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Welcome to the first edition of 2019. This is also our first issue 
in our new publishing format in which we offer a monthly 
edition focussing on one key area within the sector. For the 
fans of the print journal, fear not; we are still to publish two 
print journals a year. Because of the change, the print journals 
will be much larger and offer a holistic review of the industry 
as always, and they will be published in April and September 
in the run up to our two flagship events: CTAC and the Smart 
Ports Conference.  

This edition – Issue 81 – focusses in on terminal automation 
design, offering a new spin on a central area of contemporary 
port operations, and allowing our contributors a creative license 
to discuss terminal automation from a unique standpoint. 

Given the unique nature of ports and terminals, when 
automation is implemented in a given terminal, it is usually 
in such a bespoke manner that it proves to be tricky to apply 
the same scenario to another terminal that is looking into 
automating processes. Therefore, this edition looks to hurdle 
that issue by exploring terminal automation design from a 
more expansive, open standpoint. The aim is for this to imbue 
our readers with a general sense of optimum performance 
with regard to automation in terminals. 

We have utilised the expertise of some top names in the 
industry in our quest to provide a unique and authoritative 
review of terminal automation design in this issue. Dr Yvo 
Saanen, one of PTI’s most popular contributors, has offered a 
superb review of the ten pre-requisites smart terminals need 
to have in place. Dr Saanen’s TBA has long been an expert 
in the field of terminal automation, and I’d like to also say a 
personal thank you to him and TBA’s Marketing Manager Linda 
Hu for the fantastic front cover they provided for this issue. 

Other key papers come from terminal automation giants 
Kalmar, port planning expert Mark Sisson of AECOM, and the 
wireless solutions provider IDENTEC. 

Finally, let me wish you a happy new year on behalf of us all 
here at Port Technology. 

Richard Joy
Editor 
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Some say the technological revolution is 
going ever-faster. Although we have to 
realize that in the last 100 years, the amount 
of technological innovations has been 
enormous, we have to maintain a helicopter 
view on the world. In recent years, we have 
seen the latest hypes follow each other 
quite rapidly, with the Internet of Things 
(IoT), big data, blockchain, and artificial 
intelligence (AI) as buzzwords. The latest 
addition to this grouping is ‘the digital twin’. 
Although all of these technologies seem to 
offer great opportunities to the industry, 
and certainly to the logistics industry, the 
amount of clear success stories or large-
scale implementations is lacking. Some may 
point to the conservatism in the logistics 
business, but others may also question the 
true business case of these technologies. 
Moreover, some of these hypes are 
repetitions from the past, the digital twin 
not in the least. After all, a digital twin is 
a model of the physical reality, albeit with 
a great level of detail. But it will always 
remain a model, leaving away irrelevant 
details. 

What is clear from each of these trends is 
that technology has become an enabler in 
developing innovative, value adding solutions 
that actually address real-life problems. The 
technology is readily available, affordable, 
and delivered in mass-production. There 
are many suppliers who can also assist in 
deploying these technologies. Does this 
mean we are not facing any challenges 
anymore? On the contrary, to make use 
of them such that they actually serve the 
objectives of ports and terminals, there is a 
lot of work ahead of us. 

In this paper, I have tried to identify 
where these technologies can provide value 
to make ports and terminals more effective, 
efficient, and safe. 

CLICK FOR LATEST TBA VIDEO 

1. CONNECTED TO THE OUTER WORLD
Terminals are a key component of the supply
chain. One would expect that all information
that is sent to terminals, is delivered in

standardized digital formats. Reality is far 
from that. Timely data availability, data 
quality, and digitization are all problematic, 
leading to large inefficiencies in terminal 
operations, affecting the service that 
terminals provide. Such errors range from 
BAPLIE files, to inaccurate vessel ETA’s, to 
changing modes of transportation after 
arrival at the terminal, to random truck 
arrivals at the gate. 

This is in a world where all the necessary 
information is available in digital form. 
However, such information is not made 
available to all stakeholders in the supply 
chain. In many ports around the world, 
initiatives are taken to make the information 
accessible to all parties, however it takes 
great effort, as there is resistance with 
certain stakeholders, as their position may be 
weakened or even disappear if information 
freely flows. It is our expectation though that 
it will be just a matter of time.

2. CONNECTED TO ALL ASSETS
Terminals are a collection of high-
value assets, yet the real-time available

10 PRE-REQUISITES FOR 
SMART TERMINALS
Dr. Yvo Saanen, Commercial Director and Founder, 
TBA, Delft, Netherlands REVIEW TBA IN THE
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information about the assets (location, 
status, technical state, et cetera) is not 
readily available to enable intelligent 
control. Control for asset deployment, but 
also for maintenance purposes. In most 
cases, there is already information locally 
available, but not centrally, and certainly 
not across the entire fleet, in one fleet 
management system, or in the TOS. It is 
scattered, has no standard structure, and is 
often incorrect. 

The technology to enable this is there, 
and a large portion of equipment is already 
available, including sensors of various kinds, 
location devices, and machine-bound PLC’s. 
However, this all comes with a limited 
degree of standardisation. Further, basic 
mechanisms such as remote updating, 
version management, and health checking 
is rarely present. 

Besides this, the maintenance of all 
the on-board technology is typically a 
problem. Regular calibration of sensors 
(e.g. weighing sensors) is required to make 
sure the information coming from the 
machine is accurate and reliable. Yet, this 
is not yet standard (maintenance) practice 
because the actual use of the information 
is limited, defying the purpose of proper 
maintenance.

CLICK FOR LATEST TBA PAPERS

3. CONNECTED TO ALL STAFF
As important as connectivity to the physical
assets is connectivity to the human assets
in the field, as well as real-time access of
operators to central information. Both to

ensure people are kept out of harm’s way 
(think of location detection, or proximity 
sensors), as well as information in real-time 
to perform actions efficiently (updated 
loading list, reefer (un)plugging list, et 
cetera) is rarely installed. Instead people 
are sent around with information on paper, 
and record information on paper to be 
processed later. This in a time when almost 
everything can be accessed through smart-
phones. 

Here, we could even think one step 
further into augmented reality (eventually 
through technology like the Google Glass), 
so that operators get immediate visual 
information while keeping their hands free. 
One could for instance think of twistlock 
information: should the container in the 
spreader be equipped with cones or not? 

4. REAL-TIME, HOLISTIC PLANNING,
CONTROL AND OPTIMIZATION
A terminal consists of a series of
interlinked, highly variable processes,
hence dynamic, real-time planning and
control is essential to be efficient. There
are all kind of planning, scheduling and
dispatching tools in the market to assist
and provide decision-making support,
or even automation. But there is great
resistance – especially from operators –
to use these tools. On the one hand there
is a degree of job protection behind this,
but also lack of insight in the benefits. The
efficiency gain does not come from some
reductions in planning and dispatching
staff, but by operating in a better way
outside. Here the real expense is being
spent in machines, fuel and labour.

5. REAL-TIME MEASURING OF KPI’S
In order to improve, one needs to know 
what’s going on. Hence, the performance 
of the operation should be measured 
continuously, and to a great level of detail. 
Only then, can one really determine
what explains the peaks and troughs 
of performance. Simply measuring STS
productivity, for instance, does not provide 
sufficient insight. Also, the circumstances 
affecting the performance must be gathered 
so that a complete picture results. Factors 
such as yard occupancy, gate volume, driving 
distances, and the number of unproductive 
moves should be monitored. 

The measurement should preferably take 
place in an automated way. Therefore, not 
MS-Excel spreadsheets filled in during or 
after the operation, but gathering at the 
source. The key questions are: What are the 
assets doing, how fast are they moving, how 
far are they driving? Finally, all information 
related to operational disturbances needs 
to be gathered, as this is the third explaining 
factor for performance. 

6. CONTINUOUS ANALYSIS OF
PERFORMANCE (KPI’S)
When all this measurement is in order,
there is a solid basis for analysis, and,
most vitally, acting upon said analysis. Just
gathering data serves no purpose. The
data needs to be turned into insight, and
insight into knowledge, so that the actual
control improves. Equipment deployment,
yard strategy and vessel planning are key
‘customers’ of proper operational analysis.
This means that the lessons learned need
to be fed back to the staff planning and
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controlling the operation. This will have 
substantial effect on the variable cost.

The cycle of measuring, analysis, and 
action should always be continuous so 
that the learning cycle also reacts to 
changes. Changes in volume, dwell times, 
truck patterns, or just the arrival of a new 
vessel service are likely to require adjusting 
operational strategies.

In this process, it is also key to make 
record of implemented changes. Most 
changes in strategy will only have effect 
over a longer period of time (typically more 
weeks than days). At the same time, there 
will be cyclic, independent influencing 
factors such as the seasonal patterns. These 
effects must be taken into account when 
analysing the result of change.

7. TRAINING AND CERTIFICATION  
OF STAFF
In prior articles in The Journal of Ports 
and Terminals, we have written about the 
importance of training. We have seen very 
significant effects in improved planning 
capabilities after training. Having a serious 
training programme, first for on-boarding, 
and later to further enhance operating skills 
is a key factor in operational performance.

Where most operators are having 
or setting up training programmes, 
certification of the control room staff is still 
rare. Which is surprising given the large 
impact this staff has on operational success. 
Our findings across more than 25 terminals 
(>250 planners) show the difference 
between worst and best planners by 
up to 50% (measured in resulting berth 
productivity).

Testing planners against a calibrated 
scenario – for instance, in a near-to-live 
virtual terminal (see REF) – is one possible 
way to get people in the right position.

CLICK FOR TBA'S LATEST NEWS 

8. CAPABILITY TO LEARN FROM THE PAST
One of the hype words often mentioned 
is artificial intelligence. Fundamentally, 
the ideas behind it are really new, but 
the combination of large amounts of data 
being available, and cheap (cloud-based) 
computing power, brings the ability to 
quickly recognize patters, rendering it much 
more useful. Still, computers have a tough 
time recognising context in data, but with 
help of experienced operational analysists, 
this gap can be bridged.

The potential is large, as the container 
supply chain is highly repetitive, hence 
predictable. Where today, the terminal has 
almost zero information to use to allocate 
the right spot in the yard, learning about 
dwell time patterns, pick-up patterns, and 

roll-over patterns, may reduce the amount 
of unproductive moves by factors. Many 
terminals move a container more than four 
times, where an ‘ideal’ operation would do 
it with just two moves. One can imagine 
how many cost savings would be achieved.

9. TERMINAL DEVELOPMENT BASED ON 
‘MASTER PLAN’
When we look at how terminals have 
come about, we recognize many look like 
patchwork. Every expansion is planned 
when required, without looking at the 
bigger picture. Buildings in the most 
inconvenient places, height differences, 
light poles, roads with illogical routing and 
so forth, are quite common situations.

Of course, not everything can be taken 
into account, but we can go significantly 
further in looking ahead and making 
a robust masterplan, that withstands 
a change of circumstances to a large 
extent. Cargo flows, ship sizes, hinterland 
transportation patters, and dwell times 
are all subject to change, yet these can be 
addressed during the master planning. This 
means expansions become consecutive 
steps of the execution of a grand plan, 
rather than the isolated exercises typically 
leading to unwanted situations. 

Modelling can greatly help in these 
assessments, and also act as a source 
of reference for future decision-making. 
Even the consequences of changing 
parameters can be easily analysed and 
quantified (see REF).

10. A SOLID CYBERSECURITY LAYER IN 
PLACE
Last but not least, a terminal today needs 
to have its cybersecurity in order. There is 
a large degree of data exchange with many 
third parties. Such a scenario means the 
risk of receiving malware, viruses or alike, 
or spreading it to others, is quite large. 
Besides, the fact that containers contain 
high-value goods makes them a highly 
desirable target for cybercriminals. Finding 
the right container, filled with expensive 
electronics or cigarettes, by hacking in the 
system, and setting up an illegal delivery, is 
not a hypothetical scenario. 

This means that cyber security must be part 
of the daily IT process. Making sure that all 
protection layers are up-to-date, and making 
sure that staff is aware of the risks. As people 
are always the weakest link, continuous back-
ups are essential, so that recovery in case of 
an attack is quickly feasible. 

CONCLUDING REMARKS
A quick inventory we undertook at a range 
of terminals in two months in late 2018 
revealed that from the ten prerequisites 
above, most terminals have not fulfilled 
most of the ten, and if they have they are to 

a limited extent. These are results in a time 
where the technology to help is available. 
None of the points mentioned will require 
large investments, nor be too complex to 
implement. However, it requires ability and 
willingness to change. In many cases, this 
only arises when there is a serious problem 
(for instance after a cyberattack causing 
substantial damage, people are willing 
to implement strict security procedures), 
or pressure from the outside (e.g. from 
local authorities) to implement these 
productivity, and efficiency enhancing 
measures. 

So, in closing, we still have a long way to go.
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Rubber-tyred gantry (RTG) cranes are 
the most common container terminal 
operating mode in the world. However, 
the most common style for new 
terminals built in the last decade has 
been automated or semi-automated 
operations based on automated stacking 
cranes (ASCs). The world’s busiest 
container port, the Port of Shanghai, built 
the Yangshan Island terminal originally as 
all RTG, but the newest expansion of this 
terminal now uses ASCs.

This paper explores the reasons, or lack 
thereof, for converting from an existing 
RTG terminal into an ASC terminal. In 
our example analysis we will consider a 
medium size, rectangular, three berth 
terminal with 1200m of quay face and 12 
STS cranes. We will assume that the berth 
capacity of this facility is approximately 
1.2 million container moves per year 
(100k per STS crane). At 1.75 TEU per 
container, this equates to a volume 
of 2.1M TEU per year. These are not 
absolute limits of course, but do describe 
a very busy terminal by North American 
standards, and are conveniently round 
numbers for illustrative purposes.

TERMINAL SPECIFICS
If we assume 50 slot turnovers per year (or 
a mean container dwell time of just under 
a week), this terminal will need to store 
approximately 42,000 TEU of container 
inventory during peak times. For 1 over-5 
RTGs in an import/export operation, the 
maximum desired overall stacking height is 
perhaps 3.25, so 12,900 twenty-foot ground 
slots (TGS) will be required for peak storage. 
RTGs are most commonly arranged in rows 
parallel to the quay, and we will assume 
this arrangement in our example analysis. 
Each of these rows can store approximately 
900 TGS for a 6-wide RTG configuration, 
meaning we will need 15 RTG rows in 
parallel in order to match the berth capacity 
of this example terminal. This will require 
approximately 450 metres of net container 
yard area perpendicular to the berth. This is 
coincidentally the approximate depth of the 
Yangshan RTG terminal layout.

One argument for converting to 
automation (i.e. ASCs) is an increase in 
capacity. Let’s see how much area would 
be required to support the same 1,200m 
quay with an ASC operation. This width of 
terminal will likely allow for 31 ten-wide ASC 

blocks. Each block will need to store 1,355 
TEU to meet the terminal wide target of 
42,000 TEU. 1-over-5 ASCs can operate with 
slightly taller stacks than RTGs because they 
have more flexibility in rehandling containers 
so let’s assume a target height of 3.5 for the 
ASC operation, meaning that each block 
will need to accommodate 387 TGS. At 10-
wide, this means each block will be 39 TGS 
lengthwise. This is a net length of 300m for 
the high density storage, but each row has 
approximately 30m of storage buffer or truck 
parking at each end, and perhaps another 
20m of vehicle maneuvering space, so the 
equivalent container yard (CY) space for an 
ASC row is approximately 400 meters.  

This simple analysis shows that perhaps 10% 
of CY space can be saved by converting from 
RTGs to ASCs as a primary storage mode. This 
is effectively all due to the 10% taller stacking 
heights assumed in the calculations. In most 
real world scenarios, this 10% area difference 
is not a meaningful amount of space saving. 
This is especially true for existing terminals 
where there is no opportunity to monetize 
the surplus land by giving it back to a landlord 
port, or subleasing it for other purposes. For 
greenfield developments, especially those 

AUTOMATION OPTIONS  
FOR RTG TERMINALS
Mark Sisson PE, Senior Port Planner, 
AECOM, San Francisco Bay Area, USA 
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involving ocean fill, a 10% footprint reduction 
may be significant but it is largely irrelevant 
in a decision process for a potential retrofit 
project.  

RTG TERMINALS VS ASC TERMINALS 
Let’s now turn our attention to the cost 
comparison of these two systems. The cost 
to build 31 ASC blocks, with 62 ASCs, a pool 
of perhaps 60 or more AGVs, plus all the 
related crane rails, pavement and drainage 
modifications, electric utility upgrades, 
software, sensors, and gate modifications will 
likely range from a third to a half of a billion 
US dollars. This will eliminate nearly all the 
stevedoring and gate service labour, but it will 
also take perhaps five years to accomplish, 
during which time the terminal will be 
operating while under construction which will 
almost certainly reduce STS productivity and 
increase operating costs during this phase of 
operation. This level of capital expenditure 
and risk is enough to dissuade all but the most 
enthusiastic ASC proponent from undertaking 
a conversion from a busy RTG terminal into an 
ASC terminal.

CLICK FOR AECOM'S LATEST NEWS 

So what are the options and the payback 
for operators of manual RTG terminals? There 
are two primary strategies: automating the 
RTGs alone, and automating both the RTGs 
and the terminal tractors. Let’s now examine 
operating costs for a manual terminal. The 
simplest way to do this is to consider a single 
STS crane doing 100,000 moves per year. If 
this crane works at 25 moves per hour, it will 
operate for 4,000 hours per year. A typical 
stevedoring gang may consist of two RTGs in 
the yard to support each STS crane. On the 
gate side there are likely at least two RTGs 
also utilized to serve street trucks moving 
the 100,000 containers to or from the 
hinterland. Overall, our terminal will need 
approximately 50 RTGs to support 12 STS 
cranes and gate operations simultaneously.  

For this generic example let’s assume 1.5 
drivers per RTG for relief (on the US West 
Coast, up to 4 people including two drivers 
+ clerks and spotters may be used for each 
RTG). So in the manual operation, six RTG 
drivers are employed to support each STS
crane with four RTGs. If these RTGs are
automated and the drivers control them
remotely as needed, the terminal can be
staffed with perhaps one driver per three 
RTGs. For our single STS crane example, 
automating the RTGs would save 4.67 
drivers, or 18,700 driver hours per year. With 
an example labour cost of US$75/hr (this is
also much higher on the US West Coast),
automating the RTGs can be expected to 
save approximately $1.4M in labour, or
$350,000 in labor per RTG automated.

A Feb 14, 2018 article in the Journal of 
Commerce cited a cost of approximately 

$600,000 per RTG for conversion to 
automated operations at CT9 in Hong Kong. 
This implies a payback period of approximately 
two years for RTG automation projects. If 
our example terminal has 50 RTGs in total, 
the entire capital outlay for RTG automation 
is approximately $30M, which is less than 
10% of the capital cost of an ASC conversion, 
and has the additional benefit of very little 
disruption to the ongoing operation.

RTG automation also promises to increase 
driver safety and comfort by moving them 
into an office setting. A testimonial to this 
can be found in a YouTube video produced by 
ABB. In it, Eric Gonzales, a remote ASC crane 
operator working in an office at LBCT who 
formerly worked on RTGs states, “I really like 
working in the control room environment. 
I get to drink a lot of water, which is a lot 
healthier. When you are up in the crane you 
don’t get to drink a lot of water because 
you don’t get to come up and down”. 
Using remote RTG operators also saves a 
great deal of time and hassle to physically 
shuttle drivers to and from their machines. 
This combination of attributes makes 
automation of existing RTGs a very appealing 
proposition, especially for terminals in high 
labour cost areas. Automated RTGs also can 
potentially be combined with appointment 
systems to facilitate clever strategies for low 
cost pre-sorting of containers for the next 
day’s pickup at the gate.

CONCLUSION
Of course, this is not yet an ‘apples to apples’ 
comparison with an ASC+AGV terminal in 
terms of labour savings. Each STS crane is 
supported by a fleet of perhaps seven yard 
tractors and eight drivers, including some 
relief. So 12 STS Cranes will require 96 
tractor drivers to support the stevedoring 
operation. All of these can be eliminated 
with a conversion to AGVs (or autostrads). 
100 tractors at 4,000 operating hours per 
year at $75/hr is a labour saving of $30M 
per year. Added to terminal-wide RTG labour 
savings, a fully automated terminal in this 
example may save nearly $50M in annual 
labour.  This is considerable but not an 
obviously appealing return on investment 
compared with a total up front conversion 
cost that may be as high as $500M. 

The conventional wisdom in terminal 
planning was that robotic vehicles needed to 
be physically separated from manual vehicles, 
including street trucks, for safety reasons. 
This paradigm resulted in the end-loaded 
ASC operation which allows for fully separate 
zones of work with robotic stevedoring 
transport vehicles on the waterside of the 
ASC stacks, and manual street trucks on the 
landside of the stacks. This requirement for 
strict segregation is now being challenged in 
a variety of areas from pallet sized robots in 
warehouses, to automated cars and trucks 
operating on public streets.  

A number of companies are working on 
automated tractors or retrofit systems to 
automate existing manual terminal tractors. 
The Port of Tianjin is one recent example of a 
location that is currently testing automated 
tractors. The cost premium for a new tractor 
or retrofit kit for existing tractors is not well 
known but likely to be in the range of $100-
200k per tractor. If these prove viable, the 
100 tractors in our example terminal could 
be automated for a cost of only $10-20M in 
additional capital and generate a savings of 
$30M per year, for a payback time of only a 
few months.  

These simple calculations strongly suggest 
that for operators of existing, heavily utilized 
RTG terminals, the best course of action in 
terms of automation is not to proceed with 
wholesale conversion to ASC+AGV systems, 
but to focus on automation of the existing 
RTGs and probably also the tractors as this 
technology matures and local regulations 
allow it.
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Automation is becoming a necessity in the 
future of many terminals around the world. 
Terminal operators recognize the changes 
to our industry with the introduction of 
automation, and embrace the opportunities 
incorporating those changes into their 
operational model from the outset. With this 
in mind, below we have outlined two key facets 
of contemporary automation in terminals: 
• Normally our industry connects 

automation with crane robotization only, 
without emphasizing the potential for 
ensuring operational excellence and for 
transforming the way container terminals 
serve the ocean supply chain

• For an incrementally more connected 
industry, operational excellence can only 
come through transforming the business 
silos to a single digitized process platform 
to act as the operational backbone which 
is supported by the required intelligent 
technology functions 

Taking a step back in time, the terminal 
automation industry has been through two 
major inflection points: 
1. In the 1990s, Rotterdam and Hamburg 

began implementing automation with 
strong focus on enabling equipment 
connectivity with a technology core 

foundation that was not mature enough 
to get the equipment de-coupled from 
human driving and decision making

2. At the end of last decade many new (semi) 
automated terminals were approached 
from a much more mature technology core 
foundation, establishing new boundaries 
with regards to process automation and 
automated decision making, and the 
software enabling those.

Now, state-of-the-art technology is pointing 
to a third inflection point, but many of the new 
automated terminals in the last 10 years have 
been considered a failure. In this regard, the 
terminal design process needs to go beyond 
infrastructure and equipment, establishing a 
seamless and iterative connection with what 
really drives the automation – the associated 
data and systems. What is needed is 
consistency between the associated terminal 
solution and the underlying business case. 

This article highlights the importance of 
the initial design phase and the necessary 
continuous engagement to realize the initial 
design from technical, operational and 
financial perspectives. We also outline the 
impact that emerging technologies could 
produce to enhance current methodologies 
and practices.

TERMINAL AUTOMATION DESIGN AND 
INTEGRATION
Terminal operators realized the use of 
automated technology requires a seamless 
integration between processes, technology 
and people, while also recognizing that 
the industry is still lacking consistency 
and repeatability on that integration. The 
challenge for integration to work properly is 
not just at the start-up level or in the first year, 
but it is a challenge that will be compounded 
when the volume to capacity ratio starts 
increasing in the future. 

Therefore, terminal design relies on 
modelling at its start. Today, the tools 
terminal operators utilize to model 
processes, operations technology and system 
architectures are limited to simulation and 
emulation tools. The key aspects of these are 
listed below: 
• With simulation aspects as capacity and 

performance design, terminal layout 
and capex/opex can be analyzed but the 
operations technology logic, software 
algorithms and the supporting system 
integration can only be assumed, and 
the outcome is not able to predict 
implementation challenges upfront, 
concluding simulation as a de-coupled 
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exercise in most of the cases, with no 
follow up in later stages to establish a 
terminal design realization ‘learning loop’ 

• With emulation when software is 
ready, the operations technology logic, 
software algorithms and the supporting 
system integration can be actually tested 
against ‘close to reality’ operational 
scenarios and including functional 
and usability validations but also act 
as a testbed, training environment 
and system improvement platform: 
o The main constraint here is the effort 
to set up meaningful emulation, which 
is significant and requires collaboration 
among several providers, as well as the 
availability of the different emulation 
components

Beyond the modelling area for terminal 
design, the following constraints regarding 
performance and reliability should also be 
noted:
• The traditional focus on processes design 

through a Business Processes Model 
(BPM) needs to be connected with the 
system functions and usability upfront. As 
systems are not available early enough, the 
standard operational procedures (SOPs), 
testing plans and training programmes are 
not realized nor refined hand-in-hand 

• Without the systems in place, the 
operations technology logic – in particular, 
the TOS-ECS algorithms – are taken into 
account through berth and yard models, 
introducing several assumptions and 
hypotheses that will need to be validated 
later when the actual interactions 
between applications and algorithms 
behaviour is available (usually late for 
effective fine-tuning)

• The number of applications forming the 
terminal system architecture is increasing, 
as is the subsequent number of interfaces 
and data sources. There are no standards 
regarding application integration patterns 
and associated data consistency models, 
and as a consequence every single 
terminal automation project is reinventing 
the wheel with regards to technical 
integration

• There are new roles in control rooms and 
new strategies for planning mega-vessel 
operations, from automation knowledge 
bases to system usability perspectives, 
yet our industry is lacking in community 
frameworks and application integrated 
GUIs. People and training remain 
paramount      

CONCLUSIONS AND NEW TECHNOLOGIES
It is a given that the next automation 
'quantum leap' will need to take reliability 
and performance to better levels than 
existing manual terminals. However, 
terminal automation design will also need 
to be consolidated, as well implementation 
processes, in order to manage implementation 

risks upfront and to be more predictable on 
the expected operational outcome. 

To tackle the integration challenges and 
constraints we presented in the article, 
the following technologies can produce 
a significant evolution on the effective 
connection across terminal design, 
implementation, and operation phases:

BIM Modelling: Building Information 
Modeling (BIM) is being used in architecture 
and civil construction industries as an 
intelligent 3D model-based process that 
provides insights and tools to more efficiently 
design, plan, construct and maintain 
infrastructure. As terminal automation 
demands the seamless integration of 
different work streams, the BIM process 
can help integrate all related design artifacts 
(such as for CAD drawings, specifications and 
validation tests).

All in all, BIM could structure project 
knowledge and asset architecture in order to 
apply intelligent and integrated maintenance 
practices across all related work streams. It also 
establishes a good core foundation for the long-
term for terminal engineering departments. 
Further, the formulation of related BIM codes 
and guidelines provides the important basis 
and support for the formulation of the relevant 
standards to the terminal engineering industry, 
not only for automation.   

Enterprise Architecture: This allows for the 
conceptualization of a blueprint to structure 
organization, systems and processes. In order 
to determine current and future objectives 
for each particular case of implementation, 
this is very powerful. It acts as an overall 
operational blueprint for automation. 

The definition of the terminal solution 
also needs to articulate a terminal system 
architecture, which must conclude 
consistent specifications to acquire the 
different sub-systems, for those sub-systems 
performing holistically, and easy recovering 
in case of disaster or cyber incident. In other 
industries, associated practices establish a 
modeling background which is very specific 
on application integration patterns, data 
consistency models and already implemented 
platform agnostic and application lifecycle 
management tools (such as Enterprise 
Service Bus-ESB). 

Digital Twin and Use of Data: Connected 
to modelling, and potentially BIM technology 
as well, the simulation and emulation model 
needs to evolve into a digital terminal twin 
that will establish a seamless connection 
between the terminal design and terminal 
operation phases. This will utilize the 
parameters in every one of the phases in 
connecting the design realization during the 
terminal implementation phase with the 
future operation.

From the digital twin core foundation, 
virtual reality technology provides, on top 
of emulation testing, effective tools for 
training and qualifying terminal staff beyond 

operations, as well as the use of software. 
It also allows for maintenance, safety, and 
security.

The data core foundation being created 
from simulation, emulation, and live 
testing creates a system of record which 
act as a single source of truth. This can be 
used iteratively to measure the deviation 
from design to implementation phases, 
but furthermore for establishing the right 
optimization and continuous improvement 
data-driven methodologies and practices.

Artificial Intelligence/Machine Learning: 
With automation, the focus so far has been 
on execution processes, with not enough 
on planning when berth, vessel, yard and 
intermodal planning parameters are set. As 
our industry is mostly a Plan-B industry, the 
current planning tools lack flexibility and need 
to be set up with a high-level of uncertainty. 
Later, the system has no resiliency to 
dynamically execute operations. 

As processes automation will leave a data 
system of record and terminal operations 
are highly based on repetitive and periodic 
patterns, the potential of AI technology to 
make planning more predictive, anticipate 
bottlenecks and optimize opportunities is 
great. This also allows the execution of more 
flexibility and resilience. 

In conclusion, the core problem terminal 
operators face for effective terminal 
automation design is the terminal solution 
level of definition at an early stage. Existing 
modeling tools are not enough to ensure 
effective integration between processes, 
technology and systems, and our industry 
is lacking on standards and methods (and 
the knowledge base) to leverage previous 
experiences. 
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Adding automation and the Internet of 
Things-model (IoT) to existing solutions is 
clearly the direction ports and terminals 
around the world are heading. While some 
applications and concepts have been clear 
winners in this nascent journey, others have 
not. This paper addresses why this is the 
case. 

In the household goods sector, for 
instance, we can now re-order groceries 
through IoT-enabled refrigerators that use 
service providers such as Mastercard and 
Samsung. While this is a state of the art 
concept, people who use this service will 
readily admit it is more about the “Wow-
Factor” than anything else. They still visit the 
brick-and-mortar store the same amount 
as before, especially in households with 
children.

Interestingly, in the automotive sector, 
Tesla CEO Elon Musk recently stated 
that his California factory had ‘too much 
automation’. This in turn slowed down 
production of the Model 3, with Musk saying 
that a ‘crazy, complex network of conveyor 
belts’ were to blame. Realizing this, he had 

the entire system ripped out in favor of a 
manual method, so that production could 
get on track to target levels. He understands 
that automation plays and will continue to 
play a critical role in manufacturing, but for 
now, some aspects will be rolled back until 
the challenges are resolved. Another very 
interesting takeaway when we consider the 
adoption of automated processes in the port 
and terminal arena.

Broadly speaking, the current state and 
perception of technology in the maritime 
sector remains somewhere in between these 
two examples. Many terminals are now 
seeing the benefits of automation, but only 
after some hard knocks along the way. I can 
remember the days of the first automated 
terminals commencing operations with an 
underwhelming 9 gross moves per hour 
(GMPH). While enhancements have been 
made in recent years, this should no longer 
be the case. In theory, our industry should 
have crossed the chasm that Mr. Musk is 
trying to cross now, not only with regards to 
automation in assembly line production, but 
also with regards to specific modules, such 

as enhanced autopilot, and, eventually, the 
driverless car.

Automation technology, once reserved 
exclusively for greenfield sites, has now 
been made available to brownfield terminals 
as well, thereby expanding the technology's 
potential reach. It is fair to say that every 
bulk and container terminal in the world 
has multiple suppliers to choose from, and 
therefore has the ability to create a goal to 
automate one or many of the aspects of its 
operation.

CLICK FOR IDENTEC'S LATEST NEWS 

IS AUTOMATION WORTH THE INVESTMENT?
In recent years, global container operators 
(GCO’s) have become increasingly 
knowledgeable in their evaluation of 
whether an automation offering warrants 
investment. Gone are the days when local 
operators or terminal managers could 
exclusively decide whether to move forward 
with a solution type and provider. Factors 
such as price, solution design, installation 
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bases, and disruption rate are now weighed 
in and factored by various procurement 
software platforms. In many cases, the 
analysis produces a detailed score for each 
solution type and supplier. This shift in 
procurement has led many in the industry 
to better identify past capital projects and 
supplier solutions that, in the long run, 
were not worth the investment. Some 
technologies have been placed aside in the 
smart household refrigerator category of 
‘nice to have, but not practical’, while other 
technologies have been thrust into the 
spotlight as ‘must haves’, mainly thanks to 
these procurement models.

THE IMPACT OF SMARTER SOLUTIONS
Having extensively visited marine terminals 
throughout the Asia Pacific and Americas 
regions over the past five years, I see three 
common questions that typically arise from 
each terminal that is considering automation 
at some level:
1. How difficult will it be to implement the

solution, and at what will the personal 
expense be to my workers?

2. Will the solution fit and interface well 
with my existing platforms?

3. When will I see a return on my
investment?

When the above questions are asked by 
a terminal considering an automated reefer 
solution, I usually respond by describing how 
they cannot afford to pass up the chance 
to automate this labour/capital intensive 
process.

The first thing I ask terminals to consider 
is the average number of reefers on power 
at their facility. For the sake of this piece, 
let’s assume we’re dealing with a smaller 
reefer operation of 200 units on power. The 
typical operation is 24 hours per day, with 
required readings every four hours. This 
would mean six readings per day, per unit, at 
an average of five minutes to perform each 
time. This roughly represents 20 man-hours 
on monitoring alone. The effort only grows 
the larger the reefer count increases and 
exponentially more once you factor in the 
time spent performing tasks such as pre-trip 
inspections, cold treatment log downloads, 
and set point changes.

By automating the monitoring process, 
many customers have been able to free up 
labour to provide value-added services that 
were not previously considered. This, in 
turn, has created a steady revenue stream 
for these terminals.

SOLUTIONS FOR CHANGE
A wireless design makes the ease of 
deployment quite simple. Many solutions 
on the market require large amounts of civil 
works, as cabling needs to be supplied to the 
racks and each reefer point. In contrast to 
this, some reefer systems, allow the flexibility 

to reposition reefer containers should it be 
necessary in the future. Many customers add 
reefer racks or convert previously wheeled 
areas to racked positions. With a wireless 
solution, this can easily be done. Customers 
are astonished as the on-site commissioning 
time for most projects is less than one week 
- this is mainly attributed to the intelligent 
design.

With an energy-monitoring feature, 
customers are able to solve the costly issue of 
the “hot load”. In many markets, particularly 
those dealing with fresh fruit, it is common 
practice for the reefer unit to arrive from 
the plantation or warehouse at ambient 
temperature, as gensets may be in short 
supply. In turn, it becomes the terminal’s 
responsibility to get the units to their chilled 
set point temperatures. Terminals in the past 
were unable to quantify exactly how much 
energy on a kWh basis was expended during 
this process, much less be able to associate 
an operational cost around this effort.

The energy monitoring feature provides 
real-time information about up-to-the-
minute energy consumption of each 
individual reefer unit. Those units with a plus 
or minus range of five degrees, for instance, 
can be identified and a billable event can 
be generated. For those customers utilizing 
Navis N4 Billing, the process can go a step 
further by triggering this event and queueing 
for an invoice automatically. Terminals must 
consider if the solution they are purchasing 
has interfaced with a TOS such as Navis 
previously, and to what degree it is a truly 
“plug and play” interface.

One recent customer I visited 
implementing a reefer solution will be 
imposing a US$20 surcharge for these 
“hot loads” and thus anticipates savings of 
US$40,000 in the first year as a result.

Reefer systems should not only be able to 
provide the current energy consumption, but 
also provide key data such as when a unit has 
lost power or has been disconnected. This 
can be achieved provided the monitoring 
mechanism relies on a backup energy source 
for the transponder. It becomes more critical 
as this data is applied in order to suppress 
CHE work instructions in the event the 
connection is still detected. This eliminates 
a major safety risk for operations.

CONCLUSION
As I mentioned earlier, automation and the 
IoT revolution has brought about many new 
services and changes, with clear winners and 
losers. The concept of reefer management 
is by far a winner and makes sense for any 
container terminal doing reefer business. 
The container terminals which once saw 
the solution as a novelty, much in the same 
light as Samsung’s auto-order fridge, are 
now starting to welcome and warm up to 
the real tangible benefits that can be had by 
implementing such a solution.
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This paper examines best practices and 
recommended approaches to structuring the 
design process of container terminals. When 
moving towards increased levels of terminal 
automation, terminal design is an especially 
complex process that requires extensive 
planning and careful risk management. 
Early decisions made during the design 
phase have huge implications later on, so a 
structured evaluation of various scenarios is 
essential for project success. 

Industry studies  have highlighted that 
many shipping lines are dissatisfied with 
the service they receive at terminals, and 
that they would be willing to invest more 
in return for improvements in, for example, 
the availability of equipment as well as the 
reliability, efficiency and consistency of the 
service they receive.

INDUSTRY TRENDS 
As global logistics chains become faster, 
more transparent and more intensely 
competitive, the key challenge for terminal 
operators becomes one of doing things 
better by leveraging new technology. At the 
same time, operators need to reconcile the 
need for heavy terminal investments that 
will shape their operations for many decades 
to come with shorter-term uncertainty on 
market dynamics, global traffic patterns 
and their business environment. 

To design a successful container or 
general cargo terminal is thus a highly 
challenging task that must decrease 
the cost of operation, improve service 
quality and effectiveness, and keep the 
terminal competitive for a wide range of 
potential future scenarios. The decision 
on the operational concept of the terminal 
depends on many factors including the 

expected size of vessels, traffic forecasts, 
available plot size, labour market conditions, 
cost structure and environmental impacts. 
Furthermore, the terminal needs to 
consider how to differentiate from its 
competition to maintain and grow its 
market share. 

TERMINAL DESIGN
Typically, when designing a terminal – and 
especially when considering automation 
– operators have challenges in thinking
through the full implementation plan for
the design. When moving towards the
implementation phase, it is easy to take
shortcuts and make assumptions such as
assuming the productivity figures of an ASC
block based on data from another location,
without taking into account local conditions
and the terminal's own specific traffic
profile.

DESIGNING FUTURE-PROOF 
CONTAINER TERMINALS
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Likewise, terminals often struggle with 
the level of integration required for terminal 
automation. The quay, container stack and 
gate may all be optimised separately instead 
of as a unified system. A system is only as 
strong as its weakest link, and especially 
for the deep technical interdependencies 
involved in an automated terminal, the only 
practical way to gain a realistic view of the 
total system is to perform careful testing 
with simulations that utilise authentic 
scenarios and data. 

Ultimately, operators face two main 
challenges when seeking to design 
successful terminals. Firstly, the required 
decisions are extremely complex and 
involve multiple interlinked variables, so 
they can only be handled with a structured 
approach and purpose-built tools. Secondly, 
each business case is extremely dependent 
on the individual conditions of the terminal. 
Generalised guidelines (e.g. how many 
cranes are needed for a container block 
of a given size) are of limited value, and 
designers must do the evaluation based on 
the specific situation and business goals of 
their own terminal. 

At the core of a successful terminal design 
project is a structured design approach that 
leverages technology and data for the best 
results. The tools and processes for making 
more informed design decisions already 
exist, and a small investment in the design 
stage can be orders of magnitude more 
economical than having to make changes 
later on in the process. 

CLICK FOR LATEST KALMAR PAPERS

BUILDING BUSINESS CASES 
Whether designing a new (greenfield) 
terminal or upgrading an existing 
(brownfield) site, design and operating 
decisions need to be linked to sound project 
appraisal by framing the problem in a holistic 
manner. For this purpose, business cases are 
developed to consider the options from a 
360-degree perspective on value creation. 
In this way, the choices and trade-offs in the 
operational design can be linked directly to 
customer value, financial value and strategic 
value and social value, as articulated below: 
• Customer value encompasses the 

satisfaction of the users of the terminal, 
including vessel operators and cargo 
owners. The impact of changes in 
performance at the customer end, 
such as equipment availability, speed 
(turnaround time) and particularly the 
reliability of service should be valued. 
Accordingly, customer value is linked to 
financial value through potential gains 
(or losses) in market share, as well as 
through positive or negative impact on 
pricing levels

• Strategic value reflects the terminal's 
agility towards changes in the market 
and the broader operating environment. 
The business case thus evaluates options 
to expand, reduce or exit operations 
over time. Designs that increase 
flexibility or save on scarce resources 
such as land, offer important benefits to 
terminals. The conditions of concession 
agreements will amplify the relevance 
of such strategic value drivers over the 
long-term operating horizon

• Financial value is primarily derived 
from the investment and operating 
cash flows. Alternative design options 
are typically compared against their 
financial performance measured by the 
Internal Rate of Return, the Pay Back 
period or Net Present Value. Business 
cases must help in understanding how 
financial value can be improved through 
savings in operational expenditures and 
better planning of capital layouts. 

• Social value is the cost and benefits 
for third parties such as employees, 
inhabitants, economic system, the 
government and the surrounding scarce 
natural resources.  Design options 
impact value measured in terms of 
gains in safety, security, emissions, know 
how, taxes and economic efficiency. In 
particular it should not be forgotten that 
ports and terminals contribute to the 
social economic health of a region.  

THE DESIGN PROCESS
The key tool for managing the terminal 
design process is an integrated ‘Flexible 
Decision Tool’. This is software that utilises 
a wide range of available information to 
facilitate informed, optimised decision 

making and to create a set of realistic 
business cases on the basis of real-world 
data.  

Inputs of the Flexible Decision Tool can 
include, among others: 
• Timing aspects: concession duration and 

construction period
• Financing assumptions: inflation, taxes, 

debt funding
• Terminal parameters: area, volume 

characteristics, TEU ground slots, 
stacking height

• Activity statistics: horizontal transport, 
yard moves, gate, inspection, 
housekeeping

• Equipment parameters: maximum 
running hours per unit, moves per hour, 
spare parts cost, maintenance per hour, 
useful economic lifetime, emissions per 
hour

• Investment costs: infrastructure, 
equipment, IT

• Other operational costs: labour, energy 
and fuel, insurance

• Revenues per container type

The outputs for each scenario include, 
among others:
• Total Cost of Ownership, Internal Rate of 

Return, Net Present Value 
• Cash flow statement
• Balance sheet
• Environmental impact

KEY DESIGN PHASES

PHASE 1: INVESTIGATE
The goal of the Investigate phase is to map 
out various options for design alternatives 
in order to meet the business objectives 
of the terminal. This phase examines the 
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relative strengths of different layout options, 
terminal concepts and transportation 
systems (automated stacking cranes vs. 
rubber-tyred gantry cranes, straddle 
carriers vs. automated guided vehicles etc). 
Pathways to automation can already be 
evaluated at this stage. 

This project phase also examines the 
terminal design process from the wider 
context of the terminal's investment goals 
and financing structure. In simplification, 
the various options can be divided into 
Low CAPEX / "short-horizon" and High 
CAPEX / "long-horizon" terminal concepts. 
A solution with lower capital expenses will 
offer a shorter timeframe in recouping the 
investment and will provide easier options 
for adjusting equipment fleet sizes due 
to changes in capacity demand or other 
factors. 

CLICK FOR KALMAR'S LATEST NEWS 

"Short-horizon" terminal concepts 
typically offer flexibility in both terminal 
layout and investment terms; however, 
maximum capacity and throughput may 
be limited compared to solutions with a 
larger fixed infrastructure. Typical "long-
horizon" terminal concepts include ASC 
terminals with various types of automated 
horizontal transportation. These systems 
typically offer the maximum potential for 
autonomous/automated solutions, high 
throughput and maximum stacking density, 
but may be less flexible in some aspects.  

Additionally, the Investigate phase needs 
to address the implementation plan when 
upgrading or redesigning existing terminal 
operations. For operational (brownfield) 
projects, this is a highly relevant question 
that may, in some situations, even rule 
out the optimal operating modes, simply 
because there is no way to implement 
them in the middle of a live operation due 
to the operational disruption caused by 
implementation activities.

PHASE 2: QUALIFY
The Qualify project phase researches and 
numerically assesses alternative solutions 
in extensive detail. The full range of layout 
options is evaluated, and a comprehensive 
business case analysis (CAPEX, OPEX, ROI, 
et cetera) is prepared for several potentially 
viable scenarios. 

At this phase, the high-level delivery 
and project plan begins to take shape, 
supported by terminal capacity calculations 
and fleet size estimations. Sensitivity 
analysis is an essential step that explores 
the effects of changes in various parameters 
such as operating volumes, dwell times, 
TEU ratios or a wide range of other metrics. 
The end goal is to begin to shape a solution 

that will be robust towards changes while 
continuing to provide the business results 
required by the terminal.

PHASE 3: DEMONSTRATE
Finally, the Demonstrate phase includes 
careful validation that the selected design 
option meets its objectives. Terminal 
simulations are used to demonstrate 
the design and to verify its operation in 
different scenarios. An essential point to 
remember is that simulations are dynamic 
models that make it possible to validate 
scenarios that cannot be addressed with 
static spreadsheet-based models. 3D 
modelling of the preferred terminal design 
is a useful tool for visualising potential 
issues, and simulations can utilise real-
world terminal data for maximum accuracy. 
Even at this stage, iterative process steps 
are taken back and forth before finalising 
the selected design.

CONCLUSION
 Designing a container terminal – whether 
an existing site or new installation – is an 
exacting task that calls for complex decision 
making based on limited information and 
changing external conditions. However, the 
process can be managed in a structured way 
to maximise the ability to utilise technology 
and data to keep design options flexible as 
long as possible. The key elements of a well-
planned and successfully executed terminal 
design process can be summarised as follows:  
• Don’t save on the design phase
• Get really involved – take responsibility 

for your future
• Use the technology and data available to 

the fullest
• Plan for the widest range of futures you 

can imagine
• Trust the partners that have done it before
• Focus on the whole lifecycle of the 

system, not just on the go-live date
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