détermination de paiement pour faciliter les collaborations. Cette
derniere partie s’appuie sur la théorie dite de Mechanism Design.

Mots clés: Collaboration Logistique horizontale, Mécanisme de collaboration, Collab-
orations centralisée et décentralisée, Mutualisation des réseaux d’approvisionnement, Théorie

des jeux coopératifs, Encheére combinatoire



Description:

Le theme de recherche de cette these est "mécanisme de collaboration dans la collaboration
logistique horizontale" (CLH), qui comprend 1’organisation de collaboration et le partage des
gains. Son application la plus courante est celle de la mutualisation des opérations de logistiques
et en particulier de transport. L’objectif général des travaux présentés dans cette these est de
proposer les mécanismes de collaboration pour les CLHs centralisées, correspondant a un faible
nombre d’acteurs, ainsi que décentralisées pour le cas plus général. A cette fin, la théorie des
jeux coopératifs et la théorie de la conception des mécanismes d’incitation (appelé aussi la

théorie de la conception des mécanismes de marché) sont appliquées.

Dans le chapitre II, une introduction détaillée a la CLH est présentée. Nous identifions
les avantages de la CLH (e.g. la réduction des coits logistiques, I’amélioration du service
client), les obstacles a la mis en ceuvre (e.g. la difficulté a trouver des collaborateurs, I’absence
du mécanisme de partage des gains), et les canevas présentés dans la littérature qui facilitent
I’implémentation de cette approche. Deux types de forme organisationnelle de la CLH sont
identifiés : les CLHs centralisées et celles décentralisées. La théorie des jeux coopératifs et la
théorie de la conception de mécanisme d’incitation sont identifiées comme des outils théoriques

pour construire les mécanismes de collaboration dans les deux types de CLH respectivement.

Dans le chapitre III, afin de mettre en ceuvre la CLH, nous proposons un modele de col-
laboration général qui est un processus de conduite qui integre des outils d’aide a la déci-
sion comme des modeles de planification et des mécanismes de collaboration qui sont variés
selon des modalités de collaboration adoptées. En particulier, nous adoptons la mutualisation
des réseaux d’approvisionnement (Pan et al., 2012), comme modalité spécifique de la CLH,
et comme le contexte des travaux des chapitres 3 a 5 de cette these, qui est sur le mécan-
isme de collaboration dans les CLHs centralisées. Nous y proposons le cadre d’'un modele
de collaboration pour la mutualisation des réseaux d’approvisionnement, qui integre le modele
d’optimisation développé par Pan (2010) et le mécanisme de collaboration fondé sur la théorie

des jeux coopératifs.

Afin de construire le mécanisme de collaboration pour des CLHs centralisées, nous exam-

inons la théorie des jeux coopératifs et en présentons 1’état de 1’art dans le chapitre I'V. Deux

vi



aspects du mécanisme de collaboration dans les CLHs centralisées, la stabilité de coalition et
le partage des gains, sont identifiés. Nous nous concentrons sur les concepts importants dans
la théorie qui peuvent étre appliqués dans la conception de mécanisme de collaboration. Ayant
examiné la littérature de la théorie des jeux coopératifs et de ses applications, nous nous ren-
dons du compte que les concepts théoriques et les solutions présentes ne sont pas totalement
appropriés a appliquer dans les cas logistiques réels ol les cofits de coordination ne sont pas

négligeables et ou les intéréts individuels prennent le pas sur I’intérét global.

Dans le chapitre V, tout d’abord, nous examinons la stabilité de coalition d’un cas pratique
ou des gains étant issus des synergies de la collaboration sont partagés proportionnellement,
pour montrer 1’infaisabilité du partage proportionnelle pourtant le plus répandu en pratique.
Puis, nous distinguons quatre catégories de mutualisation des réseaux d’approvisionnement, a
partir de la théorie des jeux. On montre en particulier qu un seul de ces cas est traité dans
la littérature, celui des jeux avec cofit de coordination négligeable ou 1’on recherche I’intérét
global. Or les autres cas existent aussi. Dans ce cadre des 4 catégories et pour chacune d’elle,
nous examinons la stabilité des coalitions et la partage des gains suivant la nature des jeux en
cause et développons des mécanismes de partage des gains. Nous proposons un modele de
partage des gains qui est généralement applicable pour tous les CLHs faisables et démontrons
ces propriétés. Ce modele de partage des gains prenant en compte la contribution de chacun des
collaborateurs, recherchant la stabilité de coalition, et prenant en compte le pouvoir de négoci-
ation des partenaires peut générer un plan de partage des gains équitable. Nous présentons en
suite un cas de la mutualisation dans une chaine de distribution francaise ou quatre fournisseurs
mutualisent leurs réseaux d’approvisionnement. Nous adoptons le modele général de partage
des gains comme le mécanisme de partage pour distribuer les gains acquis dans la collaboration
(la réduction de colit de transport). Ce cas est modélisé par un jeu coopératif, et traité sous
des hypotheses différentes de colit de coordination qui conduisent a des jeux aux propriétés
différentes. En comparant le plan de partage généré par notre modele général et celui obtenu
par I’application de la valeur de Shapley, nous montrons 1’adaptation de notre modele général

quand appliqué dans la CLH.

Dans les chapitres III-V, nous avons proposé un mécanisme de collaboration pour la mis en

ceuvre des CLHs centralisées. Dans le chapitre VI, nous proposons un mécanisme de collabora-
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tion fondé sur I’enchere combinatoire pour un cas spécifique : un systeme logistique collaboratif
qui est ouvert et décentralis€. Nous présentons d’abord une vue d’ensemble de la théorie de la
conception de mécanisme d’incitation. Particulierement, nous nous concentrons sur la théorie
des encheres combinatoires et son application dans les CLHs décentralisées. En suite, nous
présentons la conception du mécanisme de collaboration d’un systeme de la CLH décentralisé,
qui est fondé sur I’interconnexion des réseaux logistiques présentée par Sarraj et al. (2012). Les
protocoles généraux, la stratégie d’évaluation des commandes, la génération des offres, et la for-
mulation du processus décisionnel sont précisés en détail. Nous proposons les algorithmes et
les formulations afin de construire un mécanisme de collaboration qui facilite I’implémentation

du systeme de la CLH décentralisée et peut garantir le bon fonctionnement du systeme.

Dans chapitre VII, nous concluons cette these et présentons les perspectives de recherche a

venir.
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1.1 Research Context

As an important link in the national economy, logistics is intimately tied to economic develop-
ment. Logistics system efficiency is vital for stable economic growth, and has thus drawn the
interest of both academics and practitioners. Over the last decades, great emphasis has been
placed on logistics collaboration. It has been widely addressed and proven to be an effective
approach for businesses to obtain a competitive edge. In logistics collaboration, partners collab-
orate to share information, logistics facilities, and resources to improve cost efficiency without
compromising service level. Logistics collaborations are categorized as vertical, horizontal, or
lateral, according to the collaboration scope (Simatupang and Sridharan, 2002). Vertical col-
laboration aims to integrate one supply chain consisting of suppliers, retailers and customers.
Horizontal collaboration occurs among logistics actors in the same level of the supply chain,
for example, collaboration among suppliers. Lateral collaboration is a combination of the two

latter approaches.

The term supply chain management refers to vertical collaboration and integration among
parties in deferent levels of the supply chain. It aims to establish collaborative relations and
seamless integration throughout the supply chain to improve logistics efficiency. The key drivers
of such costs savings are inventory and transport reductions, logistics facilities or equipment
rationalization, and better information usage (Cruijssen, 2006). Representative vertical collabo-
rations include collaborative planning, forecasting and replenishment (CPFR), vendor-managed

inventory (VMI) and efficient consumer response (ECR).

In the past few years, the horizontal logistics collaboration (HLC) has been studied and
experimented with in supply chains (Cruijssen et al., 2007a,b). This form of collaboration takes
place between companies operating at the same level of the supply chain. Some examples
are manufacturer consolidation centers (MCCs) pooling, joint route planning, and purchasing
groups. As a complement to traditional vertical collaboration, HLC has proven effective at
reducing overall costs and improving logistics service quality, but actual applications are still
rare. The gap between the logistics-horizontal-collaboration initiative and its implementation

is due to the lack of an appropriate collaboration model, in particular a sharing mechanism for
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different collaboration cases (Cruijssen et al., 2007a).

There are two approaches to HLCs: the centralized collaboration group, and the decentral-
ized collaboration system. The centralized collaboration group, where a centralized collabora-
tion organizer coordinates and schedules logistics activities for all collaborators, is suitable only
for collaborations with a limited number of participants. On the other hand, the decentralized
approach allows a large number of agents to take part in the system, and an open collaborative
system can even be even established. Since collaboration issues in centralized collaboration
groups (eg gain-sharing mechanism and coalition formation) are widely addressed in cooper-
ative game theory, we choose game-theoretic approaches to construct suitable collaboration
mechanisms for centralized HLCs. In order to implement the decentralized collaboration sys-
tem, mechanism design theory, especially combinatorial auction theory, can serve as the collab-

oration mechanism.

We focus on generally applicable collaboration mechanisms for all kinds of centralized
HLCs. However, to develop such collaboration mechanisms, a concrete collaboration modality
is needed to conduct a computational case study and thereby verify our mechanisms. In the
overall logistics cost, transportation cost remains the top consideration since it accounts for half
of the logistics cost, and road freight transport accounts for 73% of all inland freight transport
activities in the EU (FTA and PwC, 2012). Thus we choose supply network pooling, a specific
horizontal collaboration modality applied in road transportation consolidation as the context of

our collaboration-mechanism investigations.

For the development of the collaboration mechanism in decentralized HLCs, we use a
combinatorial-auction-based approach. We propose an open logistics system consisting of car-
riers that collaboratively deliver shippers’ requests, and specify the protocols in such a de-
centralized HLC system. These protocols implement the combinatorial-auction-based-request-

allocation and gain-sharing mechanisms in the collaboration.

The intermediate results of this dissertation have been published in three conferences(Xu

et al., 2012a,b, 2013).



1.2 Research Objectives

The main objectif of this dissertation is to develop collaboration mechanisms aiming to facilitate
the implementation of HL.Cs, no matter in centralized or decentralized way. We expect that the
developed mechanisms can give helpful guidance from a theoretical point of view to decision
makers (i.e. collaborators, orchestrators or trustees) when implementing collaboration, as well
as help them resolve some problems from practical side. To this end, several tasks have been

done and the objectives of the tasks are as follows:

* Develop a feasible collaboration model: In order to promote the implementability of the
centralized HLC, a collaboration model is needed. It is a collaboration process integrating
different decision-aiding tools to support the conducting of centralized collaborations and

provide valid propositions for further bargaining among partners.

* Develop feasible collaboration mechanisms for centralized HL.Cs: The collaboration
mechanism is indispensable in the collaboration model, which provides a solid basis for
establishing the collaborative relationship. We adopt optimization model developed in the
literature as the cost and contribution evaluation tool. Based on the contribution evalua-
tion, we focus on the construction of collaboration mechanism. The collaboration mech-
anism should specify two important issues: coalition formation and gain allocation. In
constructing the collaboration mechanism, we should also take into account some practi-

cal considerations for industrial application.

* Develop feasible collaboration mechanisms for decentralized HL.Cs: We define sys-
tem protocols as the collaboration mechanisms in a decentralized HLC system. The proto-
cols implement a market mechanism (combinatorial-auction-based transportation request

market) to carry out request allocation and gain-sharing in the decentralized HLC system.
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1.3 Research Methodology

In order to develop collaboration mechanisms to HLCs, we have adopted a theoretical approach
rather than a practical approach. We try to extract the most essential factors from different
collaboration modalities, and propose robust and incentive-compatible solutions as these factors
fluctuate. Thus the theoretical study on collaboration mechanism provides tools that can be
used to evaluate the performance of practical collaboration mechanisms from a strategic point

of view.

In the first place, we have carried through an in-depth literature review of HLCs of both
research papers and practical cases, in order to understand the drivers and barriers to HLC.
The outcome points out the important factors that should be considered in the mechanism to
be developed. From the literature we further recognized that two types of organization of HLC
are possible: centralization type for small-scale collaboration, and decentralization type for
medium and large scale. Accordingly we should study the problem in two directions that are

somewhat separate.

We then adopt game theoretic approach to construct collaboration mechanisms, since it in-
vestigates the strategic decision making among intelligent agents, which is the main research
question of this dissertation. Game theory is well recognized as an appropriate tool to ad-
dress this question from a theoretical point of view. Different from the simulation approach
that construct case-specific collaboration mechanisms (Albino et al., 2007; Fischer et al., 1999;
Prakash and Deshmukh, 2010), game-theoretic approach is able to propose general collabora-
tion mechanisms for different collaboration modalities, since the modality-related operational
details (optimization of network, modality of co-delivery, action-related transaction) are hidden

into the contribution evaluation result.

For decentralized HLC, we adopt cooperative game theoretic approach to develop a new
gain sharing model that is a very important tool in the collaboration mechanism. Since it in-
vestigates the coalition formation and gain sharing issues with a strategic perspective. In order

to construct the collaboration mechanism for decentralized HLCs, we investigate a branch of

5



game theory: Mechanism Design (MD). After comparing different MD approaches, we choose
logistics combinatorial auction as the basis of the collaboration mechanism framework, due to
its ability to achieve high efficiency. Then we develop the technical details and system protocols

based on the framework.

To validate the developed collaboration mechanisms, we have conducted two experimental
cases and the scope of both is limited to transport. The first case, which is the centralized
one, was based on real-world data from a case of pooling. We used the developed gain sharing
model to divide the common gain. The results show that, differing from the existent models, our
model is generally applicable to different pooling categories under variation of collaboration
environment. The second case, which is the decentralized one, was based on an illustrative
case of auction. We illustrated how the developed auction process works in an open logistics
platform. However, it is difficult to validate the obtained result since no comparable reference

is available. A simulation work is therefore needed in the next step.

1.4  Summary of Contribution

The contribution of this dissertation is as follows:

* First, we identify two organizational forms of HLCs: centralized and decentralized. For
each of the organizational forms, we identify cooperative game theory and mechanism

design theory respectively as feasible tools to construct the collaboration mechanisms.

* Secondly, we identify different categories of centralized HLCs from the cooperative-
game-theoretic perspective. Rising coordination costs in collaborations and different col-
laboration preferences are considered, providing a valid basis for game-theoretic investi-

gations in all cases.

* Thirdly, we model HLCs as cooperative games, investigate coalition formation and gain-
sharing issues in different categories of HLC games, and then propose a set of generally
applicable gain-sharing mechanisms that consider players’ contribution and bargaining

power, as well as coalition stability (a major requirement in pooling). In light of the rarity

6



of non-super-additive game investigation in current logistics collaboration literature, our
collaboration mechanism is generalized to non-super-additive HLC games to improve its

general applicability in different logistics situations.

* Fourthly, after proving a set of theorems, we propose a general collaboration mechanism
that is valid for all feasible HLCs by integrating the super-additive cover in the theoretic

framework that we have established.

 Last of all, we develop protocol frameworks for a decentralized HLC system. A combi-
natorial auction mechanism is integrated in this collaboration system by these protocols
to achieve the incentive compatibility goal, and thus the systematical logistics efficiency

improvement.

1.5 Outline of the Dissertation

This dissertation is organized as follows:

Chapter 2 is dedicated to an explicit review of HLC literature. HLC drivers and barriers are
identified, and we propose directive frameworks for HLC implementation. Two organizational
forms of HLCs are identified. Cooperative game theory and mechanism design theory are iden-
tified as feasible theoretic tools to construct the collaboration mechanisms for each respective

case.

In Chapter 3, we propose a general collaboration model for centralized HLCs, which can
be adopted by the organizers of centralized HLCs as collaboration-conducting guidelines. We
introduce supply network pooling, and specify the details in the general model to propose a
collaboration model for this HLC modality. We identify important factors that should be con-
sidered in constructing the collaboration mechanisms in this model, and justify the importance

of our work.

Chapter 4 is an exploration of cooperative-game-theory literature. We identify useful so-
lutions in constructing the HLC collaboration mechanism, and indicate the ineffectiveness of

current solutions for the HLC implementation.



In Chapter 5, we conduct game-theoretic investigations in the context of supply-network-
pooling collaboration. Four categories of pooling games are identified, and feasible collabora-
tion mechanisms are proposed for pooling games in each category, considering player contri-
bution, bargaining power, and coalition stability. By integrating the super-additive cover con-
cept, we propose a general collaboration mechanism that is valid for all feasible collaborations.
The performance of the general collaboration mechanism and that of SV are compared using a

French-retail-chain case study and a simple computational example.

Chapter 6 proposes a framework for the mechanism design approach to decentralized HLC.
We generally introduce the mechanism design theory, identify two mechanism design approaches
to HLC, and then focus on the application of combinatorial auction theory in decentralized HLC
cases. We propose a decentralized HLC organization of the interconnected logistics network.
Protocols and mathematical models are developed, and we give a simple illustration of the auc-

tion process to show how this system works.

Chapter 7 concludes this dissertation, indicating the limits of the works presented, and

proposing perspectives for further research.
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2.1 Introduction

The most dominant definition of logistics is given by Council of Logistics Management (2004):
"Logistics is that part of the supply chain process that plans, implements, and controls the effi-
cient, effective forward and reverse flow and storage of goods, services, and related information
between the point of origin and the point of consumption in order to meet customers’ require-
ments". According to the definition, logistics services play the roles of vital links among raw
material suppliers, manufactures, and consumers. Among logistics services, freight transporta-
tion represents 29.4% of the total logistics costs (Chang, 1998), thus improving transportation
efficiency becomes one of the major objectives for enterprises to keep competitive in global

market.

Traditional researches to this end are based on single supply chain or single network, such as
the logistics network design, transportation planning, fleet management, etc. The existent solu-
tions have brought about good improvements in transportation efficiency. However, with using
the traditional solutions, further improvement seems to be difficult to achieve because of those
more and more ambitious marketing and production strategies, for example the increasing cus-
tomization of products and just-in-time. These strategies induce the fragmentation of deliveries

and the rise of delivery frequency, which result in less opportunity for effective consolidation.

New researches show interest in open logistics, which attempts to interconnect those inde-
pendent chains or networks in order to globally optimize the logistics activities. Concretely,
the open logistics could be carried out by horizontal cooperation between different networks
(Cruijssen et al., 2010, 2007a), supply network pooling (Pan et al., 2013, 2012), or more ambi-
tiously a universal open and interconnected transportation network namely the Physical Internet
(PD)(Montreuil, 2011; Sarraj et al., 2012). The advantages could appear in reducing inventory,
increasing delivery frequency, improving the transportation efficiency, and thus reducing the

cost and environment footprint.

However, the implementations of horizontal logistics collaboration (HLC) are still rare.

One of the impediments is the lack of suitable sharing mechanisms. Thus in order to improve

11



the logistics efficiency within the delivery frequency constraints, this dissertation investigates
the collaboration mechanisms for the HLC, an effective approach towards both cost efficiency

and customer service improvement.

This chapter is devoted to a comprehensive introduction to HLC. The chapter is structured

as follows:

Section 2 introduces why enterprises need to collaborate horizontally in logistics. The eco-

nomic context and the global trends driving the demand for logistics are introduced.

Section 3 gives the definition of HLC. Horizontal and vertical collaborations are illustrated
and we give a descriptive definition of HLC after comparing different definitions of logistics

collaborations in the literature.

In the following two sections, we answer two most important questions on HLCs. Section
4 introduces the main drivers of such collaboration identified in the literature, and Section 5
demonstrates the possible barriers that may inhibit the successful implementation of the collab-

oration scheme.

Section 6 introduces the frameworks for horizontal collaboration implementation in the lit-
erature, which can serve as guiding tools. These frameworks should be referred to at the very

beginning of the collaboration project.

Section 7 introduces two organizational forms of HLCs, the centralized and decentralized
collaboration systems, and the corresponding theoretic tools used to construct the collaboration

mechanisms.

Section 8 points out the research objectives of this dissertation, which can be mainly di-
vided into two parts: the collaboration mechanism for centralized collaborations and that for

decentralized collaboration systems.

Section 9 concludes this chapter.
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2.2  Why We Need Horizontal Collaboration?

The European logistics market size (27 EU countries plus Norway and Switzerland) accounted
in 2007 for about 860 billion EUR (Klaus and Kille, 2007). As the "backbone" of the econ-
omy growth, it provides an essential link between production, distribution and consumption.
Estimates put the share of the logistics industry in Europe at close to 14% of GDP (Eurostat,

2012).

Table 2.1 lists the employment and value added created by sub sectors of logistics, where
road transport contribute 39% of total employment and 32.5% of value added in 27 EU coun-

tries.

Table 2.1: Weight of sub sectors of logistics in employment and value added in 2005, EU27
(Meyer-Riihle et al., 2008)

Rail 5.4% 2.6% 19'400
Road 39.0% 32.5% 33'100
Sea 2.0% 7.0% 137'400
IWw 0.5% 0.7% 47'600
Air 0.6% 1.2% 84'800
All Transport 47 .5% 44.0% 36'800
Supporting activities 25.6% 34.3% 53'200
Post and courier activities 26.8% 21.7% 32'100
Total logistics sector 100.0% 100.0% 39'700

Source: Eurostat, national statistics and own estimates

Especially in the inland freight transport sector, due to the flexibility and door-to-door deliv-
ery ability, the road transport is adopted for 73% merchandise deliveries, as illustrated in Figure
2.1. Thus the road transport is the main application area of the collaboration model developed

in this dissertation.

Figure 2.2 shows that in both national and international road transport, a substantial part of
transport services are outsourced, which means the transport service orders will be able to be
consolidated by third party logistics or shippers on their own. However, the statistics in Table
2.2 presents the inefficiency of the vehicle utilization, which is unsatisfactory for both own

account and outsourced fleets.
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Figure 2.1: Modal split in inland freight transport in the EU in 2010 (based on ton-km)
(Directorate-General for Mobility and Transport, 2011)
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Figure 2.2: Breakdown of road freight transport in the EU by type of transport in 2010
(Directorate-General for Mobility and Transport, 2011)

Table 2.2: Share of empty vehicle-km in the EU in 2010 (Directorate-General for Mobility and
Transport, 2011)

acc::: nt z:a:; total
national 30.9% 25.5% 27.3%
international 26.8% 12.8% 13.6%
total 30.6% 21.4% 23.9%

Further more, Eurostat (2012) shows that about 24% of all road freight kilometers driven in
the European Union (27 countries) are by empty vehicles, and that the average vehicle is loaded
to 56% of its capacity in terms of weight (European Environment Agency, 2010). The cost of
this inefficiency has been estimated at about €160 billion (Cruijssen, 2012). Why logistics ser-
vice providers (LSPs) are not able to well consolidate client transport orders? That’s is because

the production and commerce strategies adopted by manufacturers and retailers in response to
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the fierce competition and the accelerating business rthythm induce constraints for the further

consolidation of freight flows.

Klaus and Kille (2007) summarize four "megatrends” transforming the general "external"
conditions for doing business in the global economy. They account for the rapid growth in the
demand for professional and modern logistics services and the way they are changing. The

evaluating external conditions would further expose the inefficiency of current logistics system.

Globalization of production and commerce
Increasing transport distances, new communication and integration requirements, grow-

ing competitive pressure

* The transition to a post-industrial society
The end of growth in industrial manufacturing in the countries of Western Europe, com-

pensated by an increasing demand for product individualization and more services

* Acceleration of the clock speeds of economic activity in an ''on demand'' world
Stockpile production is replaced by just-in-time responses to customer demand, the com-
pression of technology and product cycles, time-based competition and the atomization

of contract and shipment sizes

* Growing external risks and environmental awareness
Growing threats of the logistics systems by terrorism and political impact, increasing
awareness on the consumption of energy and area, respectively the climbing emissions
by logistics, resulting in more requirements in security, prevention and sustainability.

More recycling, extended logistics chains and more complex logistics chains

As the megatrends suggest, on one hand, the globalization of production and commerce
requires more transport services than before in terms of ton-km; while on the other hand, the
demand for individualized products and services, along with the accelerating business rhythm
and shorter product life cycle, impose higher delivery frequency and more fragmented orders on
LSPs, which resulted in limited consolidation possibilities. Dornier (1997) lists four strategies

of suppliers and three strategies of retailers in the context of previously mentioned "mega-
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trends", their impacts on the delivery quantity, the total distance, and the frequency are in Table

2.3.

Table 2.3: Supplier and retailer strategies and their impacts on logistics (Dornier, 1997)

Supplier strategies Volume per delivery total distance delivery frequency

Delocalization of production increase increase
Delayed differentiation decrease
Just-in-time decrease increase
Specialization of production increase increase

Retailer strategies

Organization according

to retail store size variate increase
Assortment management decrease increase
Acceleration of stock rotation decrease increase

The trend of these adaptive strategies is to atomize the delivery volume and increase deliv-
ery frequency in order to cut inventory costs and increase responsiveness to dynamic market
environment. All these strategies pose obstacles for further improvement of logistics efficiency
at different levels, which cannot be overcome by current logistics system. Therefore, we inves-
tigate the HLC, an approach that can improve the logistics efficiency and the delivery frequency

at the same time by volume consolidation.

The EU-funded project CO? (Collaboration Concepts for Co-modality) aims to develop,
professionalize and disseminate information on the business strategy of logistics collaboration
in Europe. The goal of the project is to deliver a concrete contribution to increasing vehicle load
factors, reducing empty movements and stimulate co-modality, through the implementation
of HLCs between industry partners, thereby reducing cost and transport externalities such as
congestion and greenhouse gas emissions without compromising the service level (Palmer et al.,

2013). In this framework, we focus on the collaboration mechanism design part.
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2.3 Definition of Horizontal Logistics Collaboration

2.3.1 Categorization of logistics collaboration

There lies ambiguousness between the following three inter-organizational relationships: co-
operation, coordination and collaboration. Sometimes these terms are regarded as interchange-
able, since we can see many papers in this field that have not made a distinction between them.
Ring and Van de Ven (1992) distinguish cooperation and collaboration as follows: collabora-
tion is a cooperative relationship that is more intensive and has higher level of trust and common
goal. Compared with short-term cooperation, collaborations are based on long-term horizon,
and often incur organizational restructure. Spekman et al. (1998) summarize the requisite role

transition from being an important supplier to becoming a supply chain partner in Figure 2.3.

Open Market Co-operation Co-ordination Collaboration
egotlatluns
L~ L~ L
* Price-based discussions » Fewer supplies * Information linkages * Supply chain integration
* Adversarial relationships * Longer-term contracts * WIP linkages + Joint planning

+ EDI exchange + Technology sharing

Figure 2.3: The key transition from open-market negotiations to collaboration (Spekman et al.,
1998)

In this transition process, collaboration is considered an advanced phase in higher level of
supply chain integration than cooperation and coordination. Mejias-Sacaluga and Prado-Prado
(2002) also consider that collaboration is of more strategic importance and complexity than
cooperation. According to Nof et al. (2006), in logistics cooperation, only information exchange
occurs, whilst in collaborative relationship, task sharing, such as joint planning behavior, takes
places alongside information exchange. That means parties of a collaborative alliance may
have more intensive interaction among them than those who take part in cooperation. All these
statements show that the term collaboration is used to describe a long-term inter-organizational

relationship requiring higher level of integration and more intensive interaction than cooperation
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and coordination. It is the logistics collaboration that can generate more synergy profit for all
members, at the same time, the requirements for full integration, both strategic and operational

coordination between collaborators make it more complicated to conduct.

As for collaborative structures, Simatupang and Sridharan (2002) propose to differentiate
logistics collaborations into three categories: vertical, horizontal and lateral. Vertical collabo-
ration occurs when different organizations such as suppliers, manufactures, LSPs, and retailers
share their responsibilities, resources, and performance information to better serve relatively
similar end customers. For example, Wal-Mart collaborate with his suppliers by sharing up-to-
date sales and inventory information, which enable Wal-Mart to reduce order-cycle time, lost
sales and stocking cost, and at the same time, suppliers are able to replenish goods according
to sales information, hence minimize stock-outs and improve brand loyalty. Horizontal collab-
oration occurs when unrelated or competing firms share their private information or resources
to promote their productivity. For example suppliers’ joint replenishment, or retailers’ joint
distribution. Lateral collaboration aims to gain more flexibility by combining and sharing capa-
bilities in both vertical and horizontal manners. It can be regarded as a combination of vertical
and horizontal collaboration. Visser (2007) gives the definitions of vertical and horizontal col-
laborations as follows: vertical collaboration is defined as collaboration between parties that
succeed each other in a particular generation process and therefore have different activities;
horizontal collaboration is characterized by collaboration between (potential) competitors: par-
ties at the same level(s) in the market. Examples of vertical and HLCs are illustrated in Figure

2.4.

Simchi-Levi et al. (1999) define supply chain management as "the set of approaches utilized
to efficiently integrate suppliers, manufacturers, warehouses, and stores, so that merchandise is
produced and distributed in the right quantities, to the right locations, and at the right time, in
order to minimize system wide costs while satisfying service level requirements." From this
definition, we can see that it shares the same objective and approaches as vertical collaboration,
to promote logistics efficiency by integrating supply chain members in different levels. Exam-
ples of vertical collaboration are vendor managed inventory (VMI), efficient customer response

(ECR), collaborative planning, forecasting, and replenishment (CPFR), and collaborative trans-
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Figure 2.4: Horizontal and Vertical Collaboration Combined (Visser, 2007)

portation management (CTM).

Compared with vertical collaboration, HLC is still in its infancy. Examples of horizontal
collaboration are manufacturers consolidation centers (MCCs), joint route planning, and pur-
chasing groups. The successful implementation of horizontal collaboration is scarce since there
are many operational obstacles that have not been overcome yet, and sharing sensitive infor-
mation with competitors also depresses firms’ incentive to collaborate horizontally. Related

subjects will be investigated in later sections.

Cruijssen et al. (2007b) identify three different playing fields of logistics collaboration: mar-
itime shipping, aviation logistics, and landside transport. Some horizontal collaboration forms
such as maritime conferences and aviation alliances are heavily studied. However, according
to more prevalent market power consideration, the capital-intensive nature, and longer average
haul in maritime and aviation logistics, the conclusion drawn from horizontal collaborations in
these two fields cannot be straightforwardly applied to that on landside. Our work focuses on

HLC on landside, which is referred to as horizontal collaboration in following sectors. Read-
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ers who are interested can refer to Cruijssen et al. (2007b) for list of literatures on horizontal

collaboration in maritime and aviation logistics.

2.3.2 Definition of horizontal collaboration

European Commission (2001) defines general horizontal co