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While the maritime sector, including ports and terminals, 
has often been regarded as a conservative industry resistant 
to change, the groundwork is now being laid for a smarter, 
more connected future. The advent of new technologies, 
systems and equipment – many of which are featured in 
this edition of the Port Technology e-Journal – is driving the 
evolution of ports, and as the world becomes increasingly 
digital, leaders in the field will need to adjust their operations 
accordingly. 

The early stages of this digital development were a key 
point of discussion at the Smart Ports and Supply Chain 
Technologies Conference 2018, which brought major port 
authorities, terminal operators and thought leaders together 
to focus on the future of ports and their role within a global 
trade network. The success of the event will be built upon 
this November at the Smart Digital Ports of the Future 
Conference, taking place in Europe’s maritime capital 
Rotterdam.

Speaking of Rotterdam, Edition 86 is led by the port’s 
four-step approach to achieving digital maturity, with 
Business Development Manager and digitization expert Jan 

Gardeitchik breaking down the importance of connecting 
systems both in and outside of the port. Also featured in the 
latest issue is one of the sector’s leading consultancies Royal 
HaskoningDHV; the brand-new paper from UK-based Eslie 
Vrolijk and Richard Willis asserts the importance of smart 
planning for emerging port projects. Other authors include 
Dr. Yvo Saanen of TBA, a leading voice within the industry, 
who offers an update on 2019’s key terminal trends, while 
Matt Miller of OSIsoft looks at effective ways of modernizing 
operations for the digital age. 

The level of demand facing modern ports is undoubtedly 
growing, with the rapid growth of ships and increasing speed 
at which goods can be transported, as well as geopolitical 
and trade uncertainty, creating a unique set of challenges. 
At this stage, it is hardly even a matter of choice: ports must 
become smarter. 

We hope you enjoy this edition. 

Max Schwerdtfeger & Liam Donovan
Editors
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Digitization is a significant contemporary 
trend, and all ports and maritime 
companies are aware of the need for 
change. The question is: how and where 
to start? This paper outlines a model for 
digital maturity that shows how we, as 
ports, need to develop and exchange data 
in order to keep up with the developments 
taking place around us. We strongly believe 
in a step-by-step approach that keeps the 
process manageable and encourages the 
port community to get on board; within 
our Digital Maturity Model, four ‘maturity 
levels’ have been defined. 

LEVEL 1: DIGITIZATION OF INDIVIDUAL 
PARTIES
Many different parties operate at a port, 
including the port authority, nautical service 
providers and terminals, and by digitizing 
their processes all of these players can 
work more efficiently. Every organization 
does this for itself and largely keeps the 
development of such processes under their 
own control. In order to achieve this digital 
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goal, port companies implement what 
is known as a Port Management System 
(PMS), which supports the administrative 
and financial processing of calls and 
facilitates the digitization of the departure 
and arrival of ships, dock planning and 
cargo handling.

Another option could be to combine data 
science with – as an example – Automatic 
Identification System (AIS) technology 
on board ships. This, as well as the use of 
sensors within a port, can result in more 
efficient asset management. The Port of 
Rotterdam itself achieves savings of 5-10% 
in dredging costs by bundling the routes 
sailed with information on silt deposits in 
the port basins. 

Automating the individual parties in 
the port enables data collection, which 
can be used to make the port run more 
cost-effectively, more safely and more 
sustainably. The implementation of the PMS 
in Rotterdam has shortened the turnaround 
time for ships by 30 minutes and, assuming 
a vessel costs €10,000 ($11,200 USD) per 
hour, this means around €150 million 
($167.9 million) in annual savings [1]. 

LEVEL 2: INTEGRATED SYSTEMS IN A PORT 
COMMUNITY
The digitization of individual processes 
heralds the digital exchange of information 
within the port community. Given that 
the number of players in a port can grow 
rapidly it is best to link all individual systems 
to one central platform, enabling the port 
to operate as a single entity. For this reason, 
systems in the Port of Rotterdam have been 
developed using the principles of security 
by design. Due to the fact that human 
activity also determines the level of data 
security, cyber security and cyber resilience 
need to be properly aligned to one another.

A Port Community System (PCS) forms 
a neutral, reliable basis for the digital 
exchange of information within the port 
community. This applies both to business-
to-government (B2G) communication and 
to communication between companies 
(B2B). Data ownership and control of who 
may use which data needs to be arranged in 
such a way that it is always clear who data 
belongs to and who it may be shared with. 
This may not get in the way of exchanging 
new data. A port authority can play a 
neutral part in this and so offer added value 
to the port community.

While a PCS has traditionally focused 
on administrative data, the exchange of 
event data is now becoming increasingly 
important. People can use it to better 
predict how the logistics process will 
evolve. The exchange of event data and 
adding “brain” function makes a PCS more 
valuable. The annual added value of the 
PCA PortBase in the Port of Rotterdam 

amounted to €245 million [2], and savings 
include €30 million by reducing the number 
of phone calls, €100 million by reducing 
email traffic, and €10 million by reducing 
the volume of road freight mileage. 

LEVEL 3: LOGISTICS CHAIN INTEGRATED 
WITH HINTERLAND
At this level, hinterland players are also 
involved in the digital communications 
taking place within the port community. 
Information from the PCS about ETA/
ATA and ETD/ATD are shared with inland 
terminals, empty depots, carriers and other 
stakeholders. Consequently, parties in the 
hinterland have a real-time insight into 
cargo and ship visits, which makes better 
planning possible. Shippers are better able 
to guide their cargo over the available 
transport modes and transhipment hubs, 
as they can select the most efficient route 

for their cargo and have insight into the 
expected transit time. If they wish, they 
can contact carriers and/or transhipment 
hubs in the logistics chain. With tracking 
and tracing, all logistics chain players have 
insight into the status and location of cargo 
batches. 

For ports and their hinterland, the digital 
sharing of information yields competitive 
advantages: shorter transit times, reliable 
hinterland transport and lower costs. For 
potential clients, this can be what prompts 
them to consider a port shift. In addition, 
ports and hinterland players can get to 
know each other’s needs, as well as those 
of their clients, which reinforces their joint 
clout. However, digital communications 
with the hinterland chain will only run 
smoothly if clear standards and definitions 
related to the contractual agreements 
between chain parties are set.

Level 2

Level 3
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Digitalisation is rapidly transforming the logistics chain and the way ports are run across the globe. 
PortForward gives an extra impulse to this development and the opportunities it provides. We offer a portfolio 
of digital solutions for optimal collaboration within the entire port community. Our smart solutions are proven 
in Rotterdam. They are cloud based and delivered as a service. Fully configurable for small, medium and 
large sized ports. And of course, they are designed for seamless integration into existing workflows and 
applications. 

Would you like to know more or request a demo? Visit our website.  

MOVE FORWARD: HOW TO START THE 
DIGITAL TRANSFORMATION OF PORTS.

more information: www.portofrotterdam.com/portforward

www.portofrotterdam.com/portforward


LEVEL 4: CONNECTED PORTS IN THE 
LOGISTICS CHAIN
At this level, an integrated door-to-door 
digital logistics chain is created on a global 
scale, making optimum use of different 
transport modes and creating benefits 
for all players along the logistics chain. 
Shippers and shipping companies are able 
to plan with greater accuracy and follow 
their cargo/ships in real time. Warehouses 
can maintain their stocks with small 
margins. Ports and terminals can forecast 
the ETAs and ETDs of ships more and more 
accurately and use their dock space and 
resources more effectively. This is not a 
luxury, given that currently around 30% of 
sea-going vessels still arrive more than 24 
hours late [3].

The environment also benefits. The 
fulfilment of contract agreements by 
bulk carriers often leads to unnecessary 
emissions and high costs because the ships 
arrive at the port at the time arranged only 
to find themselves anchored outside the 
port because they are not yet allowed in. 
The fulfilment of contract arrangements 
on the basis of real-time information offers 
the opportunity of sailing more slowly, and 
therefore greener. Ships reach the port just 
in time and at the moment there is space 
available.

The linking of technologies, such as 
artificial intelligence, IoT and AIS, means 
everyone can access the information they 
need about sea-going vessels: location, 
cargo, crew data, port calls, and speed. 
A new era is dawning in shipping; one 
in which the entire logistics process will 
become transparent and predictable. 
We are convinced that this will result in a 
considerable improvement in global port 
calls, with several international shipping 
companies anticipating a potential saving of 
between €25 and €150 billion euros across 

the maritime industry [4]. In addition to 
this, studies have shown that emissions in 
international shipping could fall by 35% due 
to Just-in-Time (JIT) shipping [5].

CONCLUSION
Working towards this - the highest level 
of digital maturity - is a challenge for 
everyone involved. For example, ports 
will have to enter into talks about sharing 
information with their rivals. In addition, 
global standards will have to be developed 
in order to make it possible to follow the 
logistics process from manufacture to the 
finished product on the shelf.

Based on the digital maturity model, 
ports can grow step by step into ‘Smart 
Ports’. Although innovative technology 
plays a key role, it is not an objective in and 
of itself: the focus is on sharing data. The 
level at which this happens will have an 
impact on the digital maturity of a port, and 
on the associated benefits. We are happy to 
share our knowledge and experience in this 
area with all parties, as only together will 
we be able to work towards JIT operations 
and facilitate a seamless flow of cargo.
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In 2018, the first version of this paper was 
published, reflecting on the technologies 
that bring value to ports and terminals, 
yet also reviewing the level to which these 
technologies have been adopted. The 
conclusion then was that despite the vast 
availability of technologies, few have been 
widely applied, and many are looking for 
problems to solve. 

The buzz today is centred around 5G. If 
the discussion is not about the suspected 
loopholes in Huawei’s technology, then it 
is focused on the enormous potential 5G 
offers for almost every environment. Once 
again though, is it a technology seeking a 
problem? 4G is already quite fast and has 

been applied across terminals as a viable 
alternative to narrow band or WiFi. Due 
to the price drop of access points, 4G and 
5G will address a problem in container 
terminals: real-time connectivity of 
equipment without latency. However, the 
harsh conditions encountered in terminals – 
an outdoor environment, steel everywhere, 
large structures, impact of vibrations, wind 
and clashes - make it complicated to get 
a stable and reliable signal to all moving 
equipment. The 5G technology requires 
even more access points than 4G (due 
to the higher frequency), yet can also be 
powered more, creating a stronger signal. 

ASSET MANAGEMENT AND CONTROL
Enabled by 5G networks, real-time tracking 
of equipment and containers becomes 
feasible. This means that not only are all 
assets’ locations visible, but their technical 
status can be reported and made visible 
in the control room in real-time. The 
redundancy of connection points will not 
be a deal-breaker due to the acceptable 
pricing of the technology. For automated 
equipment as well, which requires a fail-safe 
and continuous communication, 5G provides 
a much better foundation than common 
WiFi connections. Due to the higher 
bandwidth and lower latency, delays in 
automated processes while communicating 

10 PRE-REQUISITES FOR 
SMART TERMINALS 
2019 UPDATE
Dr. Yvo Saanen, Commercial Director and Founder,  
TBA, The Netherlands

Generation Typical download speed Technologies LATENCY

2G 100 kbit/s GPRS, Edge 0.5 S

3G 100 kbit/s - 8Mbit/s UMTS, HSPA 0.1 S

4G 12 Mbit/s - 60 Mbit/s LTE 0.05 S

5G Up to 10 Gbit/s 0.001 S
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with the central control system will be 
reduced to insignificant levels, enhancing 
the productivity of the machines. 

Remote error handling and remote 
container placement will also become easier, 
due to high definition streaming of camera 
data. The reduced latency (resulting in lag 
of the movement after a remote input) will 
also be reduced even further, so that remote 
control becomes more natural and, as a 
result, faster. 

WHAT ABOUT THE OTHER TECHNOLOGY 
TRENDS?
The word is not yet out on blockchain and, 
despite a true hype two to three years ago, 
it remains an underdeveloped technology. 
The complexity of implementation, due to 
the vast number of stakeholders required 
to make it work on a global scale, forms a 
barrier to the fast roll-out of this solution. 
How about artificial intelligence? While it is 
still a buzz word getting lots of attention, we 
are yet to see it really achieve a breakthrough 
in the maritime industry. Even when it is 
utilized in dedicated areas, such as predictive 
maintenance, one finds handling the vast 
amounts of collected data difficult, let alone 
deriving useful, reliable and predictive data 
from the pile of bits and bytes. Last but not 
least: the digital twin. Here we see adoption 
by some of the large equipment suppliers, 
developing digital twins of their equipment 
to facilitate the design and testing phase.

What is the current status then of the 
solutions we identified in our previous 
paper on smart terminals? We have tried 
to reflect on the changes, by marking each 
in 3 categories: less deployment, same, and 
more deployment.

1. CONNECTED TO THE OUTER WORLD – 
MORE
Although one would expect that all of the 
information sent to terminals is delivered 
in standardized digital formats, the reality is 
far from that. Timely data availability, data 
quality, and digitization are all problematic, 
leading to large inefficiencies in terminal 
operations and affecting the service that 
terminals provide. In many ports around 
the world, initiatives are taken to make the 
information accessible to all parties, yet 
there is resistance from certain stakeholders 
who believe their position may be weakened 
or even disappear if information flows freely.

Today’s question is who gains control 
over the supply chain: large producers, 
whole sellers, 3PL suppliers, shipping lines, 
terminals, or consumers? Many platforms 
are launched, trying to become the travel 
agent of the container supply chain, or a 
centralized platform for buying goods. The 
verdict has not been delivered yet, but 
it is an area of large development. In all 
likelihood, terminals will not play a dominant 

role in controlling the supply chain. Instead, 
we expect their role as physical hubs - for 
handling large ships, but also fine distribution 
towards the end consumer – to increase.

2. CONNECTED TO ALL ASSETS – MORE
Terminals are a collection of high-value 
assets, yet real-time information about 
the assets is not readily available to enable 
intelligent control. In most cases, there 
is some information locally available, but 
not centrally, and certainly not across the 
entire fleet. It is scattered, has no standard 
structure, and is often incorrect. The 
technology to enable this is there - especially 
with the support of private 4G/5G networks 
- and in a large portion of equipment 
that is already available. 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. This 
is not yet standard practice though, largely 
because the actual use of the information 
is limited and defies the purpose of proper 
maintenance.

3. CONNECTED TO ALL STAFF - SAME
As important as connectivity to the physical 
assets is connectivity to human assets in the 
field, as this ensures people are removed 
from danger (think of location detection, or 
proximity sensors), as well as information 
in real-time to perform actions efficiently. 
Instead, people are often sent around to 
record information on paper that will be 
processed later. This, remember, is taking 
place in a time when almost everything can 
be accessed through smart-phones. 

We could even think one step further 
here into augmented reality (now accessible 
through technology like the Google Glass) 
so that operators get immediate visual 
information while keeping their hands 

free. While the possibilities are there, the 
maritime industry has not witnessed many 
developments when it comes to connecting 
people with intelligent sensor technology, 
although 5G may prove to be a game 
changer in this area.

4. REAL-TIME, HOLISTIC PLANNING, 
CONTROL AND OPTIMIZATION – SAME
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 many planning, 
scheduling and dispatching tools in the 
market to assist and provide decision-
making support, yet 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 into 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 on machines, fuel 
and labour. The rate of change, in terms of 
planning, scheduling and dispatching inside 
container terminals, is still slow, and even 
with the introduction of new technologies 
there are few changes to report.

5. REAL-TIME MEASURING OF KPI’S – 
MORE
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 you really explain the peaks and 
troughs of performance. Only measuring STS 
productivity, for instance, does not provide 
sufficient insight. Also, the circumstances 
affecting performance must be gathered so 
that a complete picture can be formed. Yard 
occupancy, gate volume, driving distances, 
and number of unproductive moves should 
all be monitored. 
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Some initiatives have been launched to 
gather information from various sources 
and create real-time insight into the 
state of equipment, its performance, and 
utilization levels. This is typically driven 
locally by terminals, which are creating 
data-warehouses and connecting TOS, 
maintenance systems and equipment to 
make sense of collected data. True success 
stories, however, are still limited.

6. CONTINUOUS ANALYSIS OF 
PERFORMANCE (KPI’S) – SAME
When all this measurement is in order, there 
is a solid basis for analysis; just gathering 
the data serves no purpose. It needs to be 
turned into insight and then knowledge so 
that the actual control improves. The cycle 
of measuring, analysis, and action should 
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 a 
record of implemented changes. While most 
changes in strategy will only have effect over 
a longer period of time, there will be cyclic, 
and independent factors - such as seasonal 
patterns – that have an influence. These 
effects must be taken into account when 
analyzing the result of change. In any case, 
a first, solid KPI measurement needs to be in 
place, with the real use following after once 
stable platforms have been established. 

7. TRAINING AND CERTIFICATION OF STAFF 
– MORE
Having a serious training programme, 
for both on-boarding and to enhance 
operating skills, is a key factor in operational 
performance. Even though most operators 
are conducting or setting up training 
programmes, certification of the control 
room staff is still rare; our findings across 
more than 25 terminals (>250 planners) 
show the difference between worst and best 
planners to be as high as 50% (measured in 
resulting berth productivity).

Testing planners against a calibrated 
scenario – such as a near-to-live virtual 
terminal – is a possible way to get people in 
the right position. The importance of more 
advanced training tools has also become 
more widely accepted, albeit not as fast as 
the industry requires. We have seen quite 
dramatic results, but also improvements 
from the use of advanced training tools in 
the past year.

8. CAPABILITY TO LEARN FROM THE PAST 
– SAME
Returning to the hype word of artificial 
intelligence, it could be said that the ideas 
behind it are new, but the combination of 
large amounts of available data, and cheap, 

cloud-based computing power, brings the 
ability to recognize patterns quickly nearer 
to being useful. Still, computers have a 
tough time recognizing the context of data. 
The potential is significant though, as the 
container supply chain is highly repetitive and 
therefore predictable. Learning about dwell 
time, pick-up and roll-over patterns may 
reduce the number of unproductive moves 
by factors. As terminals are struggling to get 
well-organised KPI’s in place, the regular and 
consistent use of them remains a struggle 
as well. Too often, Excel is still the tool being 
used to analyze data, even with a range of 
more advanced data analytics tools available. 

9. TERMINAL DEVELOPMENT BASED ON A 
‘MASTER PLAN’ – MORE
When we look at how terminals have 
come about, we recognize that many 
resemble patchwork. Every expansion is 
planned when required, without looking 
at the bigger picture; buildings in the most 
inconvenient places, height differences, light 
poles, and roads with illogical routing, are 
all quite common. 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 
change of circumstances to a large extent. 

Modelling can greatly help in the 
assessment of cargo flows, ship sizes, 
hinterland transportation patterns and 
dwell times during master planning, as well 
as acting as a source of reference for future 
decision-making. Even the consequences of 
changes parameters can be easily analysed 
and quantified. Modelling is becoming the 
standard for new terminals and terminal 
expansions or retrofits. Across the globe, the 
default has become that master planning 
requires in-depth modelling to facilitate 
decision-making.

10. A SOLID CYBERSECURITY LAYER IN 
PLACE – MORE
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, increasing the risk of receiving 
malware or viruses that can spread to others. 
The fact that containers carry high-value 
goods also makes them a potential target of 
cybercrime. Finding the right container by 
hacking into 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 
staff are aware of the risk is key, as people 
are always the weakest link. It has become 
obvious that cyber security also needs to 
be a top priority for container terminals, 
especially at the board level. Reliance on IT 
and data, and their responsibility for valuable 
goods, are simply too great to ignore, yet 
there remains much to do.

CONCLUDING REMARKS
A quick inventory at a range of terminals 
during the last couple of months revealed that 
from these 10 pre-requisites  most terminals 
have not fulfilled most. None of the points 
mentioned will require large investments, or 
be too complex to implement, but they do 
require an ability and willingness to change. 
In many cases, this only arises when there 
is a serious problem, such as a damaging 
cyberattack, or pressure from the outside 
(e.g. from local authorities) to implement 
adjustments and efficiency enhancing 
measures for higher levels of productivity. So, 
there still a long way to go. 
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The topic of smart ports has become more 
prominent in recent years, as part of the 
expanding feasibility and applicability of 
Industry 4.0 themes - automation, data 
analysis, device connectivity, portable 
working - within traditionally conservative 
port operations. Before we discuss what 
these themes mean for master planning, it 
is important to consider the overall business 
rationale of why a port should become 
‘smarter’, as this is vital for the strategic 
design phase.  In essence, a smart port is 
designed, built and managed to use less 
space and resources while reducing the 
environmental impact of operations.

Much of the focus has been placed 
on the deployment of technology within 
existing ports and terminals to improve 
workflow, labour and equipment use, and 
energy efficiency, all of which are essential.  
However, the greatest long-term gains 

for port and terminal efficiency are laid 
in the design foundations of the strategic 
positioning, purpose and functions of the 
facility, where a properly thought-out master 
plan can have a significantly positive impact 
on efficiency. The horizon for a master plan 
can typically be 25 years into the future, so 
accurate forecasting can be challenging, 
but the adoption of some key principles will 
deliver benefits.

MODELLING PORTS ROLE WITHIN THE 
SUPPLY CHAIN
An important element of port master 
planning is the estimation of cargo mix and 
volumes that will transit this link in the supply 
chain, supporting hinterland industries and 
consumers, as well as broader regional 
trade, within the competitive environment 
of other port facilities and economic growth.  
Given the long-term horizon for port 

developments, there is some consideration 
needed for how the whole supply chain 
may become smarter and leaner, or quick to 
change due to external drivers.  

Within the regional supply chain, pull-
factors from the port’s clients may include 
reduced port transit/storage times to support 
Just-In-Time (JIT) production facilities, yet 
may also require more port-centric storage 
and processing where the port facility 
incorporates some pre-processing activities, 
already common in many regions.  

From a planning viewpoint, the modelling 
of these multiple cargo flow and client 
demands creates a mixture of storage, 
facility and equipment demands that the 
port should incorporate. The traditional 
modelling methods with flat spreadsheets 
can be enhanced here by the absorption of 
multiple sources of supply chain data - Big 
Data - to build multi-dimensional models 
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that outline the supply chain role of the port 
and the importance of key variants on the 
layout and capacity of the site.  

The focus in master planning should be 
on how the port can provide the leanest 
facility to service the supply chain demands 
and minimize the addition of excess space, 
resource and financial contingencies from 
the outset, which requires confidence 
in data predictions and models from the 
engineer and end client. The focus should 
be on overall cargo processing within supply 
chains, not only quay or gate productivity.

MASTER PLANNING FOR RELIANCE ON PORT 
& TERMINAL TECHNOLOGY
As part of the roles they play in the supply 
chain, the port and its terminals will have a 
range of technology tools to fulfil customer 
services and internal management. These 
tools will impact on the design of the port 
as a whole and it is important to build-in a 
reliance and demand on this technology as 
an integral part of the port design.  Smart 
master planners should have a strong grasp of 
the potential role of technology throughout 
a port to avoid missed opportunities.  For 
example, it can be expected that future 
terminal operators will deploy process 
automation and workflow control systems 
such as terminal operating systems (TOS) or 
SCADA/equipment control tools to maximize 
their own efficiency.  

This may extend to equipment automation, 
which will have a more significant impact on 
high level design needs. At the early planning 
stage, consideration of the expected terminal 
productivity should be ambitious to reduce 
equipment and physical resource needs for 
the cargo throughput by enforcing the use 
of technology to deliver higher standards of 
terminal efficiency.  

The increased use of terminal technology 
and automation also alters the quantity, role 
and location of staff, changing the need for 
buildings and access.  For the wider port, 
the efficient supply chain will demand 
streamlined cargo access/egress from 
the port, particularly at the landside. The 
adoption of appointment systems and gate 
automation for terminal and port security 
can greatly reduce the traditional buffer 
areas for truck parking, admin processing 
and regulatory inspections, reducing the 
land and environmental impact of the facility.  

For marine services, similar logic 
applies to reducing berth waiting times 
at anchorage by smarter voyage planning 
and liner-coordination, and the provision 
of coordination (Vessel Traffic Services) 
can be remotely provided from a distant 
location. The inclusion of technology 
considerations available today can notably 
alter the layout zoning, purpose and 
capacity of port facilities, reducing the 
huge outlay on civil and infrastructure 

works in favour of leaner and more 
profitably operated ports. The technology 
mission and focus for the port and its 
terminals should be a key element of the 
master plan; setting down the expected 
operational and asset management 
principles for the site and ensuring that 
the port is built and managed to its design 
potential.

TAKE A LONG-TERM VIEW
Considering the life of a port, the adoption 
of today’s technology alone will be 
insufficient; the future resilience of the 
facility will depend on its agility and capacity 
to adapt to changes that are still beyond the 
horizon. A smarter port needs to be able to 
respond to external changes. For example, 
the electrification of road vehicles and port 
equipment will lead to significant demand 
for power and battery charging of visiting 
trucks and mobile equipment, stretching 
the infrastructure design and strengthening 
feasibility for onsite power generation.

A similar example is the expectation of 
driverless trucks, where the port will need 
capability to receive and process driver-
less trucks for load and discharge, possibly 
by remote control, from their highway 
interchange. In tandem, the rise of on-
demand trucking (Uber-style) may create 
interesting transport hub opportunities for 
ports to manage and store pools of driver-
less trucks between jobs. In marine services, 
fleets of fully autonomous vessels may be 
distant, but semi-automated berthing and 
remote-control manoeuvring - or ‘pilotage’ 
- may become more feasible.  Unmanned 
craft within the port for surveying, rubbish 
collection or other routine tasks are already 
available, thus it can already be seen how 
the changing role and requirements of the 
port to manage these sophisticated tools 
needs to be considered.

PRIORITIZING PEOPLE IN A SMART PORT 
MASTER PLAN
For all the impacts of technology, the role 
of people in a port master plan should be 
prioritised, both as local employment and 
skill generator, but also to design the facility 
to operate safely. With the changing roles 
of staff in a modern port, the removal of 
personnel from hazardous work areas is 
increasing, reducing the need for overall 
manpower but with a far greater skillset 
than the traditional dock labour force.  

ENVIRONMENTAL IMPACT
The supply chain and its ports are 
under pressure to improve their local 
environmental impact and contribution to 
the global effect of greenhouse gas (GHG) 
emissions. These sustainability aspects are 
key drivers to designing leaner and less 
impactful ports, using technology to provide 
services efficiently.  Electrification and 
equipment automation can play a significant 
role, but the monitoring and control of air 
pollution elements and traffic congestion 
management are also important for being a 
good neighbour to the port’s host city. 

Often, when managing a significant port 
estate, the options for onsite renewable 
power generation and energy storage can 
be built into the master plan, to produce 
power for operations and the local grid. 
Equally important is the storage of excess 
power for recycling and to reduce peak 
loads; this is vital for wider grid demands 
in the city or in remote areas particularly. 
Provision of shore power for vessels is a 
major challenge not only for existing ports 
that might be considered for a new port 
master plan (although there are significant 
investment return challenges), but also with 
the ongoing switch in bunker fuels - to LNG 
for example. This creates new opportunities 
for port design to support both vessel types. 
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With our changing climate, future challenges 
can also be expected in the harvesting 
and recycling of rain-water for port use in 
[currently] temperate areas.  The use of 
big data from climate models can be used 
to enhance future resilience and planned 
investment in port assets for flood and 
extreme weather preparation, which will 
become more common within the lifecycle 
of ports under construction today.

SMARTER MASTER PLANNING
Gathering of and modelling with big data, 
while factoring in technology performance 
and future resilience demands is vital for a 
port master plan. Improved methods can 
support better creation of port master plans. 
The simulation of process and resource 
demand is an important approach to bring 
together all the elements in a working model 
of the future port facility. 

Beyond standard 3D modelling, the use of 
4D (time) and 5D (cost/cash flow) elements 
within this concept create a working model of 
the port, to allow a guided creation of phases 
for investment and operation. These models 
have a life beyond the master plan stage and 
can evolve into a live digital twin model for the 
port facility, receiving real-time data from the 
technology elements, equipment, civil assets, 
operational systems and external supply 
chain.  This provides the operator with a live 
parallel model of the facility (or parts of it) 
to support better decision-making, as well as 
forecasting and scenario testing for short-term 

operational challenges. Alternatively, the twin 
can be updated as circumstances change and 
used to plan future developments, changing 
layouts, equipment needs or new cargo flow 
adoption.  

LOOKING TO THE FUTURE
In the future, semi-automated optioneering 
could become feasible with the use of 
artificial intelligence (a series of algorithms 
and parameters). Here, the machine 
can create many variations of feasible 

port layouts beyond that possible by 
humans, quickly revealing the best options 
mathematically for the engineer to review.

Smarter Ports are formed in the initial 
stages of master planning, including the 
demands of modern supply chains and 
embracing port technology for space, 
resource, equipment and environmental 
efficiency.  For the benefit of port cities 
tomorrow, low impact and digital ports are 
vital, and the foundations are laid in smart 
approaches to master plans.
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PROOF
Kuenz has a long history of designing and 
building rail-mounted gantry (RMG) cranes 
for river harbours, which are often known 
as barge cranes. In their earlier form, 
barge cranes were usually designed as 
single girder lattice cranes and operated 
in a similar fashion to a ship-to-shore (STS) 
crane. The main movement was done 
with the trolley and hoist, while gantry 
movement took place slowly. Today, barge 
cranes are usually operated almost like 
an intermodal crane, meaning that the 
equipment is moved in trolley and gantry 
direction with high acceleration values 
and high speeds. Most of the time, these 
motions overlap. To do so requires a certain 
stiffness of the gantry structure, including 
both the legs and the main girder. This is 
a major disadvantage of the single lattice 

girder, as it is effective vertically but less 
so horizontally. Additionally, it is critical for 
avoiding weld cracks as a result of fatigue. 

In response to this, Kuenz started to use 
double girder cranes with superstructures; 
the design fits perfectly for a very dynamic 
crane and fulfils the requirements of a 
barge terminal. The cranes have grown a 
lot over the last few years, with cantilever 
lengths increasing up to 36 metres, and 
spans rising to more than 55 metres. The 
speeds and acceleration values have also 
grown over the last few years; most of 
the cranes have acceleration values of 0.3 
metres per second (m/s²) and go as fast as 
150 metres a minute (m/min). In addition, 
operating wind speeds have also increased 
from about 72 kilometres per hour (km/h) 
to more than 90 km/h in this period. The 

stiffness of the cranes is phenomenal as 
well, allowing trains to be loaded and 
unloaded efficiently in a short amount of 
time.

THE CHALLENGE
The requirements of the barge terminal 
have changed quite a lot over the years, 
with design standards being updated and 
the wind surface coefficients increased. 
This created a real headache for the Kuenz 
engineers. Therefore, Kuenz decided to 
build the next generation of barge cranes. 
The challenge for Kuenz was threefold: 
fulfill the requirements of barge terminals, 
deliver a price competitive machine, 
and leave some room for even higher, 
more demanding requirements from the 
customer. 

GOING  
BEYOND LIMITS
David Moosbrugger, Managing Director, Kuenz, Hard, Austria
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PROOF

KUENZ 
IN ASSOCIATION WITH PORT TECHNOLOGY

FINDING A SOLUTION
Several hours were spent in trying to 
find solutions for this problem. The main 
concern was the considerable wind surface. 
Because of the double girder design with a 
superstructure, the wind surface was almost 
30% higher compared with a traditional 
single lattice girder. The high wind 
surface was one of the driving factors for 
dimensioning the motors, brakes, frequency 
converters and other components. So, with 
the bottleneck acknowledged, it was now 
time to find a solution. Many remedies had 
been tried, but there was nothing which 
felt like a groundbreaking idea until one of 
the engineers remembered a design which 
he used in one of his former projects, a 
radial gate for the water power industry. 
All the steel structures which water has to 
flow over are round and not rectangular, 
as water flows much better and smoother 
over this type of surface. 

This was the groundbreaking idea. The 
main girder has to change from being 
rectangular to round – as this reduces the 
wind surface - and instead of two girders 
we decided to only use one. The new 
Kuenz Aerodynamic Girder was born. The 
girder consists of two I-Beams, one on each 
side of the girder, and one bottom chord 
and upper chord which are bended and 
connected to the two I-Beams. The bended 
plates have a great stability and therefore 
no stiffeners inside the girder are needed. 

A bolt-on rail on top of the I-Beams, 
which sits on a neoprene layer, is used for 
the trolley rail. The girder is also equipped 
with a superstructure, allowing us to build 
cranes with wide spans of 60 metres and 
more, and long cantilevers of 40 metres or 
more. The needed stiffness in a horizontal 
and vertical direction is provided by the 
I-Beams on the girders and the A frame 
structure of the legs. The stiffness enables 
highly efficient, overlapped movements of 
the trolley, hoist and gantry, allowing 35 
moves per hour or more to be achieved 
with this type of crane.  

Besides the excellent stiffness of the 
cranes, the wind surface was also reduced 
tremendously. The aerodynamic crane has 
approximately 50% of the double girder 
crane’s wind surface, meaning the installed 
power and energy consumption from the 
crane is about 30% less. We were also 
able to reduce the weight of the crane, 
which increases the lifetime of the wheel 
and causes less wear to the rail. All in all, 
it was the development we were hoping 

for; by changing one piece of the crane, we 
were able to create several major benefits 
compared to existing barge crane designs.

OUTLOOK
The first of these cranes were installed 
in 2016 and have been running for more 
than 3 years to the fullest satisfaction 
from customers. Several barge terminals in 
Europe have been equipped with the new 
technology, while two other units were 
sold to a customer in the United States. 
The latest barge crane also featured a 
hinged cantilever, which can be lifted and 
lowered like an STS crane. The new crane 

is now in the commissioning phase and will 
be handed over to the customer within the 
next few weeks. With this design, we at 
Kuenz were able to not only meet the need 
from the customer right now, but also to 
prepare the industry for its future needs. 
Higher wind speeds and higher acceleration 
values, combined with more moves per 
hour and less power consumption, can all 
be accommodated with this new design. 
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INTRODUCTION
This paper addresses the fact that global 
maritime trade and individual shippers’ 
supply chains are different in scope, in 
two dimensions. These differences have 
already been felt by enforcement agencies, 
such as Customs, but are progressively 
hindering leading supply chain companies 
in achieving their ambitious goals. Visibility 
systems, despite the deployment of ever 
improving technologies, are confronted 
with the same issues, which can be traced 
back to supply chain structure.  

The recent Gartner study on supply chain 
excellence [1] shows how premier league 
global supply chains can “orchestrate 
a profitable response to demand” and 
“focus on people and protecting the 
planet”. On the one hand, personalized 
products are enabled by new technologies, 
where consumers can specify preferences 

on product and accompanying service 
characteristics - including delivery - or 
where those preferences can be learned, 
using artificial intelligence, from consumer 
behaviour at the digital interface. On the 
other hand, the sustainable performance 
of products can be traced back along 
the supply chain, again using digital 
technologies. In this paper, focus will be 
placed on the second aspect.

SUSTAINABLE SUPPLY CHAINS
The Gartner study reports on how leading 
firms in supply chain management are 
actively managing their corporate and 
social responsibility through sustainable 
practices and responsible sourcing: 
important enablers are supply chain 
transparency and product provenance. 
There are a couple of issues regarding the 
establishment of sustainable performance 

in today’s complex global supply chains. 
Products sold in the market can be 
associated with performance indicators 
such as carbon footprint and labour 
conditions at various stages of their 
journey, but these characteristics are not 
intrinsic to the product itself. In other 
words, these characteristics cannot be 
measured upon inspection of the product. 
Measurements of upstream processes that 
can be registered, validated, and linked to 
the downstream products are therefore 
required.

The structure of global supply chains 
impacts the extent to which upstream 
process characteristics can be linked to 
products downstream. This observation 
has become common knowledge and 
is shared with sustainability-aware 
consumers. The chocolate brand ‘Tony 
Chocolonely’, for example, explains to its 

MANAGING GLOBAL SUPPLY 
CHAINS AND LOGISTICS
THE ROLE OF SUPPLY CHAIN STRUCTURE
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Rotterdam School of Management, The Netherlands
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consumers that the structure of the cacao 
supply chain, with a few multinational 
trading companies in the middle, obscures 
the origin of product through mixing [2]. 

In addition to this, many fashion brands 
are members of the Better Cotton Initiative 
(BCI), which explains and promotes the 
sourcing of sustainable cotton through 
the use of mass balance; each amount of 
cotton used in the final product that claims 
to be sourced in a sustainable fashion 
needs to be compensated by the same 
portion of cotton sourced from suppliers 
that meet sustainability standards [3]. 
This procedure avoids the costly physical 
segregation of the sustainable product, 
but does require segregation at the 
administrative level with its own challenges 
of maintaining chain of custody [4].

GLOBAL SUPPLY CHAIN STRUCTURE
Supply chains consist of multiple stages 
represented by tiers of suppliers: direct 
suppliers, suppliers of suppliers, and so on. 
This already has an impact on the quality 
management of products themselves; 
securing conformance to quality standards 
from suppliers who operate multiple tiers 
downstream is challenging [5]. Conformance 
of products to sustainability requirements 
that are not intrinsic to the product is even 
harder to certify, as explained above. The 
question is whether seaports have any role 
to play here. This may sound like an academic 
question, but it is not. Enforcement agencies 
such as Customs and Consumer Product 
Safety Authorities are directly involved 
in the monitoring of huge cargo flows 
passing through seaports, scrutinizing 

individual shipments on legitimacy of trade, 
product safety, tax classification, and other 
compliance. When an issue is suspected, 
they need to intervene. 

These authorities are challenged 
because the structure of global supply 
chains of products is different to the 
structure of global logistics chains. Firstly, 
global logistics chains involve the transit 
of cargo in huge amounts via trade lanes. 
Within the container trade, maritime 
vessels carry cargo for thousands of supply 
chains that bring products to various 
markets. This implies that the aggregation 
level of the logistics flow through seaports 
is different from the one of individual 
supply chains of shippers, which is an 
important part of the challenge that 
border control authorities face [6].
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Moreover, there is another difference 
in scope that was already brought to 
bear while considering the management 
of product quality in supply chains. The 
door-to-door logistics of cargo represents 
only part of the global supply chain 
that sources raw materials, produces 
intermediate products, and finally 
produces the product that is sold to 
consumer markets. A product may not 
be compliant with customs or product 
quality regulations, but the origin of 
the issue may be far upstream the 
supply chain and beyond the scope of 
the import shipment as declared. This 
poses an important challenge to these 
enforcement agencies. The distinction 
between compliance to regulations and 
conformance to voluntary corporate 
responsibility programmes is important, 
but both are similar in the sense that they 
are challenged by supply chain structure.

SUPPLY CHAIN VISIBILITY SYSTEMS
We will discuss to what extent enabling 
technologies such as blockchain are 
useful, given the structure of global supply 
chains. Supply chain visibility allows 
stakeholders to have information at their 
disposal in support of good decisions, 
helping them to improve performance, 
reduce costs and boost reliability, as 
well as facilitating customs compliance, 
decreasing their carbon footprint, and 
improving working conditions. As the 
required data usually originates from 
other organizations, data sharing is 
required. The benefits of data sharing for 
supply chain management has received 

ample attention and is advocated by 
companies across the supply chain. 
Visibility systems may allow for tracking 
of international shipments door-to-door 
[7], but this only provides upstream 
visibility up to the first-tier supplier. 

As a result, any visibility system 
used by whatever technology needs to 
acknowledge the scope of the system 
to which it applies. The first question is 
how many tiers upstream the system 
tracks data. In many cases, such data 
is not collected, and one depends on 
certification of conformance of product 
requirements, which is not problem-free 
as stated earlier. 

Second, one needs to understand at 
which level of aggregation the visibility 
system applies. A visibility system of 
an individual retailer, enabled by RFID 
technology, may face challenges when 
it seeks to connect with the status of 
international shipments on board a 
maritime vessel. Even if milestone data 
can be shared and linked to the shippers’ 
consignment, the question is whether 
the shipper is able to derive useful 
information from it. What is the value of 
‘pilot on board’ milestone data beyond the 
scope of the seaside handling of a vessel? 
The visibility system of a deep-sea carrier, 
enabled by blockchain, may provide the 
shipper with useful information about 
the cargo’s status, especially when 
it concerns conditioned, perishable 
goods. However, connecting decisions 
in the maritime logistics chain - e.g. the 
navigation of a deep-sea vessel - to the 
preferences of individual shippers’ supply 

chains faces the challenge of difference in 
scope. Perhaps the population of shippers 
that represents on-board cargo can be 
segmented, so that their shared interests 
are sizeable enough to be addressed?  

CONCLUSIONS
We have acknowledged the difference 
in scope of global shipper supply 
chains and global logistics chains of 
maritime trade. First, there is a different 
level of aggregation where individual 
consignments of shippers represent 
only a very small portion of the cargo 
on board deep-sea vessels.  Second, a 
global door-to-door logistics shipment 
of goods represents only a single tier 
in a multi-tier global supply chain. Both 
of these differences in scope represent 
a major challenge for visibility systems 
and the stakeholders which use data to 
make meaningful decisions. Addressing 
the consequences of these differences in 
scope is not just a matter of introducing 
even better technologies, as it also 
requires a profound understanding of 
what the implications are. Maybe such 
understanding can be derived from a 
profound analysis by human experts, 
or by the use of machine learning if 
sufficient data is available. Alternatively, 
it could be both.

[1]  The Gartner Supply Chain Top 25 for 2019 published on May 15, 2019 
and available via https://www.gartner.com/en/supply-chain/research-
tools/supply-chain-top-25. Quotes are taken from p.3.

[2]  Tony Chocolonely shares its story via https://tonyschocolonely.com/us/
en/our-story.

[3]   BCI reports on use of mass balance via https://bettercotton.org/
resources/key-facts/fact-3-use-of-mass-balance-traceability/.

[4]   International Sustainability and Carbon Certification puts requirements 
on mass balance procedures; see https://www.iscc-system.org/
wp-content/uploads/2017/02/ISCC-PLUS-204-01-Mass-Balance.pdf.

[5]  See the global supply chain blog by Guillaume Roles (UCLA) via 
https://blogs.anderson.ucla.edu/global-supply-chain/2017/03/quality-
management-in-supply-chains-performance-and-conformance-.html. 

[6]  This difference in scope has already been highlighted in Port Technology 
International, Edition 79: Rob Zuidwijk (2018). Ports in Global Supply 
Chains: Challenges and Opportunities, available via https://www.
porttechnology.org/technical_papers/ports_in_global_supply_chains_
challenges_and_opportunities.

[7]   See for example the note by Brian Ball (Aberdeen Group) via https://
www.aberdeen.com/opspro-essentials/best-class-supply-chains-
maximize-upstream-visibility/
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Leading port operators are building 
a digital foundation that is providing 
dramatic improvements and meaningful 
business results, enabling the sector 
to handle a projected 400-million-ton 
annual increase in global port volumes 
(source: UNCTAD 2018 Review of Maine 
Transport). They are moving past decades 
of manual process tradition to a more 
agile, data-driven approach, with a keen 
eye on risk and security issues. While many 
believe the best way to modernize is to 
automate, beginning this transition before 
you thoroughly understand your current 
operational process can lead to tragic - or at 
best very expensive - results.  If your process 
is error-prone and inefficient, all you will 
do is automate these problems, leading to 
poorer performance.

In fact, McKinsey’s “The Future of 
Automated Ports Study” - published in 
2019 - seems to confirm this. Nearly 40 

cargo ports around the world are using 
some form of process automation, with 
the total investment cost an estimated $10 
billion. McKinsey projects that ports and 
terminal operators will accelerate spending 
to $15 billion in the next five years. Despite 
this extra funding, which has produced a 
10-35% reduction in operating costs and 
improved consistency, a 7-15% decrease 
in productivity has been experienced. By 
McKinsey’s estimates, most operators 
will fall short on the ROI needed to justify 
the automation investments without 
addressing some serious problems.  

A common problem cited by the study 
is the lack of data standards, formats and 
data structures from the wide range of data 
sources needed, making it harder to drive 
consistent analytics and reports.  They also 
cited insufficient data quality, analytics and 
reporting. Their proposed solution was a 
data-infrastructure to help address these 

problems, orient the data together in one 
place and connect with personnel and 
applications such as maintenance, planning 
and staff to adjust in real-time and/or drive 
AI and machine learning applications. 
Regardless of your level of automation, it 
is the process, data, and people who are 
using data to better understand available 
business opportunities, who ultimately 
need to act. The solutions to these problems 
may be pulled from the best practices of 
other industries with more automation 
experience, many of which are now being 
applied to port operations. 

BASELINE YOUR OPERATIONS
The first step in any improvement process is 
benchmarking or baselining your processes 
and current performance levels. This will 
provide an honest assessment of your 
operations and indicate the areas most 
likely to drive valuable returns. You will also 

MODERNIZING PORT 
OPERATIONS FOR THE 
DIGITAL AGE
Matthew R. Miller, Transportation Industry Principal,  
OSIsoft, LLC, Ann Arbor, Michigan, USA
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be able to measure the result of changes 
you make along the way to ensure you 
are getting the expected results. For port 
operations, this means more than tracking 
your gross moves or tonnage: this is a 
detailed record of events across operations. 
Documenting what happened and when, 
along with any available data from sensors 
and systems oriented in time, like a digital 
event recorder, will make it easy to see 
what is happening and what to do about 
it.  For example, a bulk material operator 
was constrained at their port.  Once they 
baselined their operations, they were 
quickly able to see when they were losing 
valuable minutes and fix them before they 
impacted their throughput.

BUILD A REAL-TIME OPERATIONAL SYSTEM 
OF RECORD (SOR)
An Operational System of Record (SoR) 
captures data from the many data sources 
at their original fidelity and aligns them in 
time.  Working much like other Business 
Systems of Record (e.g. Finance and 
ERP), the Operational System of Record 
provides an abstraction layer which is 
managed by operations and administered 
by IT. This provides “ah-ha” insights by 
seeing exactly what happened and when. 
In the Operational SoR you can also 
deal with other data issues such as data 
quality and operational context that often 
prevent information from being trusted 
and actionable across the organization.  
Another reason for a SoR is to protect 
control systems from cyber-security 
threats.  Industry best practice for critical 
infrastructure protection is to build a 
SoR between your real-time control and 
Internet of Things (IoT) systems and the 
business systems that need that data. While 
it is not generally a good IT practice to copy 
systems data, this is a notable exception as 
it provides a data service for upstream data 

hungry applications without direct access 
or impact to critical system performance.  

OPTIMIZE THE PROCESS FOR THE PERFECT 
ORDER
Many manufacturing companies use a 
concept of ‘the perfect order’ to identify 
potential process improvements. This 
concept follows each step in the value chain 
down to the second from order creation to 
customer delivery. A similar approach can 
be used in the value chain of ports. Once 
you know how to most efficiently move 
products (or people) and remove variability 
then you can automate and then increase 
the speed of the process. An amazing 
benefit of digitalization is a cultural shift 
to collaboration by democratizing data. 
The common practice of arguing over 
“who’s data is correct” gives way to “who’s 
approach will produce the best results”. This 
changes the focus to one of collaboration 
and unifies strategy, goals and tactics.

Part of the challenge is aligning all 
the operational interdependencies. 
Organizational groups with KPI’s and tactics 
that are not aligned with the current 
business strategy can result in performance 
gains in one area that are followed by losses 
or failures in another (such as maintenance 
or safety).  This is avoided by ensuring that 
KPI’s are carefully selected, aligned with 
the overall business goals and shared with 

all stakeholders (even customer service 
and purchasing), not just the group driving 
them.

Another important area of continuous 
improvement is the environmental impact 
of operations. The marine industry is 
striving to be the most environmentally 
friendly mode of transport and global 
compliance will only increase over time. 
Having a SoR not only provides an auditable 
record of incidents, which can be reviewed 
to evaluate alternative responses, but also 
offers timely reporting with little extra 
effort. Once you can account for every 
moment in your process, you can start to 
focus on every exception: what can go 
wrong and how to deal with or eliminate it.  
The goal is to build a process improvement 
culture that adapts as your company and 
business climate changes, turning ‘the 
perfect movement’ into the perfect day, 
perfect month and perfect year.

PLAN FOR EXCEPTIONS
The McKinsey study cites exceptions to a 
plan and the inability for automation to deal 
with them as a key reason for productivity 
losses. This means that possibly the biggest 
opportunity to improve port operations 
is to take a more agile, exception-driven 
approach. By moving from a plan, operate, 
measure, react serial approach, to a 
plan, operate, measure, re-plan, operate, 

Figure 1: Real-time Operational Systems of Record (SoR) builds a foundation for digital transformation

Figure 2: Dealing with exceptions takes integration and business logic
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measure by exception model, driving agility 
and innovation for both operations and 
business processes becomes easier. This 
model would require the integration of a 
System of Record (SoR) into the planning 
& scheduling systems, so that you can re-
plan the entire system if you get off track 
and hopefully trigger workflows from other 
dependencies in purchasing, customer 
service and engineering/maintenance. 

IoT provides the opportunity of having 
additional real-time data that could further 
change business processes by increasing 
visibility, with actionable data confirming we 
are on plan or measuring external factors 
that cause interruptions (like weather, tide 
levels etc.) into exception workflows. By 
combining information from traditional 
control and IoT systems into a common SoR 
and feeding other enterprise applications 
(ERP, Asset Management, Finance, EH&S 
etc.) many companies are delivering on the 
promise of supply chain optimization and 
setting the business process foundation for 
autonomous operations.

NURTURE DATA ECOSYSTEMS
The last and maybe most important concept 
is that although you can buy tools to help, 
you can’t buy digital transformation, and 
few organizations achieve operational 
excellence without help. Surround your 
organization with trusted advisors and 
suppliers who are also data- and results-
driven. Include them in your plans and 
processes and share the data that allows 
them to optimize and become more 
effective, so they can be a better supplier or 
partner.  Many leading port authorities are 
nurturing data communities utilizing cloud 

technologies to facilitate better overall 
performance, visibility and monetization. 
As shown in Figure 3, there are lots of 
stakeholders in the supply and value 
chain at ports. Connecting with them or 
collaborating in your own data ecosystem 
can expand data sources and lead to further 
performance gains. 

SUPPORTING PORT USE CASES
As mentioned earlier, port operators are 
learning from other automated industries 
before applying and sharing what they 
have learned. OSIsoft is fortunate to have 
thousands of automation customers who 
openly share their learning with hundreds 
of port operation installations across the 
globe. Here are some recent editions that 
reflect the ideas in this paper:
• Adani - Adani Ports is the largest private 

port operator in India, handling the 
majority of the country's international 
trade. Economic growth is driving an 
expected increase in demand for port 
services. Adani Ports is planning for this 
growth by investing in both new port 
construction and port automation, to 
ensure that all facilities achieve peak 
performance levels. The PI System is the 
backbone of these initiatives, providing 
the data collection, analysis and 
reporting tools that have helped Adani 
Ports achieve ongoing performance 
improvements and wider profit margins.

• TraPac - For TraPac, automating its flagship 
operations at the Port of Los Angeles 
terminal enabled the company to cut 
costs, slash emissions, and move human 
operators out of harm's way. In order to 
fully realize the benefits of automation, 

however, TraPac also needed to harness 
their data. In 2017, the company 
implemented OSIsoft's PI System to 
organize and analyze the information 
generated by their operations. The result 
was a 10+% decrease in cycle time, 
improved maintenance, and faster issue 
resolution.
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Figure 3: Stakeholders in port data communities
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