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Abstract

The imbalances in world trade also affect container traffic and lead to large differences in
import and export rates of many locations. As a consequence of this, the surplus containers
are repositioned to locations where they are required, which causes high costs. Many studies
in the literature have addressed this issue from different aspects. This study examines the
studies and trends in empty container repositioning (ECR) practices and reveals the missing
research areas in the literature. It discusses the mathematical models developed in the
literature and addresses real-life applications of the liner carriers. The study also emphasizes
how the opportunities in technological development can be used in ECR practices and
provides suggestions for research topics that can be studied in the light of current trends in
container shipping. It exhibits the actors involved in ECR operations and discusses the
strategies applied in liner shipping. The main purpose of the study is to put forward research
and real-life application opportunities in the field of ECR.
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1. Introduction

The container, which “made the world smaller and the world economy bigger”, has been one
of the most important catalysts of globalization. Since the container ensures safe, comfortable
and intermodal transportation opportunities, it has made a revolution in transportation and has
become one of the most preferred transportation types in international trade. The imbalances
in the worldwide trade affect the container traffic directly and cause imbalances in the
number of containers in many locations. In other words, export dominant locations have
deficits in terms of number of containers and import dominant locations do surpluses.
Consequently, surplus containers should be repositioned as empty to the locations where they
are required.

Figure 1 shows the estimated cargo traffic on the main shipping routes in 2015. As can be
seen, there are a lot of exports of containerized cargo from Asia to Europe. On the other hand,
the imports to Asia from Europe are not even half of this rate. So it can be said that one of the
two 20dv full containers going from Asia to Europe, will not be used after the containers have
been unstuffed. On the other hand, containers are required in Asia to meet the demand for
exports. Hence, the empty containers, which are not used in Europe, are transported back to
the locations in Asia or to other locations where they are required.

Eastern Asia-North America _
Asia-Europe [
North America-Eastern Asia _ 7.2
Europe-Asia _ 6.8
Europe-North America _ 4.1

Figure 1. Containerized cargo flows on major trade routes in 2015 (in million TEUs) (Source:
UNCTAD, 2016a, Lloyd’s List, Statista)

As Figure 1 shows, another imbalance situation exists in the containerized trade between
Europe and North America, and Eastern Asia and North America. A similar trade imbalance
on the main routes is still present today. Empty containers that are held and handled at
terminals and depots, and repositioned due to trade imbalances cause extra costs for the
container shipping companies. In other words, while the shipping companies make money by
carrying full containers, they spend money for the repositioning of empty containers.
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According to many experts, the total repositioning costs of empty containers exceed 20
billion dollars annually. Therefore, one of the main objectives of all container shipping
companies is to reduce the ECR and accordingly the ECR costs.

Empty container repositioning (ECR) costs increase the total operations costs of shipping
companies and do not provide any added value to customers. No matter how the ECR costs
are defined and classified, these costs have a crucial act in container shipping. With a more
concrete expression; it is required to decrease and regularly monitor the ECR costs in terms
of providing profitability and advantage in the global competitive environment.

Since ECR causes an increase in overall traffic leading to high carbon emissions, they also
affect the society and environment (Fldmig et al., p.49). Therefore, optimal planning of ECR
would indirectly contribute to reduced congestion and environmental pollution (Hjortnaes et
al., 2017).

ECR has been a point of interest in the academic world. There are significant number of
studies on ECR in the literature. Most of the studies focus on the optimization of ECR
resulting from container imbalances. New strategies and methods on the management of ECR
have been proposed in these studies.

This study examines the researches and trends in empty container repositioning (ECR)
practices and reveals the missing research areas in the literature. It discusses the mathematical
models developed in the literature and addresses real-life applications of the container
shipping companies. The study also emphasizes how the opportunities in technological
development can be used in ECR practices and provides suggestions for research topics that
can be studied in the light of current trends in container shipping. The main purpose of the
study is to reveal underlying studies on ECR in the literature and put forward research and
real-life application opportunities in the field of ECR. In this respect, this study can be
considered as a literature review update on ECR. Through this study, companies in the
container shipping industry will be able to recognize the models and approaches introduced
in the literature to overcome the ECR costs. On the other hand, researchers and scholars will
be able to see in which field on the ECR they can make scientific researches.

In the preparation of this study, following guidelines were applied: First of all, the keywords
used for the search were named. Key words such as ‘container logistics’, ‘container
management’, ‘empty container movement’, ‘empty container repositioning’, ‘empty
container optimization’, ‘costs in container shipping’, ‘pricing in container shipping’, ‘cost
optimization in container shipping’, ‘cost management in maritime logistics’, ‘container
sharing” were searched in academic databases, journals and scholarly search engines. As a
result of these searches, articles related to the study’s topic were selected. Moreover, the
references of the articles were verified to find other resources related to the study’s topic.
Sector reports and online news web-sites such as Lloyd’s List, World Maritime News were
also used for some topics. Furthermore, the books that stand out in terms of maritime
transportation, container shipping and logistics were referred as important resources as well.

In addition to reviewing the literature, the authors’ practical and professional experiences in
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the container shipping industry have also been taken into consideration in putting forward the
current situation, trends, problems and suggestions in the industry. The titles in the next
sections have been specifically developed in light of the practices in the industry and they
refer to issues that have not been dealt much in other studies. As there are very few studies in
the literature on the topics covered in some sections, real life practices on these topics have
been explained and the importance of these implementations has been put forward.

The outline of the paper is as follows: Section 2 explains the management of ECR according
to the decision levels. Section 3 introduces the actors in ECR. Section 4 examines the studies
involving mathematical models on ECR. Section 5 discusses the cost and pricing issues in
ECR. Section 6 presents the strategies to reduce ECR and demonstrates the studies in this
topic. Section 7 highlights the importance of Information Technology (IT) in ECR. Section 8
concludes the study by mentioning some future research directions on ECR.

2. Management of Empty Container Repositioning

Other than the goods transported inside of it, a container itself is also an asset that needs to be
dealt with. The phenomenon of ECR has attracted considerable attention in academic world.
Jarke (1981) made the first review on container management problem and highlighted the
importance of efficient container transportation logistics. Dejax et al. (1987) conducted a
literature review on ECR. The author presented the trends in ECR and addressed the
prominent models developed in the literature for the solution of problems on ECR.

According to the decision levels, management of empty containers are handled in three levels;
strategic, tactical and operational level. Decisions such as the determination of container fleet
size and long-term lease agreements are taken by the shipping lines at strategic level
(Braekers et al., 2011). Vessel route planning, agreements with third-party transportation
providers, terminals and depots can be considered as tactical decisions related to management
of empty containers. Strategic and tactical decision are directly taken by the top management
of the shipping companies. Operational decisions are usually carried out by local agencies
and regional offices of the shipping companies and mainly involve short-term plans such as
distribution of empty containers from surplus locations to deficit locations considering
vessels’ arrivals, departures and capacities on regular basis.

ECR are mainly treated as logistics activities in liner shipping and carried out by the logistics
departments of shipping companies (Baird, 2015, p. 190). In terms of geographical planning
level, ECR take place at four scales; global, interregional, intraregional and local (Theofanis
& Boile, 2008). The global level includes intercontinental ECR and is directly carried out by
the logistics headquarters of the container shipping companies. Sending the surplus empty
containers from North America to Asia can be a good example for the ECR at global level.
The interregional level includes the ECR in a large area and is usually carried out by the
logistics departments at the headquarters of liner carriers as well. Nevertheless, depending on
the proximity of the regions and number of containers, ECR at interregional level can also be
executed by the regional offices of the liner carriers. Repositioning the surplus empty
containers from North Europe to North Africa can be regarded as interregional ECR. The
intraregional level involves the ECR between the locations within the same region, and the
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logistics departments in the regional offices are in charge of such operations. ECR between
Istanbul and Odessa in the Black Sea Region can be considered as this type of planning level.
ECR at local level occurs between the depots and terminals in the same location. For example,
managing the movements and storage of empty containers in Istanbul are at such a level of
planning. This level of operations is mainly carried out by the local agencies of the liner
carriers.

Kolar et al. (2018) examined the behavior of ocean carriers in terms of ECR in a landlocked
hinterland, in Czech Republic. In that study, it was seen that the ocean carriers have different
management strategies according to the decision levels. The investigation of planning levels
is important in terms of understanding the occurrence and patterns of ECR, and therefore in
terms of the designation the ECR costs. So that it can be determined in which region, location
or service line the costs will be allocated.

Kuzmicz and Pesch (2018) made a detailed literature review on ECR. Taking into account the
OBOR initiative, the authors discussed how the ECR will be affected as a result of the trade
imbalance that arises due to container flow between China and Europe.

3. Actors in Empty Container Repositioning

Liner carriers, which are the container shipping companies, are the most important actors in
ECR in terms of expenditures and duration of container usage. Besides the liner carriers, ECR
also have significant effects on other actors in container shipping industry such as other
carriers, terminal and depot operators, inland carriers, leasing companies, shippers and
consignees (Lun et al., 2010, p.151).

For other carriers or third-party vessel operators, transportation of empty containers means
lower income as the freight rates for them are lower than the transportation rates of full
containers. Similarly, for inland carriers, transportation of empty containers also means little
profit. Nevertheless, in case of limited weight and idle capacities on the vessels or inland
transportation vehicles, transportation providers benefit from the shipment of empty
containers.

Compared to full containers, terminal operators also gain lower profit from empty container
handlings and storage. On the other hand, a large number of empty containers cause
congestion and inefficiency at terminals. For this reason, some terminal operators do not
accept empty container deliveries at terminal or charges high storage costs to customers.
Accordingly, many liner carriers prefer to use off-dock depots. The depot operators are
important partners of carriers as they mostly make money from empty container handling,
storage and repair.

Leasing companies are also important actors in the container shipping industry. They own a
share of 41-49% of the total container fleet (Leeuwen, 2016). Carriers usually make
long-term leasing agreements with the leasing companies. Nevertheless, depending on trade
imbalances, short-term leasing agreements take place as well. In general, carriers prefer to
off-hire containers in surplus locations and on-hire in deficit locations. To avoid the
commercial exploitation, leasing companies put some quotas and restrictions to the carriers in
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many surplus locations (Theofanis & Boile, 2009). They can also lease the returned
containers to another carriers in the same locations or reposition them to other locations of
high demand. The relationship between the shipping companies and container leasing
companies is a very broad and different issue that needs to be investigated separately.

Shippers and consignees in container shipping are usually the transportation providers such as
freight forwarders or other carriers, but can also be the direct seller or buyer of the goods that
are carried in the containers. In general, they are responsible for the pick up of empty
containers to be filled at the port of origin, and for the returning of empty containers at the
port of destination. Namely, they also take important place in ECR because of the direct
connections with liner carriers.

4. Optimization Models in Empty Container Repositioning

Researches in the literature have usually examined the problem of ECR in terms of finding
the optimum empty container distribution plan (Hajeeh & Behbehani 2011). Some studies
have taken into account that shipping companies use third-party vessel operators to transport
their empty containers, whereas some focused on the problem through the assumptions that
shipping companies have their own vessels by considering vessel capacity as the full and
empty containers are carried together. This section discusses the studies of deterministic and
stochastic mathematical models developed on ECR.

4.1 Deterministic Models in Empty Container Repositioning

Most of the studies in the literature have addressed the problem of ECR deterministically.

That is, it is taken into account that the parameters in ECR decisions are strictly known. The

first study on ECR in the literature was conducted by Potts (1970). The author solved the

problem of ECR using the standard out-of-kilter algorithm. White (1972) presented an

algorithm that considers the distribution of empty containers as a minimum-cost flow

network problem. Ermolev et al. (1976) introduced a network model for ECR by taking into

account transportation and container leasing costs. In his Phd thesis, Florez (1986) formulated

a dynamic container allocation model for ECR and container leasing. The author introduced a

dynamic transshipment network model which is solved by using two linear programming (LP)
algorithms.

One of the first decision support systems (DSS) based on the network optimization models on
empty container distribution was proposed in the paper of Shen and Khoong (1995) where a
single container type and leasing decisions were assumed. Nevertheless, the technical aspects
about the optimization models were not addressed in the paper. Choong et al. (2002)
examined ECR at tactical level to analyze planning horizon effect on ECR and introduced an
integer programming model that minimizes total ECR costs.

Wang and Wang (2007) studied the ECR problem for inland transportation. They developed
an integer linear programming (ILP) model to minimize ECR costs. The model in that study
also considers the container shortage and leasing costs. Shintani et al. (2007) addressed the
design of container liner shipping service networks by taking into account the ECR. The
authors handled vessel deployment and ECR together and developed a genetic algorithm
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based heuristic for the solution of the problem. The numerical experiments in that study
proved that the simultaneous consideration of vessel deployment and ECR can provide better
results than handling vessel deployment and ECR one by one.

Feng and Chang (2008) studied the ECR problem in terms of safety stock management. The
authors developed a two-step approach to minimize the ECR costs. The first stage determines
the empty container stock and the second stage finds the optimum distribution plan of empty
containers. Bandeira et al. (2009) developed a DSS which considers the distribution of empty
and full containers. Additional to the integrated solution of empty and full containers, the
authors also provided analysis’ for the customer service level in terms of transportation time
and time of order completion.

Dang et al. (2012) examined repositioning of empty containers in a port area with multiple
depots. The authors developed a simulation model and four heuristics to find optimal
inventory policies for empty containers. Dong and Song (2012) studied the ECR problem in a
shipping network with multiple service routes in detail. They introduced two solution
methods to minimize the total ECR costs. The first method is a shortest-path based integer
programming (IP) model and the second method is a two-stage heuristic-rule based IP model.
Numerical results showed that both of the solution methods perform better than the real-life
practices.

Furio et al. (2013) investigated ECR at local level and considered street-turn applications in
the hinterland of Valencia. The authors developed a DSS based on an optimization model that
minimizes total costs of ECR including storage costs at terminals and depots. The
computational results based on the real data showed that the model developed in the study
significantly reduces the ECR costs.

Moon et al. (2013) examined the comparison of the repositioning costs of foldable containers
with standard containers. Three mathematical models were developed in the study to
minimize the total costs including container purchasing cost, repositioning cost,
folding/unfolding cost and storage cost. Two heuristics were also developed in the study to
solve the mathematical models. Numerical results in that study showed the economic
practicality of foldable containers. Myung and Moon (2014) developed a model for the
repositioning of standard and foldable empty containers. The authors represented the ECR
problem as a minimum cost network problem and showed that the minimum cost network
flow algorithm finds the optimal solution.

Zhang and Facanha (2014) analyzed empty container operations plans of a shipping line and
proposed some strategies to reduce the total ECR costs in the transpasific services. Caglar
and Esmer (2015) carried out a qualitative study on the ECR problem in Turkey. The authors
conducted in-depth interviews with port authorities and agencies of liner carriers in Turkey.
They discussed the issues arising from ECR and offered short and long-term solutions.

Huang et al. (2015) studied network design and cargo routing problem and proposed a mixed
integer linear programming (MILP) model that minimizes total operating costs. The proposed
model does not take into account different type of containers but only total number of TEUs.
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The numerical results based on the real data showed promising results in terms vessel
capacity utilization. Akyiiz and Lee (2016) considered a simultaneous service type
assignment and container routing problem. Besides the vessel deployment and speed
optimization, ECR were also taken into account in the study. The authors formulated a MILP
model that minimizes total vessel deployment costs in liner shipping. For the solution of the
problem, a column generation procedure and a branch and bound algorithm were developed.
Thanks to these solution approaches, the simultaneous service type assignment and container
routing problem can be solved in a reasonable time.

Xie at al. (2017) studied empty container management from a game theoretical point of view.
The authors formulated two models -a centralized model and a decentralized model- for an
intermodal transportation system that consists of one rail firm and one liner carrier, and
obtained optimal policies for both models. Hjortnaes et al. (2017) developed a deterministic
LP model for the minimization of ECR costs by considering container repair operations in a
port area. The model was tested with the real data and provided promising results.

4.2 Stochastic Models in Empty Container Repositioning

Although many studies in the literature dealt with ECR in a deterministic way, there are many
uncertainties in real life applications. As the parties in container shipping have different
purposes, vessel arrivals, vessel space and weight capacities, customer demands can change
at any time. Especially, it is crucial to meet customer demand on time in liner shipping.
Studies have been carried out in the literature that take into account the uncertainties of
real-life applications in ECR.

Lai et al. (1995) examined ECR problem and proposed a planning approach to real-life
applications of a Hong-Kong based shipping company. The authors considered the
uncertainty in container demand and developed a simulation model of company’s operations,
and introduced a two-step heuristic in accordance with company’s ECR policy to minimize
total operation costs including handling, storage, short-term leasing and idling cost of empty
containers. Based on the real data, the results of the study demonstrated that their approach
could provide high operational cost savings to the company. Cheung and Chen (1998)
formulated a two-stage stochastic network model which considers the uncertainty in vessel
capacities and number of empty containers in the surplus and deficit locations.

Li et al. (2004) discussed the management of empty containers in a seaport from an inventory
problem point of view by considering positive and negative container demands. This work
was extended in a latter paper which handles the same problem for a multi-port case (Li et al.,
2007). The authors also developed a heuristic algorithm to compute the feasible inventory
policies. The numerical examples in the paper showed that the heuristic could provide very
close results to the optimal solutions.

Song (2006) investigated the optimal policy for ECR in a periodic-review shuttle service.
Random customer demand were taken into account in that study using the Markov decision
process to find the optimal stationary policy of ECR. In addition to storage and transportation
costs, the model proposed in the study considers the container leasing costs as well.
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Some studies handled dynamic repositioning of empty containers considering the
uncertainties. Crainic et al. (1993) proposed both deterministic and stochastic dynamic
network models for inland repositioning of empty containers at tactical level. Lam et al.
(2007) introduced a dynamic stochastic model for ECR problem in a two-ports two-voyages
system. Erera et al. (2009) developed a robust optimization model for dynamic ECR. All
these studies have shown promising results in reducing ECR costs.

Dong and Song (2009) introduced a simulation-based evolutionary algorithm to minimize the
total ECR costs of a shipping line which has its own vessels. In their model, all type of
container sizes and full containers are also considered which directly influence empty
container allocation on the vessels in terms of TEU capacity. The strength of the model is to
include almost all the cost items such as transportation cost, storage cost, container handling
cost, penalty cost for unmet demands in ECR.

Francesco et al. (2009) handled ECR problem under uncertain parameters. They proposed a
mathematical model to minimize the ECR costs by considering transportation, storage and
handling costs in a shipping network. The computational results based on the historical data
of a shipping company showed that the proposed mathematical model provides better
repositioning plans for empty containers in comparison to the deterministic ones. Long et al.
(2012) examined the ECR problem at the operational level and formulated a two-stage
stochastic programming model which minimizes the ECR costs. Their study handles with the
uncertainties in the demand and supply of empty containers, available space and weight
capacity for empty containers on the vessels. The authors used sample average approximation
method to solve the stochastic problem. Moreover, for the solution of the large-scale
problems, two heuristics algorithms were applied in the same study. The numerical results
demonstrated that the algorithms provide good solutions and can significantly reduce the
ECR costs.

Wang and Tang (2010) studied the container transportation problem considering full and
empty containers only for maritime transportation under uncertain container supply. The
authors proposed a chance-constraint programming model which is transformed into an
integer programming model which has an objective of maximizing the total profit. The
numerical examples of that study showed promising results. Francesco et al. (2013) studied
the ECR problem considering disruptions of port calls. They developed a stochastic
programming model including different scenarios regarding the uncertainty in port
disruptions. The computational results in the study proved the effectiveness of the model
which solves even the large-scale problems in a few minutes in CPLEX optimization
software.

Mittal et al. (2013) investigated the ECR problem in terms of deciding for opening new
inland depots in a service network. In their study, the authors considered the uncertainty in
container demand and supply, and developed a two stage stochastic programming model with
recourse that minimizes ECR costs to find the optimum locations of the inland depots to be
opened in a 10 year time horizon.

Wong et al. (2015) developed a yield-based container repositioning framework based on a
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constraint LP model. The model considers the uncertainty in the upsurge container demand.
The results of the proposed model in the study provided satisfying container repositioning
plans and can be used as a decision support tool for real life applications.

5. Cost Estimation in Empty Container Repositioning

Pricing in container shipping is a broad topic to be examined on its own. As Slack and
Gouvernal (2011) stated, the structure of container freight rates have become much more
complex. When offering a freight rate, all the costs should be taken into consideration in
order to see how much profit or loss will be made. So, it is necessary to make an accurate
cost analysis to offer a lucrative freight rate. In this regard, pricing and cost analysis issues
are at the center of container shipping. However, this subject has received little attention in
the literature. Similarly, estimation of ECR costs has been little studied in the literature as
well. Along with other costs, ECR costs should also be taken into account when determining
an accurate freight price. To put it more precisely, costs of ECR incurred before the shipment,
and costs to be generated after the return of container from the consignee at the port of
destination must also be added to the shipment price.

Slack and Gouvernal (2011) examined the effect of surcharges on container freight rates. The
authors revealed the role of surcharges such as terminal handling charges (THC), bunker
adjustment factor (BAF) and currency adjustment factor (CAF) on a real data in detail.
Although the ECR costs were mentioned as logistical imbalances surcharges in their paper,
the authors did not elaborate on this issue.

One of the first studies on revenue management in container liner shipping was conducted by
Wang et al. (2015). The authors developed a bi-level optimization model to maximize the
expected profit of a shipping line. The analyzes in the study revealed beneficial results for
pricing decisions of the managers. Liu and Yang (2015) studied slot allocation of full and
empty containers on a sea-rail transport line in terms of revenue management. The authors
introduced a two stage model where the first stage finds the optimal slot allocation and the
second stage obtains the optimal pricing strategy. Numerical results showed that the solution
approach developed in the paper can be used as an accurate tool in pricing decisions.

Xu et al. (2015) proposed a mathematical model to analyze how the pricing decisions are
determined depending on the ECR costs. Their study deals with a transportation service that
consists of one carrier and two freight forwarders between two ports in order to observe their
pricing policies on the service.

Goh and Chan (2016) studied the impact of empty container back haul costs in the inland of
USA. They proposed a solution approach to compute the shadow prices of ECR costs by
using Lagrangian and Kuhn-Tucker methods. The numerical results in the study demonstrated
that the solution approach can help the carriers at the operational level to see the effect of
ECR costs on marginal costs in terms of whether or not to accept the spot shipments.

ECR costs have also not been studied much in terms of transaction costs. Lopez (2003)
examined the inland repositioning of empty containers in the USA from ocean carriers point
of view. The author revealed the commercial relationships and characteristics of bargaining

10
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between ocean carriers and inland transportation providers. According to which conditions
the contracts and costs in rail and road transportation may change, was clearly analyzed in the
study.

Lee and Song (2017) presented an overview and research opportunities in global container
transportation where they also discussed ECR from two perspectives: quantity decision and
cost estimation. Quantity decision refers to the traditional optimization methods to decide
from where to where, when and how many empty containers need to be sent in a planning
horizon. This perspective has been quite studied in the literature. On the other hand, cost
estimation is a viewpoint of how the ECR costs would be taken into account in terms of
pricing decisions. Although the authors emphasized the importance of this, they did not
provide detailed information on that issue. Likewise, they did not refer to any study in this
regard as well.

Fazi and Roodbergen (2018) addressed the importance of demurrage and detention costs in
container hinterland transportation. The authors introduced a mathematical model and a
heuristic taking into account demurrage and detention costs in hinterland container supply
chain and showed that better decisions and transport efficiency can be achieved according to
different demurrage and detention policies. Yu et al. (2018) dealt with the detention costs in
the hinterland container transportation system. A two-stage game model was proposed in the
paper which considers detention decisions of ocean carriers and hinterland container
operators.

There is still no single study in the literature on the applications of accounting techniques or
costing methods in maritime transportation. However, maritime transportation, especially
container shipping, is a very suitable field for costing applications. Because container
transportation is a cellular type of transportation and a large number of customers are
serviced on the same vessel, it is an extremely attractive issue not only for the costing
approaches, but also for the pricing researches. In this context, the effect of ECR costs on
freight price can also be obtained more accurately with costing methods.

6. Strategies to Reduce Empty Container Repositioning

One of the ways to reduce ECR is container sharing or exchange. It can also be regarded as a
sub-lease in practice. Depending on the commercial imbalances, some shipping companies
may have surplus containers in a location whereas some others have deficit for the same type
of container in the same location, or vice versa. A shipping company which has surplus
containers in a location, instead of sending these surplus containers to other locations, can
give them to other shipping companies which are short of containers within the same location.
A shipping company receiving and using the containers will return these containers in a
predetermined location where they are required by the shipping company that released these
containers in the initial location. In this way, both of the shipping companies will reduce ECR
and save on ECR costs.

The topic of container sharing among the shipping companies has been rarely studied in the
literature. In a report on empty container logistics, Le (2003) addressed the importance of

11
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container sharing and coordination among shipping companies. Song (2007) showed that a
collaborative strategy of container management can provide high cost savings especially for
the shipping companies with smaller container fleet size.

Song and Carter (2009) studied the options of reducing ECR costs in liner shipping from two
aspects; through an effective management of container fleet and sharing containers with other
shipping companies. The authors demonstrated that worldwide coordination and sharing
containers with other companies can significantly reduce the ECR costs. Zheng et al. (2015)
examined the ECR problem taking into account container sharing among shipping companies.
The authors introduced a two-stage optimization approach to reduce ECR. As expected, the
numerical results in the paper showed that the shipping companies can benefit from container
sharing with each other.

Real-life applications and literature studies show that container sharing reduces ECR and
provide cost savings. However, there are some difficulties to implement the sharing process
of the containers with other shipping companies. Actually, most of the shipping companies
would always prefer to share the containers if there were no bureaucratic, complex
documentation and operation processes. Since all the national laws and international law
consider an empty container itself as an asset, shipping companies must deal with the
documentation process and make official agreements with each other to share the containers.
The type of the agreement is another issue that should be considered. For example, some
shipping companies allow sharing their container free for 30 days and after 30 days charge 2
USD per day for each container, whereas some shipping companies charge costs already from
the beginning. Namely, while sharing of containers decrease the ECR costs, it may lead to
high sub-lease costs for the shipping companies. Eventually, taking into consideration the
potential challenges in terms of communication and coordination for the delivery of
containers in the predetermined location and depot, management and control of the shared
containers cause the shipping companies to exert extra efforts. Nevertheless, in parallel with
the coordination and cooperation such as vessel sharing agreements in the industry, container
sharing between the shipping companies will also increase in the near future.

A similar method to container sharing is the container cabotage. In case of container cabotage,
the cabotage company, which is a third party carrier or an intermediary company, borrows the
container from the shipping company to return in a location where the shipping company
demands it. The cabotage company usually uses the container for a single one way trip. This
procedure can also be regarded as a sub-lease, and the lending time of the container may vary
depending on the agreement between the cabotage company and shipping company.

One of the ways that shipping companies want to implement to reduce their ECR and costs is
the street turn approach which is also called triangulation. The benefits of the street turn
application were also revealed by Jula et al. (2003) and Le (2003). Figure 2 shows the normal
container flow and street turn approach in a location. In situation a, a local consignee, who is
the importer of the full container, receives the full container from the terminal and returns it
to the shipping company at the terminal as empty. A local shipper pick ups the empty
container from the terminal to fill it. After the container is filled with the cargo, the local
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shipper brings it to terminal to be loaded on the vessel. Namely, the local shipper becomes the
exporter of the full container. As can be seen, transporting the empty container to the terminal,
accepting and storing at the terminal, then moving it from the terminal to the local shipper’s
place caused costs in this cycle. The costs, which are incurred when the containers are under
control of the shipping company, are covered by the shipping company. Other operation costs
are covered by the consignee and the shipper. Namely, in liner shipping applications, the cost
of accepting and storing the container at the terminal is generally borne by the shipping
company.

In the situation b, after the unstuffing process of the container, the local consignee delivers
the empty container directly to the local shipper instead of returning it to the shipping
company at the terminal. Thus, both the consignee and shipper save on empty container
transportation costs. Moreover, the shipper also avoids empty container pick up costs at the
terminal. The shipping company that provides the liner services prevents empty container
acceptance and storage costs at the terminal. It reduces its documentation work as well. More
importantly, the shipping company provides added value to its customers, who are the local
consignee and shipper, by reducing their ECR and costs.

Terminal I'en'ninal

Fudli Full Full
Emply Fulf fmppf
| _ AEEEEN _ |

EEEEEER
Fymm— | uEEEEEE m EEEETS l
Locol consignee Local shipper Local consignee Local shipper
(a) {b)

Figure 2. Street turn application (Adapted from http://www.hbs.edu, Retrieved June 3, 2018)

Although the street turn approach provides cost savings, it is quite difficult to implement it in
practice. First of all, there must be a systematic and rapid communication network between
the shipping company and its customers. Secondly, problems can arise on determining the
parties responsible for container damage and inspection. From this point of view, it may be a
good strategy for the shipping companies using the same depots with their customers or to
work with the depots that are located close to their customers and provide high quality
services for container cleaning and damage.

The emergence of foldable containers can be considered as an innovation in the container
shipping industry. Foldable containers have been developed for the purpose of eliminating
congestion at terminals, saving space at depots and terminals, and avoiding high movement
costs caused by the standard empty containers (Konings & Thijs, 2001). In their study,
Shintani et al. (2010) developed an integer linear programming model and found that the use
of foldable containers provides more cost savings than standard containers. Wang et al. (2017)
examined the effect of standard and foldable empty containers on ship type decision. The
authors stated that foldable containers reduce the repositioning cost, however, using foldable
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containers can increase the total costs due to high long-term leasing costs. Although these
studies in the literature demonstrated that using foldable containers can save on ECR costs
than using standard containers, foldable containers have not attracted much attention in the
container shipping industry.

Substitution between the container types can also be a good application to reduce the ECR
and costs in liner shipping. Shipping companies can handle this kind of application in their
own way without needing the coordination of other companies. Nevertheless, shipping
companies should perform a very detailed and accurate profit/loss analysis in case of
container substitution. Studies in the literature on that topic are also scarce. In a study, Chang
et al. (2008) developed a heuristic method for the solution of container substitution problem.
Numerical results in that study showed that the proposed method could be effectively used by
the shipping companies.

7. Importance of Information Technologies in Empty Container Repositioning

Information and Technology (IT) is a function that has gained more importance in business.
There is no technology that has succeeded in rapidly influencing shipping industry as much
as IT. Indeed, one of the factors that contributed most to the revolution created by the
container in transportation is the developments in computer technologies. Thanks to the
introduction of microchips, since the early 1970s, computer and container shipping have
shown a parallel development. The development of computer technologies accelerated the
development of IT, thus providing a unique dimension to container shipping.

Bensghir (1996) describes IT as a technology that enables faster and more efficient operations
and transactions such as recording, storing and generating information through the processing
of data; accessing, storing and transmitting this information in line with the purpose of the
company. In other words, IT allows the collection, processing, storage, submission and
transferring of the information in a more accurate way. Information and data for large
companies are the two most valuable corporate assets today. To demonstrate the significance
of this in the shipping industry, Detlef Trefzger, CEO of Kuehne and Nagel, stated: “Data is
the raw material for our new currency, which is information, based on real time data to enable
our customers, partners and ourselves to take the right decisions”. Namely, IT has made a
great contribution to the establishment of new opportunities and new business relationships.

In order to improve their service quality and increase the profitability and competitiveness,
shipping companies should closely follow the developments in IT and use management
information systems (MIS) such DSSs, enterprise resource planning (ERP) and business
intelligence softwares. When logistical activities are supported by such advanced softwares,
shipping companies can achieve success in data collection and use of these data in planning,
control and decision making functions. The use of IT is also essential for the management of
ECR. Like for many logistics functions, storage and processing of data, real-time
communication capabilities, report generation, complex analytical tools, but simple usage are
also required for the management of ECR. Many shipping companies already use advanced
business intelligence softwares. These softwares are very useful in terms of tracking of
containers, tracking and controlling of operations, job orders and invoices and for their
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reporting.

Although the problem of ECR has been studied extensively in the literature, the mathematical
models developed in the literature studies are not applied much in real life. One of the reason
for this is the difficulty in the adaptation of the models and external optimization softwares to
the shipping companys’ systems. Another reason is the high purchasing and using cost of the
softwares. The former Chilean shipping company Compaifiia Sud Americana de Vapores
(CSAV) developed a system called Empty Container Optimization (ECO) that optimizes ECR
by integrating operational and commercial decisions at its all regional offices (Epstein et al.,
2012). However, there is no clear information about the availability, effectivity and
sustainability of this system. IBM has a software product for the optimization of ECR which
works with CPLEX Optimization Solver base. Although the price of this product seems high,
its use can provide much more cost savings to the shipping companies. There are also various
softwares on the market for solving many other problems related to operations and logistics
management. The approaches in those softwares can also be adapted to container shipping
industry, particularly to ECR. Nowadays, many shipping companies are already more
concerned with analytics and have begun to develop their own business intelligences and
optimization softwares by spending large amounts of money.

In addition to all of the above, Industry 4.0 which based on digitalization phenomenology,
will also have a very important influence on the management of ECR (UNCTAD, 2016b).
According to a report of Boston Consulting Group (BCG), seven digital trends will transform
the container shipping industry: E-platforms, Advanced Analytics, Internet of Things,
Artificial Intelligence, Autonomous Vessels and Robotics, Blockchain, Cyber Security. Here,
"Advanced Analytics" stands out especially in terms of planning and operations, and this will
have a significant impact on ECR (BCG, 2018). Through digitalization, ECR will be tracked
more accurately and more robust container inventory information will be obtained. Moreover,
better empty container distribution plans will be made by using new developed softwares
based on mathematical models and algorithms. The costs of the operations related to ECR
will be better and faster analyzed, and more accurate pricing will be ensured. Consequently,
better decisions will be made through the instant and constant updated data and information.

8. Conclusion

Container shipping industry struggle with the problem of trade imbalances which cause too
much ECR and costs. This issue in container imbalances have been interested in the academic
world as well. Many studies developed new strategies and offered new methods to solve this
problem. In this study, prominent studies related to ECR were discussed and issues not
studied in the literature were emphasized. This study have demonstrated that some models
developed in the literature can be easily applied in practical life to help shipping companies,
while some applications in container shipping industry need to be examined in detail from a
scientific point of view.

Management of ECR has been studied at many levels in the literature. Most of the studies
have addressed methods for optimal empty container distribution planning and considered
single container type. Likewise, operations research and other optimization methods are
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extensively used in the researches. The objective function in the vast majority of studies is to
minimize the total ECR costs. The problems were usually solved by the variations of LP
models. In some studies, advanced optimization methods such as column generation, cutting
plane algorithms and heuristics have been developed to solve large-scale problems. In the
majority of studies, ECR have been handled from a deterministic perspective. But there are
many uncertainties in real-life applications of ECR. Thus, some studies in the literature take
uncertainties into consideration for the solution approaches on ECR. Despite the sufficient
number of academic studies where new approaches and models developed on the
management of ECR, there are not many practical applications of these approaches and
models used by the shipping companies in real life.

One of the ways to reduce the ECR is the street turn application. Its implementation is quite
difficult because it requires immediate and instant coordination and cooperation between the
shipping companies and customers. However, the application of the street turn approach will
be definitely easier in the future thanks to the advanced IT systems. Using foldable containers
is another way to reduce the ECR and costs. Indeed, researches in the literature have revealed
this fact.

The topic of container sharing has been studied quite less in the literature. Nevertheless, these
small number of studies revealed evidences that having an efficient coordination and
cooperation with other shipping companies in terms of sharing the containers can
significantly reduce the ECR and provide cost savings. Another less studied topic in the
literature is container substitution. Although container substitution can be considered a good
application in terms of reducing ECR in liner shipping, studies on container substitution are
also very limited in the literature. Accordingly, future researches on container sharing and
substitution will shed light on real-life applications in ECR.

Even though the models and strategies developed in the studies reduce the costs of ECR,
shipping companies do not escape from these costs altogether. These costs have a direct
influence on the location choices of cargo and freight prices. Although this is known by the
shipping companies and researchers, there is no single study in the literature on how to
accurately evaluate and allocate the ECR costs. In fact, there are also few studies on pricing
and revenue management in container shipping. The analysis of ECR costs has never been
addressed in these studies as well. Therefore, there is a great need for new studies on pricing
and costing methods related to ECR.

One of the other subjects that have not been studied in the literature on ECR is
multi-objective decision making which is actually a very popular and highly studied topic in
logistics and operations management. Many objectives in real-life applications of ECR can
conflict with each other. On the other hand, as ECR constitute a small part of container
shipping, the development of models that take into account other operations and different
objectives will lead to more accurate decisions not only in ECR, but also in the whole
container shipping system. In this respect, researches to be carried out in this area will attract
a lot of attention.

The use of sophisticated IT systems is essential for the management of ECR. Advanced IT
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systems have enabled more accurate and faster follow-up of ECR, as well as provided rapid
information flow and electronic data interchange (EDI). Nevertheless, IT is not used with the
full potential in the container shipping industry. Just as it is in many other sectors, container
shipping industry will also be more digital in the future. Advanced MIS based on robust
mathematical models and algorithms will be used more often and effectively within the
companies. Consequently, continuous improvement in the field of digitalization and IT
systems will lead to smoother processing in all aspects of container shipping. Although there
is still no concrete study in the literature on this subject, the number of studies on the effect of
digitalization will increase considerably in the future.
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