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Abstract

In the freight transport sector, competing companies horizontally collaborate through establishing Collaborative
Transport Networks (CTNSs). Fruitful implementation of CTNs will leverage environmental and socio-economic goals
of sustainable development in the freight transport sector. The benefits of CTNs in horizontal collaborative settings
have been widely demonstrated through several modelling approaches. However, in practice, the real applications
of CTNs have been challenging and most did not achieve satisfactory performances. Some studies have addressed
this issue by identifying different barriers to CTN implementation. However, a conceptual framework for the barriers is
not well-established. In addition, the literature lacks a decision-making framework for the CTN implementation which
considers the different barriers. To address this gap, this paper conducted a literature review of the barriers to CTN
implementation. In total, 31 different barriers were identified. A conceptual barrier framework is developed by group-
ing the 31 barriers into five categories: the business model, information sharing, the human factors, the Collaborative
Decision Support Systems (CDSSs), and the market. The paper additionally proposes a stage-gate model integrating
the conceptual barrier framework into the CTN implementation decision-making process. The current work contrib-
utes to the existing literature by developing both theoretical and practical understandings of the barriers to imple-
menting CTNs and will support decision makers in CTN implementation to maximize the CTN benefits and minimize
the risk of CTN failure.

Keywords: Horizontal collaboration, Freight, Barriers, Real application, Transport, Decision-making, Stage-gate model

1 Introduction

In the freight transport sector, the high market frag-
mentation has caused a serious problem of inefficient
transport planning and empty running, leading to nega-
tive consequences such as increased delivery costs and
environmental impacts, e.g., carbon emissions, road
accidents, and noise. In 2018, 12.3% of the total dis-
tance made by freight trucks between EU countries was
empty running while this percentage reached between
15 and 30% inside some European countries [1]. Many
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governments have recently set a long-term goal to make
the freight transport sector more sustainable. Several
studies showed that collaboration among companies on
their transport activities can help achieve this goal and
also enable lower delivery costs [2], fewer carbon emis-
sions [3], increased service levels [4]. Some research
projects and start-ups have been recently received pub-
lic funding, aiming to encourage collaborative practices
in the freight transport sector among shippers, carriers,
and receivers (e.g., retailers) [5]. For instance, the CTN
‘Nistevo’ reported that two big shippers through collab-
oration could achieve savings of 19% in transport costs
compared to the non-collaborative practice [6].

The present paper focuses on the horizontal transport
collaboration in which a group of competing companies,
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i.e. shippers, carriers, or receivers, agrees to collaborate
on their freight transport activities [7]. This is named as a
Collaborative Transport Networks (CTNs). In most col-
laborative scenarios, collaborating companies (partners)
are required to share the information on their transport
orders and delivery trucks with a central coordinator,
e.g., a logistics service provider. The central coordinator
then uses the shared information to identify opportuni-
ties for collaboration, develop a joint delivery plan, or
suggest freight exchanges among partners. Due to the
huge amount of shared information and the need for effi-
cient decisions, the coordinator often uses CDSSs to plan
the collaboration processes [8]. The difference between
transport costs in collaborative and non-collaborative
settings is known as collaboration profits that the CDSSs
might allocate among partners using various profit-shar-
ing mechanisms [9].

Despite the extensively reported benefits of collabora-
tive transport and the government funds to encourage
the uptake of CTN, their real applications have been rare
and some CTNs were formed but did not last for a long
time or did not achieve satisfactory performances [10—
14]. Recent studies suggest that the decision to imple-
ment CTNs should not be made without analyzing the
many barriers to implementing CTNs. For example, Pan
et al. [7] discussed the implementation barriers of CTNs
with respect to the design and management of the CTN,
CDSSs, and communications technology. More recently,
Basso et al. [12] identified 16 barriers and further clas-
sified them into design, organization, information shar-
ing, profit allocations, and human factors. Despite their
merit, these studies have not provided a wider perspec-
tive of the barriers by considering specific CTN solutions
and/or have not mentioned some important barriers, e.g.,
the barriers related to the CTN business model. Knowl-
edge of these barriers is of great value since the failure or
limited success of CTNs can be strongly attributed to the
fundamentals of the business model [15-17]. In addition,
these studies as well as exiting literature rarely identified
a framework that systematically guides the decisions to
implement the CTN with consideration to barriers.

The present paper makes two main contributions to
the CTN implementation discourse. The first contribu-
tion is a conceptual framework for the barriers to imple-
menting CTNs while the second is a decision-making
model to guide the CTN implementation process with
considerations to the identified barriers. The findings
have valuable implications on theoretical and practical
levels. Theoretically, it extends the existing classification
of barriers into five groups: business model, information
sharing, human factors, CDSSs, and market. This consti-
tutes a better framework than analyzing the barriers on
their own, as most of the existing studies did. The present
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paper performed a comprehensive literature review and
identified 31 barriers while existing review studies iden-
tify a maximum of 16 barriers. Practically, the conceptual
framework, as well as the decision-making model, will
be useful to logistics service providers, freight carriers,
logistics IT developers, researchers, decision makers in
the logistics industry, funding organizations, and entre-
preneurs in making decisions to implement collaborative
freight transport. Furthermore, the identified barriers
represent a valuable checklist for any CTN implementa-
tion and future research.

2 Overview of horizontal collaboration in freight
transport

Collaboration is an old practice in the supply chain and
can be mainly classified into vertical and horizontal col-
laboration. Vertical collaboration involves companies
working at different levels of the supply chain, e.g., ship-
per-carrier collaboration [18] while horizontal collabo-
ration involves companies working at the same level of
the supply chain. The present paper focuses on the hori-
zontal collaboration that can be applied through CTNs
involving competing companies. To update the transport
research field with a rich set of CTN barriers, the current
work considers different CTN solutions found in the lit-
erature and categorizes them into three CTN types simi-
lar to [19, 20] as follows:

+ An open electronic marketplace platform enables
companies to build a temporary CTN in the spot
market and is often executed without formal docu-
mentation. E-marketplace platforms are applied as
a web-based information system and connect dif-
ferent companies, i.e. shippers, carriers, and LSPs,
that might not have collaborated before. In E-mar-
ketplace, competing companies can build horizon-
tal transport collaboration, for example, the Nistevo
platform facilitates shipper collaboration by consoli-
dating loads into full truckloads [21]. Another well-
known example is TIMOCOM [22].

+ A strategic alliance is a CTN based on a long-term
partnership and contractual agreements among com-
panies [7]. For example, transport alliances might be
formed by a group of small carriers to achieve econ-
omies of scale through serving transport demands
from many small shippers or a few large shippers
[23]. The formation of transport alliances requires
making strategic decisions (e.g., partner selection),
tactical decisions (e.g., cost and profit sharing), and
operational decisions (e.g., collaborative vehicle rout-
ing and order sharing decisions). In horizontal col-
laboration, transport and logistics alliances might
include two or more competing companies, e.g.,
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shippers, logistics service providers (LSPs), carriers,
or receivers. Thus, there exist carrier alliances, ship-
per alliances, retailer alliances, and LSP alliances [7,
19]. The shippers are those companies existing at the
origin of a delivery. In shipper alliances, two or more
shippers, e.g., raw material suppliers or manufac-
turers, agree to use one logistics service provider or
carrier to reduce their transport and logistics costs,
see for example [24]. The retailers are mostly consid-
ered as the final destination of the products [25]. In
retailer alliances, two or more retailers use the same
logistics service provider or one carrier [26]. Carriers
are companies that perform deliveries among ship-
pers and receivers. In carrier alliances, two or more
carriers consolidate their freight in a few trucks,
aiming to use fewer trucks and accordingly, reduce
delivery costs and negative externalities [27]. Finally,
LSPs are companies that manage the whole supply
chain of different companies. Since LSPs act as inter-
faces between carriers, shippers, and receivers, they
have an essential role in many collaborative logistics
initiatives [19]. Moreover, partners of the alliance
might collaborate on transport activities within long-
distance transport or urban transport. However, both
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long-distance and urban transport alliances face sim-
ilar organizational and technological challenges [20].

+ Urban Consolidation Centers (UCCs) have been
most frequently considered as a CTN to solve city
logistics problems [20]. The idea of UCC is to replace
multiple last-mile delivery movements with a com-
mon receiving facility, i.e. the consolidation center,
where deliveries are sorted and consolidated in a
small freight vehicle. For example, a group of retailers
can perform last-mile deliveries from a UCC to their
end customers in urban regions [26].

All CTN solutions require the use of CDSSs for infor-
mation sharing and efficiently developing collaborative
plans. Figure 1 shows the basic structure of the CDSS
including three major modules, i.e. database, computa-
tional algorithms, and an interactive dialog. The data-
base module receives and stores all logistics information
to be fed into the algorithmic module either by manual
entry or automatic feeding from partners’ transport plan-
ning systems. The algorithmic module is responsible for
processing the shared information and planning the col-
laborative decisions, e.g., exchange proposals and profit
allocation among partners. The literature has mostly
addressed two main algorithmic approaches for transport
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alliances: order sharing and capacity sharing. Order shar-
ing is also known as a centralized collaborative planning
approach and mostly used for collaboration among trans-
port service providers. It requires that all partners share
the information on their transport requests (orders) with
a central coordinator who reallocates the orders amongst
them to achieve a match between needed and avail-
able trucking capacities [28]. Compared to order sharing,
capacity sharing is most frequently applied to collabora-
tion among all types of companies. It requires that part-
ners only share their available trucking capacities instead
of sharing their transport requests [29]. Capacity sharing
enables partners not to share their most sensitive infor-
mation (customer requests) and therefore, companies
might prefer this approach due to the high competition
in the industry. E-marketplaces mostly use auction-based
decentralized planning algorithms while solving two-
echelon vehicle routing problems is mostly employed to
manage the operations of UCCs. For various planning
techniques, see [8, 20, 30]. Finally, the dialog module
provides interactive communication interfaces so that
partners can receive messages from the CDSS, commu-
nicate with each other, and search and filter their shared
information.

3 Search strategy and results
Three steps have been used to identify different works
reviewed in the present paper. Firstly, two databases,
Web of Science (WoS) and Scopus have been searched
using the following search terms:

+ “Collaboration” and “Freight” with “logistics’, “supply
chain’; or “transportation”.

+ “Cooperation” and “Freight” with “logistics’, “supply
chain’; or “transportation”.

The search resulted in 343 and 557 works written in
English in WoS and Scopus respectively. Secondly, we
carefully screened the works and included only those that
satisfy the following criteria:

« Articles published in journals.

« Articles that discuss factors affecting collaborative
freight transport in different supply chain contexts
using qualitative and quantitative approaches.

+ Articles that present case studies or results based on
real applications of CTN.

Additionally, we excluded articles focusing purely on
mathematical models and algorithms. The authors also
made a Google search to identify relevant reports that
discuss the barriers to the CTNs. We initially identified
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63 works. Finally, we applied backward snowballing,
i.e., examining the references of the papers identi-
fied from the second step. The backward snowballing
identified 21 additional works, resulting in the inclu-
sion of 84 works covering the period 1996 to 2020.
The analyzed works included 61 journal papers, 9
review papers, 3 conference papers, 7 industry reports,
3 books, and 1 master thesis. The journal papers are
published in 41 journals, e.g., Transportation Research
Part E: Logistics and Transportation Review (6),
European Journal of Operational Research (6), Sup-
ply Chain Management (5), International Journal of
Logistics Research and Applications (4), International
Transactions in Operational Research (3), Interna-
tional Journal of Production Research (2), Computers
and Industrial Engineering (2), Expert Systems with
Applications (2), and European Transport Research
Review (1). The included journal papers accounted for
83% of the 84 works.

Figure 2 shows that the period 2007-2020 witnessed
increasing research attention to collaboration. This might
be because several collaborative logistics projects were
funded by EU countries starting from 2007. To investi-
gate the evolution of research topics over this period, the
author keywords were analyzed using VOSviewer (www.
vosviewer.com). Figure 3 visualizes the keywords men-
tioned at least two times in the identified works. Each
rectangle refers to a keyword and its size is proportional
to the number of publications in which the keyword
was mentioned. The color gradient represents temporal
trends in keyword occurrence during the period from
2007 (blue) to 2020 (yellow). From 2007 to 2010, atten-
tion was given to the role of information technologies to
support collaboration in supply chain management, e.g.,
cryptographic technology [32], E-marketplace platforms
[33], and web-based information systems [34]. In addi-
tion, studies addressed operational governance and stra-
tegic alliance contracts [15] and proposed mathematical
models for collaborative planning among logistics service
providers, see for example [2]. From 2010 to 2015, schol-
ars considered trust building among partners through
developing new coordination mechanisms (e.g. [35, 36],),
and profit and cost-sharing methods (e.g., [37, 38]) using
approaches of vehicle routing and game theory. The same
period witnessed many CTN applications with CDSSs for
group-decision making and negotiation among partners,
e.g., [28, 39, 40]). From 2016 to 2020, attention was given
to survey papers, e.g., collaborative solutions and benefits
[12, 27, 41], collaborative vehicle routing approaches [5],
cost allocation methods [9], and implementation issues
[7]. Given the great advancements in Information and
Communication Technologies (ICTs), more complex
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technologies and concepts for information sharing were
studied, e.g., blockchain technology [42], and the physi-
cal internet [43]. Recently, the success factors of collabo-
rative business models have become an important topic,

especially for urban logistics [16, 17, 44, 45]. This dem-
onstrates the merits of the current work because it con-
siders barriers related to CTN business models that have
not been sufficiently considered by previous works.
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4 The conceptual barrier framework

To determine and categorize the barriers from the 84
works, this paper used a qualitative research approach,
known as meta-synthesis, in combination with our expert
knowledge. Meta-synthesis is a systematic approach for
interpreting data across qualitative studies to identify
qualitative evidence answering a specific research ques-
tion [46]. The meta-synthesis has been successfully uti-
lized in recent review studies to identify barriers affecting
the adoption of sustainable practices, see for example
[47]. The meta-synthesis includes three main steps: the
first step was to perform free line-by-line coding of the
different sections of each work. In the coding process, the
authors summarized text that describes potential barri-
ers. In particular, a barrier was considered an obstacle
that can hinder the diffusion, implementation, and con-
tinuity of the CTN. This identified descriptive barriers
capturing the meaning of the data in each work. Then
subsequent works were coded into previously defined
barriers, if this was not possible, a new barrier was cre-
ated. The first step identified an initial set of 60 bar-
riers from the 84 works. The second step was to group
similar barriers into one broad barrier. In doing so, the
authors identified the barriers that describe similar issues
but were written in different wording. Then, these were
grouped into one or more broad barriers. After several
iterations of the second step, a final set of 31 different
barriers were identified and listed with their correspond-
ing references in “Appendix 1”. The identified 31 barriers
were further reviewed by an external researcher to ensure
the consistency and clarity of the identified barriers. The
third step was to organize the identified barriers into cat-
egories that better illustrate the nature of the identified
barriers. Analysis of the existing literature revealed that
most studies discussed the barriers in relation to the fol-
lowing categories: fundamentals of collaborative business
models, quality of shared information, human factors,
CDSSs, or market. To align our findings with the exist-
ing literature, the authors clustered the identified barriers
into five groups: CTN business model, information shar-
ing, human factors, CDSSs, and market. In addition, this
classification also better illustrates the nature of barri-
ers and facilitates informed decision-making since these
five groups also represent the most essential elements
for the CTN application. Figure 4 shows the conceptual
framework for the barriers to successful implementa-
tion. As shown in Fig. 4, the identified barriers form the
black box of collaboration and act as deterring factors to
achieve the collaboration benefits. “Appendix 2” shows
different collaboration benefits with their corresponding
references. The next sections provide a deeper look into
this black box by providing evidence examples for each
barrier and the possible best practices to overcome each
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barrier. Of the 31 barriers, nine are related to the busi-
ness model; five are associated with information sharing;
six are related to the human factors; six are related to the
CDSSs, and six are related to the market. In the follow-
ing, a detailed description of the identified barriers is
provided.

4.1 Barriers related to the CTN business model

At the early planning, the CTN'’s business model is for-
mulated to describe how the CTN creates, markets, and
delivers values to its customers. This business model
should be seen in conjunction with existing business
models of collaborating companies. A good business
model can be described by answering key questions such
as: what are the required resources and how they are
financed, value propositions, revenue streams, cost struc-
tures, and management frameworks of the CTNs [48]. In
the following, important characteristics of the business
model and their inherent barriers are discussed.

4.1.1 The organizational setup and operational governance
model

The organizational setup and operational governance
model are two interrelated barriers. An organizational
setup specifies how key decisions are made and the dif-
ferent roles and responsibilities of partners and coordi-
nators [7]. In addition, an operational governance mode
is required to ensure partners’ commitment to their
duties and support to CTN development [15, 49, 50]. In
general, organizational setups and governance modes
differ between CTNs, depending on who is the owner
of the CTN. Table 1 compares the organizational setups
between strategic alliances and electronic marketplaces.
For example, alliance partners are often the CTN owners,
and therefore, they have a strong motive and commit-
ment for scaling up the alliance and achieving the highest
efficiency. Some scholars reported that when “Who owns
the CTN” is not clearly defined, this might result in a lack
of commitment and support from CTN partners [44].
Electronic marketplaces have at most one purpose that
is connecting different freight companies without having
any direct control over how they collaborate. Therefore,
organizational setup and operational governance modes
are not so important in electronic marketplaces.

4.1.2 Value propositions

The value propositions of the CTNs describe what prob-
lems to be solved, strategies to solve these problems, and
the benefits that companies can get. Although CTNs
provide environmental, societal, and economic ben-
efits (see Fig. 4), companies are more motivated to join
CTNs when there are clear economic benefits, e.g., a
direct measurable effect on costs [19, 51]. For instance,
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Table 1 Comparison of organizational setups among alliances, and E-marketplace platforms

Transport alliances (see an example in [23]) Electronic shipping marketplace (see an example in [21])

Membership  Contract-based membership to ensure responsibilities Non-contract-based membership but partners have to sign the
Partners might be required to pay membership fees or be share-  electronic license agreement to use the platform and pay a fee

holders to enter the alliance

Management  CTN management is made by a limited liability company (LLC) The electronic marketplace is developed, managed, and owned by

and owner- owned by alliance partners an T specialist company or 3PL
ship The board of the LLC includes representatives from the largest Partners (users) do not necessarily have shares in the ownership of
partners the platform

Strategic decisions might flow from above to down or might be
made in a horizontally centralized way
Partners who do not accept the decisions can leave the alliance

Main duties The LLC is responsible for operating the CTNs, providing the The developer company develops the marketplace to connect the

CDSSs, and expanding the infrastructure and transport resources — users

The CTNs are formed by the partners'assets, e.g., freight terminals  Partners develop collaborative solutions themselves

Partners and the LLC are responsible for sales and marketing, The developer company operates, improves, and markets the
feeding the alliance network, and executing transportation marketplace
services for the alliance The developer company verifies all necessary documents of a new

user before joining the marketplace
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the CTN ‘CO,CITY’ started with focusing on the envi-
ronmental benefits, but eventually the focus was placed
on the economic benefits to attract additional compa-
nies [16]. We note that the societal and environmental
benefits are less considered by the majority of the CTNs
although these sometimes are defined as one of the goals.
Additionally, CTNs that offer only one service might be
less attractive to many companies and might not achieve
financial sustainability [44]. To improve the value propo-
sition, CTNs should strengthen the economic benefits
and offer a variety of valuable services to their partners.
Examples of valuable services are transport management
systems, enabling landed cost calculation, supply chain
event management, routing and tendering, a spot market
exchange and auctions for long-term contracts, etc. [33].

4.1.3 Key resources

Most studies interpret key resources as CDSSs, infra-
structures, operators, and I'T developers. However, logis-
tics, supply chain, and innovation competencies are also
key resources for developing, and marketing the CTN.
Such competencies are not accounted for by most CTNs
as indicated by [16]. Resource financing is also an impor-
tant aspect. The main financing source of CTNs might
come from governmental subsidies, partners, or IT spe-
cialist companies. Multiple studies showed that when-
ever resources are financed by partners, this ensures
the commitment and support of the partners to make
the CTN successful [10, 52]. In large alliances, transport
resources and assets are owned by partners while CDSSs,
marketing, central management costs are financed by
profits or transactional fees from the daily business in
the CTN [23]. For example, the leading CTN “Transplace’
was founded in 2000 by six large freight carriers, each of
which contributed $5 million in the funding of the CTN
[33].

4.1.4 Revenue streams and cost structures

Before CTN implementation, future revenues and
expected costs should be estimated to identify conditions
of break evening. Revenues are generated from payments
by the partners according to the following: membership
fees, per-transaction fees, profit-sharing ratio, subscrip-
tion-based fees, software license fees, and Ad-based fees.
These methods can be employed individually or in a
combined manner [16, 23, 45]. A membership fee is paid
by a partner to enter the CTN alliance. A per-transaction
fee, profit-sharing ratio, or a subscription-based fee is
used to derive revenues from the daily business in the
CTN. The ad-based fee is paid for allowing commercial
advertisements on the transport vehicles of the CTN,
see for example [16], or for online advertising [33]. Ser-
vice prices must be competitively set so that partners
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can make profits. Some studies argued that better rev-
enue can be generated from logistics management soft-
ware with subscription-based fees rather than depending
solely on transaction fees or a profit-sharing ratio [33].

Two main types of costs are associated with CTNs:
fixed costs and operational costs. Fixed cost includes all
strategic investments and it depends on the adopted col-
laborative approach. For example, consolidation cent-
ers require a relatively higher fixed cost than electronic
freight matching platforms [44]. Operational cost rep-
resents salaries for administrative, marketing, IT devel-
opment, operating staff, and maintenance costs for any
equipment to operate the CTN. As stated before, the
CTN needs to increase the scope of its services to attract
more companies to secure sufficient revenues for a break
even.

4.1.5 Stakeholders

Stakeholders might include eight entities: customers
(partners), coordinators, owners of the CTNs, initia-
tors, funding agencies, public entities, consultants, and
research institutions. An entity can have multiple roles,
for example, the initiator can be also the coordinator and
owner [16]. Selecting the right stakeholders is impera-
tive to secure better collaboration synergies, resource
financing, market-positioning, and conformity to the law.
Additionally, key actors should be involved in making key
decisions, problem-solving, resource financing, and not
only be informed of development issues. Key actors are
those stakeholders who formulate policies, finance the
required resources, have the required knowledge, and
perform significant freight activities [53].

4.1.5.1 Initiators Initiators must have the required
skills, expertise, and market knowledge to select the best
collaborative approach and the right stakeholders for this
approach [53]. There are some cases where companies
join the CTN but never participate in the collaboration
process [45].

4.1.5.2 Coordinators In addition to the CTN manage-
ment, coordinators play an important role in scaling up
and marketing the CTN [23]. For instance, the Lucca
municipality managed a CTN for a while, but eventually
outsourced the CTN management to a logistics service
provider that could offer new services and new market-
ing channels [16]. A pilot study reported that more than
70% of transport service providers are incentivized to
join CTNs if a neutral third party, e.g., an IT develop-
ment company or research institution, coordinates the
collaboration processes [54]. This is because they believe
that a neutral third party will treat them fairly and keep
their shared information confidential [55, 56].
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4.1.5.3 Customers The CTN customers might be carri-
ers, shippers, and/or receivers. The literature has mostly
addressed the CTN customers through the issue of find-
ing the right partners for collaboration [11, 41]. Iden-
tifying the right partner depend on many factors such
as geographical locations of partners and their delivery
areas, sizes of orders, freight flow balance, shipment com-
patibility [2]. Compared to other collaboration types,
carrier-carrier collaboration is more problematic since it
is conducted on the core business activity, i.e. transport,
which is visible to their direct customers. Therefore, car-
rier-carrier collaboration always reports less success rate
compared to other collaboration types [57]. Also, carrier-
carrier collaboration might have less flexibility and syn-
ergy due to transport constraints imposed by the freight
owners, shippers, and receivers [7, 37]. Therefore, many
studies recommend that shippers/receivers join the CTNs
and ask their contracted transport service providers to
collaborate [37].

4.2 Barriers related to information sharing

A common remark from real applications is that infor-
mation sharing was a significant cause for the limited
success of collaboration [14]. Therefore, several studies
considered it as a key requirement for the foundation
of CTNs. This section discusses barriers to information
sharing caused by poor IT infrastructures at the collabo-
rating companies. This represents a significant limitation
especially for small- and medium-sized companies [35,
45]. It should be noted that information sharing might
also be constrained by the attitudes of individuals. This
will be discussed in the ‘human factor’ category of bar-
riers. Five barriers are identified related to information
sharing.

4.2.1 Incomplete logistics information

Optimal collaborative decision making requires detailed
logistics information such as volume, pickup and delivery
times, locations, and specifications of the needed trucks.
Most collaborative planning approaches are mostly
based on the assumption that the required information
is always available. However, in practice, such informa-
tion is rarely documented and is often estimated based
on the planners’ experience [58]. This issue has been
also reported by many studies on supply chain and logis-
tics collaboration [59, 60]. The issue can be alleviated by
minimizing the input data required for the collaborative
planning approach. For example, the matching algorithm
of the CTN ‘Tri-visor’ utilizes only the geographical
data, i.e. origin and destinations, of transport requests
to match the most frequently used routes by companies
[61].

Page 9 of 22

4.2.2 Inefficient information flow and updates

Partners might not share their logistics information
simultaneously and/or do not timely update their shared
information [12, 62]. Amours and Rénnqyvist [63] stated
that inefficient information flow is a big challenge to
achieving connectivity among partners. Real-time infor-
mation flows from partners were an essential require-
ment for the CTN implementation in [28]. This barrier
might frequently happen if companies use simple data-
base software and thus, it might be difficult for them to
timely update the CDSS with any changes in their shared
information. This might result in invalid and/or low-
quality collaborative planning decisions.

4.2.3 Inaccurate information

Inaccurate information can result in completely different
collaborative decisions and higher or lower estimation
of the collaboration profits [39]. Several studies showed
that a low level of digitalization at some partners leads to
highly inaccurate information [12, 63, 64].

4.2.4 Heterogeneous information formats

Some partners may measure the size of the order in dif-
ferent units, e.g., loading meter or cube meter. In this
case, the CDSS requires an additional processing effort to
unify the information formats. This in turn can lower the
quality of the decision-making process [12]. In addition,
the formats of the data files shared by partners may also
vary when partners have different transport systems [34,
65]. According to Liu et al. [66], the similarities among
partners in information technologies have to be consid-
ered when selecting partners for CTNs.

4.2.5 Lack of ICT systems

Efficient collaboration requires that partners manage
their operations using advanced ICT systems such as
transport and warehouse management systems, bar-
code systems, and fleet telematics systems [67]. In the
CDSSs developed by [28], partners were required to use
advanced ICT systems for sharing reliable, complete, and
real-time information, and quickly evaluate collaborating
opportunities. Furthermore, such partners can provide
better visibility as well as service level by allowing part-
ners to track the shipments [68]. For example, a part-
ner without advanced ICT systems cannot inform other
partners of the real-time location of the delivery trucks
or estimate expected delivery time to customers. Amours
and Ronngvist [63] noted that the lack of software
agents, standardized information flows, and electronic
data exchange technology represent a challenging prob-
lem related to collaborative planning and might leads to
errors in shared information and collaborative planning.
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4.3 Barriers related to human factors

Cruijssen [69] noted that the attitudes of transport plan-
ners might hinder the collaboration’s success. Basso et al.
[12] stated that problems arising from human factors
are distrust and opportunism. Such behavioral prob-
lems make it difficult for companies to collaborate even if
positive business cases exist [68, 69]. In the following, we
illustrate seven barriers related to human factors.

4.3.1 Experiences

Some transport planners might have negative experi-
ences from past collaboration attempts. For instance,
a partner may share many orders but gain small profits,
while other companies share relatively few orders and get
more profits. Some partners might provide false informa-
tion intentionally on capacities and prices to get more
matches and gain sensitive information on competitors,
compared to the partners whose delivery costs are rela-
tively higher. This may lead to instability and dissolution
of collaboration [70]. Some CDSSs detect intentional-
falsification behaviors through feedback rating, then
partners who misbehave are blacklisted, see for example
TIMOCOM. A real application in Germany showed that
the fees offered in the CTN are always higher than the
fees outside the CTN [28]. In addition, some companies
perceive that collaborative practice may lead to a reduc-
tion in their autonomy in the future [35].

4.3.2 Lack of commitment

Kwon et al. [52] defined commitment as the belief of
the partners that their partnership is so important and
s0, they do maximum efforts for maintaining it. Lydeka
and Adomavicius [70] noted ‘a common theme among
responders [carriers] was dissatisfaction with some mem-
bers of cooperation which failed to follow through with
commitments’. The success of collaboration requires that
partners commit to providing the expected service level
and paying promised savings. When partners do not ful-
fil their commitments, this certainly lowers the CTN’s
competitive advantage [71]. When this occurs frequently,
companies prefer partners from their networks using
phones to ensure quick responses and reliable services.
With an increasing in the frequency of late responses or
no commitments, CTNs lose their competitive advan-
tage, i.e. short lead time and the ability to serve urgent
requests at low cost.

4.3.3 Distrust among partners

Distrust among partners is cited as the most challenging
barrier to successful collaboration and it leads to further
issues such as fear of sharing information [50, 70, 72, 73].
The lack of trust becomes worse in carrier-carrier collab-
oration since partners collaborate on their core business
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activities [74]. The literature provides some suggestions
for improving trust. Badraoui et al. [10] suggest that part-
ners invest in the CTNs since they will do their best to
achieve a good return on their investments. Lydeka and
Adomavicius [70] suggest that partners start with col-
laboration on non-core business activities, e.g., purchas-
ing fuel and tires in large quantities, before collaborating
on their core business activities. Los et al. [75] suggest
that trust can be improved by adopting collaborative
approaches requiring less information sharing. The use
of cryptographic and blockchain technologies was inves-
tigated as a solution for securing information sharing
among partners, and thus trust is improved [32, 42]. The
CDSS can allow its users to advertise their freight either
privately or publicly [76].

4.3.4 Distrust of the CTN

This barrier means that partners distrust both coordina-
tors and methodologies of the CDSS [12, 55, 56]. Many
CTNs were disintegrated because of such issues [31].
Trust among the coordinator and the partners necessi-
tates the existence of positive past collaboration experi-
ences [77]. Vargas et al. [45] argued that this issue might
happen because small carriers often lack IT-based skills
and so, it is not easy for them to understand how and
with whom their shared information will be used in the
CDSS. Another reason for this barrier is that compared
to a traditional freight broker, some CTNs do not take
any responsibility for the actual service provided to the
partners [76]. Besides, transport operation managers
often believe that their way of finding partners is the best
and any technology or system developed to replace their
ways of working is not practical [70].

4.3.5 Fears of changing their business model

Companies may worry about the future consequences
of changing their business models towards collaborative
practice and joining transport alliances [78]. According
to Lydeka and Adomavicius [70], the managers in the
small companies are most often the founders and they
consider their companies as “ their baby” and so, it is no
easy for them to lose direct control over their customers.
Furthermore, collaboration may reduce the dissimilar-
ity between their transport services and simultaneously
increases the distinctiveness between their services and
the non-collaborator s service [79]. Consequently, small
companies may be afraid that collaboration can cause
them to lose customers or get pushed out of the market
completely.

4.3.6 Unawareness of collaboration benefits
Pilot studies assured that increasing the partners’ aware-
ness of the collaboration benefits is imperative before
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real applications [69, 78]. Many CTNs were launched
in Europe, but they were marketed to the freight indus-
tries with too much focus on sustainability goals, i.e.
reduced congestion and emissions. This in turn ignores
the important fact that companies prioritize what can
improve their profits over societal or environmental ben-
efits [80]. Transport managers in small companies might
have less formal education, thus they do not care about
sustainability issues and do not believe in the benefits
of collaboration [70]. Other reasons may be the miscon-
ception of collaboration aims and mechanisms, lack of
experience, and poor understanding of how sustainable
performance can be used as a competitive advantage.

4.4 Barriers related to CDSSs

CDSSs aim basically to connect the different freight firms
and enable them to share their information. Additionally,
CDSSs might include algorithmic approaches for mak-
ing decisions on joint route planning, freight auctions,
tendering, and profit allocations [5]. Some CDSSs might
integrate real-time logistics information into the deci-
sion-making process if partners have the required tech-
nology to supply their real-time information[28]. Many
scholars have developed complex algorithms utilizing
several variants of the vehicle routing problem [8], while
the industrial communities focus on enabling technolo-
gies for real-time information, developing effective user-
interface and predictive analytics. In the following, six
barriers related to the CDSSs are discussed.

4.4.1 Cost/profit-sharing mechanism

Sharing profits and costs in a way that is accepted by all
partners is a significant barrier to the collaboration [9].
For instance, eight forest transport companies discontin-
ued the collaboration since the outcomes were insuffi-
cient [81]. Although review studies [5, 9] identified more
than 40 profit-sharing mechanisms, many studies agree
that real applications require a transparent, straightfor-
ward mechanism rather than a sophisticated, theoretical
one [82, 83]. The mechanism should consider partners’
characteristics, e.g., sizes of partners and their contribu-
tions to the collaboration synergies. For instance, com-
panies that have large market coverages can significantly
improve collaboration synergies. Such companies have
to be privileged when sharing the collaboration prof-
its [82, 84]. Mathematical approaches might not get the
consensus of all partners and they might show inconsist-
ent performances from a case to another [82]. To over-
come this issue, some CTNs adopt a negotiation-based
policy in which profit sharing is negotiated among part-
ners instead of using a specific method imposed by the
CTN [85]. In this way, partners are not required to share
their most sensitive information, i.e. service costs, with
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the coordinators. It also allows them to estimate the cost
by their own accounting systems [86]. One issue with
negotiation is that large partners might use their market
position to take advantage of small partners. One way to
overcome this issue is to specify a set of sharing policies
instead of only one policy, then partners can negotiate on
which rule they use [82].

4.4.2 Plenty of collaborative proposals

An important barrier is the too many ‘collaborative
proposals’ emails that transport planners receive daily
from the CDSS [28]. This consumes the planners’ time
in reviewing these emails and as the day goes on, more
emails are piled up [87]. Some studies suggest impos-
ing filtering constraints on the delivery time window,
required handling equipment, truck class, or a special-
ized driver [88]. Such filter constraints might not be pos-
sible if the shared logistics information lacks the required
details. Some studies handled this issue through predic-
tive analytical tools that process previously accepted
proposals to extract the human preference regarding
proposals of interest [39]. Trucker Tools, a smart logis-
tics solution provider, predicts the proposals of interest
by an email read-and-analysis method that is based on
techniques of machine learning and natural language
processing [87]. Some studies solve these issues using
knowledge-based DSSs integrated with multi-criteria
decision-making approaches [58].

4.4.3 Collaborative planning algorithms

Typically, CTNs have huge amounts of information flows
from many trucks serving hundreds of transport requests
across several postal codes and each transport request
may have different transport requirements. Thus, the
efficiency of collaborative planning algorithms is a key
requirement for efficient real-time planning decisions
[8, 40]. This becomes more crucial for transport requests
characterized by short lead times such as express couri-
ers [28, 62]. In addition, the design of the planning algo-
rithm might be constrained by information availability.
Most real applications developed algorithms are based on
the rolling horizon concept [28, 40]. The idea of the roll-
ing horizon is to run the algorithm and keep the identi-
fied plans in an adaptive memory. Every time, an event
occurs, e.g., a new request is known or a truck has fin-
ished its current job, the algorithm is rerun considering
the latest updates in shared information.

4.4.4 Evaluation of collaborating proposals

A recent survey [5] showed that most studies evaluate
and rank proposals based on the economic impacts (e.g.,
total travel distance) while environmental and societal
impacts (e.g., emissions, safety, and service level) are paid
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relatively less attention [4]. This certainly underestimates
the collaboration benefits. In addition, past services’
quality provided by the partners is not considered when
evaluating new proposals. Some CTNs measure the ser-
vice quality by the ratings of the partners for on-time
performance, ratios of damages, and claims [89]. Accord-
ingly, partners who have low rating scores will rarely
acquire collaborating proposals. This way can operation-
alize the negative implications of the partners not fulfill-
ing their commitment.

4.4.5 Lack of interactive communication tools

Email server clients and websites are the most frequently
used communication tools in existing literature [28, 34,
90]. With increasing dynamics, competition, and uncer-
tainty in the logistics industry, these traditional tools
are unsatisfactory and can impair the efficiency of col-
laborators. Some CDSSs use advanced web-based mobile
applications and custom APIs to facilitate tracking and
check-ins. For example, TIMOCOM [22] embedded a
messenger service into its freight exchange platform for
chatting among collaborating partners. Compared to
emails, messengers save time and are much easier to be
used, especially when negotiating with many partners at
the same time.

4.4.6 Lack of system integration

System integration allows for automatic information
flows from partners’ planning systems to the CDSS and
back [57]. Many studies cited the lack of system integra-
tion as a significant barrier to collaboration success. Lieb
and Miller [91] stated that coordination by 3PLs failed
due to the inability to integrate information systems of
buyer and provider. Piplani et al. [92] noted that for 3PLs
“it would become imperative that they integrate [their
information systems] with the IT-systems of their part-
ners and customers to increase the effectiveness of the
systems and to get the real value out of them”. For achiev-
ing system integration, companies have to upgrade their
information systems to an agent-based information sys-
tem to enable connectivity with the information systems
of their partners, customers, and suppliers [63]. However,
this requires companies to invest in their IT- infrastruc-
ture, which is not an easy decision for them to make.

4.5 Barriers related to the market

The market represents the physical place, i.e. a country
or set of countries, where collaborative activities are to
be performed. The market characteristics are a key deter-
minant for probability, potentials, strategies, and legality
of the collaborative practices [70]. Market characteristics
include important factors such as regulations on collabo-
rative practices, intensity of vertical integration among
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different freight players, and freight flow balances among
regions. In the following, we illustrate five barriers asso-
ciated with the market characteristics.

4.5.1 Regulations

Most market imposes regulations (e.g., competition laws)
on the collaboration among companies and such regula-
tions might act as legal barriers to horizontal collabora-
tion. For example, the European Union Antitrust Act
[93] states that agreements and business practices that
restrict competition are generally not allowed. This disa-
bles information sharing among competing companies
because this might lead to collusion if partners agree on a
specific service price or lead to market protection if part-
ners reject that other companies join the CTN. Such reg-
ulations are more concerned with collaboration among
big companies. Therefore, many CTNs are allowed for
small and medium-sized companies if they do not coor-
dinate prices or capacity. In other words, forming a CTN
is allowed when a trustee party leads the collaboration
and makes sure that the collaboration satisfies the com-
petition laws and the shared information remains strictly
confidential [38, 69].

4.5.2 Vertical integration

For better customer privacy and service quality, shippers
or freight receivers outsource their freight transport via
long-term contracts to freight carriers. Such a long-term
contract is known as vertical integration [36]. Vertical
integrations also provide carriers with stable demands.
However, the contractual agreements might disallow
carriers to collaborate if shippers impose specific deliv-
ery times or prefer deliveries with their contracted car-
riers’ private fleet [36]. With high vertical integration, a
few transport requests are shared in the market and this,
in turn, reduces the revenues for the CTNs. Therefore,
multiple scholars suggest that shippers/receivers can be
rewarded relatively lower service prices for making their
delivery characteristics flexible, e.g., allowing delaying or
advancing the pickup or delivery times [7, 37].

4.5.3 Imbalanced freight flows

On the national level, there might be imbalances in the
freight flows among different regions. This imbalance
varies according to the freight types. This causes most
trucks to drive fully loaded from some regions and return
partially or fully empty in the reverse direction [45, 94].
In this case, national carriers might have lower collabo-
ration synergies, and finding a partner for collaboration
is a significant barrier. To overcome this issue, Lydeka
and Adomavicius [70] suggest inviting international
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carriers to the CTN. In case of imbalanced freight flow,
the CDSSs must detect back-hauling opportunities
among partners not only “collect-and-or-drop” opportu-
nities [61].

4.5.4 Low market share of the CTN

In recent years, IT development companies like Uber
Freight and TIMOCOM launched mobile- or web-based
marketplaces that offer many logistics solutions includ-
ing freight matching services. Many companies have
explored the values of such marketplaces and started to
extensively use them in their daily operations [95]. There-
fore, unless a new CTN brings new and useful values
than the available marketplaces, it might not attract the
freight firms and gain a sufficient market share to gener-
ate economies of scope [96]. The recent advances in elec-
tronic marketplaces might be one of the main reasons
why some research projects and startups on collabora-
tive freight transport are no longer operational after their
pilot development [20, 21]. Therefore, the CTN initiators
have to first analyze the transport market before starting
anew CTN.

4.5.5 No public incentives for collaborative practices

Public authorities can fund collaboration initiatives and
start-ups that require a relatively high investment to
develop CDSSs [45]. For example, Project U-TURN by
the European Commission was proposed to encourage
collaboration in city logistics to reduce carbon emissions
and transport costs. Project NextTrust aimed to develop
a collaborative decision-making system for identifying
collaboration potentials through matching excess capaci-
ties with available loads. See more initiatives funded by
public subsidies in [97]. In addition to funding, policies
like granting priority access to highly utilized vehicles or
vehicles serving consolidation centers can encourage the
collaborative practice [78, 94].

5 Insights into the identified barriers and solution
strategies

5.1 Insights into the identified barriers

To provide some insights into the findings, Table 2 shows
a two-dimensional matrix based on types of barriers
and the CTN solutions. Each cell indicates the number
of works that reported a specific barrier for a particular
CTN solution. To visualize the results, we use a color
map where high values are marked in green, low values
are marked by yellow-green, and zero value is marked in
red. It should be noted that some works reported more
than one barrier and therefore, the sum of all numbers in
Table 2 does not equal 84. Thirty-three works reported
business model-related barriers (strategic alliance 48%,
UCCs 24%, electronic marketplace platforms 6%, and
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general works 21%). Few contributions addressed elec-
tronic marketplace platforms because they do not have
any direct control over how users collaborate and there-
fore most aspects of business models are not so relevant,
while business model-related barriers are considered
important to both strategic alliances and UCCs. In par-
ticular, value propositions, revenue streams, and cost
structure are important barriers to UCCs while almost
all barriers related to business model were considered
important to strategic alliances. Twenty works reported
barriers of information sharing and are classified into a
strategic alliance (70%), UCCs (0%), electronic market-
place platforms (5%), and general works (25%). Most
information related-barriers are important to strategic
alliances. The literature rarely addressed information-
related barriers when implementing the UCCs and
electronic marketplaces. However, many general works
confirmed that the information-related barriers are sig-
nificant issues with implementing supply chain and
logistics collaboration [12, 59, 63]. Thirty works reported
barriers due to human factors and are disturbed into a
strategic alliance (63%), UCCs (10%), electronic market-
place platforms (11%), and general works (14%). Most
barriers were reported by studies on strategic alliances.
Trust-related issues were mostly reported by studies on
alliances and electronic marketplace platforms. Over-
all, distrust among partners, distrust of the CTN, fear
of changing business model, and unawareness of col-
laboration benefits are common and important barriers
in almost all collaborative solutions. Thirty-one works
reported barriers of CDSSs and are classified into a stra-
tegic alliance (61%), UCCs (6%), electronic marketplace
platforms (6%), and general works (16%). Generally, the
cost/profit-sharing mechanisms and lack of interactive
communication tools were most frequently cited as an
important barrier to strategic alliances. The plenty of
collaborative proposals is an important barrier to elec-
tronic marketplace platforms since they often have many
companies resulting in too many collaborative proposals.
Twenty works reported market-related barriers and are
distributed into a strategic alliance (50%), UCCs (15%),
electronic marketplace platforms (10%), and general
works (25%). All market barriers were reported by studies
on strategic alliances and imbalanced freight flows were
the most cited barrier while studies on electronic market-
place platforms reported only one market barrier, i.e. low
market share of the CTN.

5.2 Solution strategies

The following strategies can be considered to overcome
the business model-related barriers. All stakeholders
should agree on aims, operating rules, and the most suita-
ble collaborative solutions that achieve clear and sensible
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Table 2 Classification of identified barriers and the CTN solutions

Barrier Specific barriers Strategic Electronic General
. UCCs
category Alliances marketplace | works*
platform

Organizational setup
Operational governance mode
Value propositions
CTN business Key resources
model Revenue streams and cost structures
Initiators
Coordinators
Customers

Total

Incomplete logistics information
Inefficient information flow and updates
Inaccurate information

Heterogeneous information formats
Lack of ICT systems

Information
sharing

N—=|—=|—=—= =]

Total

Experiences

Lack of commitment

Distrust among partners

Distrust of the CTN

Fears of changing their business model
Unawareness of collaboration benefits

Human factors

Total

Cost/profit-sharing mechanism

Plenty of collaborative proposals
Collaborative planning algorithms
Evaluation of collaborating proposals
Lack of interactive communication tools
Lack of system integration

CDSSs

N[N |W

Total

—_
e

Regulations

Vertical integration
Market Imbalanced freight flows
Low market share of the CTN 1
No public incentives for collaboration 2
Total 10 3

NSNS}

nl|—|—|—

*Works reporting barriers to collaboration in generic terms without addressing specific CTN solutions

benefits for them [19, 51]. The CTNs have to be managed to the cost structure [78]. Furthermore, operational gov-
by a strong LSP with high practical and technological ernance models have to be in place to secure the com-
experiences [23]. To attract more companies, the CTN  mitment of all stakeholders to their responsibilities [7, 15,
should offer a variety of valuable services such as trans- 49, 50]. Regarding the information sharing-related bar-
port management systems [33]. Additionally, shippers riers, a primary and necessary step is to check carefully
and retailers might be involved in the CTN to bring their  the digitalization readiness of the partners. This helps to
contracted carriers or LSPs to the CTNs [7, 37]. Also, select the most suitable information exchange systems
the CTNs should have a clear cost structure (“Who pays  that might be based on real-time logistics information as
what”) for all stakeholders and benefits have to be allo- in [28] or historical logistics information as in [61]. Infor-
cated according to the contribution of each stakeholder = mation quality has to be defined clearly and considered
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when selecting the CTN partners [59]. Partners are rec-
ommended to standardize their information flows, e.g.,
using electronic data exchange technology, to enable
rapid information flows with high accuracy [63]. Regard-
ing human factor-related barriers, trust can be improved
by adopting group decision-making processes involving
all stakeholders when identifying the CTN characteristics
[19, 98]. In addition, trust uncertainties about the benefit/
cost-sharing allocation and shared information privacy
can be eliminated by open and frequent communications
among all stakeholders [59]. There is a need for using
advanced information technologies (e.g., advanced web-
based mobile applications and blockchain technologies)
to ensure high information security, and thus trust can
be improved [32]. To eliminate the negative perception
of collaborative practices, awareness of the CTN benefits
should be spread at the industry level [69, 70]. Regarding
CDSSs-related barriers, negotiation-based policies might
be adopted for allocating costs and profits so partners
can negotiate and select among different sharing policies
instead of using a specific method imposed by the CTN
[82, 85]. Partners should transit towards an agent-based
information system that enables connecting the entire
CTN and allows for reactive, transparent, integrated, and
reliable collaborative planning [63]. Machine learning
techniques are valuable to predict the preference of part-
ners and impute any missing information [87]. Regarding
market-related barriers, legal barriers (e.g., competition
law) can be overcome by involving a trustee party [38, 69,
99]. Authorities might relax regulations that restrict the
collaboration practice and might impose taxes on carbon
emissions from freight vehicles, specific load factors, and
road pricing schemes [100, 101]. To resolve the imbal-
anced freight flow among the country’s regions, inter-
national partners might join the CTNs [70] and possible
back-hauling opportunities among partners are detected
[61].

6 A stage-gate model of the decision-making
process in CTN implementation

The conceptual barrier framework indicates that several
barriers should be analyzed before the implementation
of the CTN. Thus, there is a need for a decision-making
model to guide the CTN implementation process with
consideration to the identified barriers. As mentioned by
Martin et al. [102], most existing decision-making mod-
els have a broad scope towards strategic alliance forma-
tion in general, while very few contributions addressed
models for implementing and managing horizontal col-
laboration. For example, Fawcett et al. [103] presented a
three-stage model to develop supply chain collaboration.
Their model starts from creating commitment and under-
standing and removing resisting forces to collaborative
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practice, and continuously improving collaboration capa-
bilities. Also, Bhattacharjee and Mohanty [104] devel-
oped a conceptual model that includes nine stages:
environmental scan, internal alignment process, partner
selection, alliance alignment, project alignment, work
process alignment, review and feedback, and reward and
recognition. Regarding horizontal logistics collaboration,
Verstrepen et al. [55] presented a four-stage model: stra-
tegic positioning, design, implementation, and modera-
tion. However, their model did not adequately consider
important aspects such as partner selection and inter-
actions among different implementation stages. More
recently, Martin et al. [102] presented a decision model
for developing horizontal logistics alliances consisting
of five stages: orientation, partner selection, negotiation,
implementation, and management. Despite the merits of
existing models, most of them hardly discussed poten-
tial barriers that need to be considered in each stage.
Thus, we propose a stage-gate model to consider the dif-
ferent barriers into a guideline of the CTN implemen-
tation decision-making process. The proposed model
builds over existing models and addresses their limita-
tions, e.g., the fact that existing models did not include
potential barriers in each stage. The stage-gate model is
a project management methodology used to guide the
project creation from an idea-to-launch systematically
and efficiently. The model decomposes the overall deci-
sion-making process into a number of sequential stages
and gates [105, 106]. Stages represent the different phases
of the project where analytical studies and/or CDSSs
are developed. Each stage has a gate at which the deci-
sion makers give a decision on whether to proceed to the
next planning stage. Moreover, the stage-gate model has
an easy-to-understand structure and thus, the proposed
model provides a valuable tool to guide the CTN imple-
mentation process with considerations to the identified
barriers.

Figure 5 shows the proposed model that divides the
CTN implementation decision-making process into
four stages involving scoping, building the business
case, developing the CDSS, and operating and main-
taining the CTN. These stages are relevant to the CTN
implementation as suggested by previous studies [51,
55, 102]. However, it is worth noting that the stage-
gate model conceptualizes that not all the four stages
might be needed in the CTN implementation decision-
making process. Based on the need of the stakehold-
ers, one or more stages might be enough for the CTN
implementation decision-making process. For exam-
ple, initiators and partners might be only interested
in identifying a suitable CTN solution based on their
objectives. In this case, the scoping stage alone can be
enough to provide this information by evaluating the
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characteristics of the proposed CTN solution against
the market barriers. At each stage, knowledge on the
relevant barriers can provide the right base for making
the proper decisions at its gate. For example, suppose
that an initiator, e.g., shippers or 3PL, wants to initi-
ate a CTN and aims to identify the suitable specifics
of the CTNs and an initial list of partners. The scop-
ing stage can be used to achieve this aim. Within the
scoping stage, the initiator has to evaluate the specifics
of possible collaborative approaches against the mar-
ket barriers using approaches like the SWOT method.
The scoping stage constitutes a preliminary assess-
ment of whether the CTN is better than as-usual-busi-
ness practice and which collaborative approach is most
suitable for the potential partners.

If forming a CTN is found better than the current
practice of the partners, the initiator proceeds to the
next stage where the right partners are selected, fol-
lowed by inviting other key stakeholders to develop
a viable business case for the CTN. At ‘the building
business case’ stage, relevant stakeholders require
knowledge on barriers associated with both the CTN
business model and human factors to develop reli-
able fundamentals of the collaborative business model
leading to a sound business case. This might require
information on operational costs, fixed costs, expected
demand, and the use of simulation to investigate the
feasibility of the suggested business case. Besides, it
is also critical that the selected partners have a clear
understanding of the CTN objectives, and that they
agree on the basic rules, e.g., organizational setup and
resource financing, that support viability of the devel-
oped business case.

If a positive business case could be developed, the
next stage is to develop the CDSS according to the spe-
cifics of the approved business case. At ‘the developing
CDSS’ stage, the first step is to analyze the digitaliza-
tion level of the partners and investigate their logistics
information quality. It should be noted that developing
a CDSS which demands detailed information might
face severe data-quality issues and limit the success as
well as scaling-up of the CTNs [61, 122]. Similar to pre-
vious steps, knowledge on the barriers relevant to this
stage will help to develop the right CDSS that satisfies
the partners’ needs and their data-quality conditions.

The final stage concerns the operation, maintenance,
and evaluation of the CTN. At this stage, great atten-
tion should be paid to marketing and scaling up the
CTN. Besides, the CTN performance must be evalu-
ated primarily on economic performance, e.g., cost
savings of the partners. It is also essential to evaluate
aspects like commitment and trust of partners, shared
information flows, and partner satisfaction. Based
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on the CTN evaluation results, decision makers must
decide on some actions to avoid the CTN failure, for
example changing or adding new rules to the busi-
ness model and improve subsequent elements in other
stages. All or some of the four stages might be repeated
periodically for the CTN development process or when
a new partner is willing to join the CTN.

7 Conclusions, limitations, and future research
directions

Despite the extensively reported benefits and the govern-
ment funds to encourage the uptake of CTNs in the hori-
zontal setting, their real applications have been rare and
with varying degrees of success. Thus, this paper contrib-
utes to existing literature through an extensive review of
the barriers, developing a conceptual barrier framework,
and proposing a decision-making model for the CTN
implementation process. 84 studies on horizontal collabo-
rative logistics have been analysed and in total, 31 barriers
are identified. To illustrate the barrier nature and facilitate
informed decision-making, these barriers were concep-
tualized into a framework of five categories involving the
business model, information sharing, human factors, the
CDSSs, and the market. Of the 31 barriers, nine are related
to the business model; five are associated with informa-
tion sharing; six are related to the human factors; six are
aligned with the CDSSs, and six are related to the market.
The main finding is that the successful CTN implementa-
tion is not only dependent on developing a CDSS for shar-
ing information and making collaborative decisions, but it
is strongly driven by the ability to identify and overcome
the barriers associated with the collaborative business
models, human factor, market, and shared information.
These barriers form the black box of the CTN implemen-
tation process and negatively affect the collaboration ben-
efits. Thus, the current work provided a deep look into this
black box and identified a wide range of barriers by illus-
trating evidence examples and the best practices for each
barrier in the literature. Moreover, the results showed that
implementing strategic alliances face much more barriers
compared to UCCs and electronic marketplace platforms.
This is because the more the collaboration becomes stra-
tegic, the more resources and sensitive information shar-
ing are needed. Business model-related barriers were often
reported by studies on UCCs and strategic alliances while
the literature rarely discussed business models of the elec-
tronic marketplace platforms. Information barriers were
exclusively reported by studies on strategic alliances where
the need for sharing detailed and high-quality information
is higher than other CTN solutions. Trust-related barriers
were mostly reported by studies on different CTN solu-
tions. CDSSs related-barriers were mostly considered by
studies on strategic alliances and electronic marketplace
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platforms while studies on UCCs addressed the CDSS
through only the need for solving complex two-echelon
distribution problems and system integration. Market
barriers were most reported by studies on strategic alli-
ances, followed by studies on UCCs while studies on elec-
tronic marketplace platforms reported only one market
barrier, i.e. low market share of the CTN.

Additionally, a stage-gate decision-making model is
developed to guide the CTN implementation by consider-
ing the conceptual barrier framework. The proposed model
divides the CTN implementation decision-making process
into four stages involving scoping, building the business
case, developing the CDSS, and operating and maintaining
the CTN. The conceptual framework provides knowledge
on the barriers relevant to each stage. This knowledge can
provide the decision makers with the right base for making
the proper decisions at each gate.

The findings of this paper have practical and theoretical
contributions. On the theoretical level, the paper contrib-
utes to the conceptual understanding of the barriers to CTN
implementation. On the practical level, the results provide
valuable discussions on the CTN implementation decision-
making process. This will be useful to logistics service pro-
viders, freight carriers, logistics IT developers, researchers,
decision makers in the logistics industry, funding organiza-
tions, and entrepreneurs in identifying the best practices to
maximize the CTN benefits and minimize failure risk.

This research has some limitations. First, the identified
barriers were not ranked to indicate their relative impor-
tance. Although the ranking of the barriers can be made
based on their citation frequency, such ranking might be
misleading due to the change in focus on specific barriers
in the literature over time. Second, the interlinkages among
identified barriers were not considered. Future work should
address the limitations of this study: First, the relative impor-
tance of identified barriers can be determined through rank-
ing and pairwise comparison techniques such as Delphi and
Analytical Hierarchy Process (AHP) techniques. Second,
investigating the interactions among the barriers by using
causal analysis approaches, e.g., Decision Making Trial and
Evaluation Laboratory (DEMATEL), to develop better miti-
gation strategies. Additionally, quantifying the impacts of
different barriers on collaborative freight transport is of great
value to be considered through agent-based simulation and
modelling approaches. Another potential limitation is that
the proposed stage-gate model lacks validation and there-
fore, an important direction for future research is to validate
the proposed stage-gate model by means of several case
studies.
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Appendix 1: The identified 31 barriers to CTN

Barrier group

Barrier

Article

CTN business model

Information sharing

Human factors

CDSSs

Market

Organizational setup

Operational govern-
ance mode

Value propositions
Key resources

Revenue streams and
cost structures

Initiators
Coordinators
Customers

Incomplete logistics
information

Inefficient information
flow and updates

Inaccurate informa-
tion

Heterogeneous infor-
mation formats

Lack of ICT systems
Experience

Lack of commitment

Distrust among
partners

Distrust of the CTN

Fears of changing
their business model

Unawareness of col-
laboration benefits

Cost/profit-sharing
mechanism

Plenty of collaborative
proposals

Collaborative plan-
ning algorithms

Evaluation of collabo-
rating proposals

Lack of interactive
communication tools

Lack of system inte-
gration

Regulations
Vertical integration

Imbalanced freight
flows

Low market share of
the CTN

No Public incentives
for collaboration

[7,23,44]
[15, 21,49, 50]

[16, 19, 33,44, 51]
[10, 16, 23, 52]
[16,23, 33,44, 45]

[45, 53]

[16 23, 54-56]
[2,7,11,37,41,57]
[58 61]

[12,28,62,63]
[12,39, 63, 64]
[12,34, 65, 66]

[28,63,67,68]
[28,35,70]

[52,70,71]
Y

12,32,42,50, 70,
72~ 76]

[12,31,55, 56,70, 76,
77]

[70,78,79]

[69, 70, 78, 80]
[5,9,81-86]

[28, 39, 58, 87, 88]

[8, 28, 40,62,107]
[4,5,89,108]

[22, 28, 34, 90]

[57,63,91,92]

[38, 69, 93]
[7,36,37]
[45,61,70,94]

[20, 27, 95, 96]

[45,78,94, 97]
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Appendix 2: The Benefits of CTN discussed

in the literature

Benefits

Article

Better service level
Low transport cost
Less carbon emissions

[4,31,84,109]

[3,28,31,83,108,110,111]
[3,26,1 12—114]
[

Less empty running 6,74,115,116]

Less traffic congestion [4,8,43,111,117,118]
Shorter delivery times [86,119]

Higher resource utilization [29,34,116]

Shorter lead times [29, 84]

More flexibility [30, 38, 109]

New knowledge [70, 84, 102]

Access to new market [70,84,120,121]
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