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Mega-ships are not new to the container shipping industry how-
ever this year saw records broken with the largest vessels ever to 
take to the seas entering  the global fleet. 

The events of 2020 have not discouraged carriers from invest-
ing in mega-ships and many have been inaugurated throughout 
the year. South Korean container shipping line HMM completed its 
fleet of mega-ships with the unveiling of the 24,000 TEU HMM St 
Petersburg in September, with the HMM Algeciras first of the new 
Algeciras-class taking to the ocean in April. 

Meanwhile, CMA CGM launched the first of 26 new generation 
Liquified Natural Gas (LNG)-powered conatinerships, the CMA 
CGM Jacques Saade. The first nine of the fleet will have a capacity 
of 23,000 TEU, the rest of the LNG-powered vessels will be of vari-
ous sizes and join the fleet by 2022. 

It was feared that the impact of the COVID-19 pandemic could quash 
carrier’s appetite for these larger vessels and while it may be the case 
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that large orders are being put on hold temporarily, these 20,000+ TEU 
vessels will continue to be brought into the fleet well into the future. 

In this edition of the Journal we explore why these mega-ships 
are so appealing to the container trade and the economic viability 
of vessels larger than those we see today. 

With these vessels visiting ports the Journal also looks at the im-
pact that such large volumes of containers arriving at once has on 
port operations and the infrastructural considerations ports must 
take to accept the biggest vessels. 

In addition, Navis provides experienced insight into both berth 
planning and vessel planning and how predictive visibility can sup-
port expert users to make better decisions. Planning for the future 
with the use of data at container terminals is key to improving op-
erations as well as managing costs. 

Finally, Kuenz explores automated equipment and its use in the 
hinterland at intermodal terminals.  

Beth Maundrill
Editor
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One of the most striking trends in the mari-
time industry in recent years has been the 
increasing size of container ships, the larg-
est of which is approximately ten times big-
ger than they were a decade ago. 

This is a result of a market that is starkly 
different that the one we entered in the be-
ginning of the century, one which has un-
dergone financial crises and the formation 
of multi-carrier alliances. 

Carriers have had to adapt to new con-
sumer habits and may have to do so again 
soon as demand for goods continues to 
increase and the global economy recovers 
from the COVID-19 pandemic.

Vessels have increased numerous times 
in recent years, and they might have to 
again. The mega-ships in the global fleet 
today and those that will enter in the near 
future are sure to affect the maritime and 
wider supply chain.

RECORD BREAKING VESSEL SIZES 
The latest fleet of mega-ships can carry up 
to 24,000 TEU, with some carriers, most no-
tably HMM, MSC and CMA CGM, ordering 
vessels that are not only bigger than those 

IS THE 30,000 TEU VESSEL 
REALISTIC?

that came before but are also more envi-
ronmentally friendly.  

Earlier in 2020 HMM unveiled its said 
fleet of mega-ships, which it was able to do 
as part of its inclusion in the THE Alliance, 
alongside Hapag-Lloyd, ONE and Yang Ming. 

CMA CGM launched a similarly sized fleet 
of vessels, with the biggest of which, the 
LNG-powered CMA CGM Jacques Saade, be-
gan its maiden voyage in September 2020. 

While the record is currently just under 
24,000 TEU, COSCO has plans to break it 
with its fleet of 25,000 TEU taking shape at 
the time of publication. 

The increase in the size of vessels has al-
lowed carriers to cut operational and fuel 
costs by delivering more cargo in single 
hauls. The International Transport Federa-
tion (ITF) estimates that by increasing the 
size of vessels, carriers have been able to cut 
the cost of transportation by a third per TEU. 

To be economically viable they must be 
deployed on highly efficient trade routes 
that have ports large enough to receive 
them and connected hinterlands through 
which they can easily move containers.

Furthermore, these ports must be able to 

unload and turnaround mega-ships within 
one or two days to make them economical-
ly efficient for the carriers. This in turn leads 
to greater stress on ports, which must in-
vest in more land, dig deeper channels and 
implement greater levels of automation. 

Additionally, they must also look to im-
prove hinterland infrastructure, all the 
while reducing carbon emissions, which 
makes receiving mega-ships particularly 
challenging for many ports, especially ones 
near major cities. 

CASCADING EFFECT 
Another effect is cascading, which sees the 
previous round of ships pushed onto less ef-
ficient trade routes, such as those in North 
America (aside from LA and Long Beach), Af-
rica and South America. Ports in these areas 
would require their own substantial invest-
ment to be able to receive bigger vessels. 

There are also repercussions further 
down the supply chain. Shippers need 
carriers to provide frequent services. 
The larger the vessel, the fewer voyages 
it needs to make. Consequently, traffic is 
less consistent and moves in peaks and 
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troughs, which causes pressure an inflex-
ibility across the supply chain. 

Larger vessels also result in what the ITF 
calls service and cargo concentration, with 
less choice for shippers and supply chain 
resilience as carriers increasingly operate in 
major alliances.  

HOW BIG IS TOO BIG 
Such has been the speed of vessels in the 
21st century that it begs the questions: how 
big can container ships become? Is it pos-
sible that in the next decade the industry 
could see a container ship of 30,000 TEU or 
more if the economy continues to demand 
ever greater numbers of goods? 

When all factors are taken into consid-
eration, such a vessel appears a remote 
possibility. 

“Whilst technically it might well be pos-
sible to build such vessels it is highly ques-
tionable whether they would make any 
economic sense,” Lars Jensen, CEO, SeaIn-
telligence, told PTI.

While it may appear that mega-ships 
could offer carriers an insurmountable ad-
vantage over other areas of the maritime 
industry, the sheer scale of the investment 
needed on the landside makes larger ves-
sels less likely.

“You might be able to make a calculation 
showing that an even larger vessel will have 
a lower operating cost per TEU, but that is 
not the same as the vessel being economi-
cally advantageous in a network setting,” 
Jensen continued. 

“Larger vessels result in fewer weekly 
services operated, in turn resulting in fewer 
direct connections and therefore more 

transhipment and feedering costs. And the 
time spend in port increases sharply as the 
time it takes to handle a large vessel does 
not convey any scale advantage. As a conse-
quence, the vessel ends up spending more 
of its time in port and less of its time actu-
ally sailing and moving the cargo.”

That sentiment is shared by Hapag-Lloyd, 
the fifth largest carrier in the world. Earlier 
in 2020 it plans to build and launch its own 
fleet of mega-ships but postponed them 
due to the uncertainty caused by the COV-
ID-19 pandemic. 

However, it is known that the carrier still 
needs mega-ships and is set to reassess its po-
sition on investment following the pandemic. 

Speaking to PTI, a spokesperson from 
Hapag-Lloyd said, “Large vessels can be 
more efficient than smaller vessels as a 
general matter while fixed costs can poten-
tially be allocated to a much higher num-
ber of transported containers. At the same 
time, the utilisation is also important while 
it does not create too much sense economi-
cally to sail a vessel that is half-full only.

“Hence, deploying large vessels on ma-
jor Trades such as Far East – North Europe, 
for example, can be economically attrac-
tive whilst using it in on other Trades with 
smaller transport volumes does not neces-
sarily create much sense. In consequence it 
is about deploying the right vessel sizes to 
the specific services,” he added.

When asked about the feasibil-
ity of a 30,000 TEU the spokesperson said: 
“Though it would be possible from a techni-
cal perspective, it wouldn’t bring much ad-
vantage from an economic and operational 
perspective. 

“Slot costs would only decrease on a very 
small level whilst those vessels couldn’t 
berth at many terminals due to their size” 

MEETING DEMAND 
The main driving business factor behind the 
growth of vessels and fleets has been the 
carriers’ need to meet growing demand as 
efficiently as possible. Macro-economic 
trends, such as globalisation and the growth 
of e-commerce, have played a profound role. 

The COVID-19 pandemic has made e-
commerce grow even faster and increased 
demand on carriers and, consequently 
pressure on ports and hinterlands. By build-
ing even larger ships, carriers may inadvert-
ently add to that pressure, which in the 
long-term could prove self-defeating. 

Therefore, shippers could look to means of 
transporting across shorter distances other 
than container ships. Other long-term conse-
quences could be more cooperation between 
supply chain and landside stakeholders.

As carriers have consolidated their influ-
ence through alliances, so could port au-
thorities, governments and shippers, and in 
doing so balance out the supply chain. 

For ports, the expanding fleet of mega-
ships could prove to be the motivation they 
need to collaborate more on operational is-
sues, such as data sharing, and long-term 
infrastructure investment. 

While the 30,000 TEU vessel may cur-
rently be a distant prospect, mega-ships will 
continue to have a profound effect on the 
maritime industry and global economy for 
the foreseeable future.

Written by Max Schwerdtfeger 

“IT IS ABOUT 
DEPLOYING 
THE RIGHT 
VESSEL SIZES 
TO THE SPECIFIC 
SERVICES.”
– Hapag-Lloyd 
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Some people believe that planning for the 
future is a waste of time, as unforeseen 
events and dynamics at play will impact 
any attempt at accuracy. While this may 
feel like the case in our personal lives - think 
of the Covid-19 pandemic - this may not be 
entirely true for container terminals. In 
this paper, we will share examples of how 
predictive visibility can become a part of 
everyday planning processes and support 
expert users to make even better decisions.

Container terminals are dynamic en-
vironments and operators face a variety 

THE BEST INSIGHTS  
COME FROM COMBINING 
DATA WITH PERSONAL 
EXPERIENCE
EXAMPLES OF ARTIFICIAL INTELLIGENCE / MACHINE 
LEARNING (AI/ML) AIDED DECISION MAKING IN 
CONTAINER TERMINAL PLANNING PROCESSES
Patrick Brehmer, Senior Manager, Applied Innovation, Navis

of planning and optimization challenges. 
In our work with planning and execution 
teams, we have seen the importance of 
automation and use of advanced equip-
ment optimization solutions to enable 
improved results, better safety, as well 
as improved user experience. And now, 
with the use of artificial intelligence and 
machine learning techniques (AI/ML), 
cloud technology and terminal operating 
system (TOS) data, we foresee a wave of 
innovation approaching with many differ-
ent use cases that can be addressed. We 

want to share our insights on two specific 
use cases we have been working on.

BERTH PLANNING
The first use case is berth planning. Determin-
ing where to berth a vessel along the quay 
can be a complex task due to multiple dy-
namic variables to consider. These variables 
span from physical berth and equipment 
availability, to crane operational ranges and 
heights, safety margins, the planned units 
current and future movements, all the way to 
port stay specific requirements like required 

“WE NOW UNDERSTAND  
ON A VERY PERSONAL LEVEL  
HOW THE AVAILABILITY OF GOOD 
DATA IS ESSENTIAL FOR  
PLANNING FOR THE FUTURE.”
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crane intensity. Factoring all of these for one 
or two vessel visits at a time may be feasible 
for a human brain to do, but once a person is 
managing ten or more upcoming vessels, the 
decision making gets complicated fast. Sub-
optimal plans have a direct consequence on 
important operational KPIs. Berthing a vessel 
with a large call size on a poor, or less than op-
timal position can result in tremendous and 
often avoidable costs. Recent pilots we have 
conducted indicate the costs associated with 
the horizontal transport of containers could 
be reduced by up to 20%.

There is a lot that can be learned by col-
lecting high quality Terminal Operating Sys-
tem (TOS) data for berth, vessel visits and 
yard operations and using AI/ML techniques 
to continuously seek insight and improve-
ment. At Navis, like good meteorologists 
relentlessly using data to improve daily 
weather forecasts, we’ve been working with 
terminal teams to provide better predictive 
visibility as part of our solutions, resulting in 
a more empirical view of the future.

From our pilots, we learned connecting the 
berth with the yard, by developing a learning 
model that considers the impact of the yard 
allocation on the berth plans, can significantly 
decrease the operational costs of cargo han-
dling by reducing horizontal transport travel 
distances from the yard to the quay and vice 
versa. This in turn contributes to numerous 
additional benefits such as improved asset 
utilization, lower equipment maintenance 
costs including less demand for replacement 
of worn parts, and lower fuel emissions.

Combining a reliable stream of data from 
the TOS with AI/ML techniques and the con-
straints that matter to the Berth Planners, the 
module provides predictive visibility to suggest 
more optimized plans, adjusting to the latest 
status of vessel schedules, load/discharge lists 
and unit yard positions, among other con-
stantly changing factors. Additionally, this data 
informs the Berth Planner of the estimated 
horizontal transport travel distances and cost 
savings associated with different planning sce-
narios. Only by using advanced technologies 
can informed trade-offs be made on these 
complex decisions that effectively consider 
such a magnitude of variables. At Navis, we 
believe it is key to aid Berth Planners by sug-
gesting the most promising plan which sup-
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ports informed decision making that directly 
impacts the bottom line. These Berth Plan-
ners, empowered with the various trade-offs 
presented by each scenario, along with their 
own operational experience are able to then 
determine optimal berthing strategies for the 
overall benefit of the terminal.

VESSEL PLANNING
Our second use case involves vessel plan-
ning, another part of the daily planning ac-
tivity, conducted by Vessel Planners and oth-
er planning functions. These teams spend 
from a couple of hours up to one or more 
shifts preparing the plan for an upcoming 
vessel call. Service level agreements, stow-
age instructions, load and discharge lists, 
along with the available labour and equip-
ment resources are key inputs into this pro-
cess, as well as targets themselves which 
may change over time as the planning pro-
gresses. As part of planning, best practices 
are applied that may involve manual fine 
tuning and tweaking of the stowage in order 
to arrive at, what the Vessel Planner may 
consider, a good plan. However, the question 
is, what is a good plan? 

Experience and accumulated knowledge 
play a big role in the ability to assess a plan 
and conclude whether it will deliver satis-
factory results or not. To this end, having a 
reliable and repeatable quality indication is 
important. The consequences of a low qual-
ity plan can be huge: when a vessel does 
not depart on time, this leads to a costly 
ripple effect on upcoming visits, impacting 
service levels. Recognizing the need for this 
repeatability, we developed a service that 
provides workflow visibility to teams across 
the terminal to manage their processes, 
service level agreements, and predictive 
visibility to measure how good a plan is.

Through the application of machine 
learning, stowage plans can be evaluated 
with critical KPIs predicted prior to vessel 
arrival. This enables planning teams to re-
ceive early feedback on what will most likely 
be the results allowing for timely corrective 
actions to be taken avoiding costly delays. 
With delays avoided, time is saved which al-
lows for more flexibility and other value add 
activities. These predictions also ensure fo-
cus on targets and increase expert users' 

confidence levels. Further, this predictive 
visibility enables planning iterations and 
provides visibility to how the KPIs change 
over time. While using these capabilities 
prior to vessel arrival provides great in-
sights, they can also be consulted through-
out the port stay. For instance, when post 
adjusting the crane split or replanning the 
remaining moves, terminal planning teams 
can better understand whether targets are 
still likely to be met or not and use this in-
formation to aid decision making.

The Covid-19 pandemic has taught us all the 
importance and value of data to help us man-
age tasks and make decisions in our daily lives 
in the face of a contagious, rapidly spreading 
virus. We now understand on a very personal 
level how the availability of good data is essen-
tial for planning for the future. 

In the world of container terminal op-
erations, predictive visibility combined with 
expert users’ experience can provide the 
best insights for operational improvement 
and cost control. Adding to automation, 
here comes the next wave of innovation for 
smarter, safer and more sustainable supply 
chain operations.
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A SHORT HISTORICAL NOTE ON SCALE 
INCREASES IN VESSEL SIZE
Scale increases in container vessel size are 
a well-documented and much debated top-
ic. The search for economies of scale and 
the focus on cost control have pushed the 
container shipping industry towards the de-
ployment of ever larger containerships. In 
the early days of containerisation, ships had 
a nominal capacity of a few hundreds of 
TEU. In 1988, APL was the first shipping line 
to deploy a post-Panamax vessel. In 1996, 
Maersk Line shook the market by introduc-
ing the Regina Maersk of about 7,400 TEU. 
Consecutive rounds of scale increases led 
to the introduction of the ‘Emma Maersk’ 
in 2006, a containership which can hold 
more than 15,000 TEU and measures 397m 
length overall, a beam of 56 m, and a com-
mercial draft of 15.5m. In 2013, Maersk Line 
led the next wave in scale enlargement by 

ACADEMIC PERSPECTIVES 
ON THE FEASIBILITY OF 
MEGA CONTAINER SHIPS
Professor Theo Notteboom, Shanghai Maritime University, China; Ghent University, Belgium;  
Antwerp Maritime Academy, Belgium; and University of Antwerp, Belgium

introducing the Triple E class (about 18,000 
TEU). In the past few years, vessel capacity 
has been pushed beyond the 20,000 TEU 
mark, a trend initiated by COSCO Shipping 
(ships of up to 21,237 TEU), CMA CGM (up 
to 20,954 TEU) and OOCL (units of up to 
21,413 TEU). The first Ultra Large Container 
Ships (ULCS) of 23,000 TEU were delivered 
in 2019. The world’s largest container ves-
sel at the time of writing was the HMM 
Algeciras with a capacity of just under 
24,000 TEU. The introduction of ever larger 
container vessels has resulted in an overall 
upscaling across the main east-west trade 
routes, with big vessels also cascading to 
north-south routes. 

THE FINDINGS OF EARLY ACADEMIC 
RESEARCH 
The economic efficiency of ship size has 
been being researched since the early 

1970s. The seminal work of Jansson and 
Schneerson published in 1987 pointed 
out that the optimal ship size represents 
a trade-off between the positive returns 
earned at sea (i.e. economies of size during 
the line-haul operation) and the negative 
returns accruing while in port (i.e. disecon-
omies of size during the handling opera-
tions in ports). In the late 1990s, numer-
ous scholars demonstrated that port and 
terminal-related factors indeed have a large 
impact on the feasibility of deploying big-
ger vessels. A survey among container ship-
ping lines conducted by Scottish economist 
Alfred Baird in 1999 showed that 78% of 
the respondents expected that container-
ship sizes would not go beyond the 12,000 
TEU threshold. When asked about the main 
operational barriers to the deployment of 
larger containerships, the shipping lines did 
not point to technical limitations or market 
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obstacles but identified port and terminal 
related factors as the main impediments to 
further scale increases: low terminal pro-
ductivity, port congestion, limited nautical 
accessibility, berth length, turning circles, 
to name but a few issues. In the late 1990s 
to early 2000s, academic studies seemed 
to agree that the 8,000 TEU ship was the 
optimal ship size on the Europe-Far East 
trade. The economies of size diminished 
very rapidly beyond the 5,000 TEU scale. 
For example, an analysis made in 2002 by 
the well-known maritime economist Martin 
Stopford revealed that, at that time, there 
were almost no economies of scale in bun-
ker consumption.

RECENT ACADEMIC INSIGHTS 
More recent research shows that econo-
mies of scale at sea do not stop at the 6,000, 
8,000 or 10,000 TEU threshold as suggest-
ed in studies published 15 to 20 years ago. 
Economies of scale at sea seem not to have 
been fully exhausted, while ports, terminals 
and entire transport systems have been 
expanded and upgraded to significantly 
reduce possible diseconomies of scale in 
ports. The adaptive capacity of the port and 
terminal industry in terms of investments 
and productivity/efficiency gains typically 
did not result in a penalization of larger ves-
sels through port and terminal pricing. Ad-
vances in port productivity have resulted in 
a disproportionately lower growth of port 
turnaround time as a function of vessel 
size. In other words, one could argue that 
the potential diseconomies of scale linked 
to larger vessels have been fully or partially 
absorbed by port authorities, terminal op-
erators and other actors in the chain, there-
by enabling/facilitating shipping companies 
to pursue consecutive rounds of scale in-
creases in vessel size.

Still, further benefits of lower slot costs 
lessen while ships get larger and savings 
might not even be (fully) realized. The nec-
essary efforts to prepare ports and termi-
nals for ships of ever-increasing size are 
growing disproportionally. Supply chain 
risks related to bigger containerships could 
rise. Thus, it seems to become increasingly 
difficult to bring any further benefits for 
the shipping lines, the ports/terminals and 
the shippers when pursuing further scale 
increases in ship size (for example on the 
Europe-Far East trade). 

THE GREEN ARGUMENT FOR FURTHER 
SCALE INCREASES IN VESSEL SIZE
More recent studies also pay attention to 
emission reduction and energy saving as-
sociated with ship size. In 2019, a study by 
Cariou, Parola and Notteboom published in 
International Journal of Production Econom-
ics identified the key factors contributing to 
recent reductions in CO2 emissions by con-
tainer shipping on a worldwide scale. Scale 
increases in vessel size combined with ad-
vances in ship technology and slow steaming 
were found to be among the most significant 
contributors to the general decrease in an-
nual CO2 emissions of the world container-
ship fleet between 2007 and 2016. Contain-
er shipping is increasingly confronted with 
stronger environmental considerations and 
stricter regulatory frameworks on ship emis-
sions and energy efficiency such as MARPOL 
Annex VI (Regulations for the Prevention of 
Air Pollution from Ships) and monitoring, 
reporting and verification (MRV), the Emis-
sion Control Areas (ECAs), the global sul-
phur cap of 0.5% (applicable since 1 January 
2020) and the Energy Efficiency Design Index 
(EEDI), mandatory for new ships since 2013. 

A lot of research has been conducted to 
compare several emission control projects 

and their economic viability, such as new 
energy adoption (such as the use of LNG, hy-
drogen), low sulphur bunker fuel, dual fuel 
and technical retrofitting by installing emis-
sion control devices such as scrubbers and 
selective catalytic reduction (SCR) systems. 

Container carrier CMA CGM was the first 
to order ULCSs with engines using LNG. 
These ships are estimated to emit up to 
25% less CO2, 99% less sulphur emissions, 
99% less fine particles and 85% less nitro-
gen oxides emissions compared to ships 
using heavy fuel oil (HFO). The first of the 
fleet, the CMA CGM Jacques Saade joined 
the fleet in September 2020. Many ship-
ping companies opted for retrofitting of ex-
isting ships partly driven by the uncertainty 
related to the future prices and availability 
of alternative fuels. Quite a few retrofitting 
operations were executed earlier this year 
when many ships were idled as a result of 
blank sailings.

THE FEASIBILITY OF SCALE INCREASES 
CHANGES WITH TIME AND THE MARKET 
CONTEXT
The above discussion of existing literature 
with respect to ship size makes clear that 
the evaluation of the effects of scale in-
creases in vessel sizes is multi-facetted and 
complex. The outcome of any analysis on 
(dis)economies of scale and optimal ves-
sel scale seems to be context- and time-
dependent. 

For example, the economic viability of de-
ploying ships of more than 10,000 TEU was 
considered weak in the late 1990s. However, 
weak market conditions in the post-2009 
era, combined with a strong adaptive capac-
ity of ports and terminals to accommodate 
bigger vessels, have helped shipping lines to 
order larger vessels, so as to improve firm 
and environmental performance. 

“THE NECESSARY 
EFFORTS TO 
PREPARE PORTS AND 
TERMINALS FOR SHIPS 
OF EVER-INCREASING 
SIZE ARE GROWING 
DISPROPORTIONALLY.”
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A recent academic paper by Jiawei Ge and 
others (see reference at the end of this con-
tribution) presented an economic analysis 
of different mega ship sizes (units of 18,000; 
20,000 and 25,000 TEU). The focus was on 
a comparison of unit (slot) costs and more 
comprehensive cost-benefit measures such 
as the net present value (NPV). The study 
evaluated whether there are economic, op-
erational and environmental justifications 
for shipping companies to push the ULCS 
size from 18,000-20,000 TEU to 25,000 TEU 
considering the current and expected mar-
ket conditions on the Europe-Far East trade 
and the current and expected environmental 
context for ship operations. The study came 
to the following conclusions:

•  A further scale increase to a 25,000 TEU 
ULCS still generates economies of scale. 
Even under weak market conditions, the 
25,000 TEU option gives a slightly bet-
ter NPV result that the other two ship 
options, while the annual unit cost ad-
vantage for the largest ship size is more 
pronounced. Strong market conditions 
lead to positive NPVs for all three size 
options, but the 25,000 TEU ULCS clear-
ly shows the best results. 

•  Changes in freight rates and load fac-
tors have the highest impact on the 
NPV results. Very low freight rates, 
i.e. even below the poor freight rates 
of 2016, are not beneficial to the eco-
nomic viability of 25,000 TEU ships 
compared to the other two ship types. 
Higher rates give a strong incentive 
to shipping lines to order the largest 
ULCS possible. 

•  Very low load factors make the 18,000 
and 20,000 TEU units more competitive 
from an NPV perspective, while the bal-
ance tilts to the 25,000 TEU unit when 
higher load factors are achieved. 

•  The NPV results are also very sensi-
tive to vessel speed. When super slow 
steaming is applied, the NPV values of 
the three ship sizes remain very similar. 
However, the 25,000 TEU vessel can pre-
sent more favourable NPV results than 
the other two ship sizes when a sailing 
speed above 17 knots would be adopt-
ed, which remains unlikely in the current 
market context. 

•  A fall in shipbuilding prices and bunker 
prices makes the 25,000 TEU ship slight-
ly better off compared to the other two 
ship types.
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Note: This contribution is partly based on the in-depth discussion on the economic feasibil-
ity of mega container vessels in “Ge, J., Zhu, M., Sha, M., Notteboom, T., Shi, W., Wang, X., 
2020, Towards 25,000 TEU vessels? A comparative economic analysis of ultra-large contain-
ership sizes under different market and operational conditions, Maritime Economics and 
Logistics, online first, https://doi.org/10.1057/s41278-019-00136-4 ”
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Intermodal terminals are moving towards 
semi-automation and/or full automation 
despite some elements of automation al-
ready existing   in most ports, mainly in the 
stack operations. 

The desire to automate exists in the inter-
modal world as it does in the port industry 
and the challenges of operating a terminal 
are very much the same in both industries.

The reason intermodal terminals are 
behind in introducing automation is man-
ual interaction of personnel at the loading 
operation is still common. Some of the es-
sential tasks which need to be performed 
by manual labour are the handling of the 
Inter Box Connector (IBC) between the two 
tiers of container on a rail car, the rail car 
inspection or maintenance taking place in 
the terminal at the processing or loading 
track. Furthermore, there are restrictions in 
regard to the rail operation as a suspended 
load is never allowed to be moved above 
people, locomotives and trucks.

All these exemptions from an unmanned 
operation, which exists in a container stack, 

AUTOMATION IN 
INTERMODAL TERMINALS
Walter Leiler, Area Sales Manager, Kuenz 

make it impossible to fence off the operation 
area in an intermodal yard for automation in 
the way it has been done in container stacks.

WHAT SHOULD AN AUTOMATED 
INTERMODAL TERMINAL LOOK LIKE?
When looking at intermodal operation in 
North America typically we see a so-called 
wheeled operation layout. This implements 
a crane purely lifting containers between 
chassis and rail cars without any ground 
stack. The benefit of such an operation is 
that due to the low dwell time of containers 
in the terminal there is the fast availability 
of containers to be pick up by road trucks. 

However, there is a downside, namely 
the need for space to park all the pre-load-
ed chassis at the terminal and the hustler 
operation required to move the chassis 
between the loading position underneath 
the crane and the parking position for road 
truck pick up. 

Operating an intermodal yard where 
the crane handles the train loading, the 
ground stacking and the truck loading is 

the ideal case for automation with the 
most financial benefits.

A more detailed description of this oper-
ational standard can be found in the below 
PTI technical paper. 

Stack Operations in an Intermodal  
Rail Terminal Using RTGs

STEPS OF AUTOMATION 
Automation at an intermodal terminal can be 
implemented in various steps. A very low de-
gree of automation has already been done for 
many years. This step still sees an operator on 
the crane and the automation element does 
the horizontal movements of the crane (gan-
try and trolley movements) in an automated 
move based on the position information 
provided by the Terminal Operating System 
(TOS). Positioning the spreader onto the con-
tainer and observing the environment is still 
in the operator’s responsibility.

Talking about real automation means mov-
ing the crane operator from the crane cabin 
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to a Remote Operator Station (ROS) inside the 
terminal building. This means that the auto-
mation system needs be able to adhere to the 
operational rules like not moving a load over 
persons, equipment, or locomotives.

To make this step productive the posi-
tioning of the load must be a part of the 
automation as well. Here, as a first step, 
the automated landing of the spreader or 
of a loaded container can be limited to the 
stacking operation. 

The automated functionality can then be 
extended to automated landing on rail cars 
and chassis. The challenge on the chassis 
loading is to observe the truck driver during 
the loading step. Here a so-called supervised 
move is practical. A supervised move means 
that the crane automation system performs 
the loading operation fully automated but an 
operator at the ROS station needs to observe 
the operation by means of camera views. 

The ROS operator then needs to press a 
push button for the crane to execute the 
move. In this situation the ROS operator ob-
serves the truck driver being at a safe posi-
tion and can react to any signs given from the 
truck driver. In addition, voice communication 
using microphone and speakers are available.

The same applies to the rail car operation 
to check the upper container being prop-
erly separated from the lower container. 

Observing the crew working on the ground 
is essential to safeguard their operation on 
the ground. Furthermore, recognising equip-
ment like IBC cars, locomotives, rail car spot-
ters, rail car maintenance, etc. and personal 
or equipment locator system is required.

This system feeds the position and the 
predicted movements of these ‘obstacles’ 
to the crane automation system to avoid a 
suspended load moving over.

Further information, such as the blue flag 
signals (indication that a rail track is locked 
out from the rail operation) needs to feed 
into the automation system.

WHAT IS THE BENEFIT OF AUTOMATION IN 
AN INTERMODAL TERMINAL?
One of the challenges all container terminals 
are facing is unpredictable traffic especially 
from the road. Also, within a given day there a 
typical peak hours and low traffic hours.

With the flexibility given from operating 
the cranes from an ROS station the staff-
ing of these ROS stations can be changed 
depending on demand. Automation allows 
unmanned operation in the stack to do 
housekeeping fully automated.

Eliminating time required for shift chang-
es and breaks will contribute between four 
and six hours a day additional productive 
crane time.

From the operator perspective working in 
an office environment versus sitting in a crane 
cab is a significant improvement and takes 
away the hazard of climbing the crane at any 
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weather and temperature conditions in order 
to change crews. Furthermore, the seating po-
sition in a crane cab with always looking down 
and bending the back with the vibration of the 
crane is a health issue for the crane operator.

CHALLENGES IN AN AUTOMATED 
OPERATION
At a port, implementing an automated 
operation may be complex because of the 
multitude of operations like ship loading, 
horizontal transport to the stacking area 
and the way to load trucks or trains. This 
may be even more complex in an Intermod-
al operation. The big benefit at port facili-
ties is that these operational steps are usu-
ally organized by one common TOS system.

In the Intermodal world such TOS sys-
tems are mainly based on the operation de-
scribed at the start of this article. Therefore, 
upgrading the TOS to enable an automated 
operation might be the most challenging 
part. As an intermediate solution, creating a 
middlewear (software providing services to 
software applications beyond what is avail-
able in the TOS) taking care of sequencing 
and optimizing moves might be considered.

The key to an efficient operation is to 
minimize the crane idling time. Therefore, 
the software solution either a sophisticated 
TOS system or a capable middlewear is es-
sential to overall productivity.

Organizational steps and rules are also part 
of the changes involving automation. Here for 
example making the time of a truck from the 
check in gate to the crane predictable helps 
the TOS to reduce trucker dwell time.

USE CASE
A use case of a terminal doing approximate-
ly 500.000 moves a year, converting from a 
conventional terminal operation to an auto-
mated terminal shows the possible savings: 

•  By changing from wheeled operation 
to stacking underneath the crane saves 
approximately 75% of hustler trucks.

•  Implementing ROS operation improves 
crane-operating time by at least 20%, sav-
ing of one crane in the CAPEX and OPEX.

•  Implementing automation and ROS 
capability enables to work two cranes 
with one ROS operator.

•  ROS operation enables one operator to 
move all cranes during low traffic hours.

This is a very high-level view on cost sav-
ings. What needs to be equally considered 
is the improvement in safety for the opera-
tor no longer climbing the crane, working 
in an upright sitting position and the social 
interaction with co-workers.

References of automated intermodal 
operations: CSX Winter Haven, FL; CSX Fair-
burn, GA; GCT Vancouver, BC; and BASF 
Ludwigshafen, Germany. 
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Early 2020, the unaware pessimists were 
predicting total collapse of the container 
carriers, both on the revenue side and on 
the profit side. The bulk commodities, ex-
cept for crude oil tankers, were seen as im-
mune to the containerised trade. The first 
half of 2020 seemed to bear those pessi-
mistic sentiments. 

According to Clarksons Research, in May 
2020 nearly 12% of the entire global fleet was 
idle. Meanwhile, the ocean-going ships in ser-
vice struggled with impossibility of crew rota-
tions stranding thousands of sailors at sea.

At the time of writing we are not at the 
end of 2020 yet, but then, one year does 
not mean much, especially when measured 
against three decades of ship’s lifespan. 

More big ships were added to the global 
container fleet in 2020 which will make the 
capacity game in years to follow very inter-
esting. These new arrivals represent orders 
placed for 24,000 TEU vessels a few years 

HOW IMPORTANT IS 
THE GROWING SIZE OF 
CONTAINER VESSELS? 
Kris Kosmala, Industry Thought Leader, Rotterdam/Singapore 

ago. Major buyers then included HMM and 
COSCO, but other lines kept growing their 
fleets as well. 

Carriers adding capacity should be good 
news for the shippers continuously yearn-
ing for lower shipping costs. But the wis-
dom of investing applies here as well. Past 
performance is not a reliable indication of 
future outcomes. This time around, the 
shippers should not expect the destructive 
miracle of near zero rates, the bane of the 
shipping industry a few years back. The cul-
prit is the digitalisation. It has been talked 
to death in conferences, I know, but the re-
sults are finally showing up. This, and the 
concentration of supply within the three 
major alliances.

Fast forward to October 2020 and the re-
ality demolished the pessimism abundant 
in March of 2020. The carriers acted much 
faster at reducing sailings and blanking ca-
pacity, in many markets much faster than 

the demand suggested. Better digital de-
mand forecasting tools and some overabun-
dance of caution took out too much capacity 
in some markets, but that has been quickly 
corrected. Alliances held well, as all carriers 
remined of the same mind – reduce capacity 
first, keep the rates steady. The yield optimi-
zation technology allowed some carriers to 
be very selective in which request they ac-
cepted and which ones got declined. The re-
sults, much better than expected may I say, 
were seen in the quarterly financial results 
throughout the year. As opposed to the sea 
of red ink, the profit/loss statement showed 
sea of black as far as an eye could see. 

While the panic about immediate results 
evaporated, the fundamentals of the indus-
try have not changed. An idling vessel is a 
drag on the balance sheet. An idling vessel 
does not cost much to operate, but it is not 
earning anything either. The fact that the 
industry has not earned its cost of capital 

ABOVE:
HMM Algeciras in the Port of Hamburg  
(Photo: HHLA/ Dietmar Hasenpusch) 

WWW.PORTTECHNOLOGY.ORG12   EDITION 103

BEYOND THE MEGA-SHIP REVOLUTION 



for more than a decade is not going to be 
diametrically different just because of the 
windfall from high rates in 2020.

FLEET RENEWAL 
With cash on hand, the carriers may also 
continue renewing their fleets replac-
ing old bunker guzzlers with fuel-efficient 
units. The order book shows something of 
a trend that ports and shippers should keep 
in mind. At the cost of the medium-sized 
ships, the global container fleet is develop-
ing toward the mega-large container ships 
and the smaller feeder ships. At the top of 
the range, expect more of the 24,000+ TEU 
ships like the HMM Algeciras. It was in 2019, 
Maersk declared the end of vessel supersiz-
ing, but I am sure this trend still has a few 
years to run. At the bottom of the range, 
orders for 5,000-7,000 TEU ships are indica-
tive of the strategy for the next decade.

The big ships are not going to call on 
many ports, so the rise of the port mega 
hubs with superb hinterland connectiv-
ity will continue. That is good news for the 
usual suspects like Shanghai, Shenzen, Rot-
terdam, Hamburg, Los Angeles/Long Beach, 
or New York. Ports of lesser importance and 
poorer connectivity which made infrastruc-
ture investments hoping for the ultra large 
vessels calls may not see those ultra large 
vessels, but it doesn’t mean they will not 
see bigger ships. 

That brings us to the mid-size ships. 
These are the ultra large ships of the last 
decade ranging between 12,000 TEUs and 
18,000 TEUs. These ships are still on the 
books and have not paid for themselves to 
be shipped off to the breakers. This means 
that the carriers will continue cascading 
them to ports with markets more suitable 
to 8,000-12,000 TEU ships. Demonstration 
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of this trend could be port of Charleston 
on the south-east coast of US becoming a 
regular port of call for CMA CGM 15,000 
TEU ships. Port calls like this were once in a 
blue moon promotional itinerary event, but 
no longer.

CHANGING BUSINESS MARKETS 
The mid-size are too clanky to execute ship-
ping for the radically changed business and 
consumer markets. The smaller, energy-
efficient ships mentioned earlier are much 
better suited for point-to-point specific 
spokes connecting the hubs served by the 
giants to promising hinterland gateways. 
The hub and spoke architecture seems to fit 
continuous rise of the e-commerce trade, 
even if caused by the carriers stocking up 
on the super-sized ships. For this system 
to operate efficiently and to provide highly 
competitive transit times, the carriers need 
to orchestrate the shipments with preci-
sion seen before only from express parcel 
aggregators like FedEx, UPS or DHL. This 
explains the reason for Maersk, CMA CGM 
and COSCO to bring logistics orchestration 
in house. If not for the sheer volumes gen-
erated by e-commerce and its demands 
for door-to-door speed and precision, the 
carriers would leave orchestration to the 
freight forwarders. Until now.

Rapid recovery in China, continuous 
strength of import volumes, cheap fuel – 
what could possibly go wrong for the ship-
ping industry? As any sailor worth their salt 
knows, calm sea and smooth sailing are 
possible for a while, but a storm is never 
farther than the horizon. 

FACING REGULATIONS 
One dark cloud relates to fleet renewal and 
ship purchase financing. Newer ships prom-

ise compliance with emissions regulations 
and, in general, cheaper cost of ownership 
due to technological innovation of on-board 
systems. While buying new ships in light of 
regulation is a good ship owning argument, 
the bankers are much more cautious. The 
notorious volatility of shipping industry 
broke a lot of banking backs and depleted 
ranks of willing and able financiers. While 
not a complete credit crunch as far as the 
shipowners are concerned, the credit is and 
will remain tight. Any carrier going to the 
bank will need to have an incredible business 
model story for the cash spigot to open.

The other dark cloud relates to competi-
tion regulation. This affects both further con-
solidation among the carriers themselves, 
concentration of capacity power through 
alliances, and the developing vertical inte-
gration model. Many people heard Maersk 
talking about becoming the Amazon of the 
seaborne trade, but not many people had 
figured out what that meant. Up to now. By 
bringing supply chain planning capabilities 
of Damco in house and buying technology-
based companies providing services neces-
sary to keep the cargo moving with minimal 
friction, Maersk has shown how to become 
fully self-sufficient in serving needs of ship-
pers through direct relationships. Their 
recent warning shot across the bow of DB 
Schenker has demonstrated how valuable 
that ownership of vertical integration com-
ponents has become. If the “big 4+2” take 
the same route, will the competition bodies 
react or leave the carriers alone? It is not an 
easy question to answer.

Read PTI's Journal on mega-ports HERE 

“WITH CASH 
ON HAND, THE 
CARRIERS MAY 
ALSO CONTINUE 
RENEWING THEIR 
FLEETS REPLACING 
OLD BUNKER 
GUZZLERS WITH 
FUEL-EFFICIENT 
UNITS.”
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