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Abstract - With the tremendous growth of International trade and globalization, Empty Container Management (ECM) is no 
longer a matter which shipping liners can afford to ignore due to the increasing number of idle containers.  As a matter of fact, a 
major component of the shipping line’s total operating cost is associated with the relocation of empty containers attributed mainly 
to the imbalance of the traffic on trade lanes. This situation is expected to further intensify in the future given the expected 
growth in trade imbalances amongst trading nations. Identified as structural and chronic, this problem, affects containerization at 
the global level with some regions facing an accumulation of empty containers and a shortage in other areas. According to the 
Boston Consulting Group (BCG), the repositioning of empty containers costs the shipping industry $15-$20bn a year, 
representing 8% of a shipping line’s operating costs. On the other hand, the accumulation and repositioning of empty containers 
have become an acute problem posing major operational and cost challenges for container ports.Studies carried out to address the 
ECM issues are quite diverse and from broad perspectives given that problem formulations and solutions are concerned with 
specific applications. It ranges from mathematical modeling/computational analysis towards optimization to the exploration of 
technological innovation. The use of foldable/collapsible containers is a technological innovation to move empty containers more 
efficiently by reducing the number of lifts and moves of empty containers at different handling points in the logistical chain, as 
well as, taking a reduced storage space both ashore and onboard. This paper puts in focus the potential of foldable/collapsible 
containers towards improving logistics management as an alternative to the current standard containers. With Port Louis, 
Mauritius, as a case study, a simulation exercise is performed with the use of foldable/collapsible containers as opposed to the 
current standard equipment. The results shows that using foldable/collapsible containers has the potential to reduce the projected 
overall amount of containers handled by the port in forthcoming years with substantial decrease (about 80%), as far as, the empty 
containers traffic throughputs is concerned. This implies lesser port land requirements for storage/transiting of containers, 
allowing by same substantial gain as capital costs saving and restructure expansion plans coupled with positive social and 
environmental implications.  For the shipping lines, lesser empty containers will mean reduced vessels’ container slots used for 
the transportation and repositioning of empty equipment. Such “unproductive” and wasted slots on board vessels can be used as 
additional vessels’ capacity for the transportation of laden containers with positive impact on the shipping companies finance in 
terms of additional revenue.  Thus, this innovative concept has the potential to allow the port industry gain substantial capital 
costs savings and re-structure their expansion plans whilst positively impacting on the cost of shipping for the liner operators. 
Technological innovation through the use of foldable/collapsible containers could therefore offer a complete new set of solutions 
to the ECR/ECM issues with positive contribution to operating costs and the environment and open avenues towards improving 
logistics management. 
 
Keywords - Imbalance of traffic, foldable containers, standard containers, logistics, Empty Container Management (ECM), 
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I. INTRODUCTION 
 
The introduction of containers offers great advantages 
in security & ease of handling, transforming the 
transportation activity from a port – to – port to a door – 
to door service. From the seaports perspective and as 
the main receiver of containers, there has been 
extensive restructuring of operations, infrastructure and 
superstructure in order to accommodate container 
vessels and their cargo. However, despite these 
achievements, marine container logistics has been 
suffering from trade imbalance impacting a huge cost 
component incurred in relation to empty container 
repositioning. Whilst factors such as dynamic 

behaviour of liner shipping, uncertainty in demand, 
blind spots are attributes explaining for the need to 
reposition empty equipment, none the less, the main 
element remains the trade imbalance.  Imbalances in 
empty container supply and demand are consequences 
of trade imbalance along the main trade lines, a 
structural and endemic problem of global trade.  As put 
forward by Notteboom and Merckx (2006) ‘the 
structural changes of the Global Production Network 
have led to a substantial endemic increase in trade 
imbalances’. Drewry shipping consultants estimated 
that there were 82 million port to port moves of empty 
TEUs worldwide in 2010 whilst the cost of seaborne 
empty container repositioning was estimated by the UN 
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(UN 2011) to be to the tune of USD 20 billion in 2009. 
As the world container throughputs increases, it is 
forecasted that the amount of empty container handling 
will also increase which will impact on operating 
margins and space of container port terminals. The 
accumulation & repositioning of empty containers have 
become acute problem posing major costs and 
operational challenges for container ports ( Diazet al, 
2011). For the liner operators/shipping lines , increased 
empties implies unproductive movements with 
increasing costs during inter-zonal positioning (i.e. 
movements including a significant sea voyage), as well 
as, intra-zonal positioning (i.e. movements 
overland).Thus, movements/positioning of empty 
containers increases the overall logistical costs in the 
value chain.Foldable/collapsible  containers , whereby 
empty containers are folded/ collapsed together , is an 
interesting option to reduce the repositioning and 
storage costs associated with the standard container.  
However,  Konings (2005) pointed out that whilst it has 
been shown that the use of foldable containers can lead 
to substantial net benefits in the total chain of container 
transports, none the less, it was also found that such 
containers have to cope with skepticism about their 
technological performance, the complexity of the 
folding and unfolding process, as well as, logistical and 
organizational problems using these types of boxes.  
 
II. OBJECTIVES & RESEARCH SCOPE 
 
The advent of the maritime container in the middle of 
the 1960’s  has made significant contribution in the 
total supply chain in terms of reduced costs, improved 
efficiency and productivity. Nevertheless, the standard 
container also poses some disadvantages and issues in 
the shipping industry. The objective of this research is 
to demonstrate that the current issues with standard 
container can be addressed through the usage of the 
foldable container, impacting into enhanced cost 
effectiveness in the logistical chain and improved 
efficiency of space allocation in ports.  
 
This study highlights trade imbalances at global level 
on major trade lanes and the empty container incidence 
at Port Louis, Mauritius as the major element leading to 
empty container repositioning. It further evaluates the 
opportunities for the commercial application of 
foldable/collapsible containers through an examination 
of existing literature. Finally, taking Port Louis as a 
case study, a simulation exercise is carried out, on the 
basis of current and forecasted container traffic 
throughputs, to demonstrate the direct benefits to the 
port and shipping sector as a whole of the use of the 
foldable/collapsible container. 

Imbalance of Traffic & Empty Container 
Management (ECM) / Empty Container 
Repositioning (ECR) Issues :Once unloaded, an 
empty container needs to be repositioned to a new 
location so it can be reused as a transport unit. It is very 
uncommon that the location where a container is 
unloaded is also the location where it will be reloaded, 
so repositioning is required. Hence, an important factor 
behind the scale and scope of repositioning is trade 
imbalance. With low imbalances repositioning is not 
considered a problem while with high imbalances 
repositioning is not economically feasible. In between, 
there is a whole range of scales at which a container can 
be repositioned, with increasing costs. In fact, for long 
distance international repositioning, involving several 
modal and intermodal movements, it is at times cheaper 
to source /manufacture a new container than to 
reposition another from a distant location given that 
economically speaking, repositioning being not 
economically feasible as depicted per Table 1. 

 
 

Source: Theofanis, Rodrigue and Boile (2007). 
Table 1 

 
The global containerized flows are characterized by 
acute imbalances mainly linked with a disconnection 
between the manufacturing of mass consumption goods 
of export-oriented economies and large consumption 
markets such as North America and Europe. These 
imbalances are commonly of a factor of 2 to 1 (or even 
more) in favor of Asia. These global trade imbalances 
have been growing steadily since the mid 1990’s and it 
is not uncommon to see a whole containership being 
chartered solely to reposition empty containers.  
 
Table 2 shows an estimation of containerised cargo 
glows on major routes in 2015 with a break down by 
route. For instance, on the Asia – Europe leg, traffic 
figures were 14.90 Million Teus whilst on the Europe- 
Asia route, containerised cargo flows was of only 6.8,  
a factor more more than 2 to 1 in favour of Asia.  
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Table 2 

 
At a more regional level, at  Port Louis, Mauritius, 
statistical figures of containerized cargo throughputs ( 
excluding transshipment containers ) depicts a situation 
of relatively high empty container incidence ( Table 3). 
In South Africa, out of the total captive containers 
handled in 2016, approximately 25 % were empties as 
compared to 34.17 % at Port Louis. 

 

 
Source: Mauritius Ports Authority (MPA) 

Table 3 
 

III. LITERATURE REVIEW 
 
Since its inception, the standard container has greatly 
contributed in shaping contemporary maritime trade 

and liner shipping development. Indeed, the standard 
containers have played a significant role in the 
integration of ports and liner shipping networks 
(Notteboom& Rodrigues, 2008a). However, due to 
imbalance  on global trade, the issue of Empty 
Container Management ECM) / Empty Container 
Repositioning (ECR), has also been  influenced by 
decisions of all actors in the logistical chain – i.e. the 
ports, the shipping lines, container leasing companies, 
intermodal carriers, shippers and other parties involved. 
Hence, ports may influence the repositioning of empty 
containers by shipping lines through the storage tariff 
changes. Given that containers are owned by shipping 
lines & leasing companies, the decisions of container 
owners in the repositioning containers may differ 
subject to their individual policies. For instance, 
shippers in a competitive shipping market may have 
more choices in obtaining empty containers given that 
shipping lines in facing competition are expected to 
reposition empty containers more quickly (Song & 
Carter, 2009).Other factors impacting and influence the 
ECM/ECR issue include: the cost of transporting ( by 
sea or intermodal) empty containers, maintenance, 
repair & inspection ; and the dynamics of the container 
leasing industry (Boile, 2006; Theofanis&Boile, 2009). 
The cost of steel may also influence the repositioning of 
empty containers. 
 
For instance, with a higher steel costs situation, the 
manufacturing of new containers will cost more and 
with lesser new units, an increase in repositioning of 
existing fleet is expected to rise.Literature on the empty 
container management is quite diverse and broad in 
perspective. Some papers have focused on issues with 
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standard containers with respect to logistics 
management : the accumulation of empty containers in 
ports and logistics centres (Theofanis&Boile , 2009), 
the problem of empty container repositioning (Lai et al, 
1995; Song & Dong , 2008), the management of empty 
container at intermodal level (Choonget al, 2002; Boile 
et al 2008) and the management of empty containers in 
ports and logistics centres (Li et al , 2004; Olivoet al, 
2005; Song & Dong, 2008 ).Technical and operational 
solutions have also been put forward by researchers to 
address and reduce the accumulation of empty 
containers and towards costs reduction (Crainicet al, 
1993, Shen &Khoog, 1995, Song & Carter, 2009, Song 
& Dong, 2011b). Song & Dong (2011 a) established an 
empty container repositioning policy aiming towards 
the reduction of repositioning costs of empty 
containers.  Reviewing the maritime Empty Container 
Repositioning (ECR) literature over the past two 
decades, H.Khakbaz&J.Bhattacharjya (2014) developed 
a classification scheme at a decision levels: Strategic, 
Tactical & Operational.In effect, strategies of shipping 
lines in their quest to control and minimize the 
transportation costs of empty containers have mainly 
focused towards improving the match of empty 
equipment and cargo. However, these strategies do not 
influence the actual costs of empty containers (Konings, 
2005). From this perspective, the use of foldable 
container could be an interesting option from the 
current standard container in addition to the current 
strategies. Such technological innovations could offer a 
complete new set of solutions to the ECR problems, 
which may contribute directly to the cost reduction of 
the empty container transportation (C. Yee Lee, 
2015).Several studies have been conducted to evaluate 
in the real world the potential application of 
foldable/collapsible containers. Hence, as an alternative 
to the standard container, foldable/collapsible 
containers offers the potential of costs savings 
(Konings, 2005; Shintaniet al, 2010), as well as, 
reducing the costs of container fleet management in 
liner shipping (Shintaniet al, 2012). Given that even 
with the perfect information systems to management & 
minimize the transportation movements of empty 
containers, empty transports  can never be eliminated 
completely, the foldable/collapsible container can 
particularly be useful on shipping routes with 
permanent trade imbalances and save transport, 
transshipment and storage costs (Konings& Thijs , 
2001).Indeed, Shintaniet al (2010 & 2012) found that 
for the maritime leg of container transportation, the use 
of foldable containers in liner shipping networks with 
high trade volume imbalances can generate substantial 
costs savings with regards to container fleet 
management whilst the land-based leg in the logistics 
operation is impacted with reduced ECR costs between 
the seaport & its hinterland. Potential costs savings by 

the usage of foldable/collapsible containers for  the 
repositioning empty containers at sea transport 
networks has been further addressed and explored by 
Moon et al (2013) 
 
Foldable/ Collapsible Container: An Alternative To 
The Standard Container:  The standard containers 
demands quite large port terminal space for storage and 
with increased world container traffic land scarcity is an 
issue. As a matter of fact, Notteboom&Winkelmans 
(2001) reported that diseconomies of scale in some port 
operations resulted from limited land to accommodate 
further port expansion. Bandaraet al (2015) further 
found that spare land in Singapore and terminal 
expansion to accommodate the ever increasing traffic is 
a challenge with similar problem faced by the Port of 
Melbourne with site constraints and impact on port 
expenses.One of the major problems with the 
accumulation of empty containers is that they directly 
impact on the utilization of productive storage of ports 
terminals and logistics centres. Whilst high volumes of 
empty requiring large storage space can be addressed 
by the development of inland container depots ( 
minimizing the total costs, including the repositioning 
of empty containers), nevertheless, the development of 
such inlands depots results into additional investment 
and transportation costs on loading centres (Boileet al, 
2008). 
 
Foldable/collapsible containers has the potential to 
reduce the land required during port expansion process 
since they require considerably reduce storage areas 
requirements in contrast to the standard containers. In 
addition, excessive accumulation of empty standard 
containers restrict port zones & is  a concern for city 
regional planning in view of the degrading visual 
landscape quality of the region that same poses (Mittal, 
2008). Consequently, foldable containers has the 
potential to minimize the environmental impact of and 
need for port expansion projects, as well as, decrease 
both the carbon footprint & traffic congestion given 
than more empty containers can be transported in a 
single trip (Bandaraet al, 2015).Thus, apart from the 
economic & financial benefits, the foldable/collapsible 
containers also has positive social and environmental 
benefits.The foldable/collapsible containers are an 
alternative to the standard containers in moving empty 
containers more efficiently. As at date, two designs 
have passed the patent grant stage and are taken into 
consideration for this study: the SIO (Six in One) and 
Fallpac container (Figure 1 & 2).The SIO container is a 
fully dismountable 20ft dry freight box that once 
dismantled, can be folded, stacked six high and 
interlocked to the exact dimensions of a standard 20ft 
x8f x 8ft 6inches container. This implies that six empty 
containers can be treated as one container at terminals 
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and storage on board vessels.  The SIO requires a three-
person team and a forklift during the folding 
process.The Fallpac is a 20 ft. container which 
combines dismountable & collapsible features – i.e. the 
roof of the unit is dismountable with the remaining 
parts foldable. Four folded units can be stacked inside a 

firth assembled unit with the same dimensions of one 
20 ft. standard container. Hence, a package of five 
empty containers will occupy the space of one standard 
container. The folding and unfolding process requires 
two persons and a forklift.

 
Folding process of the SIO &Fallpac container 
 

 
 
The Fallpac is a 20 ft. container which combines 
dismountable & collapsible features – i.e. the roof of 
the unit is dismountable with the remaining parts 
foldable. Four folded units can be stacked inside a firth 
assembled unit with the same dimensions of one 20 ft. 
standard container. Hence, a package of five empty 
containers will occupy the space of one standard 
container. The folding and unfolding process requires 
two persons and a forklift.However, till date the 
foldable/collapsible container has not been able to 
penetrate the shipping commercial circuit. Reasons for 
this lack of market penetration is mostly attributed to 
relatively higher price (the SIO being about three times 
more expensive than the standard container), additional 
costs and time element during the folding / unfolding 
process (particularly relevant when parts such as 
doors/walls are slightly damaged) and also little / 
inadequate market & insufficient promotion of the 
distinct features of its design. Integration of the SIO in 
the existing logistic chain was also identified as a 
problem (Konings, 2005).In a case study at the Port of 
Melbourne Corporation, Australia, Bandaraet al (2015) 
reported that the introduction of foldable/collapsible 
container and its success may demand a re-assessment 
of the operational procedures and safety standards that 

apply to the existing standard containers to 
accommodate and suit foldable units. It was further 
found that despite the initial and operational costs, 
industry professionals surveyed identified the potential 
in efficiency in ports & shipping, reduction of burden 
on loading centres concerning capacity constraints at 
storage yards, as well as, in total transportation system 
costs and the generation of positive social/ 
environmental impact of the foldable containers. 
 
IV. METHODOLOGY 
 
On the basis of past traffic figures from the Mauritius 
Ports Authority and information from the Port Master 
Plan, container traffic in 2025 is projected with a 
compound annual growth rate of 5.5 %. A sensitivity 
analysis with standard containers compared with 
foldable/collapsible container is thereafter reproduced 
to denote the implications in terms of traffic 
throughputs, port expenses & container terminal/land 
requirements. The implications of the introduction of 
foldable/collapsible containers on port capacity, 
infrastructure/capital costs & on shipping lines 
servicing Port Louis, as a case study, is presented in the 
following section. 
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Case Study: Port Louis, Mauritius:  Port Louis 
harbour is the sole maritime gateway of Mauritius 
which provides terminal facilities and services to both 
international and inter-island shipping. Established as a 
landlord port by law in 1998, the Mauritius Ports 
Authority (MPA) is the port authority responsible for 
Port Louis.Handling / stevedoring operations is 
performed by a port operator – the Cargo Handling 
Corporation Ltd – operating under a concession 
contract as a licensee of the Authority for carrying out 
all cargo handling tasks, from ship to shore until 
delivery to consignees.During calendar year 2016, Port 
Louis handled a total of 388,514 TEUS, comprising 
265,927 captive containers and 122,587 (inwards) 
transshipped containers. Container traffic is expected to 
grow taking into account the captive & transshipment 
cargo potential of the port and the ongoing investment 
and infrastructure program as per the Port Master Plan 
bringing more opportunities to the island. As per the 
Mauritius Ports Authority (MPA), figures  of 
transshipment container traffic in year 2020 and 2030, 
will be respectively 472,000 and 904,000 
containers.Port traffic growth impacts on the capacity 
of the port to provide sufficient and adequate 
infrastructure for cargo operations and storage 
(Bandaraet al, 2014). 
 
Over recent years, much development has been effected 
to provide the adequate infrastructure for berthing of 
vessels, handling of cargo and storage areas. Hence, 
taking into account the changing pattern of bigger 
containership calling at Port Louis and to handle the 
increase in container traffic, the Port Authority has 
during recent years invested in major projects, such as : 
the extension of the MCT quay by an additional 240 M  
(ie a  total quay length  of 800 M in order to 
accommodate two containership simultaneously), 
expansion of the container stacking yard by about 7.5 
hectares, and dredging works to deepen the navigational 
channel  from 13.5 M to 16.5 M to allow vessels of up 
to 15.5 M draught to be berthed ( MPA, 2017). Such 
continued investment to enhance service delivery has 
proved effective in the past with the growing need to 
maintain its strategic position in the region. Whilst 
containerized cargo throughputs suggest that Port Louis 
will be experiencing favorable trade figures, none the 
less, an important percentage of containers handled (i.e. 
high empty container incidence).  In 2016, the volume 
of empty containers accounted for more than 31.56 % 
of total containerized traffic handled.  To accommodate 
forthcoming expected traffic,  expansion of the 
container stacking yard by some 7.5 hectares has been 
effected and the storage capacity increased from 
550,000 to 750,000 containers. Taking into account that 
land limitation is a critical constraint, expansion of port 
storage facility is a costly burden.  As the containers 

traffic throughputs grows, the space for storage will 
become crucial and impact heavily on investment costs.  
The impact of using foldable/collapsible containers on 
reducing storage areas & hence on port capital 
expenditure is analyzed as a way of tackling the 
capacity constraint of the  
port. 
 
Table 4below shows the results of this comparative 
sensitivity analysis for years 2016 & the projected year 
2025 for the standard container & the 
foldable/collapsible containers.  

 
 
Comparative situation of port-louis in 2016 and 
2025 with current standard containers and with SIO 
and Fallpac units 
On the basis of a compound annual growth rate of 5.5 
%, empty containers handled will be approximately 
30.37 % of total container traffic. Thus, out of the 
projected 626,613 containers  in 2025, 190,325 will 
actually be empty boxes. With the introduction of the 
SIO container or Fallpac container, the total number of 
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container could be reduced to respectively 468, 008 
containers  ( = 626,613 – 190,325 +31, 720) or 474,353 
containers (=626,613 -190,325 +38,065). The empty 
containers is being reduced 31,720 units in case of SIO 
and 38,065 containers for Fallpac equipment since the 
empty units can be folded/collaped as five or six as one 
empty container. This represents a consequential 
decrease of 83.33 %  ( 31720-190,325/190,325 x 100) 
for SIO  or 80 % (38,065-190,325/190325x100) for 
Fallpac in comparison  with the current situation with 
the usage of the standard containers. Consequently land 
requirements for storage and capital costs for port 
capacity/infrastructure expansion is reduced. Such costs 
savings can be channeled to other port development 
program. Environmental issues (carbon footprint and 
congestion) is also proportionately reduced with lesser 
inland transfer of containers and movement within the 
port area. From the shipping lines perspective, reduced 
empty containers to be handled will result in  decreased 
repositioning costs of empties over sea and / or land. As 
previously evoked in the paper, the empty container 
incidence  turns to be around 34.51 % of the total 
captive container traffic  which implies that ( excluding 
transshipment traffic ) more than one container out of  
three landed full is being repositioned as an empty unit. 
These unproductive and wasted slots on board the 
vessels during the repositioning process will also 
impact into potential vessels’ space for the carriage of 
laden containers yielding revenues to the shipping lines.  
 
CONCLUSION, LIMITATIONS & FUTURE 
RESEARCH 
 
With containerization, the shipping industry has further 
shown enviable developments in increased productivity, 
vessel capacity and reduction in service time and costs. 
However, capacity in ports for the storage and 
repositioning of the empty standard containers by the 
shipping lines are major issues in the logistics and port 
industry. The foldable/collapsible as a technological 
innovation can benefits in terms of reduced capacity 
constraints resulting into reduced port infrastructure 
expansion costs whilst providing a solution to the 
empty container repositioning to the shipping lines with 
significant positive impact on the shipping companies 
finance. However, the foldable/collapsible container 
has not yet been successful to  penetrate the shipping 
commercial circuit due to the price  differential as 
compared to the standard container and acceptability in 
the logistics industry. This study has its limitations. In 
particular, the validity and accuracy of the compound 
annual growth rate used for traffic projections as 
statistical method could have implications on the 
research conclusions. It is also limited to the benefits 
from the port’s perspective with the usage of the 
foldable/collapsible container with no extension of 

financial and operational issues to inland container 
transportation which has its own particular market 
characteristics. The positive impact on shipping  
companies following the reduced unproductive slots 
attributed to the introduction of the foldable/collapsible 
container also need to be further  addressed and 
quantified. 
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