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Abstract

Multimodal Freight Transport (MFT) has been introduced as a solution for reducing the external costs of freight
transport while achieving cost improvements. Despite the MFT benefits, its share has been low in practice, and
transport by trucks remains the most preferred transport mode. A few works have recently investigated this issue
by discussing various barriers to MFT. However, little conceptual work comprehensively examines the barriers
that organizations may face during MFT applications. To address this gap, this paper has reviewed 104 studies
and identified 31 barriers and possible strategies for overcoming them. To clarify the nature of these barriers, we

developed a conceptual barrier framework that positions the identified barriers within the overall MFT chain. This
framework categorizes the barriers into six categories: MFT terminal, MFT network, management, regulations and
subsidies, delivery characteristics, and interoperability. The findings provide decision-makers and practitioners with

MFT successfully.

theoretical and practical insights into the barriers to transition toward MFT and will assist them in implementing

Keywords Multimodal, Freight, Barriers, Transport, Modal shift, Solution strategies

1 Introduction

The transport sector considerably impacts global
warming because it accounts for over a quarter of all
greenhouse gas (GHG) and a third of all final energy
consumption [1]. These circumstances, combined with a
growing demand for green solutions, have led to increas-
ing interest in multimodal freight transport (MFT),
which combines two or more transport modes and is
considered a strategy for increasing the proportion of
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more environmentally friendly transport modes such as
rail and inland waterways [2].

Despite the MFT benefits (e.g., cost and emission
improvements) shown by modelling studies and the sev-
eral European policies to promote MFT [3-7], Europe
still has a low percentage of MFT. According to European
statistics, the market shares of inland freight transport
by road, rail, and inland waterways in 2020 are 77.4,16.8,
and 5.8%, rspectively. Taking the average across European
nations from 2010 to 2020, rail market share has declined
by roughly 1.2% compared to 2010, while water market
share has decreased by 1.6% [8]. This indicates that the
modal split has remained roughly stable for many years,
and road transport by trucks remains the favoured choice
due to its superior flexibility and reliability [9]. This low
share of MFT solutions is due to the many barriers facing
MFT implementation [10—14]. Establishing an MFT sys-
tem requires analyzing its barriers in several dimensions
such as economic, technological, environmental, social,
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and policy [13]. For instance, MFT between Europe and
Asia is hampered by various technological, political, eco-
nomic, social, and legal challenges [15]. These challenges
increased travel time, freight losses, delivery reliability,
and underutilization of transportation modalities [15].
To date, there exists no comprehensive review of MFT
barriers. Existing studies focused on specific MFT solu-
tions in a local context [14] or identified barriers through
surveys rather than using a systematic review methodol-
ogy [10, 11]. The present work contributes to the litera-
ture by developing a conceptual barrier framework, based
on a systematic literature review, to identify all potential
barriers to MFT growth. Besides the identified barriers,
we also provide illustrative examples from the literature
and propose potential solutions for these barriers. Fur-
thermore, the current work has important theoretical
and practical contributions. Theoretically, it expands the
previous barrier categorization into a conceptual barrier
framework consisting of six categories: MFT terminal,
MEFT network, management, regulations and subsidies,
delivery characteristics, and interoperability. This is an
improved framework than discussing the barriers sepa-
rately, as most previous research did. The current work
conducted a thorough literature analysis and found 31
barriers. Practically, the developed framework enriches
the material database for scholars and serves as a valu-
able reference and guide for transport service provid-
ers, IT developers, academics, decision-makers, funding
organizations, and entrepreneurs in implementing MFT
[16]. Moreover, this research might be used as a bench-
mark by transport officials to analyze the barrier factors
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in various nations and gives suggestions for accelerating
MEFT growth.

2 Anoverview of the MFT

Different terminologies related to MFT have been defined
by the European Union (EU) [17]. In the literature, multi-
modal transport has other terminologies, i.e., intermodal,
co-modal, and synchromodal transport. However, there
exist a few differences among these terminologies. MFT
is defined as using at least two different transport modes,
whereas intermodal transport refers to MFT that utilizes
the same loading unit (e.g., a TEU container). Co-modal
transport increases the utilization of different modes,
while synchromodal transport emphasizes the real-time
operations of MFT transport [5]. In this work, the term
“multimodal” is used broadly.

Figure 1 shows the MFT chain through which com-
modities are transported from shippers to freight receiv-
ers. The freight flow in MFT might be domestic or
international, including extra operations such as customs
clearance if it is an international MFT. The major activi-
ties of MFT include pre-haulage operations for pick-up,
transhipment operations at MFT terminals, long-haul
transport, and post-haulage operations for delivery. Road
trucks are mostly used in pre- and post-haul transport,
but for long-haul links, MFT may utilize road, rail, air,
and water modes. Long-haul transport often mixes mul-
tiple modes, while in some cases, pre- and post-haul
transport might also use a mixture of trucks and bicycles
in city logistics. Consolidation of goods in long-haul
transport vehicles allows for economies of scale and cost
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Fig. 1 A typical representation of MFT

Airport terminals, inland container depot or port, freight
consolidation facilities, and railway freight terminal



Karam et al. European Transport Research Review (2023) 15:43

and emission savings. Setting up an MFT system suc-
cessfully necessitates some factors that can be divided
into six basic elements. First, MFT terminals are neces-
sary handling facilities where freight transshipments may
occur between the start, finish, or intermediate points
of the transport chain [18-21]. Second, an MFT trans-
port network combines different mode networks into
a single transport network and defines routes and ser-
vices for the efficient freight flow between the shipper’s
and receiver’s warehouses [20, 22]. Third, MFT policies
are also necessary to promote modal shifts [13, 14, 23—
26]. Fourth, effective management of services at various
players, including freight forwarders, LSPs, and carriers
of various modes, is also necessary for MFT [27]. Fifth,
the MFT is also influenced by the delivery characteris-
tics of companies, such as the freight weight, its dimen-
sions, location, and the customers’ needs [28—-31]. Finally,
the national transportation networks of neighbouring
nations should be highly interoperable to establish MFT
on a global scale [32]. The present work identifies all
potential MFT barriers related to the previously listed
elements of MFT.

3 Search strategy and results
In this work, relevant works were identified using three
steps. Firstly, we conducted a title, keyword, and abstract
search of previous studies using WoS and Scopus data-
bases. These databases were selected because they cover
a wider portion of the literature. These databases have
been searched using the following keywords:

« “Intermodal” with “Freight’, “Goods’, or “Cargo”.

« “Multimodal” with “Freight” “Goods’, or “Cargo”

+ “Modal shift” with “Freight” “Goods”, or “Cargo”.
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This search obtained 1,030 and 1,734 studies in WoS and
Scopus, respectively. Secondly, the studies underwent a
screening process and were considered if they satisfy the
following two criteria:

+ Journal articles that analyze the MFT applications
qualitatively or quantitatively.

+ Articles that deal with short-haul or long-haul
transhipment and multi-actor coordination, schedule
synchronization, or using standardized load units in
MFT.

Additionally, articles that focus primarily on mathemati-
cal models and algorithms were excluded. Moreover, a
Google search was made to obtain reports on MFT appli-
cations. Consequently, 77 studies were initially identified.
Finally, backward snowballing was applied to find more
related studies by cross-referencing the identified stud-
ies from the previous step. 26 additional studies were
obtained by backward snowballing, resulting in a final set
of 104 studies covering the period from 1996 to 2022. The
analyzed studies included 69 research papers, six review
papers, three conference papers, 17 industry reports, one
book, one master thesis, and two PhD theses. The journal
papers represent 72% of the 104 works. Figure 2 shows
that MFT research has paid increasing attention, specifi-
cally from 2007 to 2022. This is due to several research
and development projects funded by EU countries.

4 The conceptual barrier framework

To identify and categorize barriers from the 104 works,
this study used a systematic approach, known as meta-
synthesis, which can help find qualitative evidence that
responds to a particular research question [33]. Recent
review studies have successfully used the meta-synthesis
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to pinpoint barriers to adopting sustainable practices;
see, for instance [34]. Three main stages comprise the
meta-synthesis: the initial stage involves coding each sec-
tion of each work freely line by line. In the coding pro-
cess, text that discusses potential barriers is summarized.
The coding process was made manually. Particularly, we
define a barrier as a physical, technical, or functional
obstacle that affects the continuity of long-distance or
cross-border flows and can impede the diffusion, imple-
mentation, and continuity of multimodal transport.
Consequently, descriptive barriers that capture the data
meaning in each work were identified. Next, if we could
not code subsequent works into previously defined barri-
ers, a new barrier was defined. Out of the 104 works, the
initial stage obtained a preliminary collection of 55 bar-
riers. In the second stage, similar barriers were grouped
into one representative barrier by identifying the barriers
that explain the same problems but have different word-
ing. Next, these barriers were united into one or more
broad barriers. A final set of 31 distinct barriers were
found after multiple repetitions of the second step and
listed in “Appendix 1” along with the relevant references.

Freight
charactgr]istics

Just-in-time
practice

Loading gauges
and weight limits

Border crossing
procedures

Information
formats
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The third stage divided the 31 barriers into classifica-
tions that better reflect the nature of the identified barri-
ers. Based on the literature analysis and the discussion in
Sect. 2, the authors clustered the identified barriers into
six categories: MFT terminal, MFT network, manage-
ment, regulations and subsidies, delivery characteristics,
and interoperability.

Figure 3 illustrates the conceptual barrier framework
for the MFT. As shown in Fig. 3, the 31 barriers serve as
the “black box” of MFT transition and resist the MFT
benefits. The following sections clarify more this “black
box” by offering concrete examples and potential solu-
tions for the identified barriers.

4.1 MFT terminal-related barriers

MEFT terminals are often located in the main cities along
the freight transport corridors and might be container
terminals, dry ports, river ports, seaports, and rail ter-
minals. MFT terminals mainly include high productiv-
ity handling equipment and providing other services,
such as warehousing and customs-related functions.
The efficiency of MFT services is highly correlated to the

Train control
standards

Poor
flexibility

Poor
reliability
Insufficient
Advanced PRy
ICTs

Transshipment
technologies

Freight loss
and damage

High charges

Road pricing
policies

Rail liberalization

High-capaci
rogd veﬁiclefsy

Incentive policies

Awareness

programs sharing

Limited
freight data

Poor information

Organizational
communications

Poor haulage
roads

Few
teminals

Lack of
advanced trains

Insufficnet
€electric rails
Waterwa
navigabili

Long transit
ime

Advanced
planning systems

Fig. 3 Potential benefits, barriers to MFT (black box), and main barrier categories of MFT, (ordered from outer to inner circles)
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performance and characteristics of MFT terminals [19,
20]. Seven barriers related to the MFT terminal could be
identified from the literature as follows.

4.1.1 Poor service flexibility

Shippers have been continually moving towards a just-in-
time operation, which requires a transport system of high
service frequency (the weekly departures) and availabil-
ity on a 24/7 basis [10, 35]. Several scholars reported that
the low frequency of freight trains and port calls daily or
weekly and the limited opening times of terminals impair
the flexibility of MFT solutions [19, 36-39]. Addition-
ally, the low frequency of freight trains is a major barrier
to shippers whose shipments cannot fill a train [15]. The
limited-service frequency also increases the planning
efforts and administrative costs of intermodal rail trans-
port diminishing the decrease in transport costs and
emissions compared to road transport [40].

4.1.2 Poor service reliability

Reliable transport is essential for satisfying the require-
ments of just-in-time practice, hub-and-spoke opera-
tions, and port deadlines [41]. Thus, many shippers
consider high reliability the most important determinant
for mode choice and shifting from road to sea or rail [19,
36, 42]. MFT transport has less reliability because of
the need for changing modes at terminals where several
unexpected events might occur, e.g., resource shortage,
accidents, extreme weather, and mismanagement [18,
35]. For instance, Combinant (Combined Terminal Ant-
werp) and Novatrans (rail freight operator) reported that,
on average, a freight train has a reliability of 50%, which
means 50% of al shipments arrived at the promised deliv-
ery times if the delay limit is set to 30 min (UIRR, 2014).
Such low reliability can induce a shift back to the road
due to the high ability of road trucks to respond to unex-
pected events, e.g., by taking alternative routes to avoid
congestion [35].

4.1.3 Insufficient terminal capacity

A case study showed that inefficiencies in ten European
intermodal freight transport chains are caused by the
lack of capacity inside the terminal environment, which
is an important barrier [43]. In Australia, the port ter-
minals suffered from limited rail capacity, e.g., limited
sidings and insufficient lifting productivity [44]. This
would cause lower productivity rates, long turn-around
time, and cost increases [45]. Also, a large and sufficient
cargo-handling capacity is important for achieving a
modal shift [46]. Behrends [47] showed that increasing
the capacity of intermodal rail terminals is necessary to
absorb the expected growth of intermodal rail transport
while providing good quality and service. In Europe,
existing rail terminals are located near urban areas, and
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therefore, spatial constraints restrict capacity extension
[48]. Moreover, insufficient capacities of terminal gates
might increase the cost of pre-and post-haulage opera-
tions because of the congestion and waiting times at the
gates.

4.1.4 Lack of horizontal transshipment technologies

In most terminals, transshipment operations use verti-
cal transshipment equipment, such as reach stackers
and gantry cranes, which take longer and pose a greater
risk of cargo loss or damage. Moreover, 80% of Euro-
pean trailers cannot be lifted vertically, restricting a large
modal shift from road to rail [19]. Instead of vertical
transshipment equipment, Woxenius [49] suggested vari-
ous horizontal transshipment technologies that require
less space, staff, and handling times. Horizontal trans-
shipment technologies also provide less cost for transfer-
ring cargo between trucks and can produce a remarkable
shift from road to rail [50-52]. Recently, several tech-
nology providers developed horizontal transshipment
solutions for non-liftable semi-trailers; see, for example,
Modalohr, CargoBeamer®. The key problem is that the
high investment costs of horizontal transshipment tech-
nologies make the modal shift decisions more difficult,
especially if the benefits of intermodal transport remain
uncertain [53, 54].

4.1.5 Lack of advanced ICTs

When shipments change transport mode at MFT ter-
minals, this requires fast information flows and efficient
collaboration among railway operators, port authorities,
road hauliers, cargo handling companies, and customs
[55]. Tsiulin et al. [56] showed that the lack of advanced
IT applications causes several operational problems, such
as inefficient document management and cargo picking-
up error or cargo theft. Therefore, ICTs enable efficient
interfaces at MFT terminals for achieving smooth freight
transfer among different modes [31, 57]. Besides improv-
ing information sharing, using ICT-based planning
solutions, e.g., yard and berth planning algorithms, can
improve the distribution of capacity and space for freight
shipments in yards and at berth [58]. Harris et al. [59]
noted that ICTs can also improve handling time, opera-
tion costs, and customer service and satisfaction at MFT
terminals.

4.1.6 Risk of freight loss and damage

In MFT, freight might have a higher risk of freight dam-
age or loss because of multiple levels of transshipment
at terminals [14, 40]. In recent decades, there has been a
notable increase in goods requiring temperature control
during transportation, like perfumes, medicines, pack-
aged food, and other products sensitive to temperature.
Railway rolling stock has not adapted to this demand
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due to a lack of modern features such as onboard elec-
tricity in wagons. Thus, freight damage might also hap-
pen if there is a lack of temperature-controlled trailers/
containers and continuous temperature monitoring in
refrigerated containers stored at MFT terminals [40,
60]. According to Rich et al. [61], the risk of freight dam-
age is very important in the case of high-value goods,
which are generally more sensitive towards poor, multi-
ple transshipment operations. In addition, theft of cargo
might happen while trains wait at borders or sidings. For
example, many sidings of the Europe-Asia road-rail link
are in remote areas where train security is not high. This
increases the transport cost due to the need for cargo
protection and insurance [15, 19].

4.1.7 High terminal charges

Several scholars agree that transshipment costs at MFT
terminals are one of the largest cost components of inter-
modal solution transport, representing an important
barrier [18, 62]. According to Paixdo and Marlow [45],
port charges represent 70% of total short-sea shipping
costs. Port of Esbjerg et al. [63] suggested that building
the MFT terminal within the port environments might
reduce its handling costs on the condition that the port
staff or the stevedoring companies can fit the MFT oper-
ations into the ongoing port operations. This way enables
avoiding the non-productive time and purchasing extra
equipment.

4.2 MFT network-related barriers

The MFT network involves all routes and intermodal ter-
minals which transport services can use. Among other
factors, the characteristics of the transport vehicles, cor-
ridor layout (number of terminals along the corridors),
road access to the terminals, and long-haul characteris-
tics affect the efficiency of intermodal operations along
the corridors and influence the ability to attract cargoes
to MFT. Six intermodal network-related barriers could be
identified as follows:

4.2.1 Poor haulage roads

Pre-, and post-haulage (PPH) trips account for a large
share of the MFT’s externalities and costs, for instance,
around 50% [23]. This is because PPH trips are mostly
performed during commuting peak hours and, conse-
quently, road congestion impairs terminal accessibility
[47, 48]. This increases the operating costs, environmen-
tal impacts, and transport time of the PPH operations.
This also risks the road trucks missing their appoint-
ments with the terminals [64]. Hasan et al. [42] reported
that trucks might not be allowed to cross the city during
the daytime to reach the terminal, so trucks must wait,
increasing the trucking time and the total logistics cost.
Santos et al. [23] reported that the large distance between
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the MFT terminal and the main infrastructure network
leads to longer drayage distances or times, which might
impair the competitiveness of intermodal solutions. To
ensure the right prerequisites for modal shift, the govern-
ment can increase the capacity of the terminals’ access
roads [23] or build an elevated expressway to bypass the
city, hence reducing trucking times [42].

4.2.2 Few MFT terminals

Establishing many terminals along the transport corri-
dor cause short PPH trips from or to the terminal, which
is important for urban logistics to intermodal transport
[20, 22]. Small towns along the transport corridor often
lack MFT terminals, making freight transport customers
of small towns dependent on road transport [26, 65-67].
Therefore, a denser network of small-scale terminals is
needed to realize the MFT benefits [68]. Furthermore, a
denser network of small-scale terminals provides flexibil-
ity to react to disruptions such as blockage of the main
rail route by diverting traffic to an alternative terminal.
However, such a denser network might increase the high
fixed costs and transport network overheads [20]. With
horizontal transshipment technologies, it is possible to
develop a network of small terminals, at a comparatively
lower cost, along the corridor where train operators can
pick up or transport fewer containers at each terminal
[50].

4.2.3 Lack of advanced trains

Faster and longer freight trains can improve the eco-
nomic performance, wagon turnaround time, operating
cost, and productivity of intermodal rail transport [10,
51, 63, 69-72]. Truschkin and Elbert [51] suggested that
introducing long trains can be more important than pro-
viding subsidies to intermodal operators. For instance,
increasing train length by four more Megaswing wagons
would make the intermodal cost equal to road transport
cost, given that 79% of train loading space is utilized [70].
However, faster and longer freight trains might face some
infrastructural and operational constraints. For example,
emergency braking on switches could lead to the risk of
derailment while loss of grip can happen when restart-
ing from a standstill on steep railway lines [73, 74] and
another constraint is the inadequate length of many exist-
ing passing sidings [75]. While freight trains are faster,
the average speed would be between 50 and 60 km/hr
because of the relatively long dwell times at terminals
and weak cooperation among the national infrastructure
operators [69, 70]. As noted in the work of Gurri et al.
[76], a train with electric current along the trainset and
power distributed along the wagons could solve these
technical problems.
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4.2.4 Lack of electrified rail network

Electric trains use energy less than diesel trains, and
therefore, they can improve operational costs and emis-
sions of intermodal rail transport [19]. For instance,
Merchan et al. [77] reported that electric trains in Bel-
gium reduced 26% of their environmental impact. Fur-
thermore, electric locomotives enabled the transport
of heavier loads, which provided an opportunity for the
cost-environment-energy performances of the MFT sys-
tem. In Europe, around 55% of th rail network is elec-
trified, requiring train operators to run a train with two
locomotives (electric and diesel) or change from elec-
tric to diesel [78]. This increases capital costs and lead
times, making operations more expensive [15]. Smith et
al. [57] showed that using electrified rail services leads to
important cost advantages if oil prices increase over time
because of international events and limited oil reserves.

4.2.5 Poor navigability of waterways

The limited navigational capacity is an important chal-
lenge for the competitiveness of MFT using inland water-
ways. According to Walker et al. [37], poor navigability of
waterways is caused by several reasons, including narrow
sections, shallow sections, and low bridges on waterways.
Hasan et al. [42] reported that the shallow sections of the
waterways at Dhaka—Chittagong in Bangladesh require
ships to wait for high tide to cross these shallow sections.
In addition, some portions of the channels have sharp
bends, disallowing the use of mega-ships and high sailing
speed. They noted that improving the channel navigation
through infrastructure development can reduce 6 h in
the average transit time for IWT vessels.

4.2.6 Long transit times

Transit time represents the total time from origin to des-
tination and is an important determinant for promoting
MEFT solutions since they are competitive with road [19,
41]. Winebrake et al. [79] indicated that rail transport is
often cost-competitive, but it always has a longer transit
time than other transport modes. Loading and unload-
ing operations at terminals increase transit time and thus
reduce intermodal transport preference [11, 80]. More-
over, the yard dwell time of freight trains ranges between
10 and 50% of the total tranit time in Europe [4]. The high
variability in the yard dwell times impairs the overall ser-
vice reliability of intermodal rail transport. Beskovnik
and Golnar [46] also reported that most cargo delays
occur at ports, which in turn increases the transport cost
and time in the maritime supply chain.

4.3 Management-related barriers

Managing MFT is complex because of the participation
of different stakeholders, who might be competitors.
There are management-related factors influencing the
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ability of MFT solutions to compete with road freight
transport. Intermodal transport management is faced
with six barriers as follows.

4.3.1 Lack of MFT service provider

MFT chain is sometimes managed by different opera-
tors, e.g., rail operators and freight forwarders [81]. How-
ever, shippers and consignees typically prefer purchasing
transport services from a single operator, i.e., MFT ser-
vice provider, who will take the liability for delay, loss, or
damage of the cargo [10] and select the best combina-
tion of modes and carriers to achieve the needs of ship-
pers or consignees [14, 40, 82]. MFT service provider
also enables efficient cooperation among all stakeholders
along the transport chain, e.g., combining freight from
different shippers to improve the train’s capacity utiliza-
tion and PHP operations [83]. For example, an MFT net-
work was implemented between Rotterdam, Moerdijk,
and Tilburg and could achieve a stable modal split of 19%
truck transport, 46% ship transport, and 35% rail trans-
port, exceeding the port’s overall goals for 2033 [84].

4.3.2 Poor information sharing

On the operational level, information sharing among dif-
ferent MFT actors is necessary for the efficient execution
of the scheduled transport services of different trans-
port modes [14, 82] and rapid response in real-time to
any disturbances (such as accidents, weather changes, or
equipment failures) [5, 85]. If one or more actors in the
transport chain do not share their logistics information,
this might create “black holes” in the freight information
along the supply chain, which in turn hurts the competi-
tiveness of intermodal solution transport [40, 57]. For
example, inefficient information sharing between termi-
nal operators and truck drivers make it difficult for truck
drivers to pick up their containers without long waiting
times and high empty running, increasing the costs of
drayage operations (Jun, 2020). Compared to unimodal
transport, information sharing among trading partners of
MFT is very complicated due to the cost associated with
information sharing, different IT interfaces, and the risk
that their competitors will use the information [3, 34, 57].

4.3.3 Limited freight data

From a policy perspective, infrastructure planners can-
not efficiently conduct policy analysis and make long-
term decisions about the best sites and capacities of MFT
terminals due to the limited data available on freight
movements and their aggregate static nature [3, 86]. In
addition, the lack of high-quality freight data leads to an
inaccurate representation of external costs in transport
costs, affecting the cost competitiveness of MFT solu-
tions [87]. In Australia, for instance, strategic intermodal
rail freight decisions were always challenged by lacking
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complete, up-to-date, and reliable freight data and the
high cost incurred to collect and use those data. With the
rail deregulation process, the number of private rail oper-
ators increased, reducing the availability of rail freight
data due to severe competition among rail operators [86].

4.3.4 Lack of organizational communications

The promotion of MFT highly depends on the quality
of communication and interactions among the different
stakeholders in the freight transport chain [86]. The lack
of organizational communications among potential inter-
modal transport stakeholders is an important barrier to
promoting intermodal rail transport [14]. Empirical evi-
dence showed that direct transport users, i.e., shippers
and final customers, might not be aware of the possibili-
ties of MFT solutions, and they do not know who to con-
tact to identify the best MFT option for them. In most
cases, this is due to a lack of organizational communica-
tions among the port or rail operators and direct users
[63].

4.3.5 Lack of a business model

The business model defines how to improve intermo-
dal freight services regarding reliability, lead time, costs,
and flexibility [88]. In North America, Spychalski and
Thomchick [88] reported that the business model could
ensure reliable trains schedules among major terminals,
competitive service prices, and integrated planning of all
intermodal operations using ICT tools. Several studies
agree that business models should consider vertical and
horizontal cooperation schemes among different actors
for achieving service improvements, cost reduction, and
economies of scale [63, 70, 89, 90]. Lehtinen and Bask
[81] classified the existing business models for intermo-
dal rail transport into four types based on who takes the
responsibilities for MFT: the rail freight operator and
the 3PL logistics service provider, a large shipper, the rail
freight operator, and several 3PLs.

4.3.6 Advanced planning systems

Advanced MFT planning systems are necessary for pri-
vate stakeholders, such as MFT operators, and public
actors, such as policymakers and port authorities, to
achieve effective operational and strategic planning [3].
Without advanced planning systems, it is hard for ship-
pers to evaluate the cost-effectiveness of MFT solutions
because of the increased complexity of MFT planning
compared to road transport [91]. Advanced MFT plan-
ning systems can be implemented as one integrated
‘Internet’ platform connecting all actors in the MFT
chain by using different tracking and Internet-based
technologies. These platforms enable different actors
to collaborate and share real-time information seam-
lessly and securely on all operations from dispatch to
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arrival [59]. See, for example, the GIFTS Platform [92].
Advanced MFT planning systems also involve computa-
tional algorithms for operational and real-time planning
of transport orders and reactions to any disturbance [5].
For more details, see the literature survey in [3].

4.4 Regulations and subsidies -related barriers

Promoting intermodal transport also depends on the
extent of the governmental support, which could be reg-
ulations and subsidies, e.g., more stringent environmen-
tal regulations, road pricing policies, investment for MFT
infrastructure, and higher fuel and energy prices. The
lack of government support can hinder the modal shift
towards intermodal transport. The following discusses
five barriers to regulations and subsidies.

4.4.1 Inadequate pricing policies for road transport

Road pricing policies can increase road haulage costs and
put external pressure on road freight transport compa-
nies to change their overall business strategy by consider-
ing intermodal rail transport in the future [40]. Vehicle
and fuel taxes and stricter environmental legislation are
the most used policies to internalize external transport
costs [93—-95]. Moreover, direct road user charges, e.g.,
tolls for heavy-duty vehicles, could effectively produce a
shift to rail or water in some EU countries such as Swit-
zerland, Germany, and Austria [31]. However, Wood-
burn [39] found that some companies might improve
their road transport efficiency in response to increasing
road haulage costs rather than shifting to other transport
modes. Other companies might formulate contracts in
a way that enables passing the increases in fuel prices to
their customers. Rich et al. [61] stated that efficient rail
and inland waterway networks should be in place before
increasing road charges, so a modal shift is most likely to
happen.

4.4.2 Lack of full rail liberalization

Rail market liberalization aims to stimulate the entry of
new rail freight operators into the rail market and prevent
the track company (the infrastructure owner) from dis-
tinguishing its trains from those of other operators. This
creates fair and free competition among new entrants
and incumbent operators, improving the costs and effi-
ciency of rail freight services [96]. Regardless of the liber-
alization initiatives and reform packages suggested by the
European Commission [16], full rail market liberaliza-
tion is not achieved yet, impairing the competition in the
rail freight transport market [10, 97]. In some European
countries, e.g., Ireland, Greece, Croatia, Lithuania, Lux-
embourg, and Finland, the incumbent freight operator
has 100% of the marketshare [98]. This may reduce the
growth of intermodal rail freight transport [31, 97].
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4.4.3 Allowing high-capacity road vehicles

Many countries, e.g., Canada, Australia, Brazil, and Scan-
dinavia, permit larger and heavier vehicles (LHVs) with
lengths and weights up to 32.5 m and 76 tons, respec-
tively. This is unacceptable from the point of view of poli-
cies to encourage intermodal transport. This is because
allowing LHVs can reduce road freight costs and, conse-
quently, induce a shift from rail and water to road trans-
port [31, 99]. For example, Liimatainen et al. [100] found
that sharing rail freight transport decreased by 4% due to
allowing LHVs. In Sweden, Pélsson et al. [101] showed
that the shift from rail to road would reach 8.7% due to
permitting LHVs (74 tonnes/34 m vehicles). In Belgium,
Meers et al. [102] showed that a 5% price reduction in
road transport due to allowing LHVs could reduce the
market share of intermodal transport by 15%. Palsson
and Sternberg [101] suggested that such a modal shift
can be avoided if a kilometre-based charge for the LHVs
is implemented. It is worth noting that adjustments to
road infrastructures, including turning points, guardrails,
and jersey barriers, originally designed for lower loads
and smaller vehicles, must be considered to allow for safe
operations of the LHVs.

4.4.4 Lack of incentive policies

Governments might implement some incentive policies
to improve intermodal service share [11]. Several studies
suggested a variety of legal and fiscal incentives for inter-
modal transport services [13, 14, 23-26, 103]. Table 1
summarizes the policy incentives identified from the
existing literature.

4.4.5 Lack of awareness programs

Customers historically view the MFT as a time-consum-
ing and inefficient transport mode. Consequently, logis-
tics managers perceive that a shift from road to rail and
waterways transport might significantly affect the flex-
ibility of their supply chain in terms of delivery frequency
and quantity [14, 83]. Freight forwarders and shippers

Table 1 Policy Incentives for Promoting MFT
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might lack knowledge of recent MFT solutions advances
[63]. The economic and delivery quality criteria are often
prioritized over saving the environment since freight
shippers are not interested in or are less conscious about
environmental sustainability [11, 36]. Therefore, govern-
ments should increase the awareness of freight transport
sectors by clarifying incorrect claims regarding inter-
modal solutions and providing educational training for
freight forwarders on how to operate multimodal trans-
port efficiently [40, 104, 105].

4.5 Delivery characteristics-related barriers

Freight delivery characteristics include flow geography
(e.g., shippers’ locations and customers), delivery fre-
quency, transport management (e.g., the use of own or
external transport modes), and the types and volumes of
goods transported. Freight delivery characteristics affect
the extent to which the transport quality would reduce
with a change in transport modes. Four barriers related
to freight delivery characteristics are discussed as follows.

4.5.1 Inadequate freight characteristics

Freight characteristics can be divided into market-related
characteristics (e.g., value and demand of freight) and
physical characteristics (e.g., the value-to-weight ratio
and the perishability of the freight) [11]. Only certain
freight characteristics are suitable for intermodal trans-
port. Some cargo might have physical characteristics that
necessitate special handling requirements or lead to a
higher risk of damage and theft in intermodal transport
solutions. Also, this issue might be due to the outdated
rolling stocks that have not been upgraded for decades
and capture a significant market share. Low-weight and
high-value goods are often transported by road or air to
reduce the capital in-transit inventory, while low-value
and heavy bulk commodities, e.g., coal and grain, are fre-
quently shipped by rail or water [30, 31].

Incentive policies Description

Grants for MFT infrastructure and equipment

Grants for companies to buy intermodal handling equipment, construct new terminals, or ex-

pand existing terminals. For example, funding transport infrastructure (TEN-T projects) in Europe.

Exemption from road vehicle tax.
Exemption from cabotage restrictions.

Exempting liftable semi-trailers used in MFT from the road vehicle tax.
To promote MFT, governments can exempt the initial and final road trips of MFT made by

foreign haulers (i.e, cabotage) from traffic restrictions.

Increasing max gross weight of road vehicle for
MFT transport

Partnership programs

transport.

Governments may allow more cargo weight on semi-trailers within MFT than those in road

Public private-partnership programs for co-financing the construction of new terminals. For

example, the public entity owns the land while the private company constructs the terminals
and ensures enough demand for the MFT services in the future.

Subsidies to freight operators.

Financial aids can be introduced in the form of a reduction of track access charges as well as

custom costs during MFT operations and a waiver of road toll charges. For example, The Marco
Polo Program in Europe compensated projects with €1-2 per 500 tkm shifted.
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4.5.2 Just-in-time practice
Ooperational preferences of customers/shippers

regarding just-in-time deliveries have greatly increased
and affect the carriers’ decision on the mode choice
[106]. Just-in-time practice necessitates fast, frequent,
and reliable freight transport. Thus, several studies
consider just-in-time practice as a disadvantage for
intermodal rail and inland water transport solutions
[10, 11, 31, 39]. Some studies suggest that this barrier
might be overcome by collaborative logistics in differ-
ent just-in-time supply chains, which can be incentiv-
ized by new legislation to enable modal shifts [107].

4.5.3 Unfavourable flow geography

The freight flow’s geographical characteristics include
the transport’s total distance to be covered and the
availability of intermodal links as an alternative to road
trucks. Intermodal rail and waterways modes only
become cost-competitive when transporting a large
amount of freight over long distances [28, 29] because
of the additional cost of pre and post-haulage opera-
tions [91, 108]. The break-even distance of intermodal
rail transport ranges between 600 and 900 km [29].
In small countries, e.g., Denmark, transport distances
are short, and with increasing terminal charges, this
makes the MFT solutions more expensive than road
transport [63]. Short sea shipping has a cost-competi-
tive advantage over a transport distance between 1100
and 2500 km [109].

4.5.4 Transportoutsourcing

Shippers often outsource their freight transport to
freight forwarders, who typically decide on the trans-
port modes and are often restricted to specific trans-
port modes. Therefore, transport outsourcing can be
a barrier to shifting from road to intermodal solutions
[110, 111]. In addition, freight forwarders might have
semi-trailers that are non-cranable and less suitable
for intermodal rail solutions. Therefore, the success of
the intermodal solution depends on the performance
of the contracted freight forwarders [40].

4.6 Interoperability-related barriers

Globally, MFT might be challenged by the lack of
interoperability across national rail networks, if
neighbouring countries have differences in rail infra-
structure standards [32]. The following discusses four
interoperability-related barriers.

4.6.1 Loading gauges and weight limits

In rail transport, the loading gauge represents the max-
imum height and width of rail vehicles when loaded.
Therefore, if countries use different loading gauges
and weight limits, operating freight trains across their
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railway networks is hindered by the inability of trains
to pass safely through bridges and tunnels [19, 32,
112]. Compared to the Americas, Asia and Europe are
linked by railway networks that use different railway
systems, lacking common railway standards [15]. Due
to different loading gauges, European intermodal rail
freight operators could not achieve economies of scale
in train operation, similar to North America [113]. To
promote the shift from road to rail, many European
ports started adapting their rail facilities to the stan-
dard rail gauge, such as the Port of Barcelona [112].

4.6.2 National Train control standards

Train control systems are the hardware and software
equipment that track the positions and motions of
trains to ensure that they run safely, over the intended
route, and according to schedule. Across Europe, there
exist more than 20 different train control systems,
obstructing cross-border traffic due to the need to
stop the train for changing locomotives. For example,
there are seven types of train control systems on the
Paris-Brussels-Cologne and Amsterdam routes [114].
European Commission had several initiatives to cre-
ate the European Railway Traffic Management System
(ERTMS), which is standardized rail communication
and signalling system that allows for efficient border
crossing of trains, with investments of over €770 mil-
lion [112]. The vast deployment of ETRMs will cre-
ate a seamless European railway system and improve
the railway’s competitiveness. In the future, ERTMS
could be integrated into an efficient multimodal digi-
tal freight system for supporting the smooth cross-
border operations of intermodal railway transport
[59]. It is important to note that many trains today do
not access the high-speed or high-capacity networks
where ERTMS is mostly applied. What is needed, then,
is poly-current and poly-voltage freight rolling stock
suitable for running on the ERTMS network. Border
crossing procedures.

The inconsistent or time-consuming cross-bor-
der procedures between countries within the same
region, represent a challenge for increasing the use
of intermodal rail freight transportation [12, 115]. In
the early years of short-sea shipping, customs-related
operations at borders were identified as a challenge
in Europe [116]. If customs services are unavailable in
terminals on a 24-hour basis, this would lead to signifi-
cant delays in MFT. Thus, simplifying and unifying the
border control processes can improve the effectiveness
of MFT. Europe addressed this barrier by using ICTs
such as electronic authorization and the application
of electronic data interchange for customs procedures
so that cargo does not require a check every time it
passes a border. Moreover, policy initiatives suggested



Karam et al. European Transport Research Review (2023) 15:43

making guidelines for customs procedures and iden-
tifying and eliminating obstacles delaying the border-
crossing processes.

4.6.3 Different information formats

Actors in the intermodal transport chain have differ-
ent information technology, interfaces, and formats.
Adopting these technologies is hampered by a lack of
standards for data exchange and technologies, hinder-
ing information sharing and processing, and resulting
in “black holes” in shipment information [57]. Through
the COMCIS project, this problem was addressed by
standardizing data systems and sharing [117].

5 Solution strategies to the identified barriers
Herein, we discuss various solutions to the identified
barriers, such as infrastructure expansion, and adop-
tion of new technologies and regulations.

For MFT terminals-related barriers improving service
reliability requires implementing a system resilience for
assessing and mitigating the negative effects of disrup-
tions and identifying ways to recover quickly from dis-
ruptions [118]. Synchromodal transport concepts can
change modal combinations and operational timetables
after the shipment has departed in response to new
information or a disruption [119], and it can increase
service flexibility and reliability. Building dry ports, a
concept called extended gateway, may increase the ter-
minal capacity by locating extra terminals near the con-
sumption point [120]. Moreover, this may reduce port
congestion and logistical challenges for shippers using
inland waterways [121]. According to existing stud-
ies [50, 51], horizontal transshipment technology can
reduce cargo damage while increasing the effectiveness
and cost of transshipment operations. ICTs can stream-
line terminal operations, secure data exchange, increase
cargo security, and prevent freight delays, loss, or dam-
age [59]. Furthermore, terminal operators can improve
the efficiency of drayage operations by better planning
truck arrivals and operations with truck appointment
systems [122]. Building the MFT terminals within the
port’s boundaries may allow using the seaports person-
nel or stevedoring firms in the MFT operations. This
way can reduce terminal operating costs, allow the port
crew to work more efficiently, and allow purchasing of
additional handling equipment [63].

For the MFT network-related barriers infrastruc-
ture investments in new or dual rail lines, waterways,
MFT terminals, and inland ports are mostly required
to effectively address network barriers. However, these
investments are frequently lacking. To improve termi-
nal accessibility, the government may build an elevated
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expressway to bypass the city [42]. Also, it could build
a network of small terminals along the corridor using
horizontal transshipment technologies at a lower cost
so that train operators can pick up or deliver fewer
containers at each terminal [50]. Introducing mod-
ern trains is key to attracting freight traffic. These
advanced trains feature improved aerodynamics and
technologies ideal for longer, faster, and heavier wag-
ons. Incorporating real-time monitoring and predictive
maintenance ensures optimal efficiency. Despite their
initial high cost, these trains offer long-term benefits
like energy efficiency and enhanced capacity, resulting
in significant cost savings. Along with introducing elec-
tric, faster, and longer freight trains, reduced long ter-
minal dwell times and insufficient cooperation among
national infrastructure operators are also important
(69, 70].

For management-related barriers MFT service pro-
viders are needed to assist shippers in selecting the
optimal mode and carrier combinations to achieve
the required cost, speed, and degree of environmental
impact that satisfy the shipper’s objectives. MFT ser-
vice providers help coordinate efforts among various
shippers to lower costs, travel times, and GHG emis-
sions and implement effective synchromodal transpor-
tation by encouraging collaboration among all parties
of the logistics chain [82, 123]. Furthermore, the busi-
ness model must be based on vertical and horizontal
collaboration forms. In reality, if appropriate incen-
tives are in place, containers and vehicles [124, 125],
facilities [126], and even transport orders [127] may be
shared in MFT systems. MFT routing models must also
incorporate ICT advancements to support and coordi-
nate intermodal operations as new data becomes avail-
able in real-time [3, 85]. According to recent research,
blockchain technology may be used in MFT manage-
ment to overcome obstacles to exchanging information
in shipping businesses and data confidentiality prob-
lems [56]. To establish commercial relations with road
carriers, port, and railroad operators may collaborate
with trucking companies in a last-mile solution [12].

For regulations and subsidies-related barriers inter-
nalizing all the transport external costs is a good policy
to encourage a modal shift to MFT solutions [128].
Additionally, high taxes may be required [93-95].
Taxes may be more effective when combined with other
decarbonization measures. For example, heavy-duty
vehicle tolls applied in most EU countries have suc-
cessfully encouraged rail or inland waterways transport
in Switzerland, Germany, and Austria. Some measures
could also restrict heavy-duty vehicles on corridors
where rail or water, are available [129]. Because labour
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expenses account for a significant portion of transpor-
tation costs, reducing the permitted hours of operation
may encourage a shift from road to rail [35]. Govern-
ments must accelerate rail liberalization by establish-
ing clear regulations [10, 97]. MFT may receive direct
government support. For example, the EU’s Marco Polo
Program paid projects €1-2 for every 500 tkm of shifts
(equivalent to €25-€50 for each tCO, avoided). Further-
more, the government should promote awareness of the
MET benefits through educational and training initia-
tives [11, 57]. Marketing campaigns may be an excellent
way for businesses to disseminate current information
on MFT and encourage modal shifts [130].

For delivery characteristics-related barriers with
shifting from “push” logistics services to “pull” services,
transport systems must provide frequent, fast, and reli-
able delivery of small shipment sizes. The question is
whether MFT, which includes rail and water, can sup-
port the pull logistics chain. Collaborative logistics may
allow many shippers’ freight to be combined, resulting
in the massive quantities required for MFT to be prac-
tical [131]. New regulations encouraging cooperative
logistics, increased inventory, and shipping may enable
modal change [107]. It is critical to select a transport
service provider with sufficient expertise to provide
high-quality intermodal transportation and meet pull
logistics systems’ needs [40].

For interoperability-related barriers Countries must
upgrade rail infrastructure to a uniform standard rail
gauge to facilitate train travel between neighbouring
countries. ICT improves train system cross-border
interoperability. For example, the ERTMS is a cutting-
edge train management system used in many countries
outside of Europe. Similarly, the EU promoted develop-
ing the River Information System, an ICT system for
inland rivers [132]. ICT systems may expedite border
crossings. The use of technological advancements, such
as electronic data exchange for customs operations, can
also improve interoperability. Policy measures unifies
the rules for customs procedures by establishing “one-
stop” offices for administrative and customs require-
ments across countries.

6 Conclusions

Though several scholars have shown the MFT ben-
efits and the several governmental policies to promote
MFT, a very small percentage of transport uses MFT.
Thus, the present work contributes to the literature
by conducting a systematic review of relevant stud-
ies to identify all potential barriers to MFT growth,
proposing a conceptual barrier framework, and dis-
cussing solution strategies for these barriers. Based
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on the literature analysis, 104 works were identified
and studied, and 31 barriers were obtained. To better
understand these barriers, a six-categories framework
was developed to conceptualize the identified barri-
ers. These categories include MFT terminal, MFT net-
work, management, regulations and subsidies, delivery
characteristics, and interoperability. One key advan-
tage of the developed framework is the barriers cate-
gorization according to the basic aspects of MFT. This
helps decision-makers and practitioners understand
where and when barriers might arise in the MFT chain
and accordingly make informed decisions. Of the 31
barriers, seven are related to the MFT terminal; six
are MFT network-related; six are management-related;
five are related to regulations and subsidies; four are
associated with delivery characteristics, and four are
interoperability-related.

This work also presented solution strategies for
overcoming the identified barriers. Some of these
strategies are implementing a system resilience in
MFT terminals and along the MFT networks, syn-
chromodal transport concepts, extended gateway con-
cepts, horizontal transshipment technology, the use of
ICTs, introducing electric, faster, and longer freight
trains, adopting collaborative business models among
stakeholders along the MFT chain, raising awareness
of MFT advances, and encouraging cooperative logis-
tics, and focusing on waste-prevention initiatives.
Additionally, this paper identified proof examples and
the best practices for each barrier. Moreover, it con-
tributed theoretically and practically to the literature.
Theoretically, it expands the previous barrier categori-
zation into a conceptual barrier framework consisting
of six categories. Practically, the developed framework
enriches the material database for scholars and serves
as a valuable reference and guide for decision-makers
and practitioners in making decisions to implement
MFT. Moreover, this research might offer a benchmark
for assessing the success of MFT applications by ana-
lyzing the potential barriers to MFT developments and
giving suggestions for accelerating MFT growth.

Despite the provided valuable insights, the study
has its limitations. Firstly, the identified barriers were
not ranked in relative importance. Although citation
frequency can be used to rank them, this approach is
inaccurate as the literature’s emphasis on particular
barriers changes over time. Secondly, the study over-
looked the interlinkages between these barriers. To
address these limitations, future research can utilize
ranking and pairwise comparison techniques, e.g., Del-
phi and Analytical Hierarchy Process (AHP), to deter-
mine the relative importance of identified barriers and
develop better mitigation strategies. It would also be
valuable to quantify the influences of different barriers



Karam et al. European Transport Research Review

(2023) 15:43

on MFT using multi-agent simulation and modelling

methods.

7 Appendix 1: the identified barriers to MFT

Categories Specific barrier References
MFT terminal-  Poor service flexibility [10, 15, 19, 35-40]
related barriers  poor service reliability [18,19, 35, 36,
41,42]
Insufficient terminal capacity [43-48]

MFT network-
related barriers

Management-
related barriers

Regulations and
subsidies -re-
lated barriers

Delivery charac-
teristics-related
barriers

Interoperability
-related barriers

Lack of horizontal transship-
ment technologies

Lack of advanced ICTs

Risk of freight loss and damage
High terminal charges

Poor road haulage

Few MFT terminals

Lack of advanced trains

Lack of electrified rail network
Poor navigability of waterways
Long transit times

Lack of MFT service providers
Poor information sharing

Limited freight data

Lack of organizational
communications

Lack of a business model

Advanced planning systems

Inadequate pricing policies for
road transport

Lack of full rail liberalization

Allowing high-capacity
vehicles
Lack of incentive policies

Lack of awareness programs

Inadequate freight
characteristics

Just-in-time practice
Unfavorable flow geography

Transport outsourcing
Different Loading gauges and
weight limits

Different national train control
standards

Different border crossing
procedures

Different information formats

[19,49-51, 53, 54]

[31,55-59]
[14,40,60,61]
[18,62]
[23,42,47,48]
[20, 22, 26, 50,
65-67] [68]
[10,51, 63,69, 70]
[15,19,57,77,78]
[37]1[42]
[11,19,41,46,79]
[80]

[10, 14, 40, 81-84]
[3,5, 14, 34,40, 57,
82,85]

[3,86,87]

[14, 63, 86]

[14,63,70, 81,
88-90]

3,59, 91]

[31, 39, 40, 93-95]

[10, 16,31, 69,
96-98]
[31,99-102,133]

[11,13,14,23-26,
103]

[11, 14,36, 40,57,
63, 83] [104] [105]
[11,30,31]

[10,11,31,39,107]
[28,29,63,91, 108,
109,131]

[40,110, 111]
[15,19,32,86,112,
113]

[59,112,114]

[12,115,116]

[57]
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