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Abstract 
This thesis investigates how AP Moller Terminals and Maersk Line currently conduct procedures related to 

unload of containers and operational container handling inside the terminals. Further, the thesis seeks to 

identify problems related to these procedures. The research is based on a qualitative interpretive research 

approach, striving to gain an in-depth understanding of how these procedures may be enhanced through 

deployment of Internet of Things and Software Robotic Capabilities. Through a business -and technical ana-

lytical assessment, this paper identifies a possible solution architecture that leverage on technological ad-

vancements to derive organizational benefits and drive the operational excellence of the future. The business 

analysis is supported by a thorough understanding of the business model and a cost / benefit analysis. 

Whereas the technical analysis is supported by participatory design theories and architectural frameworks.  

Keywords: Internet of Things, Robotic Software, Automation, Shipping, Smart Products and Services 
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Company Introduction 
The largest shipping company in the world is a Danish company called Maersk. The Company was founded in 

Svendborg in 1904 by Mr. Arnold Peter Moller together with his father 

Captain Peter Maersk Moller.  

The two set out on a journey to enable transportation to every corner of the 

world. This vision of being the largest shipping company led them to create 

Maersk [ƛƴŜ ƛƴ мфну ǿƘƛŎƘ ǿŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎt liner service that sailed 

between US and Asia. In the same year Maersk also introduced its first tanker 

vessel to the Maersk fleet. In 1930 Maersk Mc-Kinney Moller began his 

ǘǊŀƛƴƛƴƎ ǘƻ ǎǘŜǇ ƛƴ Ƙƛǎ ŦŀǘƘŜǊΩǎ ŦƻƻǘǇǊƛƴǘΣ ƘŜ ǿƻǊƪŜŘ ƛƴ ǾŀǊƛƻǳǎ ǎƘƛǇǇƛƴƎ ŀƴŘ 

banking related businesses across the globe. In 1938 Maersk Mc-Kinney 

Moller returned to Denmark and started in Maersk in a Junior 

management role.  

One year later. World War II broke out and in 1940 Denmark got occupied 

by Germany which led to Maersk sailing the entire fleet out of Danish 

waters and into neutral ports where the ships later would be requested 

to transport goods for the warring countries. Between 1940 and 1945 

Maersk lost 25 ships and 150 seamen. 

In 1955 the demand for shipping was growing so fast that Maersk had to 

increase the size of their ships. This resulted in Odense Steel building a new Shipyard at Lindø that allowed 

them to build ships that had a capacity up to 200.000 tons. 14 years later Maersk also outgrew this Shipyard 

so Odense Steel had to again increase the size of their shipyard so that they could build ships that had a 

capacity of 650.000 tons. 

In 1965 Arnold Peter Moller passed away at the age of 88. At this point in time, the Maersk fleet consisted of 

88 ships which was amounted to almost half of the total Danish merchant fleet. After the death of A.P. Moller, 

Maersk Mc-Kinney Moller took over the role as director of Maersk and continued to expand and develop the 

business. The great vision that Maersk Mc-Kinney Moller had for Maersk resulted in starting Maersk Supply 

Services in 1967, Maersk Airlines in 1969, Maersk Data 1970 and Maersk drilling in 1972. Especially Maersk 

data had a huge impact for the operations in the shipping business but the company was sold to IBM in 2004 

and the business unit had at that point grown to a total staff of more than 3500 people around the world. 
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In 1975 Maersk introduced the first container vessels that started sailing on the original Maersk Line route 

from US to Asia. Throughout ǘƘŜ мфтлΩǎ Ŏƻƴtainerization had expanded so much that Maersk had to establish 

the freight forwarder company called Mercantile with subsites in Taiwan, Hong Kong and Singapore. The 

activities from this company was continued in Maersk Logistics and now in Damco. 

In 1979 Maersk acquired Svitzer. Today, Svitzer is the global market leader engaged in specialized marine 

activities such as harbor, coastal, terminal/LNG, offshore and ocean towage as well as salvage operations, 

crew-boat and emergency-response services. In 1987 Maersk made its first acquisition within the liner 

business. Maersk took over the liner activities in Chargeurs Réunis, France, and Cie Maritime Belge, Belgium.  

In 1991 Maersk Container Industry was established. Maersk Container Industry was established in Tinglev, 

Denmark with the purpose of developing and manufacturing containers for the shipping industry. Today, the 

headquarters and sales office are located in Copenhagen, whereas the research and development 

department remain in Tinglev. Production takes place in three modern facilities in China and in Chile. 

In 1993 Maersk Mc-Kinney Moller steps down as CEO of Maersk and was succeeded by Jess Søderberg, who 

headed the company from 1993 to 2007. 

In the same year Maersk acquired EACBen Container Line which made Maersk the largest container Shipping 

company in the world. 

In 1999 SeaLand and Safmarine was acquired. Both companies continued operating under their original 

names. 

In 2001 APM Terminals was founded. Since entering the container business, Maersk Line had invested in 

terminal facilities around the world. The portfolio of terminals was significantly increased with the acquisition 

of SeaLand in 1999 and it was decided to establish APM Terminals as an independent business unit providing 

port and inland infrastructure services. APM Terminals currently operates 73 ports and terminals in 36 

countries and continues to expand. In 2005 Maersk acquired P&O Nedlloyd. The British P&O and the Dutch 

Nedlloyd container shipping companies were merged into P&O Nedlloyd in 1995. In 2005, the constellation 

was acquired by A.P. Moller Maersk. During the integration process, the Maersk SeaLand brand was changed 

back to Maersk Line (as before 2000). The integration of one large, global organization into another large, 

global organization proved difficult, but eventually provided Maersk Line with a scale that would not have 

been possible through organic growth. 
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In 2012 Maersk Mc-Kinney Moller passed away at the age of 98. At this point Mr Moller was still active 

chairman of the A.P. Moller foundation, but after his dead his youngest daughter Ane Mærk Mc-Kinney Uggla 

took over his position. 

In 2015, the official opening of APM Terminals most technologically advanced and sustainable container 

terminal Maasvlakte II took place. The Maasvlakte II runs entirely on power generated by wind turbines and 

is the world's most automated container terminal to date. 

In 2016, it was announced that the previous conglomerate business structure of A.P. Moller ς Maersk was to 

be reorganized into two separate divisions ς an integrated Transport & Logistics division containing Maersk 

Line, APM Terminals, DAMCO, Svitzer and Maersk Container Industry and an Energy division. 

The main growth focus of A.P. Moller Maersk going forward would be on the transport and logistics services. 

The oil and oil related businesses were to be separated from A.P. Moller Maersk, either individually or in 

combination. In 2017 the Oil business were sold to Total. 

In February 2018 Maersk acquired Hamburg Süd, making Maersk line the largest shipping company in the 

world and thereby completing the mission set by Mr. Arnold Peter Moller and Captain Peter Maersk Moller 

in 1928 when Maersk line were established. 
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Introduction ς Three waves of IT-driven competition 

Today it is evident that technology is revolutionizing products and services. Historically products and services 

was composed solely of mechanical and electrical parts, today products and services can be seen shaped as 

complex systems that combine hardware, sensors, data storage, microprocessors, software and- connectivity 

in numerous ways (Porter, 2014). Such products and services are coined as άǎƳŀǊǘΣ ŎƻƴƴŜŎǘŜŘ ǇǊƻŘǳŎǘǎέ by 

Michael porter, and these products have been made possible by enhancements in processing power and 

device miniaturization. Moreover, these products and services are enabled by the network benefits of 

ubiquitous wireless connectivity ς unleashing a new era of technology driven competition. Connected 

products and services is at an exponential pace creating opportunities for new functionality, reliability, 

greater product utilization ς and capabilities that surpasses traditional product boundaries. As products and 

services are changing in nature, organizations are forced to rethink and retool nearly everything, around ς 

and how they conduct their business processes both externally and internally (Porter, 2014). The new types 

of products and services are altering industry structures and forcing changes towards the nature of 

coemption, exposing organizations to new types of competitive threats and opportunities. Industry 

boundaries are being reshaped and many new industries arise, due to the very same opportunities. As 

Michael Porter states in the Harvard Business Review of 2014, many companies are today forced to ask 

themselves; άǿƘŀǘ ōǳǎƛƴŜǎǎ ŀƳ L ƛƴΚέ, namely due to the emerging technologies around smart connected 

products and services. This is also a question raised by Maersk; ΨŀǊŜ ǿŜ ŀ ŎƻƴǘŀƛƴŜǊ ǎƘƛǇǇƛƴƎ ŎƻƳǇŀƴȅΣ ƻǊ ŀǊŜ 

we a world-class IT organization tƘŀǘ ƘŀǇǇŜƴǎ ǘƻ ƻǿƴ ŀ ƭƻǘ ƻŦ ǾŜǎǎŜƭǎ ŀƴŘ ƳŜǘŀƭ ōƻȄŜǎΩ (Adam Banks, 2018). 

¢ƘŜ ǇƘǊŀǎŜ άƛƴǘŜǊƴŜǘ ƻŦ ǘƘƛƴƎǎέ όLƻ¢ύ Ƙŀǎ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜ ōŜŜƴ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŦǊŜǉǳŜƴǘ ǳǎŜŘ ōǳȊȊ ǿƻǊŘǎ 

within the IT field. A term arisen to reflect the increasing number of smart, connected products and to 

highlight and merge the new opportunities they can - and ultimately will represent. However, this phrase has 

in general not been considered helpful in terms of understanding the phenomenon and/or its implications. 

The phenomenon will be further elaborated upon, after briefly understanding the first two waves of IT-driven 

competition and the evolvement of the internet; 

The first wave of IT-driven competition, before the arrival of modern information technologies, products were 

mechanical and activities across the value chain were conducted using manual paper processes and was 

dependent on verbal communication. According to Porter the first wave of IT occurred during the 1960s and 

1970s, individual activities got automated in the value chain, from order processing and bill paying to 

manufacturing resource planning enabling a transparency in the production, which was previously unseen. 

Productivity increase was driven as the newly generated data could be captured and analyzed for each 
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activity. Porter states how this led to standardization of processes across companies and increased the focus 

ŦǊƻƳ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ƻƴ Ƙƻǿ ǘƻ ƭŜǾŜǊŀƎŜ ǾŀƭǳŜ ŦǊƻƳ L¢Ωǎ ƻǇŜǊŀǘƛƻƴŀƭ ōŜƴŜŦƛǘǎΦ 

The second wave of IT-driven competition, in order to understand how IT drove the second wave of 

competition, it is vital to understand how the world wide web, evolved to enable the second wave of IT 

product/service driven competition;  

Web 1.0 is the first iteration of the internet as we know it (1993 ς 2006). The web 1.0 is considered as a read-

only era of the world wide web, only consisting of flat or static data. The web 1.0 did not allow for interaction 

between the IT product/service and the web user. The world wide web was simply considered a portal of 

information, wherein users passively receive information without having the opportunity to interact in the 

content on a given webservice. Web 2.0 is the second iteration of the internet as we know it (2006 ς 2016). 

The web 2.0 is considered as the read/write era of the world wide web, consisting of dynamic interactive 

user generated data, allowing users directly to interact with the web product/service. Moreover, the 

uniqueness about the web 2.0 was that users of a given system could directly interact with the system and 

communicate and knowledge share across geographical boundaries ς inexpensively and with ubiquitous 

connectivity. This unleashed the second wave of IT-driven transformation. Organizations got enabled to 

coordinate and integrate across individual activities; internally, with external suppliers, channels and 

customers (Porter, 2014). Organizations was furthermore enabled to integrate themselves in global 

distributed supply chains, which was disrupting the shipping industry; 

Χ A new level of coordination across Vessel Shipments, Intermodal transportation, communication and 

alignment with customers and third parties had risen. 

During the first two waves of IT-driven competition there was an increase seen in terms of productivity gains 

and growth across the economy. While the value chain was transformed, however, products and services 

themselves were largely unaffected. This leads us to the third wave of IT-driven competition. 

The third wave of IT-driven competition, is what is coined as the era of Internet of Things (IoT). The internet 

is in its nature a simple processing mechanism of information. This nature of the internet remains the same 

within the third wave, however what is the changing is the nature of what is being internet-enabled. In the 

third wave, IT will become an integrated part of a given product or service. This is empowered through; 

embedded sensor data, GPS, processors, software and internet-enabled physical products (e.g. a container 

with an installed computer, with internet). The connected products can be coupled to cloud-based data 

repositories, wherein the data being generated is stored for the given product or service entity. In the 

repositories data is being stored and analyzed in order to capture patterns to drive improvements in product 
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or service functionality and performance. A vast amount of data on new product/service-usage is enabling 

organizational improvements, which will be uncovered in later sections of this thesis. According to Porter; 

ά!ƴƻǘƘŜǊ ƭŜŀǇ ƛƴ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛƴ ǘƘŜ ŜŎƻƴƻƳȅ ǿƛƭƭ ōe unleashed by these new and better products. In addition, 

producing them will reshape the value chain yet again, by changing product design, marketing, 

manufacturing, and after-sale service and by creating the need for new activities such as product data 

analytics and security. This will drive yet another wave of value-chain-based productivity improvement. The 

third wave of IT-driven transformation thus has the potential to be the biggest yet, triggering even more 

innovation, productivity gains, and economƛŎ ƎǊƻǿǘƘ ǘƘŀƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǘǿƻέ όtƻǊǘŜǊΣ нлмпύ 

¢ƘǊƻǳƎƘƻǳǘ ǘƘƛǎ ǘƘŜǎƛǎ ǿŜ ǿƛƭƭ ǾŀƭƛŘŀǘŜ tƻǊǘŜǊΩǎ ŀǎǎǳƳǇǘƛƻƴΣ ŀƴŘ ƘƻǇŜŦǳƭƭȅ ǳƴŎƻǾŜǊ Ƙƻǿ ǇǊƻŘǳŎǘƛǾƛǘȅ ŀƴŘ 

service improvement for Maersk T&L will be achieved through an internet-enabled end to end process of the 

operational shipping cycle, with an emphasized focus upon the terminal operations. 

Glossary / Terminology 
Below table outlines the terminologies that we use to explain the entities that constitute the terminal 

operations: 

Term Explanation 
 

Quay Crane 
 

 
 

A Quay Crane is a crane that is stationary at the edge of 
the harbor. The purpose of this crane is to unload and load 
containers from the container ship onto a truck that can 
park directly under the crane as shown on the illustration 
below: 
 

 
 
As we can see each Quay crane have room for 3 trucks in 
waiting position under the crane. As the crane is stationary 
they have a limited reach from left to right.  
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Shuttle Carriers 
 

 
 

The main task for the Shuttle Carriers in the terminal is to 
move the containers from the Quay Crane and into the 
container yard, where the container will be placed by the 
Reach Stacker Crane. A loaded Shuttle Carrier can drive 
with 15 km/h. 

Reach Stacker Crane 

 

A Reach Stacker Crane is a crane that can drive like a truck 
with speeds up to 25 km/h. It also has a lifting arm that can 
lift containers 18 meters up in the air. The use of the Reach 
Stacker in the terminal is to take the container off the 
Shuttle Carrier and place it in the terminal yard. 

Container Vessel 

 

The Container Vessel comes in many different sizes where 
the smallest is the A class and the biggest is the Triple E 
Depending on the size it containership must chose the 
correct port. The containership is transporting the 
containers from one terminal to another.  

Pre-Berth Pre-berth is the event when a ship is 2 hours away from 
docking at the designated port. The event is basically the 
captain of the ship pressing a bottom that send a message 
to the Terminal that it will arrive in 2 hours. 

Berth Berth is an event where a signal is sent to the Terminal 
that now the ship is docking at the chosen location. 

RCM RCM stands for Reefer Container Management. A Reefer 
Container is a refrigerated container where you can 
choose a specific temperature you want inside the 
container. This kind of containers are mostly used for Food 
products. The Reefer containers comes in two different 
sizes: 20 Foot Reefer and 40 Foot Reefer. And is already 
GPS enabled. 

 
DCM DCM is an abbreviation for Dry Container Management. 

Dry containers are normal containers that comes in 20 feet 
and 40 feet size.  DCs are currently not GPS enabled. 

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjSuL6NsufaAhWDlJQKHZG6D28QjRx6BAgBEAU&url=http://www.kvgtrans.be/index.php?Tc%3DEN&psig=AOvVaw2-vSOXcZeMF1ygJtfNy4Ak&ust=1525362968142113
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GCSS Global Customer Service System is the booking system of 
containers. 

GSIS Global Schedule Information System this system includes 
data about estimates and actuals of when ships and 
containers will arrive. 

LastFreeDay Is the amount of free dates that the customer buys with 
regards to his/her booking and based on this data object 
ǿŜ Ŏŀƴ ŎŀƭŎǳƭŀǘŜ ά9ȄǇŜŎǘŜŘ tƛŎƪǳǇ ŘŀǘŜέ 

Table 1. Glossary 

Methodology 
The research framework applied for this Thesis is the research onion, this was developed by Saunders et al. 

(2007). The research onion illustrates each of the stages that must be covered as part of developing a 

research strategy. It has been widely used throughout the course of our under-graduate and graduate 

engagements, and has proven as a strong framework and guiding principle to ensure that adequate and 

detailed research is conducted. As seen from the outside, each layer of the onion describes a more detailed 

stage of the research process (Saunders et al., 2007). The research onion is designed so that it provides an 

efficient progression, which in turn a research methodology can be designed upon. It is widely recognized for 

its usability and adaptability for most types of research methodologies and further the framework can be 

used in a variety of contexts (Bryman, 2012).  

The research onion moves through five stages, in the five stages the research is brought through an effective 

methodology for setting a clear and thorough research strategy. Each stage is as briefly described below and 

in the following section each of the stages will be thoroughly described and related to the research 

methodology applied in this thesis. First, the research philosophy is being defined. The research philosophy 

sets a foundation and creates the starting point for the research approach, which is the second step adopted. 

Third step of the research onion the research strategy is being defined. The fourth layer identifies the time 

horizon in which the research has been conducted. Finally, the fifth step represent the activities conducted 

around data collection ς whether being; Primary data, secondary data, observations, etc. The benefits 

achieved through the appliance of the research onion are thus a process that covers the end to end process 

of collecting and research data.  

Research philosophy 
This thesis is an empirical study on how Maersk T&L currently conduct their operational shipping procedures 

related to unload of containers from vessels. The research philosophy helps us identify the beliefs and the 

nature of the reality we are striving to investigate and research (Bryman, 2012). The research philosophy sets 

the underlying definition of how knowledge is to be perceived. The assumptions defined and created in a 

research philosophy, provides a justification for how the research will be conducted (Flick, 2011). At the basis 
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research philosophies differ between two approaches interpretivism and positivism. This paper takes a 

qualitative interpretivist approach towards data gathering and research conducted on the same. The 

interpretivist approach believes the nature of reality is socially constructed and that individuals may perceive 

X-situation different from one another ς dependent on the individuals own view of the world and their 

constructed reality (Saunders, et al 2012). Interpretivism allows for a subjective approach and is more 

focused on the micro level and granularity of research, as seen in contrast to positivism ς which concerns 

with macro level quantitative research settings. Furthermore, one of the cornerstones in an interpretivism 

research philosophy is that the collection of information, data and knowledge is obtained through; semi-

structured interviews, participant observation and ethnography. As both of us have been working in Maersk 

T&L for the past four years, this approach was a natural fit for this research. 

Research approach 
We consider our research approach as being both inductive and deductive throughout the thesis, and 

especially throughout the preliminary research. In our research, we sought to achieve a better understanding 

of the operational shipping procedures and the legacy software system landscape. Ultimately to identify; 

how these could interplay to obtain unseen values and benefits from an organizational perspective, driving 

competitive excellence through IT. Both the inductive and deductive is supported by collection of data 

through; interviews, observations, and secondary data. The inductive approach is considered as a bottom-up 

approach for research. It is starting the research with observations, then attempting to achieve sense-making 

of these observations and to establish a pattern. To conclude on the observed patterns, theory is being 

applied to get a more granular understanding of what it is that has been observed. As mentioned above the 

focus during our observations was to understand the actors throughout the unloading procedures of 

containers, as well as the current legacy as-is software landscape. By observing and understanding these we 

ƘŀǾŜ ƎŀƛƴŜŘ ŀ ŦƻǳƴŘŀǘƛƻƴŀƭ ƪƴƻǿƭŜŘƎŜ ǘƻ ǇƭŀŎŜ ƻǳǊ ǇǊƻǇƻǎŜŘ ǎȅǎǘŜƳΩǎ ōǳƛƭŘƛƴƎ ōƭƻŎƪǎ ǳǇƻƴΦ ¢ƘŜ Řŀǘŀ 

collected from our interviews and the understanding obtained through observations is applied in the chosen 

theoretical frameworks, to be able to understand the posed research question adequately.  

 

As mentioned above, we would also argue that our research approach is deductive. The deductive approach 

is concerned with the fact that a researcher holds conclusions and assumptions, as well as; having theories 

in scope prior to starting the research. Meaning, that the research is not set in place to formulate a new 

theory based on the research (Wilson, 2013). Prior to our research we both held assumptions and 

conclusions, furthermore we had decided that the technical cornerstone of theoretical framework would be 

the EPCGlobal Future Architecture Model. However, it should be noted that none of the formal or informal 

interviews conducted have been forced to answer questions directly related to this technical framework. 
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Interviews have been open in nature, and we have allowed the participant to evolve and elaborate his 

thoughts and views as we moved forward. What also characterizes the deductive approach is that a 

hypothesis is developed upon an existing theory. The research approach is then in turn formulated in order 

to validate or reject the posed hypothesis. In this setting, one may consider the research question as the 

overarching hypothesis, that we seek to answer through the paper. 

Research Strategy 
The research strategy describes how a researcher intend to carry out the work related to the research. As 

Saunders states; the research strategy is defined as the method in which, and how the researcher will go 

about answering his/her research question. He further describes how it is the methodological link between 

philosophy and subsequent choice of methods to collect and analyze data (Saunders et al., 2012). The 

research strategy of this thesis is a qualitative case study, this is based on the argument that we are 

conducting a qualitative research and interpreting a single research setting. Furthermore, to support the 

argument; we strive to explore and understand phenomena within a given context, which in this specific case 

is the IT driven value derived from the potential implementation of digitization in physical operational 

procedures (IoT). This case study enabled us in greater insights of the research setting and the relevant 

operational procedures as well as legacy software landǎŎŀǇŜΦ ²Ŝ ŀŎƘƛŜǾŜŘ ǘƻ ƎŜƴŜǊŀǘŜ ŀƴǎǿŜǊǎ ǘƻ άǿƘȅέΣ 

άǿƘŀǘέ ŀƴŘ άƘƻǿέ ōȅ ŦƻƭƭƻǿƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ǎǳŎƘ ŀǎ ƛƴǘŜǊǾƛŜǿǎΣ ƻōǎŜǊǾŀǘƛƻƴǎ ŀƴŘ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ό{ŀǳƴŘŜǊǎ 

et. al., 2012). In addition to these techniques, one must note again that it is inevitable that we have been 

influenced by a sense of ethnography. We have both been closely observing, examining and been an integral 

part of the Maersk T&L organization. However, the ethnography is mostly related to the observance around 

the software legacy systems and the automation teams. Unfortunately, we have not been able to visit the 

terminals physically and hence we will not be able to argue that we have achieved a sense of ethnography 

within this area.  

Time Horizon 
The time horizon is an important aspect of the overall approach to the research as it determines the period 

in which the research is based upon either; cross-sectional or a longitudinal study. The time horizon of this 

research setting is cross-sectional, or a snapshot in time. This is since the data collection is constrained to set 

period and not a repetitive exercise following the as-is state of Maersk T&L over a longer period. Our research 

strived to understand how Maersk T&L currently conduct their unloading procedures, in order to identify and 

understand how this can be done more efficiently. Note, that we allowed our observations and interviews to 

evolve and emerge as we proceeded. Hence interviewees did express prior experiences from the past, these 

expressions have been considered but was not part of the initial intention of the research time horizon.  
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Research Techniques and Procedures 
As mentioned in the above section, the data collection techniques we have used have been a mix of 

numerous approaches in order to acquire an in-depth understand of the research setting. Primary data have 

been acquired mainly through non-standardized interviews with non-leading open-ended adaptive questions 

and strived to gain a naturalistic interaction with the interviewees. Some questions have been guiding 

towards our specific area of interest. Moreover, we tried to establish an open conversation during the 

interviews; meaning that interviewees were enabled and free to express their personal thoughts and 

perceptions. This in turn allowed us to ask spontaneous questions as we progressed through the interviews 

we conducted. The few guiding questions that we did ask in accordance to our theoretical framework, 

enabled us to establish insights and understanding of how the current operational activities related to 

container unloading was conducted. And conversations with technical personnel helped us understand how 

the current state of the software system landscape, which in turn enabled us to identify and evaluate the 

building blocks for the proposed software robotics. In addition to primary data, we have collected secondary 

data from internal technical documents to understand both the software landscape and the physical 

hardware present in the terminals. We have also reviewed and analyzed design documents from both APMT 

and ML, in order for us to get an understanding of the digital transformation both entities are going through. 

This enables us to establish a sense of how these two entities in a joint effort may achieve benefits from 

combining their transformation initiatives. Lastly, in terms of secondary data we have acquired knowledge 

from different Maritime magazines to get a thorough understanding of the current market state. Our ethical 

standards have been apparent and clear for participants during our research. In all conducted interviews, we 

have made it explicit and expressed our intentions and the process. This involved informing the interviewees 

about their rights to not answer questions that they did not desire to answer, as well as clearly expressing 

the confidentiality that this thesis is bound by. Ahead of interviews and observations we have requested 

whether notes and audio recordings was allowed or prohibited. To summarize, we are confident that the 

research strategy followed throughout this process have been sufficient and achieved the expected outcome 

in terms of establishing a strong foundational knowledge, to base our findings and discussions in. 

Limitations of research 
As a final note, or disclaimer, to our methodological section we would like to shed light upon the limitations 

that we have faced throughout the process of research. The interpretive approach taken concerns with us 

making sense and understanding of the collected data and observations. As we have both been employed by 

Maersk Line through the past 4 years, we may have acted subjectively and biased with regards to our data 

gathering. This may be considered as a limitation as our rationale have been bounded by the social reality 

that we have constructed in working as an integral part of the organization over a longer duration of time 
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(Bounded Rationality). Furthermore, we had initially planned to have on-site visits in the APMT Terminals in 

(1) Maasvlakte to see the cutting-edge technologies that is currently being deployed in their infrastructure. 

Moreover, we had had also planned to visit (2) Aarhus terminal, as the proposal through this thesis takes its 

basis in Aarhus HavnΩǎ terminal. Both on-site visits did not happen due to time constraints and availability of 

the right resources to be interviewed during the onsite visits. Hence, we identified it would be sufficient and 

adequate to obtain documentation from these resources instead of spending a full day at the operational 

site. We are confident that the research obtained from this is sufficient, however we are certain that our 

ƻǾŜǊŀƭƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƻǇŜǊŀǘƛƻƴŀƭ ǇǊƻŎŜŘǳǊŜǎ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ŜƴƘŀƴŎŜŘ ŦǳǊǘƘŜǊ ōȅ ƘŀǾƛƴƎ ΨŜȅŜǎ-ƻƴΩ 

experience from both terminals. Other limitations that we have faced in the research is company sensitive 

data like; costs associated to physical quay crane operation (people), digitization costs (of terminal 

hardware), costs associated to software development and integration to physical assets in terminals. This 

have made it difficult to form a granular cost-benefit analysis as our costs are mainly bound based on 

assumptions/estimates. However, we are achieving to show-case the method in which we would have done 

the actual cost-benefit (if we had the actual costs), hence we are satisfied with the achieved result. The final 

limitation that we experienced throughout the writing of this thesis was our ability to obtain data on how 

the proposed solution could be rolled out. Moreover, we did not achieve to get an understanding of the 

considerations the managerial layer of both APMT and ML would take in an implementation scenario of 

robotics and IoT. 
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Problem Statements ς Research Question 

In the above section of the company introduction we understood that Maersk T&L have a unique position in 

terms of owned property and infrastructure, enabling them in full control of the end to end shipping cycle. 

This allows Maersk T&L to aspire towards becoming the global integrator for all container transport; whether 

it being on major shipping vessels, barge ships, inland trucking transport or rail transportation. This paper 

seeks to identify potential synergies that may exist and can be leveraged upon between ML and APMT. The 

core of the synergies that we strive to identify lies within the technological area, both in terms of digitization 

of physical hardware in the terminals (IoT) and how this potentially could interplay with the existing legacy 

system landscape in Maersk Line. The solution that we are proposing will in detail be explained in a later 

section of this paper, prior to doing that we will identify the problem statements that we seek to resolve with 

the implementation of our proposed solution. But establish a contextual understanding for the reader the 

proposed solution encapsulates a fully automated container lifecycle from 2-hours pre-berth until the 

container have been placed in container yards awaiting customer pick-up.  

Communication gaps 

Current state in terminal ports make the operational stakeholders reliant on traditional radio and radar 

communication between captains, terminal operators, tugboats and other operational participants. Key 

decision-making is made through these traditional technologies (radio and radar communication), forcing 

complexities related to coordination between the different stakeholders in the container lifecycle from; pre-

berth to container placement in container yards. As the communication required between the stakeholders 

in the lifecycle is vast and happening between numerous participants, it makes it extremely difficult to abide 

to the critical path for the operational procedures (Alexandru Duca, 2018). Moreover, since the coordination 

between teams and operators are done manually the process is error prone, disabling the operation to 

achieve efficient performance. By being disabled in following the critical path, there is a direct impact towards 

carrier liners and terminal operation. Carriers, are forced to berth for longer durations, instead of being in-

voyage towards their next location. And with regards to terminal operation the terminal is limited in berthing 

additional vessels (as there is a limitation to number of quay cranes), causing a direct impact on both liner ς 

and terminal business. Ultimately causing bottom-line impact for both ML and AMPT. 
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Bix boxes, big risk 

ICHCA International statistics on maritime inland accidents shows (as illustrated in chart) that 41% of all 

accidents, within shipping operations, are related to the activities happening at the quayside. Quayside 

operations compromise berthing and mooring operations, loading and discharge of containers, lashing and 

unlashing operations of cargo at the quayside. With the proposed solution comes a fully automated container 

unload procedure, 

reducing the amount 

of human interaction 

and thereby reducing 

the risks involved for 

the operators at the 

quay side. The risks 

involved in working 

within the Maersk 

group (and the 

shipping industry in 

general) is also 

considered a  

problem statement, seen from a managerial perspective. Shipping operations are error prone and 

management strives to accommodate a safe working environment for all its employees. 

Continuous learning 

¢ƘŜǊŜ ƛǎ ƭƛǘǘƭŜ ŘƛƎƛǘƛȊŀǘƛƻƴ ƻŦ ǇƘȅǎƛŎŀƭ ŀǎǎŜǘǎ ƛƴ !ta¢Ωǎ ǘŜǊƳƛƴŀƭ ǇƻǊǘǎΣ ǘƘƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 

operational data generation from day-to-day activities is scarce. This causes a fundamental issue with driving 

improvements from lessons learned, as there in most cases are no clear visibility of which pitfalls are causing 

ŀ ƎƛǾŜƴ ǘŜǊƳƛƴŀƭΩǎ ƎƻƻŘ ƻǊ ōŀŘ ǇŜǊŦƻǊƳŀƴŎŜ. Examples could be; variance reduction, quay crane cycle times 

or increased safety. Hence it is difficult to draw best-practice outcomes that can be implemented globally 

ŀŎǊƻǎǎΣ ŀǎ ǘƘŜǊŜ ǎƛƳǇƭȅ ŘƻŜǎƴΩǘ ŜȄƛǎǘ ǘƘŜ ǊŜǉǳƛǊŜŘ Řŀǘŀ ǘƻ ǎǳǇǇƻǊǘ ǎǳŎƘ endeavors. Digitization of physical 

assets will not automatically resolve these constraints however it will enable both ML and APMT to make 

informed decision-making on how to improve, and thereby drive a best-practice standardization globally 

across terminals. 

Figure 1. Accident Chart 
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Operator Variance 

In continuation of above mentioned enablement of continuous learning, another factor that would be 

eliminated with the introduction of a fully automated robotic driven terminal is the inconsistencies and 

variances that exist between different operators. Whether being; QC operator, Truck operator or Reach 

stacker operator (Alexandru Duca, 2018). Currently there are high variances between each operator and as 

not much data is being generated it is difficult for management to identify, where and when additional 

training is required. 

Container unload scheduling 
Quay cranes (QC) perform the unload activities of containers from vessels, where after the QC places the 

container on a shuttle carrier. At the current state of operation, there is an allocated scheduling team who 

manually schedules the order in which the containers are being unloaded in. However, trained this specific 

team of schedulers are, it is a complex and difficult task to define the most efficient unload pattern for a 

vessel containing more than e.g. 18.000 containers. This means that in the operations surrounding unload 

procedures personnel are not always enabling the operation to follow the critical path for efficiency. This 

thesis will only cover the problem statements that relates to unload of containers, meaning the import cycle 

of the shipping cycle. However, it has to be noted by the reader that the resolution to the unload scheduling, 

will root to a proper load of containers at the export side of the shipping cycle. To elaborate on this; If 

container (a) and container (b) is being loaded on a vessel for export from Hong Kong. Container (a) is being 

exported to Felixstowe, whereas container (b) is exported to Aarhus, then it is equally important in export 

scenarios that container (a) is being on-loaded on top of container (b), instead of container (b) is being loaded 

on top of (A). This ensures the least container re-scheduling/re-ordering during the vessels voyage. In the 

given example Felixstowe is the first terminal, subsequently followed by Aarhus. 

Quay crane and truck alignment 
When the QC unload a container on a truck it is difficult to achieve alignment between the QC and the Shuttle 

Carrier. This causes a direct impact on the efficiency of the QCs and how many containers the terminal is able 

to processΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜǊŜ ŀǊŜ ƛƴ ŎŀǎŜǎ ΨŎƻƴŜƳŜƴΩ ŀǎǎƛƎƴed to assist in the alignment of the QC and truck, 

conemen are operating on the ground under the QC and container which is causing a large risk with regards 

to safety. 

Container Yard optimization 

 Similar to the waste related to container unload scheduling there are considerable amounts of waste related 

to the procedures that happens after a container have been unloaded from the QC. In most instances, the 

container is being unloaded directly to an intermodal ŎŀǊǊƛŜǊΩǎ truck and driven towards the customers store 
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door. But in those instances where there are no scheduled pick up on the day of arrival, the container will be 

placed in a container yard until the customer have scheduled to pick it up. This means that the container will 

be placed in the container yard based on the amounts of Last Free Days the customer has 

requested/purchased. Last free days indicates how many days the customer may wait to pick a container, 

without being charged additional demurrage fees. Hence there is a big variance in the amount of days a given 

container is placed in yards. The variance of free days causes considerable coordination activities of the 

container placements in the container yards. Again, this can be considered as a problem due to the man-

made decision making that must be done to identify the most logical and efficient order to place the 

containers in. This means that the current state of container yard operations there is a lot of forth and back 

movement of each container, because containers are not placed in the most efficient order when they first 

arrive at the container yard. 

Based on the above seven problem statements we have now understood the primary issues that exists in 

APMT and ML, we consider these to be blockers for APMT and ML preventing them from reaching operational 

excellence. Our research throughout this thesis will be targeted towards identifying possibilities and 

ultimately formulate a solution that would mitigate the current risks and issues at hand. With inspiration 

from two courses taken through this Master of Science program; Robot Armada and Internet of Things we 

decided that we would aspire to muck an architectural solution combining robotics with IoT enabled digitized 

physical hardware. Creating a shipping infrastructure in accordance to the third wave of IT-driven 

competitiveness.  

This leads us to the overarching research question that we aim to answer throughout this thesis, related to 

APMT and ML: 

How can AP Moller Terminals and Maersk Line derive value from software robotics and a digitized 

terminal infrastructure in Aarhus Havn? 

In order for us to adequately answer above research question we intend to structure the thesis in the 

following manner. First, we will thoroughly describe the theories that we will use to answer the research 

question in the theoretical framework section. Note that we have selectively used concepts from each of the 

theories that we have found fit for this thesis, meaning that some frameworks may appear limited in nature 

ς this is done to ensure relevance for the analysis and for the reader. Second, we will describe and present 

the overall solution that we are proposing. The high-level solution will be presented prior to the analysis, as 

we trust that it is vital for the reader to understand the solution that we base our business -and technical 

analysis upon. Third, we will analyze the solution first from a business point of view outlining the business 

case and understanding the cost / benefit from the solution. The business section will be finalized with a 
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Business Canvas aƻŘŜƭΣ ǘƘƛǎ ƛǎ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ ǘŀƴƎƛōƭŜ ΨƻƴŜ-ǇŀƎŜǊΩ ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀƴ Ŝŀǎȅ ǎǳƳƳŀǊȅ ǘƻ 

understand the proposed solution in a holistic manner. The business analysis will be followed by a technical 

analysis, herein we will apply the theories from the IoT domain as well as theories advised by Kim Normann. 

The MUST method will be used as a tool to identify and assure that business requirements are understood 

according to the actual requirements, driving participatory design. The EPCglobal framework will be applied 

to get a thorough understanding of the architectural building blocks of an IoT solution. Additionally, we will 

take an in-depth look at the robotic software components that will work as an integral part with the IoT 

components. The Holistic Model is being applied to understand the content providers and the components 

that drives benefits of the IoT/Robotic Software solution. In the fourth section of this paper we will discuss 

the findings that we have obtained through our analysis. In continuation of the discussion. The fifth section 

of this paper will reflect upon the learnings that we have achieved, our learnings will be baselined against 

the learning objectives of the Robotics and IoT course taken through this course. Furthermore, we strive to 

reflect upon the overall learnings that we have achieved by being enrolled to this program. Sixth and final, 

we will conclude upon the findings of this thesis. 
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Theoretical Framework 
As previously mentioned the framework throughout this thesis is split in two different focus areas. The first 

section will cover the business benefits driven by software robotics and IOT capabilities. Whereas the second 

ǇŀǊǘ ƻŦ ǘƘŜ ǇŀǇŜǊΩǎ ŀƴŀƭȅǎƛǎ ǿƛƭƭ ǳƴŎƻǾŜǊ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎ ǊŜǉǳƛǊŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŜƴŀōƭŜ ǘƘŜ ǇǊƻǇƻǎŜŘ 

the solution. 

Business Case 
We have decided to use a Business case because the business case brings together the benefits, 

disadvantages, costs, and risks of the current situation and future vision so that executive management can 

decide if the project should proceed. When we will be doing the Business case in our analysis we will assess 

following aspects of the project: business problem, opportunities, benefits, risks, cost including investment 

appraisal, technical solutions, timescale and impact on operations to deliver the project outcomes. Assessing 

these seven aspects of the project will teach us about the current issues and the benefits of the future vision. 

The seven above mentioned aspects are in below table depicted and described, to clarify for the reader what 

our focus will be at each of these stages in the business case analysis.  

Finance 

The first section is the Finance section, in which we will do our Financial appraisal and sensitivity analysis 

of the project. 

 

Financial 

Appraisal 

The Financial appraisal are used to identify the financial implications of the project, 

allowing APMT and ML to compare costs with forecasted benefits of the project, 

ensure that the project is affordable, ensure that we get value for money and lastly 

to predict the cashflow. 

Sensitivity 

Analysis 

The sensitivity analysis is done in order to look how much the project can change 

and still materialize on the investment.  

Project Definition 

Next section in the business case in the Project Definition. The Project Definition is the largest part of the 

business case and is for the stakeholders, sponsors and project team. When done correctly this section 

should answer most of the why, what and how questions about the project. 
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Background 

information 

This part will not be covered in the business case, even though it is part of the 

framework, as this is already covered this in; introduction and problem statement 

section. 

Business Objective Next, we will describe the Business Objective for the project to explain Why are we 

doing this project. To describe the business objective, we need to answer: 

¶ What is our goal? 

¶ How will the project support the business strategy? 

Benefits and 

Limitations 

 

The third area in this section is the benefits and limitations where we will describe 

the financial and non-financial benefits of the project and how it will benefit the 

organizations. In this area, we also talk about the limitations of the project and the 

limitations of the benefits.  

Option 

Identification and 

Selection 

 

Next up is the Option Identification and Selection. This area is to Identify the 

potential solutions to the problem and describe them in sufficient detail for the 

reader to understand. 

For instance, if the business case and proposed solution makes use of technology, 

make sure to explain how the technology is used and define the terms used in a 

glossary. Since most problems have multiple solutions an option appraisal is often 

needed. This will explore the potential solutions and recommend the best option. 

Scope, Impact, 

and 

Interdependencies 

 

After looking at the different options we will look at; Scope, Impact, and 

Interdependencies. We use the Scope, Impact and Interdependencies to describes 

the work needed to deliver the business objective and identifies those business 

functions affected by the project. Moreover, the scope, impact, and 

ƛƴǘŜǊŘŜǇŜƴŘŜƴŎƛŜǎ ǎŜŎǘƛƻƴ ǎƘƻǳƭŘ ǎǘŀǘŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǎŎƻǇŜ ŀƴŘ ōƻǳƴŘŀǊƛŜǎΦ Lǘ 

describes what is included and what is excluded plus the key interdependencies 

with other projects. It is important for the business case to consider the failure of 

other interrelated projects and show how such dependencies make impact 

benefits. 

Outline Plan 

 

Outline Plan is the next area we will look at and it is about summarizing all the 

main activities of the project in regard to the timeline of the project. The questions 

we are trying to answer in this area is: 

¶ What is required? 

¶ How is it done? 

¶ When will things happen? 
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Market 

Assessment 

 

The market assessment should show a complete understanding of the marketplace 

in which your business operates. We will assess the market by doing a PESTLE φ 

political, economical, sociological, technological, legal, and environmental φ 

analysis. 

Risk Assessment 

 

The risk assessment summarizes the significant risks and opportunities and how 

they are managed. The risks included should cover those that could arise from you 

ǇǊƻƧŜŎǘ ƻǊ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŘŜƭƛǾŜǊ ŎƘŀƴƎŜΦ 

This section answers the following questions: 

¶ What risks are involved? 

¶ What are the consequences of a risk happening? 

¶ What opportunities may emerge? 

Project Approach 

 

The project approach section describes which approach we will take to deliver the 

project, both in terms of the IoT components and the Robotic Software. 

Table 2. Business Case Framework 

Cost Benefit Analysis 
To summarize on the Business Case and to show a clear picture of the value of doing this project we have 

chosen to do Cost/Benefit analysis. The cost/benefit will show the costs and benefits that we uncovered 

during the analysis and writing of the business case. The cost/benefit analysis is a strong tool that gives a 

clear illustration on when the organizations may expect a return of their investment. 

Business Model Canvas 
For many years, most firms were focused on industry (Porter 1980) and resources (Barney et al. 2001, 

Wernerfelt 1984). Business model Canvas has now taken over as a replacement of the traditional unit of 

analysis due the change in business environment. Back in 1998 Sampler called for an alternative to the 

traditional value chain. The increased competitive environment driven by dramatic technological progress, a 

series of new types of businesses. Even today the business conditions in the market is largely influenced by 

ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘΣ ǎŜǊǾƛŎŜ ƻǊƛŜƴǘŀǘƛƻƴ ŀƴŘ ǘƘŜ ŘƛƎƛǘŀƭƛȊŀǘƛƻƴ ƻŦ ŎƻǊǇƻǊŀǘƛƻƴǎΩ ŜŎƻǎȅǎǘŜƳǎ ǿƘƛŎƘ 

blurs the lines between individual enterprises. This calls for analytic models that are holistic and can 

comprehend various aspects of the business. The analytical model should be able to entail competitiveness 

of a firm by offering a logistical and consistent approach to the design and execution of the business. This 

lead to the first Business Model Canvas to be developed. Its popularity quickly grew with the emergence of 

electronic commerce and the dot.com phase. This increase in popularity can be explained by shortcomings 

in existing frameworks and theories to address all aspects of the novel possibilities defying conventional ways 

of doing business (Chesbrough and Rosenbloom 2002). 
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However, the business model was new in the market, the underlaying theories were not new. Aspects 

defining the business model could already be found in Drucker (1954) and in concepts of strategic 

management (see e.g. Hedman and Kalling 2003, Morris et al. 2005). 

No matter the business, its activities can be broken down into its core elements which are; Value 

proposition(product), Infrastructure management, Customers and Financial aspects. This means that all 

businesses have an underlying business model even if it is not explicitly presented. Even though the term 

ά.ǳǎƛƴŜǎǎ aƻŘŜƭέ ƛǎ ƻŦǘŜƴ ǳǎŜŘ ōƻǘƘ ƛƴ ǊŜǎŜŀǊŎƘ ŀnd practice, there are missing a common definition (Morris 

et al. 2005). One of the most cited definitions of the term can be found in Timmers (1998). He defines a 

ōǳǎƛƴŜǎǎ ƳƻŘŜƭ ŀǎ άŀƴ ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘǎΣ ǎŜǊǾƛŎŜǎ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ Ŧƭƻǿǎ ώΧϐέΦ In this architecture, 

the main questions you want to answer in your business model are: 

What is our business? Who is the customer? What is value to the customer? What will our business be? (E. 

Bucherer, D. Uckelmann)  

The answers to these questions are anchored within different parts of the business model canvas as 

illustrated below, each point will be seen in light of the proposed solution for APMT and ML. 

  

  

Figure 2. Business Canvas Model Framework ς Core Elements 
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Holistic Model of Internet of Things 
The Holistic Model is a framework that was presented during Internet of Things course. In the original 

framework, the model also accounts for public institutions and private people, however this have been ruled 

out for this thesis, due to lack of relevance. The Holistic Model is used to illustrate and depict how an 

organization may function as a content provider. Based on the usage and content provided, by organizations, 

data is being generated. This data is in turn used to enable IoT components of the given business setting or 

procedure that has been IoT enabled. 

 

Figure 3. Holistic Model Framework 

The Holistic Model divide the IoT capability into five foundational traits for value generation and benefits. 

Each part of the proposed solution will be segmented and evaluated in terms of IoT trait and the benefits 

that it is being derived from the same. 
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EPCglobal Future Architecture Model 

The EPCglobal Future Architecture Model was also presented and studied during the IoT course. EPCglobal is 

a global association that is leading in development of industry standards, driven through norms and 

ǎǘŀƴŘŀǊŘƛȊŀǘƛƻƴ ƻŦ 9ƭŜŎǘǊƻƴƛŎ tǊƻŘǳŎǘ /ƻŘŜǎ ό9t/ύΦ 9t/ƎƭƻōŀƭΩǎ Ǝƻŀƭ ƛǎ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ ƴŜǘǿƻǊƪ ƻŦ 9t/ǎΣ ǿƘƛŎƘ 

in turn should be used as a global specification, to drive international standards. To elaborate; this means 

that EPCglobal strives to establish unique identifying schemas that can be used across industries, the 

standardized and global aspect 

of their unique identifying 

schemas makes it easy to 

subscribe to as an 

organization. Note that the 

EPC is not a single identifier 

scheme but it is serving 

multiple industries, a relevant 

identifier scheme for the 

setting we are assessing is that 

there exist a EPC for Serial 

Shipping Container Codes. This 

means that any container 

operated in an APMT terminal 

that are not from a ML brand 

will be identified, as it globally 

identifiable due to the tagged 

EPC. The Future Architecture 

Model will be used in this 

thesis as a generic 

foundational framework to 

understand the core building 

blocks in an IoT solution. 

The EPCglobal Future Model of 

Architecture is currently only 

one aspect of the broader IoT. 

However, it is currently being 

Figure 4. EPCglobal Future Architecture Model 
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considered as the most promising and comprehensive architecture in the field of IoT (Uckelmann, 2011). The 

framework depicted above originally follow eight key building blocks considered as extensions to the EPCs. 

However, we have had to exclude two out of the eight extensions, due to lack of relevance. The two excluded 

extensions are; Extended ς federated discovery services and interface to federated billing services. Note that 

in this thesis we will primarily focus on the extensions, However, we have been able to evidently proof that 

the EPC is an integral part of the solution proposal (see appendix; 6 ς ISO Container ID). The six included 

points are as follows; Extended static data support, Integration of dynamic data, Support for non-IP devices, 

Integration of an actuator interface, optional integration of software agents and data synchronization for 

offline support. 

MUST Method ς Participatory Design 
The MUST framework was developed by the Danish researchers; Jesper Simonsen, Finn Kensing and Keld 

Bødker. The MUST method was developed as their research had identified that most organization did not 

effectively use the software installed in their organizations. This was in a lot of cases since the business 

requirements were not adequately understood by the IT teams developing the software, meaning what was 

delivered in terms of software did not align with the 

expectation set by the business in first place. Hence, the 

MUST method has been formed, it has been developed 

through working closely with real life projects. The method 

is coherent in the sense that it deals with all activities 

within the application area: Analysis of needs and 

possibilities, establishing the vision for change, project 

management and planning for technical and organizational 

implementation (Simonsen, Kensing and Bødker, 1996). 

One may assume a model dating over 20 years back would 

be outdated and hence question the value derived from 

applying the same. However, one would be surprised to 

see the amount of misalignment there still exist between 

IT developments and business requirement (Please note 

this is a personal assumption, based on the experience of 

working with several development projects within ML and  
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APMT domain). The overarching process of the MUST method 

is depicted above, in this thesis we are proposing a designed 

solution, therefore we could not justify including the 

contractual bid and selection stage of the process model. This 

limitation is driven by the fact that we did not have any data support the stage, as we have not proposed the 

ǎƻƭǳǘƛƻƴ ǘƻ a[ ŀƴŘ !ta¢ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ƘŜƴŎŜ ƘŀǾŜƴΩǘ ƎƻƴŜ ǘƘǊƻǳƎƘ ǘƘƛǎ ǎǘŀƎŜΦ IƻǿŜǾŜǊΣ ƴƻǘŜ ǘƘŀǘ ǘƘƛǎ 

is an inevitable stage that must be followed in a real-life setting. Our application of the model will focus on 

ensuring alignment between IT and business requirements, through participatory design. The Method 

presents six principles that offers a set of techniques and ways of representing current work and the 

envisioned computer based systems. Each principle is considered indispensable and they are as following; 

(1) participation, (2) close links to project management, (3) design as a communication process, (4) combining 

ethnography and intervention, (5) Co-development of IT, work organization, and users' qualifications and (6) 

sustainability. Each of these six principles will analyzed throughout the analytical section of this thesis. And 

the analysis will assume that we have been conducting, driving and developing the design based on the 

interviews, observations and research that we have conducted in the organization. Ultimately assuring that 

the proposed solution is based on a participatory design.  

We have now understood the theoretical framework which lies the foundation for the further analysis, in the 

following section we will present the solution and hereafter we will initiate our analysis. 

  

Figure 5. MUST Method 
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The solution 

To establish a thorough understanding of what the proposed solution entitles, we will in this section outline 

the solution in a high-level process framework. Each of the building blocks will be analyzed at a more granular 

level in the last section of the technical analysis. The high-level process framework is illustrated as below, to 

ease the interpretation of the process we have assigned a number to each of the steps. Each of the steps will 

briefly be described throughout this section of the paper. As mentioned during the introduction, the 

proposed solution will only cater for the import part of the shipping cycle. More specifically from the pre-

berth event; 2 hours prior to the vessel is berthing - until the container has been unloaded and placed in the 

container yard for storage and demurrage. 

 

 

 

[1] Pre-berth trigger 

The starting -and entry point for ǘƘŜ ǎƻŦǘǿŀǊŜΩǎ ƛƴǘŜǊŀŎǘƛƻƴ ƛǎ ǿƘŜƴ ŀ ƎƛǾŜƴ ǾŜǎǎŜƭ ƛǎ ŀǇǇǊƻȄimately two hours 

away from docking. A legacy system in the ML application landscape called άRederiets Kontainerέ Event 

Manager (RKEM), has an in-built event that is currently being triggered two hours prior to a vessel is reaching 

ǘƘŜ ŘƻŎƪΦ wY9a ƛǎ ŀ ƳŀƛƴŦǊŀƳŜ ŀǇǇƭƛŎŀǘƛƻƴ ŀƴŘ ƛǎ ŎŀǇǘǳǊƛƴƎ ŀƭƭ ŜǾŜƴǘǎ ƛƴ ŀ ŎƻƴǘŀƛƴŜǊΩǎ end to end cycle. As 

Figure 6. High-Level process design 
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the event will be triggered it will be transmitted to the software robot component, which is depicted in the 

middle of the process model. The robotic component will acknowledge that the event trigger has been 

received.  

[2] Pre-berth trigger received ς data enrichment 

Once the RKEM event has been received and the robotic component have acknowledged the received input. 

The robotic software will make two data enrichment calls to two different ML legacy applications. First call 

that is being made is to the Global Schedule Information System (GSIS). Based on the event trigger received 

from RKEM, GSIS will identify which specific vessel voyage the trigger belonged to. The second call is made 

to the Global Customer Service System (GCSS). Based on the GSIS data of the specific vessel voyage, GCSS 

will enrich the software robot with shipment booking data that are part of the specific vessel voyage. Based 

on this the robotics software understand which Vessel that is incoming and which bookings (and containers) 

that are part of the specific vessel.  

[3] Estimate shuttle carrier allocation  

Based on GSIS (Vessel voyage) and GCSS (Booking and containers part of the vessel voyage) data the software 

robot is enabled to estimate the number of containers that is to be unloaded at the given terminal (in this 

setting Aarhus Havn). Once the estimation has been completed, the robotic software will assign shuttle 

carriers for unload activities. This will ensure a plan where in there are sufficient Shuttle Carriers assigned to 

a specific QC, which in turn guarantees the least stand-by time for the QCs (as it will constantly have a shuttle 

carrier to load a container on top of). Please note that the allocation estimation is done ahead of the vessel 

reaches the dock, it is done proactively to ensure the most efficient schedule and allocation plan for the 

shuttle carriers.  

[4] Berth ς Docking complete 

Once the vessel has berthed and the docking has completed a secondary RKEM event is being transmitted to 

the robotic software, this event will indicate that the docking has been completed. The robotic software will 

acknowledge that the event has been received and will initiate the unload procedures. Software Robot 

calculate unloading route and sent route to Quay Crane.  

[5] Read sensor data ς estimate unload route 

Once the vessel has berthed at the dock the automated QCs can start estimating the unload route for the 

containers placed on the given vessel. The unload estimation is based on container placed on the vessel and 

it will calculate the most efficient unload pattern. In our preliminary research, we assessed the possibilities 

of connecting the QCs and containers through NFC, however the technology is insufficient and would not 
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enable us in achieve what we are aiming at. Hence, the connection between the QC and the container will 

be through a GPS signal, which is currently already installed in a large part of the container fleet1. 

Once the estimation has been completed the robotic software will communicate to the automated shuttle 

carriers the unload pattern and timestamp for expected unload from QC to the given shuttle carrier. Based 

on the unload route/pattern, QC location and timestamp the shuttle carrier have the needed information to 

align themselves correctly and timely.  

[6] Container unloaded, shuttle carrier drive to container yard 
At this stage in the process the container has been unloaded on the automated shuttle carrier. In the data 

enrichment call made in point [2] of the process the booking details was being fetched from GCSS. As part of 

the payload of data received from GCSS (booking details), the central software robotic component have 

understood the amount of last free days. Based on the amount of last free days the shuttle carrier can take 

an informed decision on which section of the container yard to place the container in. One of the problem 

statements identified was that there is a lot of manual coordination and relocation of containers in the 

container yard. This is because the manual operator is taken uninformed decision on where to place the 

container. Causing a lot of coordination and movement of the same container forth and back. In the proposed 

solution, the shuttle carriers will on basis of the last free day have a clear identification of when the customer 

expects to pick up the container and hence the shuttle carrier will be placing the container in clear divided 

sections based on last free day and expected pick up date. We propose to divide the container yard into eight 

sections, one section for each week-day and one section for long-standing container (more than seven days). 

The automated shuttle carrier will drive to the identified section to have the container unloaded by a Reach 

Stacker. Once the container has been unloaded the automated shuttle carrier will drive to waiting position 

at the QC side to await the next container load. 

[7] Reach Stacker crane pick up container from shuttle carrier 

Once the automated shuttle carrier has identified and driven to the right section of the container yard. The 

GPS technology that are installed in containers will be used for alignment between the automated shuttle 

carriers and automated gantry cranes. The last free day data is being transmitted from the central robotic 

component to the reach stacker as well, enabling them ahead of real-time to schedule which location the 

container will be placed in. The Reach Stackers will be enabled to take informed decision based on the last 

free day data, as to which section and stack the container should be placed upon. Once the Reach Stacker 

                                                           
1 Currently GPS and Sensor data is only installed in Reefer Containers, however there is currently a project named: Dry 
Container Management (DCM), this project has set out to GPS and sensor data enable all dry containers as well. Hence 
this thesis builds upon the assumption that all containers have already been IoT enabled. 
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crane has stacked the container, the Reach Stacker will drive to the waiting position awaiting the next 

container receival from the automated shuttle carriers. 

The proposed solution above is a mixture between a centralized software robotic component and physical 

digitized assets - industry robots. The software robot component acts as a centralized middleware layer, 

conducting the transmission of information and data to each of the physical assets / robots. Furthermore, it 

has to be mentioned that the solution will touch upon both APMT and ML domains. ML domain for data 

enrichment and APMT for operational terminal procedures. The solution will be validated against the 

identified problem statements after the analytical section has been conducted. This will help the reader in 

identifying which tangible issues that have been facilitated and spanned across based on the solution. 

Analysis 
 

Business case 

  

Financical appracial  
In Aarhus Havn there are currently eight Quay Cranes installed at the harbor to unload the containers from 

the vessels. Each crane can at current state on average unload 35 containers per hour. Each year more than 

600.000 containers are being unloaded by Aarhus HavnΩǎ v/ǎ. (Aarhus Havn, 2018) 

From these numbers, we can estimate that in order to move 600.000 containers per year if all eight quay 

cranes are manned each day all year, they must be actively moving containers approx. 6 hours per day. 

The calculation is as follows: 

600.000 / 35 containers per hour = 17.143 Hours 

17.143 hours / 6-hour active work time per day = 2.857 workdays 

2.857 workdays / 8 quay cranes = 357 days 

Having understood and showed that each of the eight QCs are active each day we can estimate how much it 

costs to operate the cranes. If we assume that each crane need two hours per day to align the crane with the 

ship, conduct maintenance, crane operator crawling up and down the crane and a lunch break. Based on this 

we can calculate the operating cost of each crane to be 12 Months * (Salary of crane operator + maintenance 

cost). 

!ǎ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ǎŀƭŀǊȅ ƛǎ ŎƻƳǇŀƴȅ ǎŜƴǎƛǘƛǾŜ Řŀǘŀ ǿŜ ǿƛƭƭ ŀǎǎǳƳŜ ǘƘŜȅ ƘŀǾŜ ŀ ǎŀƭŀǊȅ ƻŦ орΦллл 5YY Ǉer month 

and the maintenance cost per month is 3.000 DKK. That gives us a total operating cost per month of 38.000 
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DKK per crane, which in total is 38.000 DKK * 8 quay cranes = 304.000 DKK Total Operating cost for Quay 

cranes per month. 

Next, we need to look at the current state for the shuttle carriers. The shuttle carriers drive with a speed of 

15km/h and we have estimated that the average driving distance from crane to container yard is 500 meters. 

Furthermore, as each quay crane can unload a container in approx. two minutes then we estimate that each 

truck is holding still for three min when being loaded and unloaded.  

If a Shuttle Carrier drives 500 meters with a speed of 15km/h 

The mathematical equation is as follows; 

 60 minutes / 15 km = 4 minutes per km which means that 500 meters takes 2 minutes. 

This means that each shuttle carrier use 10 minutes to have a container loaded, drive to container yard, get 

unloaded and drive back to the crane. As the quay crane unloads a container every two minutes, that means 

that it will take five shuttle carriers to keep a constant unloading flow and thereby having a 100% utilization 

of the quay crane. Now we know that each of the eight Quay Cranes need five Shuttle Carrier drivers six hours 

a day, this means that Aarhus Havn require 40 Shuttle Carrier drivers per day. Like with the QC operators we 

also assume that the truck drivers use the last two hours of their workday on lunch, maintenance, Diesel and 

going to and from the shuttle carrier. The last number we now need is the salary of the truck drivers and here 

we assume that they earn 30.000 DKK per month. With these numbers, we can now estimate the total 

monthly cost of truck drivers is 40 truck drivers * 30.000 DKK = 1.200.000 DKK Total Operation Cost for 

Shuttle Carriers per month 

Lastly, we need to look at the current run costs of the reach stacker cranes. The Reach Stackers can drive at 

25km/h and for these cranes we assume an average driving distance of 300 meters and approximately three 

minutes to unload a shuttle carrier and two minutes to place the container at the desired location. It takes 

the Reach Stacker 0,72 minutes to drive 300 meters, which means it takes 6,44 minutes for the Reach Stacker 

to go to the desired location, unload the Shuttle Carrier, place the container and drive back to waiting 

position. This information tells us that there is a need for four Reach Stackers to unload a vessel in order to 

keep a constant unload flow and there is eight Quay Cranes so that gives us a total of 32 Reach Stacker 

Drivers. We make the same assumption with Gantry Cranes as with the other hardware, that two hours per 

day are going to be spend on other activities then actively driving and placing containers. We also assume 

that that the Gantry Crane drivers have a monthly salary on 32.000 DKK. We can now calculate the total 

monthy cost. 32 Gantry Crane Drivers * 32.000 DKK per month = 1.024.000 DKK Total Operation Cost for 

Gantry Cranes per Month. 



32 
 

The current run costs per month for Quay Cranes, Shuttle Carriers and Gantry Cranes are: 

Quay Crane: 304.000 DKK 

Shuttle Carriers: 1.200.000 DKK 

Gantry Cranes: 1.024.000 DKK 

Total Monthly Cost: 2.528.000 DKK 

Total Yearly Cost: 30.336.000 DKK 

Next, we will estimate the build and run costs for our initiative. To estimate the price of automating the 

Aarhus Havn terminal we are relying on the estimates made by the Director of Long Beach Port in Los Angeles, 

Gene Seroka. Long Beach Port are currently undergoing automation of their terminal activities and thereby 

have great insight into the cost of automating a terminal. Seroka estimates that an automation of terminal 

cost approximately 2.000.000 USD per acre (Dillow, 2018). The Maersk Terminal area in Aarhus Havn is 

approximately 50 acres which means that automation would cost around 100.000.000 USD. 

The build cost of automating Aarhus Havn is: 630.000.000 DKK 

Looking at this huge build cost it is important to keep in mind that this is the build cost for the first automated 

terminal, if and when Maersk choose to scale this to other terminals the build cost per acre will be greatly 

reduced as all the IT infrastructure and licensing does not have to be re-purchased for other terminals. In the 

new terminals, only the hardware will have to be purchased and installed to work with same IT setup as in 

Aarhus Havn. 

The run cost is estimated to be reduced by 85% when having implemented the fully automated terminal. This 

is based on estimated cost savings from the Port Los Angeles project (Dillow, 2018). 

Total Yearly Run Cost: 4.550.400 DKK 

Total Yearly Run Cost savings: 25.785.600 DKK 

Furthermore, the automated terminal is estimated to be able to increase productivity by 30% and as Aarhus 

terminal is currently active 24 hours per day 365 days per year we are assuming that the demand is there to 

use the 30% increase of productivity to take in 30% more containers in the terminal and thereby increase the 

revenue by 30%. The revenue is at current sate on 85.600.000 DKK Per year. Which means that the 

automated terminal will generate additional revenue of 25.680.000 DKK.  
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1.2. Sensitivity analysis 

To analyze how sensitive the business is towards changes to the project, we need to look at difference 

between current cost and estimated benefits from doing the project as it is that space that indicates the 

sensitivity to changes. In our case the business is not very sensitive to changes as the run costs are being 

reduced so much that even if the build costs were twice as high the business will still earn money on this 

solution sooner or later. So, in this case the question is more about whether they can earn back their money 

before the technology gets outdated or used up so they need replacement before they have earned back 

their cost. However, the most expensive part is about changing all equipment to electric powered machinery 

and build the entire infrastructure around it so as long as that last is will be relatively cheap to change IoT 

components and those are just getting cheaper year by year (as illustrated later). To conclude on this the 

business is not very sensitive towards this project as the final result will give 30% extra revenue and reduce 

the run costs by 85%. 

1. Project Definition 

2.1. Background information 

We will not explicitly cover the contextual background information at this stage of the thesis. Instead we 

refer to the General Introduction, Company Introduction, Problem Statement and Solution Proposal section 

of this paper. Herein the reader will achieve adequate information about the background and context of the 

project and the proposed solution. 

2.2. Business Objectives 

1. Communication gaps 

2. Big boxes, big risk 

3. Continuous learning 

4. Container unload scheduling 

5. Quay crane and truck alignment 

6. Container Yard optimization 

7. Eliminate the Human Factor 

8. Go Green 

For further understanding of the business objects we refer to the problem statement section where each of 

them are described in detail. 

These business objectives feeds into the overall digitization strategy Maersk is currently aspiring towards. 

The top management is very focused on streamlining and ramping up the effectiveness of operation with 

new technologies to keep their market leader position in the shipping industry. This can be seen in recent 

statements from Søren Skou (CEO of Maersk T&L) at Maritime Week 2018 in Singapore. 
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Delivering his keynote address at the Singapore Maritime Week 2018 Søren Skou said that A.P. Moller ς 

aŀŜǊǎƪΩǎ ŦƻŎǳǎ ƻƴ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ǿƛƭƭ ǘǊŀƴǎŦƻǊƳ ǘǊŀƴǎǇƻǊǘ ŀƴŘ ƭƻƎƛǎǘƛŎǎ ƛƴŘǳǎǘǊƛŜǎ ŦƻǊ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ ōƻǘƘ 

customers and the greater global maritime sector. Furthermore, Skou described the impact of digitization on 

ǘƘŜ ŎƻƴǘŀƛƴŜǊ ƛƴŘǳǎǘǊȅ ŎǳƭǘǳǊŜ ŀǎ ǇƻǎƛǘƛǾŜΦ IŜ ǇƻƛƴǘŜŘ ǘƻ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ƎǊŜŀǘŜǊ ŀōƛƭƛǘȅ ǘƻ ƛƳǇǊƻǾŜ ŎǳǎǘƻƳŜǊ 

experience with integrated online booking systems and instant price quoting tools, supply chain ecosystems 

benefiting from digitized information and simplified documentation flows, as well as new industry standards 

for downfalls and no-shows reducing costs and delays. 

2.3. Benefits and limitations   

Benefits Description 

Leveraging communication gaps Our solution gives and integrated continuous 

information stream to all stakeholders of 

operation, thereby eliminating the issue that 

terminal ports make the operational stakeholders 

reliant on traditional radio and radar 

communication between captains, terminal 

operators, tugboats and other operational 

participants. 

Optimizing unloading route A computer can faster and more precise than any 

human can estimate an unloading route. This will 

reduce the unloading time. 

Reducing Risk of Incidents When no humans are involved in unloading the 

vessels there is no chance of humans getting hurt 

in the process. 

Enabling container yard optimization Enabling a software robot to read all the sensor 

data of containers and read booking data about 

what each container contains in seconds will 

enable more precise container yard optimization. 

Improving Crane / Truck Alignment One of the largest waste buckets in terminal 

operations is the alignment process between 

hardware. However, our solution will greatly 

reduce this waste bucket as the robots are 

livestreaming data to each other through our 

software robot that will coordinate the un-/ loading 
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of containers with much higher precision than 

humans can. 

Enabling continues learning By having everything digitized we will have 

detailed operating data for most aspects of the 

terminal which will enable managers and operators 

to make data driven decision making. 

Less training of personnel Reducing the number of human workers in the 

terminal will result in less training of personnel as 

the software running the hardware is quickly 

trained by writing rules in the code on how to 

operate. 

Eliminating human variance Our solution will remove the human variance from 

the crane and shuttle carrier operations as it will 

be replaced by robots that can be programmed to 

operate more precise in a consistent manner. 

 

Go-Green As the proposed solution is changing the setup 

from diesel driven hard, to electronic driven 

hardware the carbon emission will be reduced. 

Furthermore, going green will reduce the run costs 

of hardware.  

Reducing Run cost by 85% As shown in the financial appraisal we will by 

changing from human labor to robots save 85% of 

the running costs. 

Increasing revenue by 30% Like above this is also taken from the financial 

appraisal where we learned that an automated 

terminal approx. will generate additional 30% 

revenue. 

Table 3. Organizational Benefits 

 

 



36 
 

Limitations Description 

Only focusing on Import cycles In our paper, we have only focused on unloading 

the containers from Ship to Shore and not loading 

the vessels from shore to ship. 

Forecasted Costs costs associated to physical quay crane operation 

(people), digitization costs (of terminal hardware), 

costs associated to software development and 

integration to physical assets in terminals. This 

have been it difficult to form a granular cost-

benefit analysis as our costs are mainly bound 

based on assumptions. However, we are achieving 

to show-case the method in which we would have 

done the actual cost-benefit (if we had the actual 

costs), hence we are satisfied with the achieved 

result. 

No hands-on experience with terminal operations As both of us are employed in Maersk Line IT we 

have had no previous experience with how APMT 

are operating in their terminals. We have done a 

lot of research to obtain knowledge about this area 

but reading will never be the same as having 

concrete experience with daily operations, so our 

knowledge might be limited in specific areas of 

operation. 

Only focusing on automating 3 kinds of hardware The terminals have a lot of different machinery; 

however, we have only focused on automation the 

minimum required machines to unload a container 

which is Quay Crane, Shuttle Carrier and Reach 

Stacker. 

Table 4. Organizational limitations of research 

2.4. Option Identification and Selection 
In this section, we will identify the solutions at hand, to outline what we are striving to achieve in this paper. 

We have identified three approaches to the solution, and they are as follows; Fully automated, which is the 

solution described throughout this paper. Semi-automated, an alternative solution could be a semi-
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automated terminal such as Maasvlakte II, where the cranes are remote-controlled by humans from an 

operating facility inside the terminal. This solution does however not remove the human variance involved 

in aligning Cranes with containers and shuttle carriers. Furthermore, this solution still has a lot of Non-IP data 

sources as the humans are not connected to the internet and their performance is hard to capture compared 

to how you would capture performance of a hardware/software robot. Manual, similar to current as-is 

solution hence no foundation for selecting a solution that is similar to the processes conducted today. 

2.5. Scope, Impact, and Interdependencies 

Our current scope is only Aarhus Havn as a test terminal for this project, but if the project proves a successful 

this project could be scaled out to other terminals as well. Within Aarhus Havn our scope is the QCs, Shuttle 

Carrier, Reach Stackers and lastly a software robot to coordinate and enable automation is within our scope 

for our automation of Aarhus Havn project. Impacts from this project will be a combination of the benefits 

and the financial appraisal which is described earlier in the business case. In our project, we have two kinds 

of interdependencies. The first being the interdependencies between business units and the second one 

being the interdependencies with equipment in Aarhus Havn. The interdependencies between business units 

are between; Maersk line, APMT, Damco and Maersk Container industry. The project has interdependencies 

ǘƻǿŀǊŘǎ Ƴŀƴȅ ōǳǎƛƴŜǎǎ ǳƴƛǘǎΩ ŘǳŜ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ŀƭƭ ƻŦ ǘƘŜ ōǳǎƛƴŜǎǎ ǳƴƛǘǎ ŘŜƭƛǾŜǊ ǾŀƭǳŀōƭŜ Řŀǘŀ ǘƘŀǘ ŀǊŜ ōŜing 

used by the software robot. Interdependencies within Aarhus Havn is between the Quay Crane, Shuttle 

Carriers, Reach Stackers, Containers, Vessels and the Software Robot. As we are planning to fully automate 

the terminal, all the equipment within are depending on each other to be able to communicate together and 

to work closely together. 

1.6. Outline Plan 

The high-level plan is presented in below diagram. The feedback loop depicts the on-going iterations that the 

software development will follow, this is in accordance with the Scrum Agile methodology (which is covered 

in below section; Project Approach). The linear timeline, that continues after the loop is covering for the 

waterfall based approach, which we intend to deliver the IoT enabled digitized physical assets in. See outlined 

plan below. 
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Figure 7. Project Plan, Iterative + Waterfall 
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2.7. Market Assessment 

For the market assessment, we have chosen to use PESTLE to analyze the current market situation for freight 

terminals. We use the PESTLE analysis due to its wide span of factors in the market that can affect the 

companies operating in that market. 

PESTLE φ ǇƻƭƛǘƛŎŀƭΣ ŜŎƻƴƻƳƛŎŀƭΣ ǎƻŎƛƻƭƻƎƛŎŀƭΣ ǘŜŎƘƴƻƭƻƎƛŎŀƭΣ ƭŜƎŀƭΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ φ ŀƴŀƭȅǎƛǎΦ 

Political 

 

Politics play a big role when it comes to the terminal market, such as how to 

handle flammable cargo and other dangerous cargo. Furthermore, there are 

more and more focus on robotics and how we in the future will handle that 

robots might be taking over a lot of human labor, with the risk of leaving 

humans without jobs (Lanier, 2013). 

Another political factor is the many trade agreements that exist between 

countries today. One example is EU where we have special taxation rules when 

the countries trade with each other. A political risk that may arise is the 

protectionist approach that America is currently taking towards their foreign 

trade policies. This could ǳƭǘƛƳŀǘŜƭȅ ƛƳǇŀŎǘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŎƻƴǘŀƛƴŜǊΩǎ aŀŜǊǎƪ 

will be shipping from e.g. China to America. 

Lastly a political factor such as putting sanctions on countries has a huge impact 

on the shipping and terminal market as it becomes illegal to trade good to and 

from the sanctioned country. 

Economical 

 

The globalization of the port industry has also strongly changed the traditional 

practices in which the traffic lines and carriers of a country favored certain 

ports. The arrival of containers into the global freight traffic and the increasing 

trade with Asia have broken the traditional concept of scale. So that currently, 

there is only one acceptable criterion for carriers and shippers, which involves 

that their traffics move by routes that offer the best results in terms of the 

global provision of the service and, in particular, in economic terms. 

 

Sociological 

 

¶ The sociological aspect in the Terminal industry is currently very 

focused around replacing humans with machines. A company like 

Maersk that have some strong values that surround all their business 

decision especially must think hard about how it will affect their brand 

when replacing humans with machines. Maersk have some core values 
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that were written down when Mr. Mc-Kinney Moller, stepped down as 

CEO of Maersk, the core values are:  

¶ Constant Care 

¶ Humbleness 

¶ Uprightness 

¶ Our Employees 

¶ Our Name 

Especially the two last values are involved in the sociological aspect of changing 

people with machines for Maersk specifically but in the industry in general, the 

evolution is going towards automation, so if Maersk want to keep their good 

position in the market, they need to keep up with the technological 

advancements in the industry.  

Technological 

 

In recent years the use of IoT devices have exploded which have resulted in 

rapid evolvements within the IoT industry, which in turn has lead to decreasing 

prices for IoT devices as depicted below.  

 

 

(https://www.theatlas.com/charts/BJsmCFAl) 

 

The cheaper prices of IoT devices is a technological factor that greatly affects 

our solution as the automation of the terminal relies on many types of IoT 

sensors. 

https://www.theatlas.com/charts/BJsmCFAl
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Technological developments have advanced in such a way that the units of 

transport are getting larger as they try to respond to the process of 

containerization. This technological progress, with greater capacity and power 

of the ships make more efficient journeys and require, therefore, larger port 

developments.  

  

In the maritime sector, we also find a remarkable risk of obsolescence, because 

of the recurrent necessity of updating the fleet of ships, equipment and 

navigation systems and, onshore, machinery and technology for proper loading 

and unloading operations. This necessity is created not only to meet the 

environmental and safety requirements, but also to keep some efficiency levels 

in order to stay competitive in the marketplace. 

 

Legal 

 

Legal factors are in our case closely linked to the political factors mentioned 

earlier. One additional legal factor that is worth mentioning is legal factors in 

can be different from one terminal to another depending on the country. 

Environmental 

 

In general, across industries there is a growing focus on being environment 

friendly in how business is operated. This also goes for the Terminal industry. 

Maersk Terminal have already made their first environmental sustainable 

terminal in Netherlands, the Masvalkte II Terminals runs entirely on green 

energy as also mentioned in the Maersk History earlier in this paper. 

 

Table 5. PESTLE Framework 

Project Risk Assessment 

The risk assessment provided in this following section, will only take account of those risks that we have been 

ŀōƭŜ ǘƻ ƛŘŜƴǘƛŦȅ ǇǊƛƻǊ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜǎǘŀōƭƛǎƘƳŜƴǘΦ Lǘ Ƴǳǎǘ ōŜ ƴƻǘŜŘ ǘƘŀǘ Ǌƛǎƪǎ ǿƛƭƭ ŀǊƛǎŜ ŀǎ ǘƘe project 

development progress, these we have not been able to identify or cover for as we have only been moving in 

the pre-planning phase of the project.  

Automation of Quay Cranes 

Throughout our close work with the ML and APMT automation teams and especially Head of Automation 

Alexandru Duca. It was brought to our attention that there is currently no existing solution for a fully 

autonomous QC. However, it is currently possible to remotely control a QC through two joy-sticks and hence 
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we suggested that the operation of these joy-sticks could be maneuvered through artificial intelligent 

software. Alexandru Duca agreed that this was an opportunity, but currently not available in the market. 

Hence, we have identified this as a risk (but also a major opportunity). 

High costs  

There are high costs associated with the proposed solution. Especially the digitization of the physical assets 

is a long-term investment and as such there are no guarantees that the fully automated process will achieve 

better performance than what is currently achieved in Aarhus Havn. So, we would argue that a known risk is 

that we are not able to identify or conclude if APMT and ML will be able to materialize and benefit from the 

investment. 

Conservative industry 

Alexandru Duca stated that the maritime shipping industry is conservative in nature, this does not mean that 

ǘƘŜ ƛƴŘǳǎǘǊȅ ƛǘǎŜƭŦ ƛǎ ǊŜƭǳŎǘŀƴǘ ǘƻ ŎƘŀƴƎŜΤ άLǘ ƳŜŀƴǎ ǿŜ ŀǊŜ Ƨǳǎǘ ǾŜǊȅ ǎƭƻǿ ŀǘ ŎƘŀƴƎƛƴƎέ ό!ƭŜȄŀƴŘǊǳ 5ǳŎŀΣ нлмуύΦ 

Moreover, once a project set out to make major changes to the terminal and shipping infrastructure the 

ŜŦŦƻǊǘ ǊŜǉǳƛǊŜŘ ƛǎ ŜȄǘŜƴǎƛǾŜΣ ƘŜƴŎŜ ǘƘŜǊŜ ƛǎ ŀƴ ŜȄƛǎǘƛƴƎ ƳƛƴŘǎŜǘ ǿƛǘƘƛƴ ǘƘŜ ƛƴŘǳǎǘǊȅΤ άƛŦ ƛǘ ƛǎ ƴƻǘ ōǊƻƪŜƴΣ ǿƘȅ 

ŦƛȄ ƛǘέ ό!ƭŜȄŀƴŘǊǳ 5ǳŎŀΣ нлмуύΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ƛǘ Ƴŀȅ ōŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ƎŜǘ ǘƘŜ ǊŜǉǳƛǊŜŘ ōǳȅ-in from management 

to aspire towards a solution that will revolutionize the ways of operating the activities in scope of our 

solution. 

2.9. Project Approach 

Our project of automation the terminals will consist of two sub-projects. One being developing the software 

Ǌƻōƻǘ ǘƘŀǘ ŀǊŜ ƎƻƛƴƎ ǘƻ ǊŜŀŘ Řŀǘŀ ŦǊƻƳ aŀŜǊǎƪΩǎ 5ŀǘŀ [ŀƪŜ ŀƴŘ ŎŀƭŎǳƭŀǘŜ ŦŀǎǘŜǎǘ ǊƻǳǘŜ ŦƻǊ ǘƘŜ ƘŀǊŘǿŀǊŜ 

robots. The other project is concerned with installation of the hardware that needs to go into the cranes and 

trucks to make them into hardware robots.  

For the Software robot project we would recommend running as an agile project as it allows for continuously 

improvement and every two to eight weeks you deliver a tangible product that can be tested and verified by 

business users. The agile framework that are currently being used in ML is Scrum Agile. This framework was 

developed to improve the way software projects is being done as you can easily adjust code and write 

incremental improvements along the way and that will result in software with a higher quality than the 

original software you planned to create. We would of course like to utilize the Scrum Agile framework to 

unlock some of these benefits and end up with the best software product as possible. 

The Hardware Robot project we will approach differently as there is a vast amount of manual installation of 

sensors, drivers and other IoT devices that will become too costly if you run that as an iterative process where 

you can add improvements along the way that might result in that you need to but new sensors or other 
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hardware. The hardware robot project will benefit more from a Waterfall project approach as we see it as all 

needs to be mapped on how the different sensors will talk together and what hardware is necessary and 

then they will all be implemented at the same stage of the project. This will save this project a lot of money 

ŀƴŘ ǎƛƳǇƭƛŦȅ ǘƘŜ ǇǊƻŎŜǎǎ ŀǎ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ǘƻ Ŏƻƴǘƛƴǳƻǳǎƭȅ Ǝƻ ōŀŎƪ ŀƴŘ ŎƘŀƴƎŜ ǘƘŜ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ǘƻ ŎŀǇǘǳǊŜ 

all the interdependencies between the different hardware. After having implemented the hardware robots 

in the terminal it could make sense take an agile project approach to improving the robots at a later state in 

time.  
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Cost Benefit Analysis 
After having done the business case for this project wherein we have analyzed the financial costs and benefits 

for the project, we can now give a good overview of economic justification of automating the Aarhus 

terminal. The overview we will give by doing a cost / benefit analysis. As you can see below we are doing the 

cost / Benefit in a tabular format for the first 10 years of the projects lifetime. 

Year Cost Benefit Net Benefit Description 

0 -630.000.000 DKK  -630.000.000 DKK Cost = Total Build cost of project 

1 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK 25.785.600 DKK (Yearly Run Cost Savings) + 

25.680.000 DKK (Additional yearly revenue) 

= Total Benefit 

2 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK  

3 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK  

4 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK  

5 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK  

6 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK  

7 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK  

8 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK  

9 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK  

10 -4.550.400 DKK 51.465.600 DKK 46.915.200 DKK  

Table 6. Cost Benefit Table 

Next, we will give a visual representation of when the benefits will be greater than the costs of the project. 

We are doing that by adding two columns to the table above and add the accumulated cost and the 

accumulated benefits. The table can be found in appendix 1. 
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Figure 8. Cost Benefit Cutover 
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As shown in Figure 8 the project will have paid itself off and start earning money after 13,5 years. As 

mentioned earlier in the business case the build costs of implementing this project in other terminals would 

be less than for the first terminal, which means that if they start to roll this project out in other terminals the 

overall project of automating terminals will payoff faster than the 13,5 years for Aarhus Terminal alone. 

Business Model Canvas 
In the following, we will base our analysis on the framework by Osterwalder and Pigneur (2009), which is 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άōǳǎƛƴŜǎǎ ƳƻŘŜƭ ŎŀƴǾŀǎέΦ ¢ƘŜ ŀǇǇƭƛŎŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƳƻŘŜƭ ƛǎ ǇǊƻǾŜƴ ōȅ ƛǘǎ ǳǎŜ ƛƴ ǇǊŀŎǘƛŎŜΣ ōǳǘ 

it has also been referenced by a number of publications (e.g., Chesbrough 2009). 

The business model framework includes four main perspectives of the business model, namely the product, 

the customer Interface, financials and the infrastructure management. These four perspectives are a way to 

split the Business Model Canvas into simple sections that are tightly linked together. The components are 

not stand-alone but mutually influence each other.  

Product: 

In our Business Model, the main value we offer the business with our product is: 

ωBoost productivity with 30%* 

ω 5ŜŎǊŜŀǎŜ Ǌǳƴ Ŏƻǎǘ ōȅ ур҈ 

ωAutomated and Simple unloading   

ωSafe Unloading 

ωEnvironment Friendly Terminal 

ω /ƻƴǎƛǎǘŜƴǘ ƻǇŜǊŀǘƛƻƴ 

This value is largely generated by having robots that are consistent and efficient in operation and also by the 

continuously stream of data from all the IoT devices in the terminal. Providing the right information has a 

huge impact as it lets management know what the waste buckets are, as Alexandru Duca said in our interview 

ά¢ƘŜ ōƛƎƎŜǎǘ ǿŀǎǘŜ ōǳŎƪŜǘ ƛǎ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ƪƴƻǿ ǿƘŀǘ ŀƴŘ Ƙƻǿ ōƛƎ ŀƭƭ ǘƘŜ ǿŀǎǘŜ ōǳŎƪŜǘǎ ŀǊŜ ŀǎ ǿŜ ŘƻƴΩǘ 

ƘŀǾŜ ŀƴȅ Řŀǘŀ ƻƴ ƛǘΣ ŘǳŜ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƭŀǊƎŜ ǇŀǊǘǎ ƻŦ ƻǇŜǊŀǘƛƻƴ ƛǎ ŘƻƴŜ ōȅ ƘǳƳŀƴǎέΦ Lƻ¢ ŘŜǾƛŎŜǎ ƛƴ ǘƘŜ 

hardware robots will at all time send accurate information about the operations and if there are any waste 

buckets involved in their operation is will be transparent for management to see as the data is captured in 

the system. 

Customer Interface: 
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Our Customer Interface should be very automated and professional, our solution when activated is running 

24 hours per day and therefore we need to eliminate as many manual processes as possible with our smart 

product/service. Our customers interactions with our product should happen through a digital interface that 

allows them to interact with it on their time and gives them the opportunity to monitor the service we 

provide in terms of our product. Furthermore, we offer interfaces for both mobile and pc devices to give the 

easiest customer Interface as possible. 

Financial Aspect: 

The finance part of our Business model is partly to increase the productivity of the terminal operation and 

thereby gaining additional revenue and partly by reducing the Run costs of the operations. We also make a 

pay-per-use system that allows us to charge other vendors that want to use our IoT enabled infrastructure. 

Infrastructure Management: 

The last section is the Infrastructure Management and here we show what our main activities are and 

who/what is helping us to do those activities. Amount our many activities the key activities is to automate 

the operations, reducing the incidents happening in the Aarhus Terminal, Managing the containers and 

monitor the operations to generate reports for management to do data driven decision making and to make 

sure all equipment is operating as it should. The partners and resources that will help us execute on this is 

software partners, service providers and also all the hardware and IoT devices will enable us to do our key 

activities. 
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Figure 9. Business Canvas of Proposed 

Solution 
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Technical Analysis 
The MUST Method 
As mentioned throughout the theoretical framework, we will assess four out of the original five stages of the 

a¦{¢ ƳŜǘƘƻŘΦ Ψ/ƻƴǘǊŀŎǘǳŀƭ ōƛŘ ŀƴŘ ǎŜƭŜŎǘƛƻƴΩ Ƙŀǎ ōŜŜƴ excluded due to lack of information and relevance 

to what it is we strive to achieve at this point in time. We will emphasize the first step of design and focus on 

the alignment between ML and APMTs requirements this is done through the appliance of the six key 

principles of the method as well as assessing each of the five activities that constitutes design according to 

Simonsen, Kensing and Bødker. The activities that constitutes the design process will first be outlined, as to 

set a foundational outset for the further analysis of the participatory design. The academic paper consider 

Two teams; the technical team as IT Professionals (Developers, Architects and Analysts) and the Steering 

Committee (Management, Business users and Future Business Users). We would like to stress that in this 

research setting we have considered ourselves being the team consisting of IT Professionals, whereas the 

organizational research provided by interviewees and observations will form the input retrieved from a 

fictional steering committee. 

Five main activities constituting the design process 
To formulate a more granular approach for how to achieve a strong design approach and thus a strong 

project, Simonsen Kensing and Bødker suggests that a project is being designed around the following five 

main activities. Each of these activities will be seen in light of how we would aspire to apply them for the 

proposed solution, as if it would be implemented to the organization. The five points are as follows: (1) 

project establishment, (2) strategic analysis, (3) in-depth analysis of selected work domains, (4) developing 

one or more visions of the overall change, and (5) anchoring the visions. Simonsen, Kensing and Bødker states 

how each of these activities produces knowledge which will allow the team of IT professionals to keep future 

users aligned with the design that is being aspired towards. The steering committee will in turn be enabled 

to focus on the decision making that allow the design team to understand the overarching design direction, 

which is a requirement for the design team to proceed. The close involvement of the steering committee, 

enables them to make decision on a qualified basis and thus minimizing risks in the ongoing interpretations 

ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ Ǝƻŀƭǎ ŀƴŘ ƳƛǘƛƎŀǘƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ŀƴ ǳƴǊŜŀƭƛǎǘƛŎ Ǿƛǎƛƻƴ ŦƻǊ ǘƘŜ ǇǊƻƧŜŎǘ ό{ƛƳƻƴǎŜƴΣ 

Kensing and Bødker, 1996).  
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Project establishment The purpose of project establishment provides the steering committee, users 
and the IT professionals with a sound basis for succeeding project activities: 
 

¶ Scope and aim 
o End to end automation of container procedures, through IoT and 

Robotics software 
o Achieve operational excellence through leveraging the synergies 

between APMT and ML 

¶ Level of ambition 
o Revolutionize the ways of working with containers from discharge 

to storage. 

¶ Project planning  
o Refer to Outline Plan in business case section 

 

Strategic Analysis The purpose of the Strategic Analysis is to clarify and delimit which domains 
ǘƘŀǘ ŀǊŜ ƛƴ ŦƻŎǳǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŘŜǎƛƎƴ ǇǊƻŎŜǎǎ. Simonsen, Kensing and Bødker 
mentions how this is often covered in the project establishment stage ς which 
is the case in this thesis.  
 
To elaborate further, the overall strategy that we set in, was to resolve each of 
the identified problem statements for APMT and ML. 

In-depth analysis of 
selected work domains 

The purpose of the in-depth analysis of selected work domains is to understand 
the present issues with the as-is ways of working, again we refer to the section 
of problem statements, wherein we identified the issues at hand related to the 
operational procedures conducted by both APMT and ML. 

Developing visions for 
the change 

The purpose of developing the visions for the change, is to ensure that all 
participants whether being Steering committee or IT professionals ς are aligned 
in terms of what is aspired towards. As mentioned earlier in this have been clear 
for all participants at all the conducted activities both in terms of interviews, 
observations and co-analysis sessions with included interviewees. The vision of 
the change are as follows: 
 
End to end automation of container procedures, through IoT and Robotics 
software 
 

Anchor the visions Excluded as we have not been enabled to anchor the visions of the proposed 
solution as we have been limited in doing the actual roll-out to the 
organizations. 

Table 7. Five Main Activities that Constitutes a Design Process 

Principle 1: Participation 
A large proportion of software that is being developed and installed in organizations is never being used, in 

most instances this is because the IT professionals have not got the requirements right (Simonsen, Kensing 

and Bødker, 1996). Simonsen, Kensing and Bødker have identified participation as a way to increase the 

probability that a design corresponds to the requirements presented and hence ensuring a system that will 

serve the intended purpose and be used as intended. It is vital that the IT professionals (who develop a given 
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system) have the required knowledge of the usage scenarios of the system being developed. This would 

mean in our case it is a pre-requisite for the IT professionals to have a thorough understanding of the 

operational procedures conducted at the terminal site. Furthermore, it is important for the future business 

users of the system that they have a view of the technological options available, the technological overview 

should be developed for the business users in a co-learning process right (Simonsen, Kensing and Bødker, 

1996). This will enable the business users to provide valuable inputs during technology selection and address 

e.g. limitations of a technology which would not be perceived in the eye of an IT professional.  

The participatory design phase is ultimately driven by the IT professionals and apart from being technical 

focals, it is also vital that IT professionals together with management communicate and clearly anchor the 

vision that is aspired towards. The participatory design facilitation and vision of this solution for ML and APMT 

have clearly been anchored prior to all interview conducted; we want to fully automate the container 

procedures from pre-berth till container has been placed in the container yard. By having a clear vision 

participants have been very clear on the agenda and have been able to support and assist with beneficial 

knowledge that has brought us closer to the final solution. Unfortunately, in this thesis we have been limited 

in engaging with business personnel and hence we have not been able to test the participatory design process 

with them. But we trust that the participatory design conducted with subject matter experts from IT, design 

teams and automation directors have been sufficient to validate and verify the usefulness of participation in 

the design phase. 

Principle 2: Close link to project management 
The project management of this given project, or any other project, deals with the division labour; how the 

project is being designed, the process of doing the same and clear procedures for how arising conflicts and 

risks are mitigated. Simonsen, Kensing and Bødker states in their paper that the team of IT professionals 

deliberately should establish a strong bond with project management. Further, they advocate that a clear 

division of labour between the design team (IT professionals) and a steering committee (consisting of 

management and future business users) is established. In this research setting we consider ourselves as being 

members of the design team, as we have carried out the project analysis, design and committed thought 

management around the technical implementation to the organization. The steering committee have not 

been a visible factor throughout the research and writing of this paper, however as mentioned above it would 

be a team of managers and future business users. This aligns with the participation mentioned during the 

first principle above ς ensuring participatory design. In a potential implementation setting for the proposed 

solution a tight link to the management would be vital, as the solution for this project is extensive in nature 

and has a lot of different stakeholders through each of the segmentations we are proposing change for. Each 
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of these stakeholders would have to be represented in the committee to avoid the pitfall of missing the 

aspired business requirements. 

Principle 3: Design as a communication process 
The third principle deals with the communication processes that has to be established between IT 

professionals, users and a steering committee. The communication model is divided in three different 

segmentations; ǳǎŜǊΩǎ ǇǊŜǎŜƴǘ ǿƻǊƪΣ ƴŜǿ ǎȅǎǘŜƳ and technological options, each of these segmentations are 

seen in the light of abstract knowledge and concrete experiences. At the outset users and the steering 

committee will have knowledge around their current work and the organizational options - this relates to the 

¦ǎŜǊΩǎ ǇǊŜǎŜƴǘ ǿƻǊƪ. Whereas IT professionals and the design team have a knowledge around technological 

options available ς this relates to Technological options. The segmentation in the middle new system is the 

envisioned technology in relation to the domain that is being assessed for change.  

Simonsen, Kensing and Bødker states that the abstract knowledge is required in order to get a high-level 

overview of the domain, whereas the concrete experiences are required in order to understand the abstract 

knowledge and evaluate its relevance. Each layer of the communication model is outlined in below table 

(table 8), the points included in this is both the technological outset and the outset presented of the current 

ways of working from users and the steering committee. Simonsen, Kensing and Bødker states in their paper 

that it is important that the communication between IT professionals and the steering committee constantly 

evolves through small iterations (Simonsen, Kensing and Bødker, 1996). These iterations should evolve 

between the abstract ς and concrete layer. How we have interpreted this is that; what is known at the 

abstract layer, must be turned into a concrete experience. The way we have identified to do this is to follow 

the Agile Scrum methodology for development, specified further in the project approach of our business case 

section. Meaning that the new system based on steering committee inputs and the technological options 

(and IT professionals input), will be developed and showcased in small iterations, in order to ensure a 

constant alignment of what is being delivered is according to the requirements identified. It is however to be 

noted that the digitization of the physical assets must be delivered in a waterfall-like approach, as there is 

not the same freedom, as in software development, to iterate forth and back on what is being developed in 

terms of physical assets. The nature of the iterative approach will be further elaborated upon during the 

analysis of principle 4. 
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 ¦ǎŜǊΩǎ ǇǊŜǎŜƴǘ ǿƻǊƪ New system Technological options 

Abstract 
knowledge 

¶ As-is container unload 
procedures 

¶ As-is container 
placement on shuttle 
carriers 

¶ As-is container 
placement in container 
yards 

¶ Develop a robotics software 
that will coordinate and 
manage operational 
procedures fully ς from pre-
berth to container stored in 
container yard. 

¶ Digitize physical assets to act 
as smart, connected IoT 
enabled hardware. 

¶ Software Robotics. 

¶ Internet of things, 
enabling physical 
infrastructure. 

Concrete 
experience 

¶ As-is container unload 
procedures. 

o Manual unload 
procedures, 
difficult to 
achieve critical 
path of 
efficiency. 

¶ As-is container 
placement on shuttle 
carriers. 

o Waste related to 
truck/crane 
alignment. 

¶ As-is container 
placement in container 
yards. 

o Manual ordering 
of containers, 
causing wastes 
as a single 
container may 
be moved 
multiple times. 

¶ Risks related to 
operational work in the 
terminals. 

¶ Difficult to identify 
specific terminal pitfalls, 
hence difficult to plan for 
operational performance 
improvements. 

¶ ά!ǎ-is container unload 
ǇǊƻŎŜŘǳǊŜέΦ 

o Software that can 
estimate and 
calculate most 
efficient unload 
route. 

¶ ά!ǎ-is container placement on 
ǎƘǳǘǘƭŜ ŎŀǊǊƛŜǊǎέΦ 

o Digitized and 
automated shuttle 
carriers and QC 
alignment through 
GPS and sensor data. 

¶ ά!ǎ-is container placement in 
ŎƻƴǘŀƛƴŜǊ ȅŀǊŘǎέΦ 

o Digitized and 
automated shuttle 
carriers and reach 
stackers can align 
themselves with each 
other through GPS 
and sensor data. 
Reach stackers are 
enabled to sort the 
containers in 
container yards based 
on sorting algorithm. 

¶ Risk reduction as limited 
manual interference in 
operational procedures 

¶ Data enabled knowledge 
based on digitized assets will 
enable continuous learning 
and increased performance. 

¶ IoT components: 
o GPS 

Technology. 
o Sensor Data. 
o Streaming 

architecture. 
o Data sourcing 

from physical 
assets. 

o Digitization of 
physical 
assets. 

 

¶ Robotic software; 
o Enterprise 

Service Bus, 
middleware 
integration 
knowledge 
(software 
connected 
with IoT 
devices). 

o Service 
Oriented 
Architecture 
knowledge 
(development 
of 
webservices). 

o Electronic 
Data 
Interchange 
(EDI) 
technology for 
transmitting 
data across 
systems 

Table 8. Iterative Communication model between Steering Committee and IT Professionals 
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Principle 4: combining ethnography and intervention 
By combining techniques of ethnography and intervention we enable ourselves in taking an iterative 

approach towards the design and development of the solution. Bloomberg et al. (1993, p125) states; άǘƻ 

ƭŜŀǊƴ ŀōƻǳǘ ŀ ǿƻǊƭŘ ȅƻǳ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ȅƻǳ Ƴǳǎǘ ŜƴŎƻǳƴǘŜǊ ƛǘ ŀǘ ŦƛǊǎǘ ƘŀƴŘέΦ It is crucial for the team of IT 

ǇǊƻŦŜǎǎƛƻƴŀƭǎ ǘƻ ŘŜǾŜƭƻǇ ŀ ǘƘƻǊƻǳƎƘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǳǎŜǊΩǎ ǇǊŜǎŜƴǘ ǿƻǊƪ ƛƴ ƻǊder for the developed design 

to realistically reflect the business requirements. The thorough understanding has in our research setting 

been achieved through ethnographic and observations (as detailed in our methodology section) of the 

present work and how it is being conducted. This has been a vital step laying a foundational knowledge that 

we have been able to base the solution building blocks upon. Just as important it is for the IT professionals 

to understand the setting in which they are developing a solution in, it is just as important for the users and 

steering committee to have an established and thorough understanding of the approach and direction the IT 

professionals are taking to the design (as also mentioned above in the communicative section, principle 3). 

We have achieved a mutual understanding of the direction, by having the solution formalized (in information 

diagrams, process diagrams and visions) prior to conducting an interview or observation, meaning that the 

business users and steering committee have been aware of the approach and hence have been able to 

partake in the discussion on a knowledgeable and qualified basis. Which in turn have enabled us to formulate 

a solution that iteratively target the problem statements as considered by the steering committee, ensuring 

a development space where requirements are met ς not missed. Simonsen, Kensing and Bødker quote 

Mogensen (1994); άƻǘƘŜǊ ǎǳƎƎŜǎǘ ǘƘŜ ǳǎŜ ƻŦ ǊŀǇƛŘ ǇǊƻǘƻǘȅǇƛƴƎέΦ Lǘ ƛǎ ŜǾƛŘŜƴǘ ƛƴ ǘƻŘŀȅΩǎ ƛƴŘǳǎǘǊȅ ƻŦ ǎƻŦǘǿŀǊŜ 

development that most projects are being developed in agile iterations, a cornerstone of the agile 

frameworks is that prototypes or Minimum Viable Products are showcased as quickly as possible, in order to 

ensure a constant alignment between business requirements and a mutual understanding for the IT 

professionals. Hence, this is also the approach that we would aspire to take if the actual developments were 

to be taken forward. Again, we stress that the iterative approach would only be taken for the development 

of the robotics software. 

Principle 5: Co-development of IT, work organization, and users' qualifications 
According to Simonsen, Kensing and Bødker new IT solutions are often introduced because the management 

of that given organization wants change to happen, to e.g. derive unrevealed organizational benefits, 

efficiency or control. However, a pitfall they have identified is that most organizations only focus on the 

ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀǎǇŜŎǘ ŀƴŘ ŦƻǊƎŜǘ ǘƘŀǘ ǘƘŜ ǎȅǎǘŜƳ ƛƴ ŦƛǊǎǘ ǇƭŀŎŜ ƴŜŜŘ ǘƻ ŎƻƳǇƭŜƳŜƴǘ ȅƻǳǊ ǳǎŜǊ ōŀǎŜΩǎ 

qualifications and ultimately their distinct usage scenarios. The overarching key-point to be understood from 

the sixth principle is that we, as the team of IT professionals, must:  
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Plan and estimate the costs of the activities addressing technical, organizational and educational issues. The 

previous mentioned principles emphasizes the interrelation between development of IT and organizational 

ŘŜǾŜƭƻǇƳŜƴǘΦ ¢ƘŜ ŦƛŦǘƘ ǇǊƛƴŎƛǇƭŜ ŜƳǇƘŀǎƛȊŜ ǘƘŜ ƴŜŜŘ ƻŦ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ǳǎŜǊǎΩ ǉǳŀƭƛŦƛŎŀǘƛƻƴǎ ŀƴŘ ŜŘǳŎŀǘƛƻƴ 

of the same to ensure a coherent and valuable whole 

(Simonsen, Kensing and Bødker, 1996). And herein we 

stress that it is not the technical capabilities that has to 

be trained for, no. It is the distinct usage scenarios that 

a user will conduct on the system that has to be trained 

for. In our proposed solution, this would mean that 

users had to be trained in accessing, understanding and 

using the user interface. However, it has to be noted 

that since the developed system in our case is robot 

automated in nature, human intervention would be considerably less than for a normal developed system. 

However, our proposed solution would still have user interfaces wherein the user can access data generated 

from system in order to enhance the continuous learning problem statement defined earlier in this thesis. As 

well as a user interface where users can manually prompt executions from the IoT enabled hardware. 

Principle 6: Sustainability 
Throughout the above six principles we have a set a foundation for developing a long-term sustainable IT 

solution. As mentioned previously throughout this analytical method, IT systems are prone to fail 

economically; either expected rationalization did not materialize or project run far over budget. I.e. in such 

projects, emphasis on enabling user qualifications and focus on aligning to the business requirements are 

often not being taken care of (Simonsen, Kensing and Bødker, 1996). The MUST method presents a coherent 

method for developing a IT solution that aligns with the organizational/user requirements, based on the large 

focus that lies within the framework on user participation. Furthermore, a key-point identified throughout 

the analytical method is that the steering committee and IT professionals will be best enabled by experiencing 

through practice. This again ties together with the proposed project approach of developing the solution is 

small iterations, in order to enable the user to modify and have a clear tangible experience of the 

requirements along the development process.  

On basis of above analysis, we have thoroughly identified how participation can and should be used to 

achieve alignment between IT professionals and the steering committee. Participation and enabling the 

future users to experiment at an early stage is vital to ensure this constant alignment, ensuring what is being 

delivered is what is being asked for. 

Figure 10. Co-development in Related Domains 
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EPCglobal ς Future Architecture model 
!ǎ ƳŜƴǘƛƻƴŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ŦǊŀƳŜǿƻǊƪ ǎŜŎǘƛƻƴ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎΣ ǿŜ ƛƴǘŜƴŘ ǘƻ ŀǇǇƭȅ ǘƘŜ 9t/ƎƭƻōŀƭΩǎ 

Future Architecture Model to understand the six distinctive building blocks. These six components are in the 

ŦƻƭƭƻǿƛƴƎ ǎŜŎǘƛƻƴ ŀƴŀƭȅȊŜŘ ŀƴŘ ǳƴŘŜǊǎǘƻƻŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƻǇƻǎŜŘ ǎƻƭǳǘƛƻƴΩǎ Lƻ¢ ŜƭŜƳŜƴǘǎΦ tƭŜŀǎŜ ƴƻǘŜ ǘƘŀǘ 

each of the extensions below have been assigned a number that aligns to the numbering assigned to the 

model depicted below. The edge architecture connection is being thoroughly analyzed and described in the 

latter section of the analysis. 

 

 

Figure 11. Internet of Things Architectural Diagram 
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[1] Extended static data support  

Extended static data support is concerned with static referential data. In the proposed solution, it is 

considered as master data that would reside in legacy databases or a cloud-based data lake. The master data 

residing in either of these databases is used as unique identifiers between IoT enabled hardware 

components, e.g. Quay Crane ID, Automated Shuttle Carrier ID and automated yard crane ID. Based on these 

unique identifiers the machine to machine (M2M) can identify each other, and hence they are enabled to 

conduct the interdependent work procedures. The actual alignment in M2M interactions are done through 

sensor technology, but in order for the machines to recognize that it is aligning with the scheduled machine 

the unique identifier is required.  

[2] Integration of dynamic data 

Integration of dynamic data is concerned with the dynamic data that is constantly being generated in run-

time. Uckelmann states that; in order to synchronize the real world and virtual world it is required for IoT 

enabled components to be able to sense environmental conditions as well as the status of the specific device 

or asset. Uckelmann continues and say that sensors are the key component for the coming generations of 

IoT. This is because; they empower a bottom-up interaction with things by enabling the gathering of 

information about their state or condition within the real world (Uckelmann, 2011). The state of things; QCs, 

Shuttle Carriers and Reach Stackers can for example generate real-time data enabling APMT and ML for 

predictive maintenance of their physical assets. E.g. an alarm system that will notify if there is an issue with 

any of the physical assets that are being IoT enabled as part of the solution proposal. Another example of 

dynamic data needed is for the QCs when they are lifting a container as part of the unload procedure, herein 

it is required for it to be able to measure the balance point in the container, only through dynamic sensor 

data the QC will be enabled to calibrate the weight point in real time. Furthermore, the dynamic data in the 

shape of sensor data will enable the assets to function according to the instructions provided by the robotics 

software. Ensuring that the automated vehicles (Shuttle Carriers and Reach Stackers) do not collide with one 

another. In the proposed solution, the dynamic sensor data is fed to the central robotic software through 

outbound query protocols enabling the decision making to happen at the robotics software layer of the 

solution. 

[3] Support for Non IP-devices 

Various types of sensors do not have the capability to be connected to the internet through a regular internet 

protocol connection. Hence Non-IP devices within the domain of IoT, will be connected to the Robotic 

software through gateways (Uckelmann, 2011). Unfortunately, we have been limited in doing an analysis of 

the actual sensor devices that we would install in the physical assets. Hence, we would not be able at this 
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point in time to define whether the chosen sensors will be Internet Protocol compliant or not. In case they 

are internet protocol compliant the sensors would be connected to the robotics software through a regular 

internet protocol, whereas if not; the sensor data would be connected to the robotics software through 

gateways. 

[4] Integration of an actuator interface 

Actuator integration to the IoT domain will allow standardized communication with machines executing 

decisions either rendered by humans or software-agents, in our proposed solution it will primarily be 

rendered through a software-agent. However, there does exist distinct usage scenarios wherein the 

communication for execution will be rendered by human intervention in IoT domain (to be further elaborated 

below). Uckelmann states that the combination of sensors and actuators and their integration in the domain 

of IoT is an indispensable feature and will have to be considered at all layers of the architecture (Uckelmann, 

2011). An actuator is the contrary to a sensor, yet very much complementing; A sensor transform useful 

energy into electrical data. By contrast, an actuator transforms electrical data into useful energy. This means 

that the electrical signals (data) generated when a QC has to calibrate the weigh-point of a container, is being 

executed at the actuator level of the architecture. The actuator is the actionable element in IoT. With only 

sensors, we would be able to generate vast amounts of data, but not be able to execute action automatically 

based on the generated data. This means that an actuator architecture has to be established for the physical 

assets being IoT enabled, in order for them to be able to operate and execute on the information generated 

from sensors. 

[5] Integration of software agents 

As outlined in the ΨThe SolutionΩ section of this thesis, one of the main building blocks of the solution is to 

have a centralized robotics software that will direct all the data inputs and inform the physical assets how to 

execute based on this data. This is the main software-agent, it will not be thoroughly explained in this section 

of the paper, but we refer to the latter section (software robot, technical design) wherein we will outline the 

technicalities of the software robot in further depth. In section however we would like to outline that apart 

from the software robotics there are In some distinct usage scenarios, it is required for an human agent to 

intervene in the IoT domain. Hence, there is a need for the to be able to interface with the IoT processes, this 

could for be through a computational software user interface. From the user interface, the human agent 

should be allowed to communicate with the IoT assets, in order for them to execute on basis on the decisional 

input provided from the human agent. An example of when the software user interface would be relevant is 

when a customer arrives at the terminal to pick up his/her container. Herein, a human has to trigger the 

ŀǳǘƻƳŀǘŜŘ wŜŀŎƘ {ǘŀŎƪŜǊΩǎ ǘƻ ŜȄŜŎǳǘŜ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ǊŜƭŀǘŜŘ ǘƻ ŦŜǘŎƘƛƴƎ ǘƘƛǎ ǎǇŜŎƛŦƛŎ ŎƻƴǘŀƛƴŜǊ ŦƻǊ ǘƘŜ 
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customer. This requires an accessible software user interface that can be easily accessed from the terminal 

site. 

 [6] Data Synchronization for offline support 

It is extremely vital that the operational activities happen in a timely manner. A prerequisite for the activities 

to happen in a timely manner is that data is synchronized and shared across all the involved entities, to ensure 

data integrity. There may be certain cases where online-connectivity cannot be assured, if for example the 

ship is at sea. In the solution, we have an in-built cache that will cache relevant data regarding; discharge 

lists, stowage lists, vessel voyage details, booking details, etc. The data cache will be purged and refreshed 

on weekly basis. Once the data resides in the cache it will be available to all systems.  Note that real time 

sensor and actuator data will not be available in case the internet protocol fails, or the gateways for the 

same. The cache will only ensure data integrity for the data that is being obtained from the legacy systems. 

And the cache will be based on the data that is being replicated from the internal database servers in the 

terminal, to the data lake. 
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Software Robot, Architectural Design 

Throughout the Ψ¢ƘŜ {ƻƭǳǘƛƻƴΩ section of this paper we outlined in a high-level manner how the system would 

function. In the above section, we understood the building blocks of the solution in a more detailed manner 

with regards to the IoT components. The below architectural diagram is made for the reader to get a better 

understanding of the data enrichment calls that is being made from the robotic software to legacy domain 

in ML (Point 2; in Ψ¢ƘŜ {ƻƭǳǘƛƻƴΩ). Each of the 13 steps from the edge architecture will be briefly described 

below, with an emphasis on the used technology. 

 

Figure 12. Software Robotics Architectural Diagram 
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Point 1 in the architectural diagram illustrates the RKEM Event that is being triggered two hours prior to the 

vessel will berth. The event will be placed on a message Queue (MQ), MQs are an asynchronous 

communication protocol, this means that the sender (RKEM) and the receiver (Robotic Software) do not need 

to interact within the transmitted message at the same time. RKEM will place the trigger on the queue, and 

the Robotic Software can pick it up once permitted. Point 2 depicts the call that is being made from the 

robotics software to the GSIS and GCSS webservices. The Robotic Software will invoke the Enterprise Service 

Bus (ESB) proxy, through a Simple Object Access Protocol (SOAP). SOAP is a messaging protocol used for 

exchange of structured information between web services and computer networks. The SOAP message will 

hold a VesselReferenceNumber which is part of the RKEM event payload. ESB is a middleware technology 

that allow different web services to communicate with one another. ESB can be perceived as a contract 

agreement between two web services. ESB enable different web services and applications to communicate 

and understand each other, by enabling a common ground of understanding between applications, a 

simplified illustration is given below: 

 

 

 

Figure 13. Enterprise Service Bus Illustration 

To elaborate to ensure the understanding has been conveyed; above means that ESB has a common element 

that can re-used throughout the Service Oriented Architecture (SOA) landscape consisting of webservices. 

Hence, all webservices are enabled to communicate with one another as long as their webservice element 

are mapped to the ESB layers perception of that given data element. In the illustrated example, the RKEM 

payload holds the VesselReferenceNumber, this reference number is mapped to VesselNumber at the ESB 

layer, which in turn is mapped to VesselNumberByVoyage in GSIS. The ESB layer gives a unique possibility for 

re-usability and connections across a distributed system landscape, not limiting connection based on the 

original code elements. Point 3, 4 and 5 depicts the ESB calls for each of the outlined services, these three 

calls are made to GSIS to understand which vessel that is incoming and it will hold the exact timestamp of 

estimate time of arrival. Point 6, 7 and 9 depicts the ESB calls for each of the outlined GCSS services, based 

on the vessel details received from GSIS, GCSS will provide the data for which container bookings that are 

part of the specified vessel. Based on the booking data the Robotic Software will understand which containers 

that has to be unloaded from the vessel once it reaches the port. Point 9, depicts the fetch of data elements 

from the legacy relational database. Point 10 depicts the response from GSIS and GCSS data back to the 

RKEM Payload: 

VesselReferenceNumber 

ESB Layer: 

VesselNumber 

GSIS Payload: 

VesselNumberByVoyage 
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central Software Robotics component. Point 11, depicts how the Robotic Software based on the information 

retrieved from GSIS and GCSS will start resource estimations and plan for the allocation ahead of real-time 

ensuring that the most efficient unload route is achieved. Furthermore, the software robot will input data 

about last free days and expected pick-up dates to the reach stackers for them to start the planning pattern 

around which section of the container yard it most efficiently should be placed and stored. This is done by 

using a Quick Sort algorithm, to elaborate on this see below step by step example of a sorting scenario for 

eight containers: 

Step 1, ǎƻŦǘǿŀǊŜ Ǌƻōƻǘ ŎƻƳǇŀǊŜǎ ǘƻŘŀȅΩǎ ŘŀǘŜ ǿƛǘƘ ǘƘŜ ŜȄǇŜŎǘŜŘ ǇƛŎƪ-up date for the specific container. Step 

2, based on this comparison the software robot will get a numeric value of the number of days until expected 

pick-up. Step 3, in below dataset example ¢ƻŘŀȅΩǎ ŘŀǘŜ is equal to 15-05-2018, based on this the number of 

days until pick-up the software robot will do a Quick Sort. Step 4, once the quick sort has been completed the 

ǎƻŦǘǿŀǊŜ Ǌƻōƻǘ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƎǊƻǳǇ ǘƘŜ ŎƻƴǘŀƛƴŜǊΩǎΦ Step 5, based on this grouping the automated shuttle 

ŎŀǊǊƛŜǊΩǎ ǿƛƭƭ ƪƴƻǿ ǘƻ ǿƘƛŎƘ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ŎƻƴǘŀƛƴŜǊ ȅŀǊŘ ǘƘŜ Ŏƻntainer should be driven (see appendix for 

container yard division). 

Dataset before Quick Sort 

Container ID Expected Pick-up Date Number of days until pick-up 

ABC456 19-05-2018 4 

ABC891 22-05-2018 7 

ABC345 18-05-2018 3 

ABC234 17-05-2018 2 

ABC678 20-05-2018 5 

ABC789 21-05-2018 6 

ABC912 29-05-2018 14 

ABC123 16-05-2018 1 

 

Dataset after Quick Sort 

Container ID Expected Pick-up Date Number of days until 

pick-up 

Container Yard Section 

ABC123 16-05-2018 1 Section: 1 

ABC234 17-05-2018 2 Section: 2 
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ABC345 18-05-2018 3 Section: 3 

ABC456 19-05-2018 4 Section: 4 

ABC678 20-05-2018 5 Section: 5 

ABC789 21-05-2018 6 Section: 6 

ABC891 22-05-2018 7 Section: 7 

ABC912 29-05-2018 14 Section: Long-standing 

Table 9 and 10. QuickSort algorithm before and after 

Point 12, depicts the data replication that is done in real-time, from the Robotics {ƻŦǘǿŀǊŜΩǎ internal database 

servers to the cloud. This is done through Oracle Golden Gate data replication technology. Point 13, depicts 

how a subset of the data is cached, in order to ensure data retrieval performance and offline support in case 

of a disaster setting. 

Based on above two analytical assessments, we have understood the proposed solution building blocks in a 

more granular detail, both the software robotics and the IoT building blocks. The overall solution will in the 

following analytical section be analyzed in the light of the Holistic Model, this is done in order to depict which 

technical IoT/Robotics components that derives organizational benefits. 

Holistic Model 

The Holistic Model presents a framework for how companies can be considered as content provider, in form 

of data. This data is in turn generating beneficial value for the organization. As mentioned throughout the 

theoretical framework, we have limited the view of the model only to focus on the company related benefits, 

hence excluding people and public institutions. We will walk through the framework in the following manner; 

first, we will outline the content and data that is being generated and from which distinct usage scenarios 

the data will be generated from. Secondly, we will cover each of the five IoT traits, as presented by Uckelmann 

and further outline how each of these IoT traits are generating organizational value and benefits for APMT 

and ML. 

Company content provided 

The data that are being generated in the terminals while the vessel is docked is based on GPS data, which in 

real-time will feed the robotic software with location and position data of the specific container. In addition 

to GPS data extra sensor data are enabled on all physical digitized assets, these are used as an enabler for 

the M2M interactions that happens throughout the containers life cycle from; pre-berth until it has been 

stored in the container yard. Furthermore, there are data that is being generated outside of the terminals as 

depicted in below analysis of the robotic software, this data resides in legacy systems and is used as a 
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foundation for the decision making that the robotic software will be enabled to do. This data is not generated 

through IoT components itself, but is a complementary asset for the solution to function properly, hence we 

included to mention it here in this section as a content provider for the overall IoT solution. 

Internet of Things components and its organizational benefits 

The five traits as presented by Uckelmann are; Business Innovation, New Services Enabled by the Internet of 

Things, Front-end Internet of Things Architecture, Edge Devices and Management of Resources and back-end 

Internet of Things core architecture.  

Business Innovation, as uncovered throughout the above analysis we have clearly identified how the internal 

procedures for ML and APMT are being innovated in order to uncover else unseen organizational benefits. 

Throughout the financial analysis we identified extensive operational cost savings by fully automating the 

operational procedures in Terminals (85% savings). This saving takes basis in reduced run costs as well as an 

assumed 30% time saving based upon optimizations on; QC operation, Crane Truck alignment operations and 

Reach Stacking optimizations. New Services Enabled by the Internet of Things, as also uncovered throughout 

our analysis ς a data driven operational process will establish transparencies. This can be considered as new 

services for the managerial layer of the organization, enabling benefits that concern with continuous learning 

and constant on-going improvements of the terminal operations. Furthermore, a fully GPS enabled container 

fleet will enable ML and APMT to have full visibility of their container network, which in turn will enable to 

ŘƛǎǘǊƛōǳǘŜ ǘƘŜƛǊ ŎƻƴǘŀƛƴŜǊΩǎ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘƭȅΦ CƛƴŀƭƭȅΣ ƴŜǿ ǎŜǊǾƛŎŜǎ ǿƛƭƭ ōŜ ŜƴŀōƭŜŘ ŦƻǊ ŎƻƳǇŜǘƛƴƎ ǎƘƛǇǇƛƴƎ 

liners and carriers, as they will be enabled to partake in ML and APMTs extensive IoT infrastructure through 

sensor and GPS enablement of their own container fleets ς this is to be further elaborated upon in the 

discussion section of this paper. Front-end internet of things architecture, as depicted throughout the 

architectural diagrams in the technical analysis there are two front-end entry points to the IoT domain. One 

front-end constituted of the user interface, which operators can access at the terminal site, in order to query 

a physical asset to execute (e.g. when a customer comes to pick-up a container). Another front-end capability 

is the Business Intelligence query interface layer that resides upon the data lake, this will allow the managerial 

layer in obtaining insights in the Terminals operations. Edge devices and management of resources, as 

outlined in the architectural analysis of the software robot, the connection to the legacy system domain is 

the edge device connection in the proposed solution. APMT and ML achieve benefits from connecting the 

two domains of system, as the input from the legacy domain will provide the required data for the robotics 

software to manage and control the allocation of resources (physical digitized assets). Back-end Internet of 

Things Core Architecture, the architectural core has been outlined in the above two analytical sections (first; 

IoT, second; robotic software). The core architecture set the foundation for how value is being obtained and 
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how this in turn will drive organizational benefits. Above analytical assessment helped us summarize the 

overall benefits that that APMT and ML can expect through the deployment of the proposed solution.  
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Discussion 
Solving the problem? 
The first section of our discussion section will emphasize focus upon the general discussion points that we 

have noted and identified throughout the research and writing of this thesis. The second section of our 

discussion will take its outset in the technological discussion points that we have identified. The overarching 

goal of this thesis was to identify the current problems that are causing decreased performance in the 

discharge activities in Aarhus Havn. The problem statements are assessed and discussed below in the light 

that the thesis would hypothetically implemented with the benefits that we have identified. The first problem 

statement identified was the communication gaps existing in the terminal operations, as well as the 

communication with the operators on the vessel. In the proposed solution, the communication flows 

between autonomous operating entities are all automatic. Hence, we will argue that we have adequately 

spanned across this problem. However, as we have conducted our analysis in the pre-planning phase, it 

should be mentioned that we have been limited in doing actual operational test of data flows in the system, 

hence we have not been able to fully validate whether the perceived benefits would be achieved. But the 

ǎƻƭǳǘƛƻƴ ōǳƛƭŘƛƴƎ ōƭƻŎƪǎ ŜȄƛǎǘ ŀƴŘ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ ƻƴ ǘƘŀǘ ōŀǎƛǎΣ ǿŜ ŎƻƴǎƛŘŜǊ ǘƘŜ ŀƴǎǿŜǊΩǎ ǇǊƻǾƛŘŜŘ 

related to this problem statement as sufficient. The second problem statements we sought to find a 

resolution to was an overall optimization of the QCs ability to unload and discharge containers in a more 

effective manner. Alexandru Duca raised a concern that fully automated autonomoǳǎ v/ǎ ŎǳǊǊŜƴǘƭȅ ŘƻŜǎƴΩt 

exist in the market. The reason provided by Alexandru was that he believed that humans are better at 

adapting to movements of the ship in the dock, the slack in the sway chains lifting the container, container 

weight points and other environmental conditions. However, as identified in below technological discussion 

we trust that we will provide the required technological ability to perform the unload activities from fully 

automated QCs. Based on the hypotheses that this technological setup will function as perceived, we 

consider the second problem statement as resolved, this is due to the fast-technological development and 

we do trust that there exist technologies that could solution the concerns brought up by Alexandru Duca. 

The third problem statement that we set out to resolve was with regards to the vast amounts of incidents 

that happen specifically at the quay side. We consider that the solution has successfully spanned across this 

issue, as there would be very limited human intervention in the actual operational procedures and hence less 

risk that these few operators would end up in an incident. The fourth problem statement that we sought to 

resolve as part of the solution was the issues existing around container sorting in the container yards. The 

sorting algorithm presented in the technical section of our analysis will ensure that the Reach Stackers are 

enabled in informed decision making enabled to place the container in the most efficient container yard 

section. Based on expected pick up date and the structured container yard sections. On this argument, we 
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consider this problem statement to be resolve. The fifth problem statement that we identified was that there 

are wastes related to truck and crane alignment. Furthermore, we identified how conemen are manually 

assisting in the alignment procedures between the QCs and automated Shuttle Carriers, an incident prone 

activity. As the alignment between QC and Automated Shuttle Carriers would be done in a M2M setting, 

there are no risks involved. Our assumption is that the alignment would be done with adequate efficiency 

between the two machines (and based on GPS and sensor data), hence we also consider that the proposed 

solution will resolve this issue, in a two-fold manner (efficiency and risk reduction). The sixth problem 

statement that Alexandru Duca helped us identify was APMTs current ability, or lack of the same, to drive 

data driven performance improvements. As most of the physical assets does not currently generate data it is 

difficult for management to get a bird eye view of why a specific terminal is performing relatively worse than 

another terminal. By having QCs, Shuttle Carriers and Reach Stackers fully automated management are 

enabled in data-driven decision making and get more transparency on the operational procedures, hence 

enabling them in continuous learning ς and ultimately operational excellence. One could argue that 

continuous learning elements should also be integrated in the IoT enabled assets through artificial 

intelligence (AI), meaning that no human intervention would be required in order for the automated assets 

to operate more efficiently. With AI and machine learning, management interference would be negligible as 

the assets would be able to perform their own decision-making to align with the critical path of efficiency. 

The seventh and last problem statement that we set out to resolve was the operating variances that especially 

exists within the QC operations (Alexandru Duca, 2018), by having the QC, Shuttle Carrier and Reach Stacker 

operation fully automated there would not exist any operator variance as the operation would consist of 

identical technological elements. This will ensure a tangible average of performance enabling management 

to forecast performance and turnover times (of vessels) in far greater detail and with better precision.  

Above we have understood that each of the seven problem statements will potentially be resolved with the 

solution that is being presented as part of this thesis. However, as mentioned above; the reader must note 

that none of the elements of the solution have been rolled out in a real-life setting and hence we have not 

been able to evidently proof that the solution in fact would resolve each of these problem statements. The 

tradeoff in research settings that are cutting edge in terms of industry development is that there may exist 

limitations in terms of available data and evidence. This have turned out to be a limitation for our ability to 

establish a foundational evidence that we would drive efficiency and operational excellence with the proposed 

solution. However, we are confident and trust that we have established findings that can function as a 

springboard for potential future development of the same solution, or similar solution. 
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Synergies 
Another point that we set out to achieve was that we wanted to drive further benefits on the synergies that 

we assumed would exist between the two business units, APMT and ML. The synergies that we sought to 

identify and drive value from, was to connect the ML legacy system landscape with APMTs operational 

system landscape in the terminals. Through the interviews with Alexandru Duca he shed light upon how 

APMT currently is sourcing data from the ML legacy systems. The data is being transferred through different 

Electronic Data Interchange (EDI) connections and value is currently already being derived from this data. 

However, Alexandru Duca mentioned that each of the EDIs have different connections because the systems 

used in each terminal differs from terminal to terminal. Hence, he mentioned that an interesting area to 

focus on in the future is to align systems across all APMT owned terminals in order to standardize how the 

terminals are being operated from a systems point of view. This is also a critical point for our proposed 

solution, as it would be easier to scale if the systems that it has to connect with are generic across all 

terminals. Enabling us to make one generic solution that can be scaled across, instead of having IoT/Robotics 

solutions tailored specifically to each terminal. Hence, to some extent we failed to achieve further synergies 

between the two business units, but simultaneously we identified a potential blocker for leveraging on the 

synergies between the two units effectively. 

Import Cycle Only 
During the conducted interview sessions and correspondences with Alexandru Duca he brought to our 

attention that in an actual implementation setting, it would be unlikely only to focus on automation of the 

import cycle. This is due to the fact that unload and load of containers rarely happens in isolation, meaning 

that in a real life setting one would have to assess both the import, export cycle and ship-to-ship procedures. 

We decided to focus on the import cycle to allow ourselves to go into more granular details around the 

solution, and with the events happening to a container from pre-berth until the container has been placed 

in the container yard for storage. The hardware and the structural components for the import cycle are 

identical to those required to support the export cycle. The only difference as identified by Alexandru Duca 

is that the procedures would happen in reversed order as compared to the import cycle. 

Technological Discussion 

Throughout our paper we have made some technological assumptions that we in this section would like to 

look at critically to see how it will apply to the real-world scenarios in the terminal operations. In our paper, 

we base the unloading and alignment of shuttle carriers / cranes based on GPS signals on the containers and 

in the Terminal equipment. In reality GPS sensors are not a 100% precise but have a variance of 1-2 meters 

which makes it impossible for a crane to have a 100% accuracy when it comes to lifting the containers. To 

compensate for this lack of precision in GPS technology we would in reality need extra equipment such as 
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cameras mounted on the crane arms to live stream a video image and use image recognition to get a more 

precise location of the container and thereby enabling a more accurate pickup of containers. Another factor 

that makes it hard for the robotic cranes to be a 100% accurate is the fact that when the vessel is tied to the 

dock it still constantly moves a bit, but with the camera solution just described, the cranes will be able to 

adjust to that and counter the movement of the ship and pick the container up accurately.  This will be done 

by writing some code that moves the crane so that the container is constantly in the center of the camera 

image, so if the container moved half a meter to the left the camera/GPS sees it and tells the crane to move 

half a meter to the left as well. You could even install underwater sensors in the docking area that tells the 

software robot how the stream in the dock is and calculate in which direction the ship will move. Even though 

we have not described this in our solution as we make the assumption that the GPS signals are accurate, it is 

taken into account in the Financial Appraisal in the Business Case as the cost estimates are based on a fully 

automated project in Port Los Angeles where they are also going to face the same issue with unprecise GPS 

signals. Lastly, we would like to mention that the reason we have chosen to make the assumption of GPS 

signals being precise is because the IoT market is evolving so fast that it is a real possibility that the GPS 

sensors will be close to a 100% precise at the time this project would be launched. 

Next in the technological Limitations we would like to talk about the fact that we in our solution start to 

calculate unloading routes at the Berth Event but in reality, we could start this event much earlier if all 

terminals were automated with our solution for Aarhus Havn. If that was the case we could get the data of 

where all containers are located as the ships takes off from the previous port. This is due to the fact that the 

containers do not move around after leaving the Terminal, so we could already read the sensor data from 

the containers and see how they are places in regards to each other and in that way already calculate the 

best unloading route based on container IDs. 

The last Technological Limitation we would like to discuss is the fact that we talk about automating all the 

Terminal operating assets but we do not talk about automated vessels. This is due to recent statement from 

the CEO Søren Skou, who said at an interview with Bloomberg that he does not see in the foreseeable future 

that is will be realistic that container ships that sail with thousands of containers will be allowed to sail 

autonomously without any humans operating the ship. 

ά9ǾŜƴ ƛŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ŀŘǾŀƴŎŜǎΣ L ŘƻƴΩǘ ŜȄǇŜŎǘ ǿŜ ǿƛƭƭ ōŜ ŀƭƭƻǿŜŘ ǘƻ ǎŀƛƭ ŀǊƻǳƴŘ ǿƛǘƘ плл-meter long 

ŎƻƴǘŀƛƴŜǊ ǎƘƛǇǎΣ ǿŜƛƎƘƛƴƎ нллΣллл ǘƻƴƴŜǎ ǿƛǘƘƻǳǘ ŀƴȅ ƘǳƳŀƴ ōŜƛƴƎǎ ƻƴ ōƻŀǊŘΣέ ǘƘŜ ро-year-old CEO ǎŀƛŘΦ άL 

ŘƻƴΩǘ ǘƘƛƴƪ ƛǘ ǿƛƭƭ ōŜ ŀ ŘǊƛǾŜǊ ƻŦ ŜŦŦƛŎƛŜƴŎȅΣ ƴƻǘ ƛƴ Ƴȅ ǘƛƳŜΦέ ς Søren Skou (Bloomberg, 2018) 
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Going beyond Maersk 
Our solution is completely focused ƻƴ ŀǳǘƻƳŀǘƛƴƎ aŀŜǊǎƪΩǎ ǘŜǊƳƛƴŀƭ ƛƴ !ŀǊƘǳǎ as Maersk is the company we 

have chosen to write our thesis around, but our solution could be sold as a service to other terminals across 

the globe. It would also be possible to sell part of our solution as services, such as the installation of GPS 

sensors in containers, Automated Shuttle Carriers, Automated Quay Cranes, Automated Reach Stackers and 

ŀ {ƻŦǘǿŀǊŜ Ǌƻōƻǘ ǘƘŀǘΩǎ ǊŜŀŘǎ Řŀǘŀ ŦǊƻƳ ŀ Řŀǘŀ repository and have an interface to control/monitor terminal 

operations. This option would be able to generate additional revenue for Maersk but might however help 

competitors to grow and have a better technological foundation to start to scale operations and take away 

operations from Maersk terminals. 

Estimated Cost 
The cost structure that we introduce in the financial Appraisal as part of the business case is purely based on 

estimates from other players in the terminal industry and on our own estimates on salary costs and minimal 

number of operators needed to operate the terminal. This can be criticized as it might not give a realistic 

picture of what the current/future operating costs will be from this solution. However, we do not have the 

insights to make our own estimate of what is needed to fully automate the terminal machinery and we are 

not allowed to use internal salary costs for material shared outside the organization which have made it 

ƛƳǇƻǎǎƛōƭŜ ŦƻǊ ǳǎ ǘƻ ƎƛǾŜ ŀ ǇǊŜŎƛǎŜ ǇƛŎǘǳǊŜ ƻŦ ǘƘŜ ǎƻƭǳǘƛƻƴΩǎ Ŏƻǎǘ ǎǘǊǳŎǘǳǊŜΦ !ƭǘŜǊƴŀǘƛǾŜƭȅ ǿŜ ŎƻǳƭŘ ƘŀǾŜ ƭƻƻƪŜŘ 

into the costs of building the Maasvlakte II Terminal in Netherland but even with that information we would 

still have to make estimates as the Maasvlakte II Terminal is only partly automated and are still being 

operated with joysticks by humans from a local operating center in the terminal, so we would have had to 

estimate the additional cost of going from semi-automated to fully automated and as the hardware costs 

ƳƛƎƘǘ ƘŀǾŜ ŎƘŀƴƎŜŘ ǉǳƛǘŜ ŀ ōƛǘ ǎƛƴŎŜ ǘƘŜ aŀŀǎǾƭŀƪǘŜ LL ǇǊƻƧŜŎǘ ǿŀǎ ƛƴƛǘƛŀǘŜŘΣ ǿŜ ŘƻƴΩǘ ōŜƭƛŜǾŜ ǘƘŀǘ ǘƘŀǘ 

estimate would have been any closer than the estimate we have presented in our paper. 
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Reflection 
In this section, we intend to reflect upon the learning questions that have been presented throughout the 

two courses we have decided to found our thesis upon; Internet of Things and Robot Armada. Theories from 

both courses have been used in interdisciplinarity to uncover how IoT and robotics are two complementary 

research fields. Once we have reflected upon the two courses, we evaluate our, research and findings against 

the overarching learning objectives that constitutes a successful Master of Science thesis.  

Internet of Things 
From the Internet of Things course the first learning objective was to; Understand the main concepts, models 

and frameworks of the Internet of Things and its impact for business innovation. Throughout this thesis we 

have successfully applied the two main models that was presented throughout the course (EPCglobal Future 

Architecture Model and Holistic Model). Furthermore, we have proposed a mixture of an IoT and robotics 

solution that will drive innovation and derive business benefits for the targeted organizations. The second 

learning objective was; Be familiar with the tools and technologies (Sensors, RFID, Embedded Systems) 

required to create new business solutions. An integral part of the proposed solution in this thesis is IoT devices 

e.g. Sensors and GPS streaming technologies, furthermore we have achieved to propose an architecture for 

the embedded software system that connects directly with the IoT domain. The third learning objective was; 

Analyze, using different frameworks, the Internet of Things; strategic implications, user centered design and 

technical challenges related to form and function. We have successfully used different frameworks to analyze 

and understand the strategic implications the proposed solution would have for APMT and ML. These 

strategic implications should be seen in the light of the identified problem statements and how we uncovered 

the solution would be resolve and benefit the same areas. The MUST framework helped us understand a 

method for ensuring a user centered design. The technical analysis shed light upon the technicalities of the 

proposed solution, and how GPS (not accurate enough) and QC digitization (currently non-existent) may be 

blockers to the proposed solution. The fourth learning objective was; Critically evaluate ethical, privacy, and 

security issues related to the Internet of Things. We are both aware of the aspects that fall with regards to 

ethics, privacy and security, however we were afraid to blur our focus and make our scope too wide. Hence, 

it was an intended decision to limit the thesis from these points and solely focus on the solution. It would 

have been interesting to analyze these areas however, especially since the shipping industry is conservative 

in nature, one could imagine push-back from such solution, which is being presented. The fifth and final 

learning objective of the Internet of Things course was; Design/Develop parts of an Internet of Things solution 

to create business value. As mentioned several throughout this thesis, we have been unable to develop any 

of the actual building blocks of the proposed solution, however we trust that we have sufficiently depicted 
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how the architectural design could be structured for this IoT solution. To summarize on above learning 

objectives, we are confident that we have adequately touched upon each of them. 

Robot Armada 
From the Robot Armada course, the First learning objective was; Be able to assess and discuss business 

strengths and weaknesses of Robots. We are confident that we have achieved to showcase the business 

strengths that can be generated through the appliance of robotics, both software -and physical robotics 

(based on resolution of problem statements). Furthermore, we uncovered financial savings in the operational 

run costs and a 30% increase in efficiency. To the financial section of this paper, however; we need to stress 

that most of the figures are based on assumptions and research of secondary data.  The costs and the 

uncertainty on ability to materialize on the investment, however we would consider a weakness of the 

proposed solution. The second learning objective presented through the course was; Can account for how 

productivity problems, capacity challenges and lack of innovation can be solved by use of robots. The 

identified problem statements and the resolution for the same, as well as the additional organizational 

benefits uncovered we are confident that we have showcased and accounted for how productivity, problems 

and lack of innovation will be catered for with the introduction of the proposed solution. The third learning 

objective was; understand differences and be able to exemplify industry, service, social, and software robots. 

Throughout this thesis we have made a clear distinction between the software robotics and the digitization 

of physical assets. In this paper, the digitization of physical assets has been considered as IoT elements, they 

might as well have referred as industrial robots ς hence we consider that we have sufficiently touched upon 

this learning objective. The fourth learning objective was; Can give examples of and discuss management 

challenges when implementing robots in industrial settings. The original intention of this thesis was to 

uncover the managerial challenges related to such implementation - as the proposed solution. However, the 

focus in this thesis resides on the design and organizational benefits that can be achieved. Considerations 

and data for the roll-out phase of the solution was difficult to achieve, as the organization is currently not 

close to have fully automated operational procedures. Hence, we have had to neglect this are of focus in this 

thesis ς with regret. The fifth learning objective was; Can account for the industrial age management mindset 

and the innovation management perspectives and are able to apply adoption of robots. We have uncovered 

how robotics and IoT is tied to the third wave of IT-driven competition and how Web 3.0 will be an enabler 

for the same. Furthermore, we have understood through the appliance of the Holistic model how the solution 

is driving organizational innovation. To summarize on above learning objectives, we are confident that have 

sufficiently touched upon each of them, apart from the fourth objective. This has been neglected due to 

difficulties obtaining the required and relevant data to analyze and present the same. 
































































