
CMA CGM Benjamin Franklin, the largest 
mega container ship ever to call at a North 
American port at the ti me, unloaded 
containers at the Port of Long Beach on 
February 18, 2016. Three months later, 
COSCO Development, with a capacity of 
13,000 containers, became the largest 
container ship ever to pass through the 
expanded Panama Canal and visit East 
Coast ports.

The size of container ships has risen 
signifi cantly in recent years and it is 
projected that even larger ships will call 
at US ports in future. Although these huge 
containerships bring many benefi ts for 
shipping companies such as economies 
of scale, they present challenges for ports 
such as the requirment for deeper channels 
and larger cranes. However, improvement 
projects to accommodate these needs, 
in parti cular, investment in infrastructure 
in the US has been slow, especially when 

compared to Asia and Europe. According the 
American Associati on of Port Authoriti es, 
American container ports are expected 
to invest US$46 billion in improving their 
infrastructure to address the future 
challenges in container shipping by the end 
of 2017. Such investments include uti lizing 
more advanced technologies to load and 
unload the mega container vessels in a 
short ti me. In additi on, the available space 
in the US ports needs to be bett er uti lized 
to accommodate the increasing number 
of incoming containers delivered by mega 
vessels. This, coupled with the rise of 
container volumes at the US ports, brings 
new challenges to the already over-uti lized 
and congested North American ports. 

To address such challenges, port 
authoriti es thus far have considered 
expanding ports horizontally. The Port of 
Rott erdam’s new Maasvlakte 2 Terminal, 
the Khalifa Port (KPIZ) in Abu Dhabi and 

Hong Kong’s container port  provide a 
few examples of horizontal expansion of 
container ports through land reclamati on. 
However, land reclamati on, i.e. the process 
of creati ng land from sea or ocean, is 
extremely expensive. The cost of the 
Netherlands’ Maasvlakte 2 project, for 
instance, is esti mated to be $3.3 billion. 
Additi onally, the horizontal expansion of 
container ports does not necessarily solve 
the problem of reaching the containers 
on very high megaships and also can slow 
down the serving ti me of such vessels as 
the containers need to travel farther to  get 
to their assigned storage locati ons.

Verti cal expansion, for example using a 
container warehouse, could be a potenti al 
alternati ve. Through verti cal expansion, the 
container ports could potenti ally avoid the 
huge investment in land reclamati on projects 
and bett er serve future mega vessels using 
the available footprint. Casanova-Hernandez 
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Figure 1: High density container towers Credit: Casanova-Hernandez Architects
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Architecten and Smart Port Rotterdam have 
proposed high density container towers 
inspired by similar systems in auto car parks 
in order to increase the footprint utilization 
and achieve high throughput within a given 
land profile, as seen in Figure 1. Fictional car 
towers have appeared in popular culture, for 
example in the 2011 feature film Mission: 
Impossible 4. According to Zaerpour et 
al., the use of footprint area for container 
warehouses is much smaller than the 
footprint required for traditional container 
ports. Therefore, the savings obtained from 
the smaller land area can potentially offset 
the high cost of the required technologies. 
According to  our analysis, container towers 
can increase the storage capacity for a given 
footprint by 37%, avoiding the need for 
horizontal expansion. 

Thus, if the investment in technology 
and building per storage location for 
the container tower is up to 18% larger 
than a conventional container block, 
container towers will still remain cheaper 
in terms of total investment compared to a 
conventional container block with the same 
storage capacity. The dark area in Figure Figure 3: Cost comparison of a container tower and container block Credit: Gharehgozli & Zaerpour

Figure 2: Artist rendering of the SuperDock pier container terminal Credit: GRID Logistics Inc.
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3 shows the situations where a container 
tower requires less investment compared 
to a conventional container block. In Figure 
3, φ is the footprint ratio which is the ratio 
of required footprint for the container 
block to the required footprint for the 
container tower; ϒ is the technology cost 
ratio which is ratio of the required cost of 
technology, i.e. building structure, handling 
equipment for the container tower to the 
cost of technology for the container block.

The ultra-high container warehouse system 
developed and tested by the EZ-Indus uses 
up to 30 floor rack structure and automatic 
system for warehousing and delivering 
containers. Automated compact parking 
systems, known as live-cube parking systems, 
with a similar working mechanism already 
exist in major densely populated cities such 
as New York, Shanghai, Amsterdam and 
have been proven to be more efficient 
and effective than traditional multi-story 
car parks. According to our 2017 paper on 
optimizing live-cube storage systems,  live-
cube systems reduce the land requirement by 
50% compared to traditional car parks.   

An automated SINGA (Sustainable 
Integrated Next Generation Advanced) Port, 
developed in 2014 by Jiang et al. for the future 
needs of Singapore port, takes a less radical 
approach by considering a warehouse with 
two storage floors that involves transporting 
containers between both floors via a hole on 
the top level. The roof is covered with solar 
panels and equipped with specially designed 
triple-hoist quay cranes.

Following their Asian and European 
competitors, although with a lag, container 
terminal designers in the US have also taken 
initial steps to make sure they can address 
the inevitable, radical challenges of future 
container shipping. This terminal design 
forsees a shift towards more automation, 
more compactness, and more sustainability 
while keeping up with growing global trade. 
In another example, the GRID Logistics 
Inc. have come up with the SuperDock, a 
vertically-integrated ship-to-train container 
transfer, storage, and sorting module that can 
free up to half the land currently used in port 
facilities.

In conclusion, new vertical container 
warehouses have been and are increasingly 
being proposed by researchers and 
industries to address the container storage 
capacity and handling efficiency required 
in the future. However, these new systems 
require both high levels of investment and 
high operational costs. Thus, applying the 
appropriate design criteria and taking the 
optimal decisions early in the project is 
crucial to meeting the expected cost and 
performance targets. This calls for closer 
attention from the container port research 
community and stronger collaboration 
with port terminals.
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