Accepted Manuscript

Collaborative Urban Transportation: Recent Advances in Theory and

Practice

Catherine Cleophas, Caitlin Cottrill, Jan Fabian Ehmke,

Kevin Tierney

Pll:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

S0377-2217(18)30341-2
10.1016/j.ejor.2018.04.037
EOR 15099

European Journal of Operational Research

27 June 2017
18 April 2018
20 April 2018

5 ¥ Valurne 239, lssue 3, 16 Decenber 2014
& A

UROPEAN ..OURNAL OF
PERATIONAL ~ESEARCH

ScienceDirect

www.elsevier.com/locate/ejor

Please cite this article as: Catherine Cleophas, Caitlin Cottrill, Jan Fabian Ehmke, Kevin Tierney, Col-
laborative Urban Transportation: Recent Advances in Theory and Practice, European Journal of Oper-
ational Research (2018), doi: 10.1016/j.ejor.2018.04.037

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.ejor.2018.04.037
https://doi.org/10.1016/j.ejor.2018.04.037

ACCEPTED MANUSCRIPT

Highlights
e Comprehensive overview of OR approaches for collaborative urban transportation
e Analyzes real-world collaborative transportation systems, assessing pros and cons

e Research outlook for the emerging field of collaborative transport optimization

&
Q
&
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Abstract

Increasing urbanization has turned transporting freight from, te, and within urban areas into
a major challenge. Freight transportation represents a lifelinesfériurban retail and industry,
but causes significant negative impacts on the quality of living-in urban areas in terms of
congestion, emissions and space consumption. City legistics initiatives have long suggested
the need for collaborative and environmentally friendly urban transportation that could
alleviate the negative impacts of urban transportation, but these face organizational and
technological challenges of collaboration. Given, technological advancements and innovative
business models, concepts of collaborative utban transportation could contribute to a future
paradigm of more sustainable and customersfriendly urban transportation.

In this work, we collect and discuss contributions to collaborative freight transportation
in urban areas with focus on recentwpublications (i.e. those published over the past ten
years). We particularly analyze vertical and horizontal approaches of collaboration from an
operations research perspective and point out strategic, tactical, and operational planning
problems and solution appreaches,” To highlight research gaps and future research oppor-
tunities, we present innevative examples of collaborative urban transportation and analyze
factors of failure and.Success. Collecting recent advances in theory and practice of collab-
orative urban transportation allows us to distill alternative visions of future collaborative
freight transportation in urban areas.

Keywords: urban logistics, collaborative transportation, review, collaboration

1. Introduction

More than half of the global population currently lives in urban areas. The World Health
Organization predicts that the population in urban areas will continue to expand by more
than 1.5% per year until 2030 (WHO, 2010). The likely consequences of this are more traffic
congestion, pollution, and noise, but also larger customer bases and business opportunities
for economies of scale. Moving cargo between and within cities while preserving the residents’
high quality of life is a key challenge for city planners and logistics service providers.
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Logistics and transportation enable economic development, but they are traditionally
quite inefficient in urban areas. As shown in Rose et al. (2017), urban areas are characterized
by the interplay of different stakeholder interest in close quarters, and, as highlighted in Kin
et al. (2017), megacities add growing sustainability challenges. Further obstacles include
low load factors, empty trips, long dwell times at loading and unloading points, and large
numbers of deliveries to individual customers (Cepolina and Farina, 2015). The key challenge
for the future is rethinking the way existing infrastructure is used and how new infrastructure
is built, so that it is fully utilized and negative externalities are minimized.

One way forward is through collaboration between businesses, logistics sérvice providers,
citizens, and the public sector. By working together, multiple actors.or stakeholders in-
crease their efficiency through sharing resources, such as vehicles, cargo eonsolidation or
distribution centers, or last mile delivery services. Collaboration could-petentially lead to
fewer vehicles in urban areas, less pollution, and lower prices for goods» However, experi-
ence from past logistics practice has shown that collaboration in city logistics projects is
challenging, since additional efforts of planning and control ‘ef.eellaboration are significant.
Due to technological advancements in recent years, new business-models have emerged that
focus on collaboration with customers to provide better logistics services. For instance,
a variety of start-ups rely on the idea that customers. deliver parcels to other customers
(Rouges and Montreuil, 2014). Recipients can now~decide to have their packages delivered
to their trunk (Reyes et al., 2017), which requires logistics service providers and consumers
to synchronize their planning.

There are two key types of collaborative\transport: vertical and horizontal. For vertical
collaboration, transport is often organized along modes and service operators. For instance,
the first leg within the city may be carried out by conventional trucks, whereas the last mile
to the recipient may be operated by environment-friendly city freighters or freight bikes.
In horizontal collaboration, niultiple providers work together in the same section of the
transport chain, potentially<shating orders and infrastructure.

The operations research, (OR)’and the civil engineering communities have launched sig-
nificant efforts to impréve urban transportation. For the most part, urban transport uti-
lizes standard trucks or’ light goods vehicles up to 3.5 tons, respectively. Browne et al.
(2010) survey light-geods vehicles and analyze their rather negative impact on urban ar-
cas. Bektag et-al: (2017) provide an overview, describing efforts from different perspectives:
system (infrastructure), planning problems, and business models. The authors also summa-
rize optimization~approaches that support planning and operation of urban transportation
systems. .\ They highlight that innovations such as standardized containers and combined
passenger and freight transportation may improve future urban delivery. Savelsbergh and
Van Woensel (2016) give the most recent overview from an OR perspective, discussing trends
that include the increase of e-commerce, need for speed, sustainability, the sharing economy;,
population growth, and technological advancements. The authors also consider the multi-
echelon problem, which is at the core of synchronizing different tiers and modes for vertical
collaboration in urban transportation systems.

This paper analyzes theoretical contributions published during the last ten years and
aims to shed light on recent OR concepts of collaboration in urban freight transporta-
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tion. We identify relevant references via a search in Google Scholar, searching for a set
of keywords including transport, freight, urban, horizontal collaboration, vertical collabora-
tion, crowd shipping and ride sharing. We also consider relevant synonyms, substituting,
for example, collaboration by cooperation. We expand the resulting pool of references by
considering works that they cite or by which they are cited. We limit the scope to collabo-
rative urban transport by analyzing the papers’ titles and abstracts. We exclude conference
papers if the authors expanded a similar contribution in a journal paper. We furthier exclude
white papers and websites from the review of theoretical contributions, choosing te focus on
peer-reviewed contributions. We do cite these sources if they describe relévant real-world
projects. While we concentrate on the methodology of OR, papers from«the domains of in-
formation systems and operations management are referenced when relevant. Furthermore,
we consider references cited by or citing existing survey papers such as/Bektag et al. (2017)
or Savelsbergh and Van Woensel (2016). We additionally providé referemces that date back
more than ten years if these represent a crucial foundation for further research in the related
area.

We list existing surveys that focus on research related te urban transport under the rel-
evant subsections. In contrast to, e.g., surveys of real-woxld ptrojects such as Cruijssen et al.
(2007), the list of projects considered here is not limited\to ¢értain countries or collaboration
types. In contrast to, e.g., reviews of literature on methodological subdomains such as the
sharing of cost and benefits considered in Guajardo and Roénnqvist (2016), we aim for a
holistic view of collaborative urban transpert. Given existing reviews such as Agatz et al.
(2012), we limit our review of crowd-shipping‘as well as of ride-sharing involving passengers
and freight to the last five years. In thelight of a recent thorough review of collaborative
routing in general by Gansterer and, Hartl(2017), we consider a wider scope of problem
areas but concentrate on the domain of urban transport.

While focusing on freight transpert, we also consider passenger transport when the col-
laborative aspect combines<passengers and freight. For example, Li et al. (2014) present
operational planning approeaches for a business case where shared taxis transport both pas-
sengers and parcels. Su¢h collaboration is already common in other logistics sectors, such as
when aircraft or ferriesiearry both freight and passengers, but surface urban transportation
provides few notable’examples thus far.

Many OR, contributions present solution approaches for planning and operating urban
transportation systems; however, these approaches often oversimplify practice requirements
and ignore challenges of synchronization between different players and modes. To demon-
strate this, we also survey reports on trials of innovative urban transportation systems. Our
survey=aims to connect insights from real-world trials and the state of the art of modeling
urban\transportation mathematically. Furthermore, we offer an outlook on what technical
aspects a system would need to contain to achieve success, and provide a set of challenges
to the transportation and optimization communities.

In particular, Section 2 details the perspectives we use to analyze different collaboration
approaches for urban transportation. Section 3 summarizes the idea of vertical collabora-
tion via city logistics and multi-echelon networks, and highlights concepts of collaboration
with customers. Horizontal collaboration is discussed in Section 4, focusing on challenges
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of sharing cost and benefits in the supply chain. Section 5 provides an overview of in-
novative real-world approaches for collaborative urban transportation. Section 6 identifies
implications for future OR work, and the paper is concluded in Section 7.

2. Dimensions of Collaborative Transportation

This paper categorizes innovative forms of collaboration in urban logistics and transportation
based on different categorical dimensions. In the following, we describe these dimensions
and how we apply them to structure the subsequent sections.

First, we differentiate the direction of collaboration, following Pomponidet al. (2013),
and consider vertical and horizontal coalitions. In vertical coalitions, partners serve distinct
parts of the transportation network. This often means serving distin€t tiers -~ e.g., long-haul
versus last-mile, and hence requires synchronization between distinct tiers as proposed by
and investigated in city logistics concepts, see Section 3. Vertical coalitions are often modeled
and optimized by multi-echelon networks, synchronizing the flow,of goods between the tiers,
increasing efficiency and ensuring service quality. In vertieal coalitions, collaboration may
even go beyond partnering service providers. In another'form of vertical cooperation between
provider and customers, customers take over the final'‘partvef the delivery chain by picking
up parcels from a packing station. We consider the resulting problems of synchronizing
transport tiers, locating pick-up points, and incentivizing customers to use them in Section 3.

In horizontal coalitions, partners serve the sameé or at least overlapping parts of the trans-
port network. An example is request sharing,swhere multiple providers accept requests and
exchange them to improve the efficiency ofpickups and deliveries. Horizontal collaboration
within a single tier of the supply chain may not only necessitate deciding who transports
what, but also what is transported when. In other words, goods and passengers may share
the same mode, effectively collaborating as objects of transport. In urban transport, low
load factors and a large number of deliveries to individual customers motivate horizontal
collaboration to increase/efficiency. We consider the resulting problems of ride-sharing as
well as request, cost, and profit sharing in Section 4.

Combining verticaland horizontal coalitions to maximize transport efficiency is one of the
major aspects of the Physical Internet (PI) movement. Relevant reviews of this burgeoning
field, such as Sternberg and Norrman (2017), mostly take an engineering perspective. Our
examination of vertical and horizontal collaboration methods examines the related planning
problems/Arom anOR perspective.

Planning decisions in collaborative transportation and logistics can consider different
timevhorizons; here we differentiate strategic, tactical, and operational decisions. In this
regardy/we follow the text-book definition given, for instance, in Schmidt and Wilhelm (2000):
Strategic planning impacts the firm’s value-creation in the long-term, e.g. by defining the
number and location of facilities or the number of vehicles available. We consider decisions
regarding whether to enter a coalition and how to choose partners as strategic decisions.
Tactical planning comprises mid-term policies to be implemented in the framework given by
strategic decisions. This can include inventory levels or delivery frequencies. We consider
policies to distribute cost and benefits among coalition partners as part of tactical planning.
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Operational planning aims to ensure timely and cost-efficient operations. As any decision
that can be dynamically adjusted to fit the current conditions is part of operational planning,
this can include delivery schedules, routes, and vehicle assignment. We particularly focus
on request assignment and routing as operational decisions.

Collaborative planning can be conducted from a centralized or decentralized perspective.
In one extreme, a central planner considers all available information to determine a bind-
ing decision for all collaboration partners. For example, in a two-echelon systent, a central
planner can use full information about inventories and order information to fix reutes and
delivery schedules on both tiers. In the other extreme, each coalition partner plans inde-
pendently without exchanging information — clearly, the absolute extreme of .decentralized
planning dissolves the coalition. As either is unrealistic, we consider this dimension as fluid,
so that any approach to collaborative transportation has to include the decision of how much
and what type of information to exchange between partners and how to-motivate partners
to abide by the coalition decisions. Partners’ decisions to stick'to jointly optimal plans is
governed by the impact of cost and benefit sharing and cansbe considered from a game
theoretical perspective. We discuss this aspect with regard to_horizontal collaboration in
Section 4.2. Note that in practical implementations, net just the conditions of the plan-
ning model, but also technical, organizational, and legal réstrictions determine the degree
of information exchange.

For many planning problems in urban tranSpertation, routing vehicles, passengers, and
goods play an important role. Since this work 'does not primarily focus on the numerous
variants of and approaches for routing, we limit our discussion to pointing out relevant
related surveys as a starting point for the interested reader. Cattaruzza et al. (2015) survey
the most relevant aspects of vehicle.routing in city logistics. They classify different types
of urban freight movement and highlight specific challenges of city logistics routing, e.g.,
time dependency due to congested read networks, multi-tier distribution, and the necessity
of smaller, environment-friendly vehicles of limited range and capacity, operating multiple
consecutive routes during a day (multi-trip vehicle routing). With regard to collaborative
routing, Gansterer and*Hart1(2017) provide a thorough literature review. In our paper, we
focus on contributions'that highlight particular aspects of the problem as relevant for urban
transport.

Finally, we-presenta variety of real-world implemented systems that combine aspects of
vertical and horizontal collaboration. Therefore, in Section 5, we investigate these systems
and analyze howsthey work and try to determine what has made them a success or failure. We
categorize systems based on the mode of transportation, although many of these systems use
light rail, which almost by definition requires logistics service providers to employ multiple
modesyof transport to first feed goods into the light-rail network and later deliver goods on
the last mile of the transport network.

3. Vertical Collaboration

In this section, we discuss examples of and approaches to vertical collaboration in urban
transportation. Vertical collaboration describes the activities required when splitting up the
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supply chain into several tiers according to economic, environmental, legal, or organizational
restrictions (Savelsbergh and Van Woensel, 2016). The concept of city logistics addresses
the core aspects and challenges of vertical collaboration: What is the optimal number of
tiers, how can the routes for the individual tiers be planned, and how can transport be syn-
chronized between different tiers? Where should transshipment facilities be located, and is
there enough physical space for transshipment (which may significantly impact the synchro-
nization between tiers)? Finally, how can logistics service providers collaborate vertically
with customers by providing opportunities and incentives for customers to pick, up their

deliveries? The approaches and references we consider are summarized in Fable 1.

Area Horizon Problem Method Reference
Congestion and emissions Review Browne et al. (2012)
City logistics Road pricing Simulation van)Duin et al. (2012)
Challenges and opportunities Review Savelsberghhand Van Woensel (2016)
Individual vs. collaborative delivery Exact Thompson and Hassall (2012)
/ O Multi-echelon routing Review Cuda et al. (2015)

Multi-echelon

Two-echelon

Two-echelon, capacitated

Multiple trips, zones, time windows
Hard time windows, waiting stations
Release dates

Two-tier: trucks + cargo bikes

Local search

MILP / matheuristic
ALNS

Tabu search

Genetic algorithm
GRASP

Crainie’et al. (2011)
Perboli et al. (2011)
Grangier et al. (2016)
Nguyen et al. (2013)
Cattaruzza et al. (2016)
Anderluh et al. (2017)*

Technological
innovations

Standardized load units
Electric trucks & tricycles

Case study
Casesstudy.

Cepolina and Farina (2015)
Browne et al. (2011)*

European light rail systems

Review, Case study

Regué and Bristow (2013)

Freight trams Case study Arvidsson (2010)

oO0H®® | 0000V ® | OV | O000000H|O00wnM

Multiple modes & tiers Case, study Dampier and Marinov (2015)*
Public transit Freight in buses Case study Shen et al. (2015)
Freight trams Simulation Motraghi and Marinov (2012)*
Two-tier: buses + city freighters ALNS Masson et al. (2017)*
Two-tier: railway + city freighters Simulation Alessandrini et al. (2012)*
Two-tier: buses + taxis MILP Ghilas et al. (2013)
Location of pickup points Clustering Wu et al. (2015)*
Customer Pick-up points Case study Iwan et al. (2016)*
collaboration Service network désign MILP Crainic et al. (2016)
e-shopping anddfreight flows Simulation Comi and Nuzzolo (2014, 2016)*
Pick-up and drop-off points Review Morganti et al. (2014a,b)*

Table 1: An overview of the verticalycollaboration literature (S = strategic planning, T = tactical planning,
O = operational planning; * denotes thé use of real-world data).

3.1. Urban Consolidation Centers

The idea of city logistics represents a well-known concept for collaboration, where long-
distance transports are consolidated in Urban Consolidation Centers (UCCs). As UCCs
are typically loeated at the city border, smaller, often environment-friendly vehicles take
over the transport of goods on the last mile to the final recipient (Taniguchi and Van
Der Heijden; 2000; Quak and de Koster, 2009; Cattaruzza et al., 2015). Given a sufficient
number of deliveries, it can be reasonable for shippers to implement this concept by splitting
their supply chains into multiple tiers. Since there is usually more than one shipper in an
urban area, city logistics requires the collaboration of different shippers. In an ideal setting,
shippers deliver their goods to the UCC and jointly organize last-mile deliveries, which
helps to achieve a higher overall efficiency of the logistics system. City logistics becomes
particularly challenging when several companies jointly operate a UCC, since the goods
collected from multiple shippers need to be transshipped and consolidated for the transport
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within subsequent tiers of the supply chain. This requires significant efforts, especially
for the synchronization of goods and for establishing transportation infrastructure between
coalition partners. The joint operation of a UCC can be analyzed from both a vertical as
well as a horizontal collaboration perspective, see also Section 4 for a review of horizontal
collaboration aspects.

To highlight the challenges and value of collaboration in city logistics, some studies com-
pare the cost of direct delivery strategies with multi-tier-based deliveries. Cost advantages
are demonstrated by Thompson and Hassall (2012), who aim to reduce both the number
of vehicles required and the total distance traveled with collaborative delivery. Since it is
common in many retail sectors for a moderate number of suppliers or.shippers to service
a large number of the same retail stores in an urban area, cost sayings ¢an be achieved
easily. Browne et al. (2012) investigate the role of UCCs with régardsto urban conges-
tion and emissions, highlighting challenges of vertical collaboratign such'as the functionality
and ownership of the UCC and the underlying transportation network structure. Through
multi-agent simulation, van Duin et al. (2012) investigate the dmpact of road pricing on the
success of collaborative city logistics, highlighting that cost.plays a critical role when firms
decide whether to adopt consolidation. This is a crucial,aspéct when implementing UCCs
in practice.

Many papers published in OR journals focus on.the optimization of transportation be-
tween several tiers, which is usually framed andwmodéled as the two-echelon problem. In a
two-echelon model, shippers collaborate over twodiers of the delivery chain: the first echelon
comprises the assignment of shipments and routes from the UCC at the city border to satel-
lites, and in the second echelon, goods are*transshipped from one-tier vehicles for delivery
to the final recipient. The main challenge is to synchronize the hand-over of shipments at
UCCs and satellites given limited storage capacities and tight temporal restrictions.

There is a vast number of/papers on routing and two-echelon problems. We point the
reader to a selection of reviews/and recent developments within this field. One of the first
solution approaches for the two-echelon problem is provided by Crainic et al. (2011), who
develop multi-start heutistics)from a centralized planning perspective and build routes for
the depot-to-satellite txansfer and the satellite-to-customer delivery. Perboli et al. (2011)
review mathematical*models and heuristics for the two-echelon capacitated vehicle routing
problem, and Cudaset/al. (2015) survey the state-of-the-art of two-echelon models in city
logistics routing.

Morerecently; Grangier et al. (2016) focus on improved satellite synchronization. They
do this through time window constraints and assume that there is no intermediate storage
spacérand they allow multiple trips on the second tier. Computational tests show that time
windows have a greater impact on the solution cost than exact synchronization between the
tiers. Nguyen et al. (2013) introduce waiting stations so that city freighters can stand by to
enable synchronization if a first-tier vehicle has not arrived at a satellite yet. Cattaruzza et al.
(2016) add release dates to make the model more realistic and complex. They assume that
goods can arrive throughout the whole day at the UCC; hence, the temporal availability of
shipments must be considered when creating routes. Anderluh et al. (2017) propose the usage
of cargo bikes on the second tier of a two-echelon system, highlighting environmental-friendly
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transport modes in inner-city areas. Their case is based on application of a Pharmacy
wholesaler in Vienna, Austria.

There are many studies on the impact of vertical collaboration on urban logistics prac-
tice that do not necessarily address OR models. Cepolina and Farina (2015) consider the
transport of standardized load units (“FURBOT boxes”) and discuss alternatives such as
pack stations and bento boxes. The FURBOT system supports the consolidation of pack-
ages with multiple destinations into a single unit with multiple, lockable doors, ensuring the
security of the freight en route to its destination. Furthermore, the boxes are{palletized so
that automated, low-pollution vehicles can bring them to or near their destination(s). The
authors analyze the costs of the system in a case study for Lisbon, Portugal.:“Browne et al.
(2011) assess the replacement of diesel trucks delivering freight direetly frem a suburban
depot to customers by electric trucks and tricycles operating from a satelite in the City
of London. The study concludes that for this case, using electric vehicles and a UCC can
reduce the total distance traveled by 20%. CO, emissions pek parcel delivered fell by 54%.
However, the distance traveled per parcel in the City of Londonsdelivery area rose substan-
tially, as electric vans and tricycles have far smaller load limits_in both weight and volume
compared to diesel trucks.

3.2. Using Public Transport Infrastructure for City. Logistics Networks

An interesting idea for more efficient and sustainable but also more complex realization
of urban transportation, is the usage of publicitransportation infrastructure for logistics
networks. Since the operation of public transportation systems is expensive and suffers
from time-varying demand, a better utilization of publicly funded infrastructure or services
seems natural.

Ghilas et al. (2013) presenta mathematical model to use regularly scheduled public
transit lines (such as a bus line) in combination with taxis to deliver freight. In this system,
buses transport freight between transshipment locations serviced by taxis. Both the buses
and the taxis carry passengers as well as freight, so that this system easily integrates into the
city’s existing transportation landscape. Along similar lines, though not necessarily limited
to urban areas, Ghilastet al. (2016a,b,c) develop optimization approaches for an integrated
solution of freight, transportation with scheduled lines of public transit with public transit
carrying out the core part of multi-modal transportation. As an alternative to taxis, “city
freighters” can be used, as proposed in Masson et al. (2017). In this work, a bus-based
system carries freight from UCCs outside of cities into city centers. The city freighters then
transportifreight from bus stops to its final destination. A mathematical model and heuristic
solution,approach are presented and applied to a case study of La Rochelle, France. The
authors evaluate the system using a single bus line under varying customer demands. In
low-demand settings, the total distance traveled by the collaborative system tends to be
less than using a direct delivery approach; however, as demand increases, the collaborative
system actually creates longer distances traveled than a direct delivery system. The key is
the size of the vehicles, as the city freighters have low capacity and thus must make many
trips to satisfy demand. Nonetheless, these vehicles could be cleaner and less noisy than the
trucks in the direct delivery scenario.



Rail infrastructure is often available in urban areas, but not used to realize freight deliv-
eries. Motraghi and Marinov (2012) develop an event-based simulation model to investigate
the merits of using urban light rail networks for freight transportation. They investigate two
scenarios, where they add either scheduled or flexible freight trains. Dampier and Marinov
(2015) discuss using a metropolitan railway network to transport freight directly to a city
center for the example of Newcastle upon Tyne, UK. They compare conventional modes of
transportation, inter-modal transport, city logistics, and rail transport. TheyClaim that
many cities in the UK have an existing light rail network, and there is increasing scope to
use these systems for transporting freight. However, they also discuss the limitations: light
rail systems cannot provide door-to-door services and lack last-mile transpertation. Fur-
thermore, some light rail systems already operate at maximum capacity to'serve passenger
demand.

Many papers analyzing the effectiveness of different delivery/modes present concepts or
empirical studies, but do not provide quantitative, OR-based approaches of using public
transport infrastructure for freight deliveries. These papets.previde interesting concepts
and case studies for vertical collaboration and might inspire‘the.development of quantitative
approaches. For instance, Arvidsson and Browne (2013) review the success and failure of
urban freight tram systems from a civil engineering perspective. Regué and Bristow (2013)
survey European light rail systems for freight transport and conduct a cost-benefit analysis
for two case studies in Barcelona. One studyteonsiders urban freight delivery, the other
domestic waste collection. They conclude that freight transport on urban light rail networks
can only be feasible if operators can exploit, éeonomies of scale, serve a minimum demand,
rely on highly efficient UCCs, or exploit-nieche markets where current operational costs are
high and little or no additional infrastructure is required. It is proposed to use obsolete
passenger trams to deliver goods, in Arvidsson (2010). The author creates a conceptual
model of a zero emissions schéme based on freight trams and electric vehicles for the city
of Gothenburg, Sweden. Alessandrini et al. (2012) investigate the sustainability of urban
rail deliveries for a multi‘modal UCC in Rome, Italy. The idea is to use conventional rail
to carry fish from a terminal o a distribution center, and use sustainable city freighters for
the last mile. As an alternative to light rail, Shen et al. (2015) explore the idea of regularly
scheduled publicdransit buses pulling trailers with freight in containers. Some bus stations
would be able toautematically unload the freight container from the trailer while passengers
board and leave th¢ bus. The authors note the system would have a rather large transport
capacity and conelude that there would be cost benefits for using the system.

3.3. \Gustomers as Collaborators

Customers can become vertical collaborators in last-mile transportation when logistics
service providers drop off parcels at pick-up points. Following the concept termed “consumer-
to-package” in Savelsbergh and Van Woensel (2016), customers collect parcels and organize
the transport over the last mile themselves. Pick-up points are also called self-collecting
points, locker boxes, or parcel-machines in the literature. They can be designed to offer
customers either exclusive pick-up or pick-up and hand-in. Morganti et al. (2014a,b) survey
existing solutions in France and Germany.
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Strategically, planners need to decide where to locate pick-up points and what capacity
to provide per point. For a pilot study by the Polish InPost Company, Iwan et al. (2016)
investigate the usability and efficiency of pick-up points and highlight the importance of
proper locations via an experimental study. In Wu et al. (2015), the authors consider how
to locate pick-up points given the distribution of potential customers and their movement
patterns across the city. They relate the resulting model to well-known facility location
covering problems. However, as the authors point out, simply solving a clustering problem
may discriminate outliers, as the center of a cluster may still not be convénient for all
customers. Therefore, they propose to use a non-parametric, supervised clastering method
and formulate a multi-objective optimization problem that both minimizes, the distance
between customers’ residences and pick-up points and maximizes thedmmersion of pick-up
points in traffic flows.

Tactically, planners need to decide how often to visit each pick-up point to deliver goods
in a timely and efficient manner — this is related to service metwork «design, as considered
in Crainic et al. (2016). Here, the objective is to design an'operations (or load) plan that
services the expected demand while considering economic and service-quality targets. Oper-
ationally, planners have to design routes that deliver parcels to pick-up points and monitor
the status of parcels waiting to be picked up, solving a~pick-up and delivery problem.

The design of pick-up point networks represents an interface of OR and civil engineering.
As with all location decisions, the freight movement in a city depends on the land-use in
terms of shop locations and pick-up point docations, as well as on the design of transport
networks feeding into these locations. Therefore, research on freight movement models,
mostly based on simulations, relates to thississue. For example, Comi and Nuzzolo (2014,
2016) present a simulation model of e-shopping and freight flows. Very little existing research
explicitly focuses on designing pi¢k-up point networks. Nevertheless, as also pointed out in
Macharis and Kin (2017), they offer_ new opportunities for sustainable distribution. The
authors particularly highlight tlie resulting challenge of awareness, as service providers need
to analyze data to prediet ' both démand for deliveries and pick-up times.

3.4. Summary: Vertical Collaboration

Vertical collaboration imyurban transportation predominantly relies on letting service lo-
gistics providers. decompose transportation routes into multiple tiers. Then, each coalition
partner serves one or more dedicated tier. This turns the interfaces between tiers, such
as the UCC-omsatellites, into the main point of contact, where partners’ interaction deter-
mines the success of efficient deliveries. Vertical collaboration considers all levels of planning.
Most, importantly, strategic planning has to determine the number of tiers and the location
of transshipment points. This even applies when customers are regarded as collaborators
who piek up their parcels from dedicated stations. Nevertheless, within each tier, common
tactical and operational problems of routing vehicles and scheduling deliveries arise.

4. Horizontal Collaboration

This section discusses examples of and approaches to horizontal collaboration in urban trans-
portation. When collaborating on the horizontal level, multiple logistics service providers
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work together in the same tier of the supply chain. For example, two or more providers can
offer last-mile deliveries from a UCC to the recipient’s home. As partners, they can share a
common distribution center, a common pool of orders, or a fleet of vehicles to reduce cost,
to increase flexibility or both. In Table 2, we summarize the planning problems in this area
and sort them by problem type, time horizon, and how the information exchange between
coalition partners is organized.

In Cruijssen et al. (2007), the authors present one of the first surveys of horizontal logistics
coalitions, concentrating on the region of Flanders, The Netherlands. As the @authors point
out, coalition partners aim to optimize vehicle capacity utilization, reduce’empty mileage,
and cut the costs of activities that are not part of their core competencies:. In a similar
vein, Verstrepen et al. (2009) present a framework to classify and describe the motivation for
horizontal collaboration in transportation. The authors rely on empirieal-data from Flanders
and The Netherlands. Schmoltzi and Wallenburg (2011) identify six ypes of horizontal
cooperation, differentiated by motives, structure, and performance.

Horizontal cooperation can easily turn into a problem of, “ee=opetition” as described in
Cruijssen et al. (2007): logistics service providers may be“competitors in one market and
cooperate in another market. One of the features of co-epetition is a need for decentralized
control: Fully centralized planning requires a full exchange of information, which is not in
the partners’ interest when they are competitors in_other markets. Therefore, the degree
of information exchange required plays a partieular role in horizontal collaboration. Most
contributions consider the cost of limiting Anformation exchange via the benchmark to an
unrealistic centralized alternative.

When logistics service providers enter horizontal coalitions, they have to make a range
of decisions. Strategically, they need. to select a coalition or a set of partners. Tactically,
partners need to define a mechanism tg share cost and benefits (“pain and gain”). Opera-
tionally, they need to decide which order requests to exchange (termed “awareness” by Dahl
and Derigs (2011)) and tosplan the collaborative routing. When sharing order requests,
Wang et al. (2014) differentiate subcontracting and exchanging requests with external part-
ners. Here, we concentfate onthe idea of exchanging requests between equal partners, as
opposed to subcontracting. Morana et al. (2014) consider urban consolidation and logistics
pooling from an information systems perspective and provide a French case study of decision
support for coalitions.In addition, they survey a number of European UCC projects.

Horizontal collaboration in long-distance transport mostly considers so-called lanes, that
is, full truckloads'to be carried from one origin to one destination. By exchanging lanes,
partners ‘¢complement their routes and thus minimize truck re-positioning (see Manier et al.
(2016))s, For urban transportation, the concept of lanes as origin-destination pairs requiring
a full \truckload does not apply. Therefore, lane exchange approaches for truckloads as
describéd, for example, by Ozener et al. (2011) are not applicable. Instead, less-than-
truckload requests and short distances are predominant in urban transportation. The aim
of transport coalitions in this context becomes to synchronize operations in a way that
minimizes the overall number of vehicles needed.
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Area Horizon Problem Information Exchange References
All Reviews Cruijssen et al. (2007)
Verstrepen et al. (2009)
Schmoltzi and Wallenburg (2011)
Exchanging Or- S Carriers decide whether to enter a Depends on platform Bloos and Kopfer{2011)
der Requests coalition and platform provider de- provider decisions
cides whether what type of collabo-
ration system to offer
(e} Collaborative vehicle routing Full before delivery starts: Ouhader and El Kyal (2017)
orders and resources Krajewska et al. (2008)*
Montoya=Torres et al. (2016)*
Manoz-Villamizar et al. (2017)*
Full in real-time: orders, Dahl and Derigs (2011)*
vehicles, routes
Decentralized Vanoyermeire and Sérensen (2014)
Wang and Kopfer (2014)
Defryn et al. (2016)
“Cherry-picking” requests to offer Limited: only selected re- Fernandez et al. (2018)
for exchange and routing quests are published Wang et al. (2014)*
Dai and Chen (2011)
Gansterer and Hartl (2016)
Crowd-sourced deliveries Reviews McFarlane et al. (2016)
Carbone et al. (2017)
Rai et al. (2017)
Full:_information provided Arslan et al. (2016)
via peer=to-peer platform Chen and Pan (2016)
Paloheimo et al. (2016)*
Dynamic: information de- Dayarian and Savelsbergh
pénds on store status
Cost and Bene- T Estimate expected savings to decide Full before delivery starts: Lozano et al. (2013)
fit Sharing whether to enter the partnership orders and vehicles Kimms and Kozeletskyi (2016a)
Kimms and Kozeletskyi (2016b)
Compare effects of different cost or Limited exchange on sup- Frisk et al. (2010)*
savings allocation schemes ply, demand, and cost Hezarkhani et al. (2016)
Guajardo and Rénnqvist (2016)
Full information exchange Dai and Chen (2012)
Guajardo and Rénnqvist (2016)
S&T Facility ehoice and cost allocation Limited: only selected re- Li et al. (2016c¢)
quests are published Verdonck et al. (2016)
Selecting Coali- S Decide whether it is profitable to Full information Lozano et al. (2013),
tion Partners enter a coalition based on potential Guajardo and Rénnqvist (2015)*
partners’ characteristics Guajardo et al. (2016)*
Palhazi Cuervo et al. (2016)
Ride-Sharing Reviews Furuhata et al. (2013)
O Decide which parcels to pick up Static: a priori informa- Li et al. (2014)*
given fixed passenger requirements tion Nguyen et al. (2015)*

Dynamic: new information
over time

Li et al. (2016a),
Li et al. (2016b)
Do et al. (2016)*
Ronald et al. (2016)
Linares et al. (2016)

Table 2: JAn overview of the horizontal collaboration literature (S = strategic planning, T = tactical planning,
O = operational planning; * denotes the use of real-world data).
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4.1. Sharing Order Requests

When logistics service providers build a horizontal coalition, they serve the same tier of
the supply chain. Such a coalition can increase the efficiency of delivery for all partners by
distributing requests in a way that results in distinct routes. This objective creates problems
of routing and request sharing, as described for instance in Krajewska et al. (2008): Given
a pool of delivery requests, which partner should fulfill which ones?

Horizontal transport coalitions are considered from the perspective of the participating
service providers and from that of a provider who offers an electronic marketplace for partners
to exchange requests in Bloos and Kopfer (2011). Based on this setting, théy describe a set
of strategic decisions and model the resulting decision-making as process, chains. Notably,
the authors differentiate decentralized and centralized coalitions. Deeentralized coalitions
are open and anonymous; they can rely on electronic marketplacésitomexchange requests
without giving up excessive information. Centralized coalitions/are closed systems, which
can implement centrally optimal planning solutions.

The pickup and delivery problem that results from sharing.requests in a coalition can be
combined with paired demand or given time windows. To selve.stich a problem in practice,
Dahl and Derigs (2011) document the development, ofsa Decision Support System for a
network of express carriers. The system models a dynamic pick-up and delivery vehicle
routing problem with time windows and solves it ¥ia an indirect local search with greedy
decoding. By supplying this solution to all partners, the decision support system proposes
a plan for request allocation and routing.

Ouhader and El Kyal (2017) indicate synergies between operative and strategic planning
by combining depot location and routing. decisions for a pool of shared requests. They for-
mulate the resulting multi-source twe-echelon location routing problem for three objectives,
considering total transportation €missions, and job opportunities. This work also highlights
the interface between horizontal and,vertical collaboration, as carriers that serve the same
segment, of the delivery chainycan'collaborate by sharing the resources of a two-echelon
network.

Wang and Kopfer (2014) assume that coalition partners are willing to offer all less-than-
truckload requests theyteceive for exchange. For a decentralized setting with limited infor-
mation flow, theauthors present a new mechanism to let a coalition bundle complementary
requests. This‘mechanism relies on the exchange of transfer prices and the iterative solution
of a set partitioning problem, and allows partners to not exchange information on customer
paymentg and cost structures. The authors aim to generate bundles that allow the individual
partners™routes to come close to the efficiency of a centralized solution, which requires full
information about all requests and delivery costs. Vanovermeire and Sérensen (2014) also
consider the idea of consolidating transportation orders in a decentralized fashion. To that
end, the authors propose to integrate cost allocation based on the Shapley value into the
synchronized consolidation rather than first consolidating orders and later allocating cost.
The idea of combining cost allocation and collaborative routing is also proposed in Defryn
et al. (2016). In this paper, the authors consider a selective vehicle routing or orienteering
problem, where coalition partners can set urgency values for their original customers before
pooling all requests. By setting such urgency values, carriers can skew the information; the
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authors propose a cost-allocation mechanism based on the Shapley value to disincentivize
this.

By dropping the assumption that partners are always willing to reveal all requests to
the coalition, a subset of contributions considers the problem of which requests to offer for
exchange. Ferndndez et al. (2018) formulate a similar problem, the Shared Customer Col-
laboration Vehicle Routing Problem, where some customers require services from more than
one carrier and carriers can decide to transfer part of this demand to their allianeé partners.
Wang et al. (2014) propose an integrated model of operational transport planning to com-
bine “cherry-picking” of requests for in-house execution with efficient routes for exchanged
requests. Dai and Chen (2011) propose a multi-agent and auction-based{framework to this
end. They consider the decision problems of which request to outsource and which to ac-
quire as mixed integer programming problems. Gansterer and Hartl(2046) propose several
strategies that let partners evaluate the set of order requests to maximize total network
profit. They assume that requests are assigned among partners wvia Vickrey and combina-
torial auctions. The authors point out that their approach issparticularly well-suited for
courier services, where shipments only require a fraction of\the vehicle capacity.

In Montoya-Torres et al. (2016) and Munoz-Villamizar et al. (2017), the authors evaluate
the impact of a horizontal coalition of carriers sharing.a fleet of electric vehicles in a case
study of Bogota, Colombia. The authors evaluate_the efficient relative frontier between
delivery cost and environmental impact in a mathematical framework that contrasts the
resulting collaborative transportation network and a'traditional transportation network. To
create the collaborative network, they proposeia two-phase hierarchical heuristic, allocating
delivery points to network members and“determining the optimal routes to serve these
delivery points. While evaluating the resulting overall delivery cost, they do not explicitly
consider how to allocate cost and'benefits among the alliance partners.

Last but not least, the idea of exowd-sourcing deliveries creates new opportunities for
horizontal cooperation by allowing'a large number of individual carriers to share delivery
requests. The concept is‘framed more generally as one of customer-oriented logistics in
McFarlane et al. (2016)% As pointed out in contributions that take a business perspective,
such as Carbone et.al:y(2017), crowd-sourced delivery can present an opportunity for more
sustainable transporf~when it uses existing infrastructure and possibly existing trips.

Nevertheless; asthighlighted in Rai et al. (2017), the success of crowd-sourcing depends
on information capacity and the crowds’ motivation to participate in a positive manner. As
described’in Arslan et al. (2016), mobile technology enables peer-to-peer platforms, where
parcel delivery/tasks and ad-hoc drivers can be instantaneously matched. This creates a new
pick-upsand delivery problem as formalized by Arslan et al. (2016). As an alternative model,
Dayarian and Savelsbergh consider in-store customers as potential deliverers, so that both
demand for deliveries and delivery capacity are stochastic and change over time. In Chen
and Pan (2016), the authors propose a framework for designing crowd-sourcing systems for
last mile deliveries. Paloheimo et al. (2016) describe a Finnish application case, in which
libraries rely on crowd-sourced delivery to transport books and other media to customers’
homes.
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4.2. Sharing Cost and Benefits

The decision to enter a coalition usually rests on expectations of reducing cost or increasing
revenue. In horizontal collaboration, a delivery service is not as clearly decomposed as when
splitting transportation routes into multiple tiers for vertical collaboration. Therefore, the
resulting problem of how to share the benefit (revenue, also referred to as gain) and cost
(also referred to as pain) in horizontal collaborations has generated its own research area.

Few contributions that consider this problem focus exclusively on urban transport; how-
ever, some of the proposed methods appear applicable for horizontal collaboration,in urban
transportation. Examples are Frisk et al. (2010); Lozano et al. (2013) and Hezarkhani et al.
(2016), who apply concepts from cooperative game theory to allocate the cost or the gain
in coalitions. Dai and Chen (2012) consider the topic of profit allocation wia the Shapley
value, the proportional allocation concept, and the contribution of each=earrier in offering
and serving requests. Kimms and Kozeletskyi (2016a) and Kimms and Kozeletskyi (2016b)
contribute several schemes to allocate cost in the coalition, implementing the Shapley value
and the core concept from cooperative game theory.

In Hezarkhani et al. (2016), a coalition of long-distance carriers aims to avoid empty
kilometers that arise from repositioning. The authors eonsider how such coalitions share
gain, proposing several formal properties to describe schemes’ fairness. Such properties are
transferable to urban freight coalitions. For examplepa “least instability” property prescribes
that gain allocations must not motivate groupswef players to form sub-coalitions. Thus,
we recommend that researchers in collaborative horizontal transport not dismiss existing
research on full-truckload problems. Lozano et al. (2013); Guajardo and Rénnqvist (2016)
thoroughly survey further concepts.

Frisk et al. (2010) present an example of collaborative forest transport in Southern Swe-
den, which is picked up as an application case by later contributions, such as Guajardo et al.
(2016) and Guajardo and Romnqvisty(2016). Again, while the application is far from urban
transportation, the problems of cost allocation are closely related. Therefore, the analysis
of different sharing mechianisms in the context of cooperative game theory, including the
Shapley value, the nueléolus, separable and non-separable costs, shadow prices and volume
weights, as presented in/Frisk et al. (2010), should inspire planners aiming to allocate costs
in horizontal coalitions for urban transport.

In a more-direct,rélation to problems of urban transport, Li et al. (2016¢) explicitly
focus on the problem of allocating cost in less-than-truckload coalitions. Furthermore, they
consider /the application area of perishable product retailers, which is relevant to urban
transportation; where such retailers are frequently located. Retailers can collaborate by
merging,their less-than-truckload orders to a single haul. The authors assume that a range
of trangport facilities are available for booking, defining the transport facility choice problem
as the first decision the coalition has to agree on. The second problem is the allocation of
cost of delivery among partners.

The problem of how to allocate costs also arises when logistics service providers jointly
operate distribution centers. In Verdonck et al. (2016), the authors consider the problem
of cooperative facility location and provide a mixed-integer programming formulation to
determine the best location for cooperative carrier facilities. They also provide profit and

16



cost allocation mechanisms based on cooperative game theory. The authors present results
from an experimental design based on a UK case. Shared distribution centers are closely
related to the problem of UCCs; we discussed related research in Section 3.

4.3. Selecting Coalition Partners

The strategic decision whether or not to join a coalition or, conversely, which coalition
partners to accept, is closely linked to tactical decisions of distributing cost and: benefits.
Therefore, several contributions consider both allocation schemes and the resulting conse-
quences for forming coalitions. As Krajewska et al. (2008) point out, the implemented profit
sharing scheme determines whether, given a set of requests, it makes sense for a carrier to
enter a transport coalition. The authors use cooperative game theory-to formalize the idea
that no individual player will accept a coalition result that is less prefitable for them than
what they could achieve on their own.

Lozano et al. (2013) consider example data from Adenso=Diaz et/al. (2014) as well as
randomly generated instances to evaluate the cost savings thatware possible if a particular
firm enters a horizontal coalition. They argue that the resulting’linear model can support
firms’ selection of the most profitable collaboration opportunities. Guajardo and Ronnqvist
(2015) rely on the example from Frisk et al. (2010) to tackle the question of which coalitions
should be formed via mixed integer linear programing. Also of interest for urban trans-
portation is the research presented in Guajardowet_al’(2016), who use a Swedish example
to analyze the constructive and blocking pewer of individual partners.

Palhazi Cuervo et al. (2016) present a simulation study that analyzes the effects of dif-
ferent partner characteristics on the perfermance of horizontal coalitions with two partners.
Partners are characterized by the number of orders they have to transport, the average size
of the orders, and the number ofddays by which they can defer orders. The authors assume
that both partners solve a periodic vehicle routing problem over the horizon of multiple days
using a meta-heuristic based on’local search.

4.4. Ride-Sharing

When passengers andufreight share rides, it is the objects rather than the providers of
transportation that eollaborate horizontally. The idea, e.g., in the form of a shared taxi
service, has been long discussed in the literature. Furuhata et al. (2013) provide an overview
of references land examples from practice. Recent contributions consider concepts that let
passengers and freight share taxis within variants of multiple pick-up and delivery vehicle
routing problems. Li et al. (2014) consider a taxi-based ride sharing system, introduce
mathematical models for static and dynamic collaborative freight cases, and provide an
adaptive large neighborhood search in Li et al. (2016a). The authors dub this the “share-a-
ride” problem and further consider stochastic problem aspects in Li et al. (2016b). Nguyen
et al. (2015) extend the model of Li et al. (2014) to support a real road network, as well
as including constraints to prevent passenger trips from being interrupted by freight pick-
ups or deliveries. The authors provide heuristics to solve the model quickly in practice
and provide experimental results on data from a taxi company in Tokyo, Japan. Do et al.
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(2016) re-examine the dynamic case presented in Li et al. (2016b) and extend both this work
and Nguyen et al. (2015) to consider traffic congestion.

Ronald et al. (2016) create a simulation of a collaborative parcel carrying system using
taxis and vans to carry both passengers and freight. They define two levels of collaboration.
In the first, vans are shared between businesses and taxis carry passengers separately. In
the second, called “co-modality”, vans and taxis can carry either passengers or parcels.
The authors show that the co-modal setting is beneficial for both passengers and parcels,
reducing the waiting time for both of them over a non-“co-modal” system. Linares et al.
(2016) also present a simulation system capable of modeling the dynamics” of ride-sharing
for both passengers and parcels sharing vehicles.

4.5. Summary: Horizontal Collaboration

The question of centralized or decentralized planning via differént degrees of information
exchange lies at the heart of horizontal collaboration: When logistics service providers jointly
serve the same tier, such as the last mile from a UCC to a custemer, problems of co-opetition
arise. As providers may be partners in one market but contintie to compete in another
market, exchanging full information on customer requests and transportation costs may not
be desirable or even feasible.

Finding cost-efficient routes for the resulting pick-up and delivery problems is the most
common coalition objective. However, since not,all information required for solving the
central problem may be available, performance depends not only on the routing algorithm
determining the short-term operations; instead, strategic partner choice and tactical guide-
lines for the distribution of cost and benefitsshecome decisive factors. In addition, assigning
requests to partners is a major challenge when not all partners are willing to pool all re-
quests. To overcome these challenges, recent research applies concepts of cooperative game
theory and simulation modeling.

5. Real-world Collaborative Urban Transportation

Urban transportation‘systems increasingly contain some form of collaboration. Although
many innovative/coneepts have met with failure in practice, several remain in operation
today. This seetion surveys concepts, prototypes, and realized projects to gain insight
on what worked and what did not. Implementing collaborative transport systems in urban
environmeénts requires both novel enabling technologies and political and regulatory support.
While the preyvious sections focused on theoretical models from the domain of OR, this
section, considers models, technology, and policy, as all impact the success or failure of
collaberative systems in practice.

A particular focus of this section is potential reasons for the success or failure of projects.
We investigate multiple systems on an individual basis to try to determine what makes the
system unique, as well as what led to the system’s success or failure. As we show in this
section, user acceptance of a collaborative system is paramount, as is political acceptance.
We provide analysis regarding these criteria whenever possible, but note that for many
systems not all aspects are known due to company secrecy.
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System Location Impl? Itype Vehicle Btype Status

CarGoTram Dresden, DE R SLR Freight LR B2B OoP
CargoTram Zirich, CH R SLR Custom LR B2C OoP
Monoprix Paris, FR R SLR Freight LR B2B op?
TramFret Paris, FR R SLR Freight LR B2B OoP
Bremer CitiPost Bremen, DE R PF LR Mail OoP
Mail Tram (Mult.), DE R PF LR Mail NLO
Border Courier Service Scotland, UK R PF Bus Any NLO
CityCargo Amsterdam, NL P SLR Freight LR B2B NLO
GiliterBim Vienna, AT P SLR Freight LR B2B NLO

US Patent #6,240,362 USA C PF Custom Bus Any NO

Table 3: An overview of realized (R), prototyped (P) and conceptualized (C) collaborative transportation
systems. We categorize infrastructure types (IType) into shared light rail (SLR), passengersyand freight in
the same vehicle (PF). Light rail is abbreviated with LR. The column Btype gives the type of business the
system aims to serve. We describe several current system statuses: Operational (OP)ymo-longer operational
(NLO), never operational (NO). Finally, we give the most current information weyean, with uncertainty
indicated with a question mark.

Indeed, city logistics systems have had a number of failures-in practice, as highlighted
by Woodburn et al. (2015). They claim that while theréywere many trials and experiments
of UCCs in European cities, not many have survived the trial phase. Our investigation in
this section confirms this notion: we count eight medern systems in Europe, of which only
four are still operational. While a 50% survival.rateé may seem promising, we note that
the more ambitious systems, i.e., those that. would carry high cargo volumes, are no longer
operational.

We focus on documented, realized systems, but note that many systems in practice are
a long way off from being truly collaborative. The systems we highlight, however, have
collaborative components and form a basis for future innovation. Although in the previous
sections of this work we have/classified systems as being either vertical or horizontal, real
world systems are much harderto cleanly partition into these categories. On the one hand,
it can be argued that the/systems we present are horizontal because of shared infrastructure
and occasionally dueto, multiple stakeholders. On the other hand, the systems can be
considered to be vertical because they are usually a single part of a multi-echelon logistics
chain. Due to thi§, we separate systems into road- and rail-based systems and highlight the
type of collaberation,and the primary planning challenges involved.

We summarize the systems and ideas presented in this section in Table 3. We acknowl-
edge an inherent"bias in the systems we present, as we can only report systems that have
been reported in languages we understand. It is conceivable that collaborative systems ex-
ist thatshave not been addressed in the literature and are also not in an English language
publication, but unfortunately we have no way of including these in this study.

Several collaborative transportation systems have been attempted in European cities,
carrying trash, mail, and freight along with passengers. The collaboration of such systems
can be divided into two types: shared space with centralized control, and shared vehicles.
Shared space systems use mobile consolidation centers and thus “share” space with city
residents. In shared infrastructure systems, passenger and freight trains both use the same
tracks, but the vehicles themselves are separate. In contrast, shared vehicle systems can
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combine freight and passenger cars, or can even carry freight within a passenger area.

5.1. Shared Rail Infrastructure with Centralized Control

Several attempts have been made to let passengers and freight share common rail infrastruc-
ture in real-world systems. A key aspect of these systems is the centralized control, as there
is a single operator coordinating freight deliveries from consolidation centers outside the
urban area and bringing them on an existing (and thus relatively cheap to use)/infrastruc-
ture. We asked one of the project coordinators of one of the systems in this section about
what contributed to the success of the system. To this end, the existing,shared light rail
infrastructure was identified as a key point. In addition, the planner emphasized political
will for the system, a simple origin-destination network structure, and, avoiding in-system
trans-shipments.

Marinov et al. (2013) provide a detailed overview of existing freight services operated
on tram networks and particularly mention the systems discussed in this section. They
distinguish projects by project owners, funding, the size of projeets, type of goods delivered,
types of customers, and the current status. To our knowledge, three out of five systems
described here are still operational. Nonetheless, the other two are not considered failures.

The CarGoTram in Dresden, Germany, consists of a five-piece train that carries car
parts from a city-wide transportation hub to a Volkswagen factory in the city (Arvidsson
and Browne (2013); Eltis (2017a)). A key to'the system’s success is its almost exclusive
reliance on Dresden’s existing light rail inftastrdcture, requiring only 800 meters of extra
track to be built. Additionally, the project’s\partnership with DVB, who operate the public
transport in Dresden, likely contributed toits ‘success. The main costs for the system, on
the order of several million Euros, are related to the construction of the train. The system
also has a clear origin and destination of freight and only runs several times a day. The
system has had political acceptancefrom its inception.

In Zurich, Switzerland, theisimilarly named CargoTram is a collaborative effort between
tram operator VBZ and waste collection agency Entsorgung und Recycling Ziirich. It carries
bulky waste and electronic waste from pick-up locations in residential neighborhoods to a
central processing facility (Moglestue, 2013). Similarly to the Dresden system, the Zurich
CargoTram uses<existing tracks. Furthermore, the waste-carrying train was constructed
mainly using spare wellicles and parts, making it particularly cost-effective — on the order
of only tens ‘of thousands of Euros. The Zurich CargoTram’s high user acceptance and
utilization make"it a success (Haffner, 2013).

The GiiterBim system was implemented in Vienna, Austria in 2004/2005 as part of a
temporary research project. While considered a “success” by the city government (Fochler,
2005),\the system was not continued after the project’s completion. GiiterBim consisted of
a freight unit that traveled on Vienna’s existing passenger light rail infrastructure. Vienna
is particularly well-suited for collaborative freight units because of its extensive light rail
network. Somewhat regrettably, delivery recipients, such as stores and restaurants in the
city, showed little interest in the system according to newspaper reports published after the
trial ended (Ziegler, 2007). GiiterBim was significantly more expensive than, for instance,
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the Zurich CargoTram, costing roughly 1.4 million EUR in total. Furthermore, GiiterBim
lacked a mechanism for quickly loading and unloading freight.

In contrast to the systems in Dresden, Zurich and Vienna, in Amsterdam, The Nether-
lands, the CityCargo initiative went bankrupt before it could be fully implemented (Eltis,
2017b). The system would have been an expanded version of the Dresden CargoTram regard-
ing technical construction, but would have resembled GiiterBim in operation. It included
freight trains using existing tracks along with new sections to deliver goods to/stores and
markets in the crowded city center, carrying them from UCCs located in less ‘populated
areas. In spite of the eventual bankruptcy, we consider this system as realized, as an initial
prototype proved it could be effective. However, after this initial success, the project fell
victim to politics, as the city insisted new track be financed by the.ecompany rather than
the public. Arvidsson and Browne (2013) investigate the failure of the CityCargo initiative,
identifying potential barriers to the successful implementation of’a combined passenger and
freight tram system. These include interference with personal traffic,/scale, conflicting ob-
jectives among stakeholders, and stakeholder involvement. Suchsissues call for a high degree
of cooperation and willingness to engage with public and private stakeholders. Therefore,
any investment decision must consider them.

The Paris TramFret project explored loading freight.into a light rail system in 2011 (Da-
nard and Janin, 2016). Gonzalez-Feliu (2014) analyzes costs and benefits of urban railway
logistics based on a case study of this freight tram. They conclude that urban railway logis-
tics is an interesting alternative for urban freight” delivery, but that it needs to be planned
and aligned among stakeholders. Furthermarey the project found that a collaborative light
rail system would not negatively impact passenger transport. The TramFret system also en-
visioned using a specialized container.for quick loading and unloading. The project appears
to have had significant political.§upport and was presented during the COP21 conference
on climate change in Paris (Dufour)./ The system was first put into operation in June,
2017 (Barrow, 2017).

Overlapping responsibilities and requirements between the public and private sector form
a critical component of‘effortsito integrate passenger and freight transport. In other words,
the interests of those who own public transport infrastructure and those who might wish to
use it must align.«By’evaliiating the cases of CarGoTram, CargoTram, CityCargo, Monoprix,
and a proposed Neweastle site, Motraghi (2013) highlights that even feasible and potentially
beneficial systems depend on significant up-front investment costs. Therefore, they are con-
tingent upon pelitical support as reflected in incentives, supporting or enabling legislation
and stated commitment of policy makers. Obtaining such political support is not inconceiv-
able:Ttrialled and extant systems, such as CarGoTram, demonstrate measurable benefits,
including emissions reductions and removal of heavy goods vehicles from urban roadways
(Arvidsson and Browne, 2013; Regué and Bristow, 2012). Modeled scenarios reflect similar
potential benefits in terms of reduction of emissions, congestion, noise, and other negative
externalities of freight transportation (Zych, 2014; Alessandrini et al., 2012). Such benefits
may encourage investment in and support of collaborative transportation in urban areas,
particularly if designed such that access to external funding is possible (Mingardo, 2008).
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5.2. Shared Vehicles with Centralized Control

One of the earliest instances of urban public transportation moving both passengers and
freight is the Poststrafienbahn, or “Mail Tram” (Matthaei, 2017). Several German cities
used such trams during the late 1800s and early 1900s to carry bags of mail in addition to
passengers. The trams primarily served hubs, where mail was taken and then forwarded
to its final destination. Mail was also accepted in boxes on the train, a tradition that
is continued today in Bremen, Germany, where the company CITIPOST has placed mail
collection bins on the city’s trams (CITIPOST GmbH, 2017).

The idea of using passenger vehicles to carry freight is not confined te urban environ-
ments. The Border Courier Service in Scotland transported medical suppliesin addition to
passengers as early as 1979 (Robinson, 1995). Such systems aim to,offer better passenger
and freight services in areas with low population density that would,otherwise have poor
connections to other regions. According to Robinson (1995), fthe border courier service
physically separated freight from passengers in a specialized compartment of mini coaches.

In suburban and rural environments, collaborative systemssean be cost-efficiently imple-
mented. This is because, in such environments, there is tooulittle’demand being in place to
support a full passenger or freight network. In urban environments, the opposite problem
could arise: a system that combines passenger and freight transport might lack sufficient
room for freight. Additionally, urban passenger flows may not leave sufficient time to move
freight on and off the vehicles, inducing delays.

In 2007, a vertical coalition of light rail, and{ gas-powered vans intended to handle de-
liveries for the Paris grocery store Mongprix (€harlier, 2008). The train delivered cargo to
a UCC, from which it was transshippedionte natural gas powered vans. We were unable
to find information indicating whether the”Monoprix system was considered a success or
whether it is still in operation.

5.3. Innovative Collaboration with Decentralized Control

A number of start-ups have'begunexploring innovative business models related to the sharing
economy. Hamari et-aly (2015) survey reasons for people to participate in the sharing
economy. They define thie concept as “[t|he peer-to-peer-based activity of obtaining, giving,
or sharing the aecess“to goods and services, coordinated through community-based online
services”. So far, this section mostly explored the ideas and systems that rely on centralized
control, i.e., there i$ a governing entity controls service operations. In contrast, the sharing
economy/is decentralized and could provide new avenues for collaborative freight in urban
environments.

Rouges and Montreuil (2014) review start-ups and companies that rely on crowd sourcing
to deliver freight. The authors address a wide variety of business models, ranging from Uber-
like delivery models to people assisting other people with international deliveries through
planes. The survey considers pricing and societal benefits, generating a typology of business
models. UberRush (Uber Technologies, Inc., 2017) exemplifies an app-based service that
connects those who want to send packages within an urban area with drivers. To our
knowledge, UberRush is currently separate from Uber’s passenger services. However, it
seems like an intuitive next step to allow freight and passengers to share Uber vehicles.
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Apps and business models centered around the sharing economy are turning into an im-
portant aspect of collaborative freight. For example, when a collaborative light rail system
transports freight brought into the city, last-mile deliveries could be arranged via such mod-
els. Following the ideas explored, for instance, in Archetti et al. (2016), some drivers may
be dedicated couriers, whereas others could occasionally contribute. An app could notify
occasional drivers near the station and the delivery point and motivate them to perform a
delivery.

5.4. Takeaways on the Evolution of Collaborative Transportation

Considering real-world examples yields two major takeaways. First and foremost, politi-
cal considerations matter. While complex, the many aspects of the logisties of combining
freight and passenger transport in an urban environment are well-described and addressed
in the literature. Yet, the political and regulatory feasibility of this endeavor is less well
understood. Reflecting this, from a three-round Delphi study ‘with /34 transport experts
participating, Cochrane et al. (2017) conclude that organizational and institutional barriers
to enable freight and passengers to share public transportumay be more difficult to over-
come than technical challenges. Some of the key challénges identified in this Toronto-based
study included: financing, capacity, stakeholder coordination, resistance from stakeholders
(including freight carriers, transit agencies, unions and others), and dealing with resistance
from politicians and decision-makers.

Second, new collaborative transport conceptsimust address the problem of growing deliv-
ery times. Collaborative freight systems often‘add an extra edge to logistics networks, which
increases the time it takes for freight to.reach its destination. This problem is especially
relevant when systems include manual loading and unloading of freight. Emerging concepts,
such as FURBOT, will likely offex partially or fully automated transshipment of freight at
consolidation centers and during pieckup and delivery. Here, theoretical advances in areas
such as routing and request-shating could improve real-world performance.

6. Future OR Challenges

Since collaborative urban transportation systems are still being explored, many OR prob-
lems in this area have/been not at all or only partially addressed. Comparing real-world
applications of collaborative urban transportation (Section 5) to the theoretical advances
surveyed An Seetions 3 and 4 highlights a number of future OR challenges. These arise at
all levelstof planning, as described in this section.

6.1. Strategic Planning

Strengthen Stakeholder Involvement. To support the formation of coalitions, OR can link
to information systems to build decision support systems that include multiple stakeholders
and foster trust. For example, Gonzalez-Feliu and Morana (2014) present a hierarchical
dashboard to support joint decision making for carrier alliances from a group decision per-
spective. To enhance trust as considered through behavioral effects in Daudi et al. (2016),
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future contributions need to consider the multi-criteria aspects of diverse stakeholders for ur-
ban transport, as exemplified by Estrada and Roca-Riu (2017), Gonzalez-Feliu et al. (2013),
Hammervoll and Bg (2010) or Le Pira et al. (2017) — the latter using agent-based simulation.

Measure Collaboration Performance. To increase the acceptance and success of collabora-
tions, future contributions need to strengthen research on measuring the empirical effects of
collaboration beyond simulation experiments, for example via data envelopment analysis as
proposed in Cruijssen et al. (2010). Furthermore, advanced analytics could help'to critically
account for customer choice and further demand modeling, as customers may react more or
less positively to carriers forming coalitions, see Tavasszy et al. (2012).

Enable Fourth-Party-Involvement. As pointed out in Section 4, horizontal «collaborations
inherently contain aspects of co-opetition. Therefore, joint planning iscalways at the risk of
becoming a victim of competition instead of fostering collaboration. Research on involving
a fourth party could minimize this effect. Calls for such a“fourth-party are voiced, for
example, in Hingley et al. (2011) or Allen et al. (2017). InthisTegard, corporate governance
as described in Agrell et al. (2017) may also be relevant. Another way to extend the reach
of coalitions would be to extend OR models to enable cellaboration with city authorities.
Koster et al. (2015) present a routing approach where.ogistics service providers know the
signal plans of the city’s traffic signals and can anticipate them in the routing of their delivery
vehicles.

Enable Multimodal Network Design. The planning of new infrastructure within, e.g., facility
location problems, could consider freight wehieles or combined vehicles within a mathematical
model or heuristic. To the best of ourknowledge, existing models in an urban context do not
consider collaborative settings (elg., in location routing (Nagy and Salhi, 2007)). In some
problem settings, existing models may be applicable, such as when passengers and freight
exclusively share light railsinfeastructure and when UCC locations are given in advance
(e.g., Cepolina and Farina’(2015)). This would also encourage more inter-modal transport
on the last mile, as argtied forlong-distance transport in Colicchia et al. (2017). In addition,
concepts of synchromodality can be considered as presented in Dong et al. (2016), potentially
letting coalition partiners share the cost of the resulting required investments as theoretically
analyzed in Roma and/Perrone (2016).

Integrated Facility’Location and Network Design. Network design has been extensively con-
sidered in.a nuhber of applications, in particular for various types of transport networks (Gui-
haire;and Hao, 2008). Integrated facility location and network design problems have previ-
ously béen considered for general distribution networks; however, especially the case of light
rail has'hot been modeled. Given the prevalence of light rail systems in real-world examples,
this could be a particularly interesting line of research. For example, the exclusive usage
of tracks creates constraints that are not present in existing contributions, which usually
consider a road network. When road-based buses combine passenger and freight transport,
as in, e.g., James (2001), existing models may be sufficient.
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Optimize Vehicle and Fleet Design. A further strategic problem is the design of collabo-
rative freight vehicles and the compilation of effective fleets. For example, mathematical
optimization models could determine the percentage of a vehicle that should be designed for
freight transportation when considering fleets of traditional freight vehicles. This is a highly
stochastic problem, as the amount of demand, number of passengers, and amount of time
to load and unload freight are uncertain. In recent years, there have additionally been mul-
tiple approaches considered for more innovative delivery technologies in urban areas using
non-conventional vehicles. For example, Slabinac (2016) surveyed innovative(solutions for
last-mile delivery in Europe, in particular considering electric cargo bikes{ parcel ‘copters,
cargo caps (underground tunnels for automated delivery pods), and sélf-d¥iving parcels.
Such innovations could introduce further complexities regarding the petential fleet mix, and
how it relates to the underlying transport infrastructure. Additionally,sence vehicle types
(whether conventional, innovative, or mixed) are determined, the/fleet mix can be optimized,
even potentially in combination with station locations, as is done for a rail line in Repolho
et al. (2016). Another aspect of vehicle design is considering.epportunities of autonomous
vehicles in collaborative transport, as pointed out by Stocker and Shaheen (2017).

Incentivize Collaboration. In regards to the sharing économy; it remains to be seen to what
degree new OR models at the strategic level are required.»Pick-up and delivery problems, as
well as fleet sizing problems, are well studied in the litexature. Whether cars carry passengers
or freight, or both, does not seem to pose a,major issue for current techniques, but specific
infrastructure or business model requirementsymay result in new questions. However, future
research should consider aspects of custémer acceptance and incentives for crowd-shipping,
following research as outlined in Punel and Stathopoulos (2017). This could, for instance,
mean exploring the use of social networks of customers as indicated in Devari et al. (2017).

Model Macro-Level Effects. @On a high level of planning, a significant increase in transport
collaborations can be expected to have macro-level implications as indicated in Saeedi et al.
(2017). With regard to stcheffects, researchers should also account for effects of cooperation
complexity, as suggested for instance in Schmoltzi and Wallenburg (2012).

6.2. Tactical Planning

Account for Risk and Flexibility. As already argued in relevant contributions for supply
chain management/(Koénig and Spinler, 2016), collaboration increases firms’ risk exposure.
Therefore, future models of collaborative transport need to take risk-related aspects for both
coalition partners and customers into account. Somewhat related is the idea of introducing
additionalflexibility to last-mile transport, e.g., via customer incentives, to reap benefits as
proposed in Vanovermeire et al. (2014). To increase flexibility, research could also consider
opportunities of keeping coalitions dynamic, as proposed for general supply chain networks
by Seok and Nof (2014). This would turn the formation of coalitions from a strategic to a
tactical problem.
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Improve Vehicle Deployment. At the tactical level, a system requires planners to decide on
which lines to deploy vehicles. This problem is addressed for passenger rapid transit (rail)
networks in Cadarso and Marin (2014) and handles uncertainty. Extending this problem
to consider collaborative systems could involve considering not only the effects of stochastic
freight demand, but also the flexible transport of freight to different UCCs. The problem is
mainly interesting for heterogeneous fleets, when some vehicles may be restricted to certain
types of freight or to passengers, or may have different carrying capacities.

Improve Collaborative Scheduling. Planning schedules for a collaborativetransitysystem
could require new models and methods. For example, combining freighthvand passenger
handling creates questions as to how to handle longer stop times at UCCsy Schedules need
to accommodate freight and passenger demand so that capacities cande fully utilized. Given
the wide range of literature on timetabling for transit networks (Guihaire and Hao, 2008),
especially in terms of delay robustness, existing models and approaches can be adapted to
handle the highly stochastic case of collaborative freight. The schedtle planning could fur-
ther consider bi/multi-echelon inventory routing so that“the inventory capacity and costs
could be synced with the planned schedule. Another extension of “standard” schedule plan-
ning would be to mix scheduled services with extra-loaders.for freight to help handle peak
demand.

6.3. Operational Planning

Manage Demand to Balance System Load.\ Bor eperational planning to ease system con-
gestion, collaborative systems could relywon \revenue management and dynamic pricing as
described in Pellegrini and Rodriguez (2018) with regard to air and rail transport. Deliber-
ate pricing or slot allocation can mudge shippers or customers toward less popular routes or
transport times. While public transit generally relies on static pricing, the freight pricing in
such systems need not be similatrly,restricted. The problem could be particularly interest-
ing when passengers and freightishare space or infrastructure, such as in a vehicle with an
adjustable freight storage area.

Enable Collaborative Storage and Packing. In systems where a dedicated freight area should
accommodate multiple packages/items, the question arises of how to pack them efficiently.
Packing problems have been widely studied in various contexts (Wéscher et al., 2007).
However, ifiacollaborative freight system includes automated loading and unloading, new
restrictions on package shapes and how they can be packed could arise, thus future work in
this area may/need to collaborate closely with engineers.

Enable. Collaborative Disruption Planning. Disruption planning and schedule recovery also
represent important challenges for urban transport, and have been studied in a general
railway (Jespersen-Groth et al., 2009) and urban context (Darmanin et al., 2010). Recovery
actions in the collaborative setting could be different than in a pure passenger setting. For
example, freight could be kept on a delayed vehicle until its next service, something that we
would not recommend doing with passengers.
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Integrate Information Management. When considering planning from an OR perspective,
challenges of information management, as summarized under the term ‘collaborative trans-
port management’ in Okdinawati et al. (2015) should not be forgotten. Related ideas are
exemplified for ride-sharing in Féldes and Csiszar (2017). This could also mean applying
predictive analytics to the data available to coalition partners in urban transport as indicated
by Ilie-Zudor et al. (2015) for general less-than-truckload transport.

Combine Vertical and Horizontal Collaboration. Finally, case studies such as Simmer et al.
(2017) or Mason et al. (2007) call for more closely integrated vertical and-herizontal col-
laboration to fully achieve concepts of the Physical Internet. To achieve this, operational
planning models need to be extended beyond the categories this literature survey followed.

7. Conclusion

This contribution presented a review of collaborative urban freightssystems, discussing both
related work from the literature as well as real-world systeins. With urban areas continuing
to become more and more crowded, innovative ideas fortransporting passengers and freight
are becoming increasingly important for keeping citiés attractive and livable.

We analyzed systems that employ a range of modes-for urban transportation, including
buses, trams, taxis and even some vehicles that, at this point, are still on the drawing board.
We identified two key types of collaboration, horizemtal and vertical, and examine related
work in those areas that has been or could bewused,in collaborative systems. In particular, we
considered strategic, tactical, and operational planning horizons as well as different degrees
of information exchange and planning centralization. However, much work within the fields
of OR and civil engineering remains to be done, as highlighted in our overview of open
challenges.
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