


An Analysis of the Impact of Automation on Western European Ports.



A dissertation submitted to the University of Plymouth in partial fulfilment of the degree of BSc (Hons) Maritime Business and Maritime Logistics.

International Shipping and Logistics Group
Plymouth Business School

MAR328
Submitted by: Oliver John Tull
Student number: 10466746
Supervisor: Dr Irina Neaga
Date: May 2017
Total Word Count: 10976 

BSc Dissertation License

This material has been deposited in the University of Plymouth Learning & Teaching repository under the terms of the student contract between the students and the Plymouth Business School.
 
The material may be used for internal use only to support learning and teaching. Materials will not be published outside of the University and any breaches of this license will be dealt with following the appropriate University policies.


Acknowledgements

Firstly, I would like to thank my family and friends for all the support they have given me over the last three years of study at university. It would not have been remotely possible to be successful on this fantastic degree course if their love and encouragement was not there. Nor would I have had the courage to pursue my passions for maritime if my parents had not provided me with the inspiration and ambition to succeed. 
I would also like to say a huge thank you to my supervisor and personal tutor Dr Irina Neaga, through my study at university she has provided me with guidance and support, completion of both the course and this project would not have been possible with Dr Neaga. 
Furthermore, I would like to thank my course leader Dr Sarah Tuck for her continuous support and guidance throughout my time studying at Plymouth University. It is thanks to Dr Tuck that I selected Plymouth to study due to her passion and commitment to the subject which has been felt throughout my studies. 


















Abstract:

Ports are vital nodes in the international supply chain, without them over 90% of global trade would be at a standstill. Ports are constantly looking for new ways and strategies to improve operational performance and boost productivity, one of the most recent solutions to the growing demands on ports is to cut out manual operations and replace them with automated machines and vehicles which perform to a far higher level than humans. 
The purpose of this dissertation is to provide an analysis of the impacts of automation on Western European Ports. The dissertation uses an interpretative ethnographic approach carrying the out qualitative secondary data in addition to employing a dual analysis methodology of content and thematic origins. The project aims to investigate how port automated systems impacts on performance using port performance indicators provided by the institute of chartered shipbrokers as a guide into how the impacts affect performance measurements. 
The project holds three key objectives which have been achieved throughout, these are to examine different types of port automated systems and equipment, critically analyze the relationship between port automated services and port performance in western European ports and to Evaluate the effectiveness of implementing port automation to aid profitability and growth of selected European ports. 
Analysis of the data brought about 22 combined themes and trends which were condensed into 3 core impact areas. Findings revealed that port automation impacts covering the three key areas of sustainability and efficiency, labor management and Economic and Value added impacts greatly affected the measurement of port performance via the performance indicators introduced. Concluding that port automation does impact upon the way a port performs, specifically on quality, efficiency and physical performance measures. 
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[bookmark: _Toc482012160]Chapter 1 – Introduction
[bookmark: _Toc482012161]1.1 Background:

The port industry is a detrimental element in the transportation of goods across the world, fueling the consumeristic society we have become so dependent on. (Konings et.al, 2005). Acting as a key interface for international trade operations ports ultimately process over 91% of international trade annually (Stopford, 2009). Since the turn of the 20th century maritime experts have been fighting to keep up with the ever-evolving transport industry. The invention of Malcom Mclean’s twenty-foot equivalent unit (TEU) has revolutionized intermodal operations both shore side and seaside. The 21st century has seen economies of scale at an all-time high with the size of ships constantly increasing, liner trades now operate from specialized port terminals designed to increase port efficiencies and reduce turnaround time (TT). 
Over the last decade demand for international trade has increased causing ships to continually grow increase port tonnage respectively. It is for this reason ports have been forced to change tactics and invest in new radical remote systems to maintain a position in this volatile market. The most radical of technological innovations to date that lies within the port and maritime industry is automation, a highly favorable prospect amongst port operators less so by seafarers however one which many envisage as the future of port operations. Western Europe accommodates some of the world’s first automated port operations, by Incorporating automation with conventional human operations ports hope costs shall be cut, turnaround time lowered and port attractiveness raised. 
However, will port automation simply work adjacent to human operation or is the future a fully automated terminal. This project aims to investigate how port automated systems impact on Western European port performance. The report shall be ordered around the three key objectives as follows; a literature review to introduce and examine the different types of port automated systems and equipment available. The paper shall critically analyze the relationship between port automated systems and port performances within a selected sample of ports located in Western Europe leading to an evaluation of the effectiveness of implementing port automation to aid port profitability and growth. These objectives shall create an in-depth and informed paper on how port automation has and could impact upon a ports performance using both primary and secondary data sources to produce a balanced outcome. 
[bookmark: _Toc482012162]1.2 Aim and Objectives:
[bookmark: _Toc482012163]1.2.1 Aim:

Aim: To Investigate how port automated systems impacts on performance.
[bookmark: _Toc482012164]1.2.2. Objectives:
To examine different types of port automated systems and equipment.
To critically analyze the relationship between port automated services and port performance in western European ports. 
To evaluate the effectiveness of implementing port automation to aid profitability and growth of selected ports.
[bookmark: _Toc482012165]1.3 Methodology Brief: 

The nature of this research project is to carry out an analysis of the impact of Automation on Western European ports, with the intention of providing a balanced argument of the ways automation impacts upon a ports operation with focus on port performance. Primary data shall be carried out in the form of semi-structured interviews collecting data from a sample of selected port managers located in Western Europe.  The interviewees shall be asked questions about the relationship between automation and port performance fulfilling the requirements of objective two. All interview data shall be analyzed using content analysis followed by continuous data reduction analysis to present the outcomes of the investigation (Sekaran et al., 2013). 
[bookmark: _Toc482012166]1.4 Justification:

The purpose of this project is to analyze the impacts of automation on western European ports, the study shall cover all port types from bulk to container. This is necessary as proven in chapter two, most investigative study on port automation focusses on container ports and terminals. As ports constantly grow the demand for automation is increasing, in 2016 western European ports processed 932 million tons of cargo, analysists forecast tonnage to increase 0.6% by 2017 (EuroStat, 2016). As port tonnage increases ports are growing, larger ports require higher levels of efficiency, it is for this reason automation is dominating port operations of the 21st century (IMO, 2016), however port managers must be aware of the impacts automation shall yield upon the port and its performance. The project shall supply port managers with an indicative view of the impacts port automation has on performance, profitability and the future growth of the port. 
[bookmark: _Toc482012167]1.5 Research Structure and Limitations:

[bookmark: _Toc482012168]1.5.1 Research Structure:

The structure of this project is as follows; Chapter 1 introduces the study with background, aims and objectives, methodology brief and limitations. Chapter 2 formulates a literature review executing objective one in addition to summarizing reliability of data. Chapter 3 examines the project methodological theory and proposed strategy to succeed in meeting the aim and objectives of the study, Chapter 4 presents the findings of the analysis and discusses how the findings meet the aim and objectives of the project. Chapter 5 is the final section of the dissertation, here suggestions for future work shall be presented in addition to summarizing how the findings achieve the aim and objectives set out for the project. 
[bookmark: _Toc482012169]1.5.2 Limitations Summarized:

The project has numerous limitations. Firstly, the research only covers the impacts of automation in western European ports due to the short timescales in place restricting the project to hold a wider scope. Secondly port automation is widely researched regarding container terminal operation, however this project aims to cover impacts of automation across all fields of operation thus creating issues in sourcing literature containing details on specific types of automation. It is for this reason that automation companies have had to be used, in doing so bias over what product is more desirable is likely thus negatively affecting the reliability of the text. 

















[bookmark: _Toc482012170]Chapter 2 - Literature Review 

[bookmark: _Toc482012171]2.1 Introduction: 

The literature used for this research shall be examined in this chapter with the purpose of fulfilling the project’s initial objective. The review shall span three key areas that are detrimental to the project study. Firstly, a detailed examination of the development of automation technology shall be carried out, specifically exploring the key types of automation that can be employed to aid in container, wet and dry bulk and port management operations. Automation is commonly associated with container port/terminal operations due to numerous ports such as Rotterdam, Hamburg and London Gateway providing fully automated terminals with profound results in swift TT and loading/discharge efficiencies (Ducruet et al., 2014). 
However, when carrying out research about automation within sea ports, there is little evidence of the use of automotive technologies within bulk operations or administration and management, the literature review in this section shall explore the various types of automation being developed and employed across multiport operations. Section two will investigate the installation of automation technologies in Western European Ports, the front runners and developers of port automation. Western Europe holds world leaders in the form of port innovation and technology development, with the first fully automated terminal being opened in 2014 by APM Terminals (Rotterdam, 2017). 
Port operators are constantly seeking ways to optimize and utilize space and efficiency, the constant development of port automated systems is causing more port managers to choose remote and automated operations over slower manual operations (Nijkamp et al., 2005). The 5 ports selected to be examined in this project shall be introduced in this section these being; Hamburg, Rotterdam, London Gateway, Felixstowe and Liverpool. Finally, a summary of the literature shall be made detailing reliability of sources and information, the outcomes of the review and its limitations. 

[bookmark: _Toc482012172]2.2 Automation Technology Development:   

One of the greatest autonomous technological breakthroughs in the transport was autopilot for aircraft during the build up to world war two, built upon algorithms and electronics comparable to those used in more advanced aircraft today. Billings, (1991) mentions how Autopilot has become a global success within the aviation and maritime industry, due to holding a proven historical record increasing the safety of both aircraft and maritime vessels, operationally and socially allowing pilots and crew rest during long journeys. Automation can be defined as ‘the removal of human interaction’ in carrying out a task (María et al., 2014), replacing the human components with computer systems e.g. robots or information platforms which can store, organize and manage operational interchanges. For example, car production, once a manual affair involving numerous workers is now fully automated using far lower highly trained technicians to ensure operations are safe and efficient.
The key factor that drives autonomous technology to succeed is gaining trust from its users, Merritt et al., (2008) suggests that the widespread use of automated technologies is due to a unique relationship between the machine and user. The findings prove that automated technologies become successful through developing a history-based trust relationship between the system and the user, history-based trust represents trust built upon a positive history of the machine’s proven performance thus any errors or issues shall damage this trust casting doubt on any decision to employ the system at all. Furthermore Lee, (2008) discusses the ‘misuses, abuse and disuses’ humans have begun to develop over automated technologies. The journal investigates the various impacts automation has had on society with focus on humans placing large responsibility and trust on automated machines without developing their understanding of the technology through specific training. This alternative perspective sheds new light on reliance of history based trust and automated machines, both Merritt et al., (2008) and Lee, (2008) have agreeance that trust is crucial, it is evident from both papers that user training and knowledge is detrimental for safe and successful implantation of any automated machine or system. 
Health and safety and personnel training are two vital investments made by any port or terminal. Due to the nature of the industry, port operations are extremely dangerous with many accidents proving fatal, thus port automation is a new and auspicious option to significantly reduce any risk of incident across all port operations Port automation systems may be implemented as big data management systems cutting out human operation duties within management and administration. A port may choose to partially automate its operations as this is the most sustainable and efficient strategy, moreover Kiani et al., (2006) provides a valid argument that a port should not employ unnecessary systems that shall not directly affect performance or increase attractiveness over competitors, thus becoming an unproductive investment which could reverse the intentions of the initial investment. 
[bookmark: _Toc482012173]2.2.1 Types of Port Automation:

Port automation has been deployed in many container terminals globally however automation is gradually sifting its way into day to day running of operations such as bulk and general cargo. Automation may be deployed across a port network from the foreshore to hinterland controlled by a Terminal Operating System (TOS), alternatively port managers may choose to allocate certain operations specific automated systems to aid operation efficiency. The following shall examine key automation equipment and technology options for a range of port operations drawn upon a range of information sources. 
[bookmark: _Toc482012174]2.2.2 Optical Charter Recognition: 

Gate Optical Charter Recognition portals and OCR Cranes are two automated systems created by ‘CERTUS’ that have revolutionized the efficiency of securely identifying, loading tracking and storing containers from truck to quayside. Drivers simply drive into a designated OCR Portal space as the vehicle arrives at the terminal gate scanners have automatically identified the truck, its cargo using its RFID chip to provide the cargo manifest details and details of the vehicles size and formation. The information is then sent to the crane which using the information provided and the position of the truck shall collect the container and to the nearest available storage yard spreader which will collect the container and automatically deposit it in the correct storage for quayside operation (CERTUS, 2017). Automated OCR cranes are also used in quayside operations using remote control technology a crane operator can be sat in a control room away from the key and use television cameras to load a vessel. 
[bookmark: _Toc482012175]2.2.3 Terminal Operating System:

Terminal Operating Systems are crucial in managing port automation systems, TOS acts as a ‘big data’ organization platform in which key operating data and information is stored for all port systems (Kannoth, 2014). TOS automatically sorts the data increasing a ports ability to process cargo information for example, this form of information platform can also be programmed to store all algorithms for automatic systems such as OCR portals, cranes and Automated Guided Vehicle operation sequences.  
TOS are multipurpose flexible systems that can be employed in numerous types of port not only container terminals, automated bulk conveyor belt dischargers and automated rail systems can be controlled using variations. Figure 1, demonstrates the processes covered by TOS terminal management, proving that TOS acts as an E-manager running all aspects of port operation remotely. Port managers use TOS to increase port agility and sustainability in addition to cutting overhead costs by replacing managers with the system, this decision is not taken lightly, managers must weigh up all impacts before investing in TOS (Navis, 2016). 





[bookmark: _Toc481489458][bookmark: _Toc482010570]

[image: User-added image]Figure 1: Navis N4 Automated Terminal Operating System 
Source: (Navis, 2016)

[bookmark: _Toc482012176]2.2.4 Radio Frequency Identification & Position Detection System: 

Radio frequency identification (RFID) as described by Mangan et al., (2016) is a cargo identification system used to track containers remotely using microchip and barcoding technology. Containers are issued an RFID barcode, this contains the cargo manifest information, the cargoes destination, and buyer and seller information. Rodrigue et al., (2013) describes RFID technology as revolutionary as it has allowed container tracking to evolve and be implemeneted across all ports, increasing safe working practice of ports and hinterland operations in addition to increasing container handling efficiency. This information is retrieved upon arrival at the port via position detection systems (PDS) position detection systems are employed across the port vicinity to track all container cargoes, RFID provides the PDS with information about the cargo which can determine where to store the cargo within the port. As ports become automated PDS systems are being updated constantly, resulting in automated container identification systems which ultimately use information from the original PDS system and RFID issuing a container profile which is stored on the TOS while the container is within the port premises (Navis, 2016).  
[bookmark: _Toc482012177]2.2.5 Automated Guided Vehicles & Automated Lifting Vehicles:

Automated Guided Vehicles and Automated Lifting Vehicles (AVL’s) are horizontal transportation vehicles designed to carry TEU’s from ship to storage yard using high tech robotics using high powered electric motors. AGV’s are made up of a motorized low bed chassis which uses laser guiding technology programmed into the vehicle’s operating system in addition to TOS feeding the vehicle with cargo storage information, Gunther et al., (2005) disscusses this form of automation in depth detailing that AGV technology increases a ports sustainability and green operations which in turn impacts upon a ports overall performance. ALV’s are an automated version of manual straddle carriers (SC’s) they are powered by electric motors and follow a guidance system like AGV’s. Duinkerken et al, (2006) reports the use of ALV’s in a multimodal transport system within a port which increases container yard efficiency due to removing the likelihood of human error. Meel et al., (N.D)’s investigation reveals that although the prospect of ALV operations within a container yard is theoretically more efficient realistically the technology is not as reliable and thus less trusted posing a greater financial risk to a ports operation than reliable well researched AGV systems used in numerous ports globally. 
[bookmark: _Toc482012178]2.3 Automation in Western Europe: 

When researching, literature surrounding port automation in Western Europe numerous journals highlight the automated activities practiced in the Port of Rotterdam, specifically APM Terminal and Europe Container Terminals (ECT) located in the latest Maasvlakte 2 development (Duinkerken et al., 2006). APM terminals is one the first to install a fully automated system using TOS technology incorporated with remote crane and automated rail operations. The Port of Rotterdam is the 15th largest port in the world and the largest container port in Europe, the automation of Maasvlakte 2 expects to yield higher profits and increase attractiveness due to greater efficiency and positive port performance statistics (Rotterdam, 2017). In the United Kingdom, the port of Felixstowe and London Gateway are two examples of where automation has been installed to operate adjacent to manual operations. Many journal articles following the installment of TOS in ports point to five major ports located in Western Europe namely; Antwerp, Felixstowe, London Gateway, Hamburg and Rotterdam however several smaller ports have also mentioned to have or plan to use TOS and OCR systems.
[bookmark: _Toc482012179]2.3.1 Port of Hamburg: 

The Port of Hamburg can be found on the North-West coast of Germany on the River Elbe, the port plays a key role in maintaining European economic stability with nearly all imports and exports for Germany passing through one of its operations. Furthermore, Hamburg is the 18th largest most flexible universal ports in the world (HHLA, 2017). The port provides services for all maritime operations from liner to bulk and leisure, HHLA (2017) states that the port has 300 berths, 43km of quayside and four state of the art automated terminals in addition to trials of automated dry bulk terminal equipment to increase performance. The port of Hamburg is renowned for its technological developments to provide efficient green port operations. Ferretti et al., (2015) describe the port of Hamburg as a key node in the European port system, their research reveals that the Hamburg is a center of excellence in intelligent information technology systems, specifically autonomous operation systems and equipment such as the fully automated bulk terminal Hansaport opened in 2016. 
[bookmark: _Toc482012180]2.3.2 Port of Rotterdam: 

The Port of Rotterdam is the 15th largest container port in the world, located on the south west coast of Holland and has in the words of John Bishop, (2000) ‘developed into a center’ for intelligent transport systems research working closely with Hamburg to provide unrivalled autonomous terminals. Rotterdam Port Authority, (2017) states it provides 74km of quayside with a total cargo throughput of 321million tons per year. Over the last 7 years the port has expanded creating two of the world’s largest container terminals namely Maasvlakte 1&2 providing an added output of over 120million tons per annum. Maasvlakte are the first fully automated container terminals in the world operated by APM Terminals and European Container Terminal (ECT). WIŚNICKI et al., (2017) describes the port of Rotterdam as one of Europe’s most advanced smart port’s, he discusses the efficiency of the port commenting on its green operations using electric AGV’s and agile terminal operations with state of the art TOS explained earlier in this chapter. 
[bookmark: _Toc482012181]2.3.3 London Gateway: 

London gateway is located on the river Thames estuary in Thurrock Essex, the port is run and owned by DP World and is the UK’s second largest container ports with Felixstowe being the largest. London gateway employs partial automation within its terminal operations with automated lifting vehicles and guided vehicles to aid in quayside and hinterland operations in addition to automated gantry cranes (Gateway, 2017). Gateway employs a Navis N4 terminal operating system to manage its automated vehicles in addition to its PDS and OCR systems installed to increase port security. Rowlatt, (2013) reports that London Gateway is a key economic asset to the UK port industry with £2.4 billion being injected into the economy annually. However, the port is also under scrutiny for its use of automation, the report suggests that installing automated vehicles ‘sucks out’ local employment, this is an issue which shall be further examined in chapter four of this project. 
[bookmark: _Toc482012182]2.3.4 Port of Felixstowe:

The Port of Felixstowe is the UK’s flagship container and feeder services port, with an annual throughput of 4 Million tons of cargo per year. The port is located on the east coast of Suffolk accessing all north European routes in addition to sharing international liner services with Rotterdam and Hamburg (Felixstowe, 2017). Felixstowe is owned and operated by Hutchinson Ports Limited, an international company based in Japan, as documented by Asteris et al., (2010) the port opened in 1875 and has since evolved into one of the busiest deep water terminals in the world, however the port is now facing pressures to automate its operations to reduce labor costs and increase efficiency. Felixstowe is the only port in the sample of five selected that is not actively employing automated equipment in any of its operations, however as predicted by Baird, (1999) the port of Felixstowe is bestowing international pressure to tighten operations and increase efficiency using intelligent information systems such as automated vehicles. Felixstowe H. P., (2017) states it has employed automation in the form of TOS and OCR/PDS and RFID as this is standard for modern container terminals, the port has also acquired OCR Crane aids to reduce stress of its workers and is considering employing AGV’s despite worker’s union protests. 
[bookmark: _Toc482012183]2.3.5 Port of Liverpool: 

The Port of Liverpool can be found on the North-West coast of England. Liverpool is the UK’s gateway for transatlantic liner and tramp services in addition to the port fast becoming a popular cruise destination. Peel Ports Group (2017) describes the Port of Liverpool as ‘one of the largest, busiest and diverse ports in the UK’, Liverpool is also a transshipment hub accommodating small feeder services which operate on the Manchester Ship canal, which under supervision from Peel Ports has reopened to commercial traffic. A report by Bury et al., (2016) investigating the infrastructure of North west ports and their impacts on sustainability, the Port of Liverpool’s most recent development is brought to light. Liverpool two is the ports £400 million container terminal which opened in 2014, it is to employ Navis and Kalamar automated guided vehicles, OCR and PDS systems in addition to employing state of the art terminal operating systems capable of maintaining the systems to reduce labor costs (Peel Ports, 2017). 
[bookmark: _Toc482012184]2.4 Usefulness of the Literature:

The secondary data used as the basis of this academic literature review is useful in addressing the objectives of the research. The various types of data reviewed are useful in examining current and upcoming automation technologies within the port sector, the information provided is helpful in gaining a greater understanding as to what autonomous operations are and how they have revolutionized the transport and logistics industry. The key types of port automation systems have been highlighted and discussed in great success detailing the purpose of the system or equipment in addition to providing active examples of where the systems are being used. Furthermore, the data reviewed introduces the project’s five key ports for investigation which shall aid collection of primary data through semi-structured interviews addressed in the next chapter. The secondary data has however outlined some limitations to the project namely the availability of sensitive information over the efficiency of some automated systems which could impact upon the success of primary data collection later in the project. In this scenario more journals, port reports and non-governmental statistics shall be collected and analyzed to ensure the successful fulfilment of the dissertations aim and objectives.

[bookmark: _Toc482012185]Chapter 3 – Methodology
[bookmark: _Toc482012186] 3.1. Introduction: 

The following chapter states the projects methodology, examining the research theory and philosophy that this project has been based upon. Furthermore, the chapter introduces the research design, sampling and data collection methods in addition to detailing the methods of data analysis that were chosen for the project. Finally, a detailed discussion of the limitations and challenges acknowledged while carrying out the project shall conclude this section. 
[bookmark: _Toc482012187]3.2. Research philosophy & Approach:

Research Philosophy is extremely important in understanding the nature of a research project, identifying your assumptions and strategy is key for the success of any project. There are four main philosophies which researchers often choose between, these are Positivist, Pragmatist, Realist and Interpretivism. These four philosophies are defined by the various ways data is sourced, analyzed and presented (Lewis et al., 2009).
A Positivist research approach is only interested in collecting the facts on the subject matter, often collecting quantitative data based on human experiences rather than personal perspective or experience. Positivism follows a deductive approach to research thus following a predetermined hypothesis to which the experiment or project aims to prove true or false. Pragmatist research realizes that no one answer can be the correct one, thus numerous results are collected to find the answer. Pragmatic research follows a mix of inductive and deductive research to prove their assumptions correct or incorrect, this form of research is not common with dissertation research due to the time scales needed (Lewis et al., 2009). 
Realist research is a more complicated affair, with two forms of this philosophy meaning a project can view the subject matter via two lenses, the first is direct realism described by Lewis et al., (2009) as ‘what you see, is what you get’ which in other words is how a human would see it through their own eyes. The second lens of realist is critical realism, this version of the original philosophy see’s the illusion side of the world, a twisted version of reality. Instead of using hypotheses to decide the truth they analyze the reality of the subject matter. 
Finally, Interpretivism researchers use the experiences and perspectives of individuals to shine light on the project’s aims and objectives. Interpretivism uses an inductive approach which is concerned with generating new ideas on a subject. This form of research approach adopts qualitative data collection practice collecting the perspectives of individuals from both primary and secondary data before analyzing them for trends and themes to help support a new theory and idea.
The research philosophy selected for the project, under Collis et al., (2014) the process of identifying any philosophy within a research context must follow four key stages, firstly it must support the purpose of the project, follow the appropriate data collection methods in addition to keeping with the logic of the project, finally the philosophy should support and agree with the outcomes of the data. In keeping with this process, the project shall follow the social research approach of ethnography philosophy. 
Ethnographic research ‘seeks to access and emphasize upon the experiences and perspectives of organizational members’ (Jackson et al., 2012). Ethnography is thus rendered adapt for this study as the purpose of the data is to follow pure research thus seeking to broaden existing knowledge and perspectives through ‘An analysis of the impacts of automation on Western European ports’. Furthermore, the proposed data collection methods which can be found in greater detail in the forthcoming sections, shall endeavor to gather qualitative data which is supported by the ethnography approach philosophy due to the collection of perspectives and opinions on the subject matter. In addition to following an ethnographic research approach the project shall also follow views of the Interpretivism which contrary to popular argument can operate under ethnography this is known as interpretive ethnography. 
Lewis et al., (2009) describes the Interpretivism as one that seeks to understand the subjective reality of the subject, both Ethnography and Interpretivism philosophies fall under the collection of inductive research as shown in Saunders Research Onion in figure 2 below. The onion proves that Collis et al., (2014)’s four stage process has led to the correct research approach, inductive research constitutes of the formulation of new theories within the data (Lewis et al., 2009), in the case of this dissertation that is the potential for results to reveal port automation either positively or negatively affects port performance, profitability and growth.
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[bookmark: _Toc481489459][bookmark: _Toc482010571]Figure 2: Research ‘Onion’
Source: (Lewis et al., 2008)

Furthermore Saunders ‘Onion’ demonstrates that the layers covered by the selected research approach allows for multi-method data analysis, this is a key positive of using the onion as a method of selecting a research approach methodology. In addition to allowing multi-method analysis and collection techniques using interpretive ethnography shall allow for the potential eventuality that primary data collected due to the short time constraints of this project, thus archival research is plausible under the chosen approach allowing for secondary qualitative analysis to take place as seen in section three of this chapter. 
[bookmark: _Toc482012188]3.3 Sampling Methods:

For data to be collected and analyzed a sample of ports within Western Europe must be created, after extensive research the chosen sampling method for this project is ‘Area Cluster’ Sampling. In using this method of sampling ports can be grouped using a series of criteria, for this study these shall be the size, type of operation and the use of automated systems. Following this grouping exercise, a list of 10 ports was compiled, using cluster sampling the number of ports was reduced to five key ports, the criteria for cancelling out ports was as follows; Does the port employ or plan to employ automated systems? Does the port offer a range of operations which are or can be automated? Is there enough data available on this port for secondary data analysis to carry out? These three questions led to the five-port sample to include, the ports of Rotterdam, Hamburg, Felixstowe, Liverpool and London Gateway. Area cluster sampling has been chosen as it is most useful when gathering data from a large region or collection of countries such as Western Europe (Sekaran et. al., 2013). 
[bookmark: _Toc482012189]3.4 Data Collection:

[bookmark: _Toc482012190]3.4.1 Qualitative Data Collection:

The data to be collected shall be qualitative and shall be gathered via semi structured face to face interviews. Qualitative data collection looks to gather the opinions of those involved rather than to collect statistical data used in quantitative data collection, qualitative data is the collection of natural and language data in the words of Jackson et al., (2012). There are numerous methods of qualitative primary data collection could be used if this project was continued or repeated, participant observation or focus groups could provide a greater insight into the true views and perspectives of participants. These methods do however have negatives such as participants may act differently under observation to how they feel, focus groups are wrought with challenge as participants often wish to have an incentive to participate which can be costly, and furthermore time constraints can often place the potential for focus groups in jeopardy (Lewis et al., 2009).  
[bookmark: _Toc482012191]3.4.2 Interviews and Ethical Practice: 

Face to face semi structured interviews were selected as the best qualitative primary data collection method to fulfil the set aim and objectives of this study, furthermore the collection of personal views and opinions would provide invaluable knowledge and perspective on the subject matter. The structure of the interview questions was carefully chosen, a semi structured approach was employed to create professional uniformity across all 5 sample ports. In addition, semi structuring the questions allowed for subtle prompts to be woven into the questions, this is a common method researcher’s use in this type of interview as it provides direction for both the interviewer and interviewee. 
Semi structured open questions were constructed to provide viable evidence to achieve objective two and three, open questions allow the interviewee to give their own perspectives and experiences rather than be restricted to choose a predetermined answer (Lewis et al., 2009). Thus, allowing managers to give detailed, uncontrolled answers which would have provided key themes to be extracted during analysis of the transcripts. The questions created can be found in appendix one, the design and purpose of the interviews was to gain firsthand knowledge on the impacts port automation have on a ports operation, profitability, growth and performance. 
[bookmark: _Toc482012192]3.4.3 Secondary Data:

Due to tight time constraints, primary data collection was not carried out, this was caused by no response from any of the sample ports and outlines the negatives of using the primary data collection technique of face to face interviews. For this reason, a ‘plan B’ data collection method has been selected to fulfil the aims and objectives of the project. Secondary data in the form of port reports, financial reviews and journal articles detailing active impacts of automation shall be shall be collected and analyzed for similar themes and correlations in data covering the two objectives. The results gathered from the secondary data have drawn upon trends and themes gauged from port reports written by managers and port officials, table two displayed below has been created to display the secondary data collected, this data has been analyzed to find themes and trends within the data that contribute to the achievement of the aims and objectives of the project. 
[bookmark: _Toc482010642]Table 1: Presentation of Secondary Data
Source: (Authors own)
	Port Name:
	Secondary Data Source:

	Port of Rotterdam
	Port of Rotterdam Half Yearly Review. Source: (Rotterdam, 2016)
Building a Sustainable Future, highlights of the annual review. Source: (Rotterdam, 2016)
‘Welcome to FutureLand’ Source: (Sanz, 2016)
Terminal Automation:  Key Questions Answered. Source: (Saanen, 2016)
Port Automation Puts Labor on Notice. Source: (Keefe, 2015)

	Port of Hamburg
	Port Automation Puts Labor on Notice. Source: (Keefe, 2015)
Benchmarking deep-sea port performance in the Hamburg-Le Havre range. Source: (Dekker et al, 2016)
Digital Port. Source: (Mattem et al., 2016)
Working in The Port. Source: (Hamburg, 2017)
Hamburg Sustainability Report. Source: (Titzrath, 2016)

	Port of Felixstowe
	Future Development to Ensure We Meet Your Needs Best.
Source: (Felixstowe, 2017)
Ship2Shore Ngen Recipe. Source: (Hutchinson Ports Ltd, 2015)
Port Automation Puts Labor on Notice. Source: (Keefe, 2015)
Hubs of the future:  An integrated mobility network for passengers and freight. Source: (Siemens, 2017)

	Port of Liverpool
	Port Automation Puts Labor on Notice. Source: (Keefe, 2015)
The impact of transport infrastructure projects on sustainable development within a major logistics gateway in North West England. 
Source: (Paraskevadkis et al., 2016)
Port Automation: Friend or Foe? Source: (Staff, 2016)

	London Gateway
	Port Automation Puts Labor on Notice. Source: (Keefe, 2015)
London Gateway Port Terminal, United Kingdom. Source: (Ship Technology, 2016)
DP World Begin London Gateway Phase Two. Source:(Port Technology, 2016)
The automated backbone of DP World London Gateway.
Source: (Kalamar, 2016) 


[bookmark: _Toc482012193]3.4.4 Ethical Practice:

It must be mentioned that all questions were constructed following ethical guidelines provided by the university, interviewees were given the option of remaining anonymous or to refuse to disclose confidential information which may cause infringement of their policy or security. 
[bookmark: _Toc482012194]3.4 Methods of Analysis and Presentation of Results: 

Two key data analysis methods shall be employed throughout the project, they are content and thematic analysis. Content analysis is one method researcher’s use when analyzing qualitative data, this method falls under the bracket of natural language analysis according to Jackson et al., (2012). Content analysis is one of two methods under this bracket, the other being grounded analysis which was not a plausible option for a dissertation project due to the extensive time scales needed to gather and analyze data effectively. Table one presents a comparison of the two methods from Jackson et al., (2012)’s book on business management research.  
[bookmark: _Toc482010643]Table 2: Content Vs Grounded Analysis Methods
Source: (Jackson et al., 2012)
	Content Analysis:
	Grounded Analysis:

	· Searching for content to prove a prior hypothesis
· Casually linked variables 
· Deductive
· Objective Subjective 
· The project aims to bring clarity and unity to the subject matter
	· Understanding of context and time 
· Holistic associations 
· Data gathered from respondents is faithful and not challenged
· Results of the study preserve ambiguity and contradiction of opinions



After secondary data collection was carried out, the data was scrutinized using the chosen analysis methods (content and thematic), the text was then scanned for recurring trends, themes and patterns that surfaced across all data collected. The patterns uncovered were then recorded and presented, the data presented covered three main topics drawn from the objectives, analyzing the relationship between port automated services and port performance in Western European ports in addition to evaluating the effectiveness of implementing these systems to aid profitability and growth of the ports in the sample. 
Thematic analysis was used to uncover various individual perspectives from members of each organization, although this was more difficult to conduct under the secondary data collection method, data was produced using port reports and reviews by port officials and journal articles. Content analysis results were presented by rounding up all patterns and trends gathered from the information analyzed, this data was then condensed and presented as a collective result examining and discussing each impact across the 5 ports before summing up the data which can be found in chapter 5 of the project. 















[bookmark: _Toc482012195]Chapter 4 – Findings and Discussion

4.0 Introduction: 

As discussed in chapter one and two the main issues in understanding how automation impacts upon the way a port performs has never been addressed, it is in this chapter that the impacts have been realized through thematic and content analysis of the impacts of automated systems on performance using secondary data gathered from the five ports specified in the latter sections of chapter one. To understand how the impacts discovered through the analysis of common themes and trends have on performance, one must first introduce the concept of port performance. The following chapter has been divided into three main sections, firstly a detailed introduction of port performance and a brief overview of the key elements that dictate how performance is measured has been conducted. To fully ascertain the impact of automation on performance the research analysis has yielded themes and trends which naturally group together. Using the criteria for port performance an in-depth discussion of how the key groups revealed in the findings impact upon port performance. The chapter concludes with an evaluation of the project and future study recommendations. 
[bookmark: _Toc482012196]4.1 Port Performance: 

Ports act as an interface between land and sea, their role is simply to provide a secure safe area for vessels and cargo in addition to providing inland transportation for ongoing cargoes. Thus, ports are service providers like for example a rail company providing a service to passengers and goods. All service providers must follow standards agreed and set out by both government and the service organizations. Ports also follow this structure more so than other service providers due to their international links and importance. The International Maritime Organization is the governing body of all maritime regulations, it is here that the concept of port performance was born to set a standard way for ports to be ranked and allow managers to calculate how productive operations are (Monie, 1987). 
Port Performance is a world-renowned measure of operational productivity, port managers use a variety of performance indicators to cover all areas that impact upon productivity and efficiency these include; vessel turnaround time, cargo throughput, efficiency of cargo handling and cargo storage, cost efficiency of investments and port security. Port performance indicators can be split into three specific types of performance, these are physical, quality and financial performance (ICS, 2015). 
[bookmark: _Toc482012197]4.1.1 Physical Performance: 

Physical performance indicators are crucial in measuring the productivity of a port, physical indicators aim to measure the output of existing assets and facilities within the port. Physical performance indicators cover all aspects of terminal operation, managers pay specific attention on monitoring berth performance, cargo throughput and ship tonnage. (Fourgeaud, 2000). 
[bookmark: _Toc482012198]4.1.1.2 Berth Performance Indicators:

Berth performance is a core element examined when determining the physical performance of a port. Berth Performance indicators are vital in evaluating the productivity level a port is operating at, berth performance investigates the number of vessels that have visited a specific terminal over a selected period, it also examines the time it takes for a ship to be serviced e.g. loaded and unloaded and made ready for departure (Monie, 1987). Measurement of these elements ultimately produces the turnaround time of vessels. Turnaround time is a vital determinant of how a port is performing, if vessels spend long periods of time in port it not only proves financially unsustainable for the port operator but also costs the customer more in port dues which may discourage them from using the port for future consignments (Fourgeaud, 2000).  
[bookmark: _Toc482012199]4.1.1.3 Cargo Handling Operations Performance Indicators:

Another critical indicator that is used to determine port performance is the assessment of the efficiency of cargo handling operations. The key elements associated with cargo handling are the assessment of ship to shore equipment, yard transfer equipment in addition to determining how effective the management of labor is. In a growing world of digitization port managers are specifically concerned with the management of labor throughout the port, this shall be further discussed later in the chapter. Like with measuring berth allocation performance ship output is measured over a predetermined period, this covers the amounts of cargo handled by each terminal in addition to the total number of hours worked. This measurement allows managers to ascertain the efficiency of the port workforce, if performance is low and turnaround time is also low management may seek a more radical approach to ensure maximum productivity for example updating handling equipment to semi or fully automatic (Keefe, 2015). 
Handling operation performance indicators also use the measurement of ‘gang output’ to determine the effectiveness of the work force, this measurement looks at the efficiency of stevedore teams. However, managers must consider the type of cargo handled in each terminal it is assessing as for example break bulk stevedore productivity will be lower than that of container operations due to the nature of the cargo. Another indicator that is also associated with handling operation is terminal utilization, this concern how well the space is used. A terminal that does not utilize its space shall lose revenue, utilization measurements can be used by port managers to assess how effectively handling equipment, terminal space and manpower is being managed. Such information allows managers to address any issues of this matter to ensure the port is meeting its performance targets and stay on track with other competitors (ICS, 2015). 
[bookmark: _Toc482012200]4.1.1.4 Storage Operations Performance Indicators:

Storage operation performance indicators are used to gauge the average amount of time cargo is stored at the port, this could be in the form of a container yard, warehouse or hinterland storage site (ICS, 2015). Storage facilities for cargoes have their own costs attached which affect both the port operator and port users, such costs include initial capital outlay which is comprised of the purchase of fixed assets such as safety equipment in a warehouse or a straddle carrier to transport containers in the storage yard. Initial capital outlay costs also bear further depreciation costs and often place small debts upon the ports finances, it is for this reason that the monitoring of how long cargo is stored is carried out. The length cargo is held affects the available capacity of the port which could cause problems with other operations such as lengthening turnaround time due to overflow storage being used. The more transit space available the better it is as cargo can flow smoothly and efficiently from ship to shore and from shore to hinterland etc. ultimately reducing the likelihood of cargo congestion. Maintenance and operational costs are also factors that must be measured when looking at storage productivity and performance, these costs should be combatted via port dues paid for by the customer, however if congestion in any part of the port supply chain occurs such costs may not be covered by the port dues and thus placing storage operations in the red for profits and causing the service to be unproductive and potentially damaging for other areas of port operation (Fourgeaud, 2000) . 
[bookmark: _Toc482012201]4.1.2 Quality of Service Performance Indicators:

As aforementioned in this chapter a port’s purpose is to provide a service for its clients and users, therefore it is detrimental service quality is maintained to a high standard as this not only attracts more clients to the port but also provides piece of mind for those that work within the port as a highly performing port is less likely to need to lay off staff due to financial problems (Monie, 1987). Quality of service performance indicators use data provided from various other indicator measurements such as the time cargo is stored, turnaround time of vessels and cargo and waiting time for those ships lain at anchorage outside the port. Working hours are also examined to ensure the port is in keeping with labor regulations and wage boundaries, as any slip ups in this department could impact upon a ports global image (ICS, 2015). 
[bookmark: _Toc482012202]4.1.3 Financial Performance indicators:

Financial performance indicators look at how well a port is operating financially for example are port dues covering costs of operation etc. physical indicators also investigate total port throughput statistics these stats are then compared with past years to gauge whether the port is in a growth period or has peaked and is plateauing. If a port is underperforming physically managers must addresses the issues swiftly and affectively, one method of doing this is to invest in new technologies to improve productivity this could take the form of introducing a new management system or to digitize a terminal. 
[bookmark: _Toc482012203]4.2 Findings & Discussion: 

Following an extensive content/thematic analysis of the 17 secondary data sources collected, 14 common recurring themes have emerged many of which over lap and support one another, this demonstrates that the impacts found in one port are often also found in many other ports aiding in the understanding of how automation impacts upon port performances. Furthermore 9 common recurring trends have been extracted from the data, the trends uncovered reveal stark similarities to the trending themes presented in the data. 
[bookmark: _Toc482010644]Table 3: Thematic / Content Analysis Results 
Source: (Authors own)
	Common Themes 
	Common Trends

	· Energy Transition & Digitalization 1
· Sustainable Operations. 1
· Faster operations, increased throughput. 1
· TOS provides internal growth for ports. 1
· Big data reliance and trust in technology. 1 
· Labor management issues. 2
· Increased cost of skilled labor. 2
· Economies of scale. 1
· Full/semi automation are most effective. 1
· Volatile markets. 3 
· Slowing demand affecting port finances.3
· Focus on Integrating automated systems. 1/3
· Development of intermodal infrastructures. 3

	· Investment of R&D hinterland centers. 1
· Growing interest in customized TOS. 1
· Increased investment in intermodal infrastructure to utilize automated equipment. 3
· Regional education centers and academies. 1
· Increase in worker’s union activities. 2
· Rising pressure on ports to employ automation to combat increased competition. 1
· Change in labor management strategies. 2
· Worker relocation schemes. 2
· Greater focus on sustainable operations. 1
· Increase in ITS Installation 1



A total of 22 combined themes and trends were retrieved from the 17 sources of data which covered the 5 ports to which this study orbits these are Rotterdam, Hamburg, Felixstowe, London Gateway and Liverpool. The ports listed were selected due to their key involvement in the automation boom of Western Europe, the themes and trends illustrate that automation impacts across many areas of port operation.  
For the common themes and trends to be analyzed effectively groups were formed linking common themes and trends that follow a distinct train of thought and trends that overlap and contribute to these key areas. This method follows content analysis and is also a distinguished form of coding secondary data. Coding broke down the 14 common themes and 9 common trends into 3 core impacts automation has been identified to have upon the ports in question, evidence of this can be viewed in table three. 
The numbers 1-3 have been placed at the end of each stated theme or trend, each number was highlighted in 3 unique colors. The 3 core impacts identified were 1. Sustainability and Efficiency impacts, 2. Labor Management impacts, 3. Economic and Value added impacts. These impacts have been formed through an in-depth analysis into which topics overlap the most between both themes and trends, these overlaps demonstrate that ports have been impacted by the introduction of automated systems. The following shall examine these impacts further delving into port specific impacts to aid the achievement of the aim of the study to reveal whether port automation installations do indeed impact on the performance of port operations. 
[bookmark: _Toc482012204]4.3.1 Sustainability and Efficiency Impacts:

One of the most prominent impacts that port automation has brought upon port management and operations, is the provision of a sustainable reliable service that can achieve high efficiency targets without depleting other port resources such the need for additional labor or extended storage space. Rotterdam is one of two major western European ports that has stepped out of the box to develop state of the art sustainable port operations. In 2015, the port opened Maasvlakte 2, Europe’s largest container handling facility. APM Terminals the port division for international shipping company MAERSK won the tenancy for half of this development and has created the ‘world’s first fully automated terminal’ (Sanz, 2016). Since the opening of the terminal the port of Rotterdam has seen a fall in the amount of carbon dioxide being emitted via its container terminals, according to data collected from the Port of Rotterdam’s half yearly review for 2016/17, total Carbon emissions have decreased by 35% (Seimens, 2017). 
Many different data sources analyzed on the port of Rotterdam link this decrease to the employment of state of the art intelligent transport systems that have been uniquely engineered to emit zero carbon emissions whilst in operation. The vehicles under APM’s ITS are electric AGV, ALV and STSC’s. Figure four seen below, displays an image of APM’s electronic ITS vehicles used for both foreshore and hinterland operations. 
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[bookmark: _Toc482010572]

Figure 3: Maasvlakte 2. APM Terminal ITS Vehicles
Source: (Sanz, 2016)
Terminal Operating Systems were another popular theme and trend that was picked up across all ports investigated, both the port of Felixstowe, London Gateway, and Hamburg have experienced greater efficiency results post-employment of automated management technology. 
The port of Felixstowe has developed a unique TOS system called NGEN which stands for new generation port management. As pressure on the port increases due to external factors such as the political referendum of BREXIT and the increase in demand for containerized goods, the port has sought to develop all available land space. 
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[bookmark: _Toc482010573]Figure 4: Ngen Terminal Operating System
Source: (Hutchinson Ports, 2017)
However due to ownership rights the port has reached its limit for storage capability, the NGEN TOS system has been designed to run operations efficiently and sustainably with the need for physical port growth (Ship2Shore, 2017). Since the transfer of TOS platforms, the port has witnessed increased crane moves per hour from 27 CMPH to 40. NGEN does however have one major negative impact to which the port namely the redundancy of physical port planners as shown in figure 4 (Felixstowe, 2015). 
Port sustainability is not only a key issue for container port operations, the international dry bulk market has for the last 10 years been in decline, however in recent years’ demand for bulk products has risen. 
Bulk trade is one of the dirtiest unsustainable sectors in the shipping industry, it is also extremely difficult for operations to be sped up and managed at a sustainable efficiency level. The port of Hamburg has been directly impacted by automation in this sector following the creation of Clean Sweeper automated bulk loading and discharge technology. 
Clean Sweeper is a stark example of how automation can directly impact upon a ports efficiency and sustainability, Hansaport is the world’s first fully automated dry bulk facility, using automated conveyor belts, space age loading and discharging equipment that uses lasers to navigate vessel holds to ensure cargo is safely distributed. Not only has this technology provided sustainable bulk operations but it has also contributed to shortening bulk vessel turnaround times by 50% (Mattem et al., 2016). 
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[bookmark: _Toc482010574]
Figure 5: Clean sweeper Automated Bulk Gantry Crane
Source: (Kranunion, 2017)
Drawing upon these findings port automation technolgy directly impacts upon how efficiently a port operates and how sustainble operations are. Placing these impacts against the measurements taken to provide an accurate port performance score, one can see sustainability and efficiency imapacts affect the measurement of numeorus physical performance indicators in addition to quality indicators.
 Analysis of the data has provided sound evidence to suggest that automation technolgies directly impact upon these indicators in both a positive and negative manner. Installment of automation creates increasd throughput of cargo increasing total ship ton throughput percentages which in turn increase the productivity of the port. the impact of this not only affects the port users through the reduction of port dues but also increases the amount of cargo processd through the port thus increasing the profitatbility of the port. 
[bookmark: _Toc482012205]4.3.2  Labour Management Impacts:

When carrying out analysis of the impacts automation has on port operations, one of the most potent themes that kept recurring throughout the data were how automation has affected the way ports manage labor and workforce. The results have revealed strong overlap of themes and trends with automation having such a large impact that ports have created radical new labor management schemes which shall be mentioned later in this section. Across all five of the port samples labor impacts were most mentioned, naturally automation causes redundancies and a reduced workforce however it is highly important that managers carefully plan the transition process otherwise operations could be jeopardized. 
Two ports proved this to be correct, the port of Felixstowe has seen numerous union strikes over the past five years due to port workers feeling threatened by the potential for automation to replace them (Keefe, 2015).  Labor strikes have also affected the port of Rotterdam’s operations due to the installation of automated technologies, in 2015 port workers and longshoremen staged a 24-hour strike, the first in 13 years at the port placing all container operations on hold. 700 workers took to the picket line to protest new automated terminals, the unions specified that the physical threat of automation was not the issue, it was that management showed no regard for the 700 job losses (Hague, 2016). 
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[bookmark: _Toc482010575]Figure 6: Dock Workers on Strike outside Maasvlakte 2
Source: (Lampen, 2016)
The unions demanded port managers to rethink how they would integrate each automated system to provide some reassurance to workers that they would not be discarded like rubbish.  In response to the strike the port of Rotterdam set up new relocation schemes for workers increasing job security in addition to offering new training courses for high skilled workers to save on recruiting new employees (Rotterdam, 2017). 
The port of Rotterdam is an example of how automation has deeply impacted upon its workforce, increasing tensions between managers and unions. Moreover, the port of Rotterdam relies on the port region to provide business and future employees thus a strike could dissuade people from joining the port (Rotterdam, 2016). 
A striking work force does not bode well for a port to maintain a high quality of service, port workers and managers alike should stand on the same page and be informed of improvements as and when they arise. Strikes also impact on the efficiency of cargo operations which falls under another performance indicator, labor management is vital, if a workforce is not managed effectively then port operations could be jeopardized or hampered by continuous strikes and disagreements. One outlying result stems from the port of Liverpool, suggesting that port managers get over ambitious expecting automation to need a small task force when approximately 80-100 staff are required to ensure a smooth and effective transition (Staff, 2016). The port of Liverpool has approached this impact through outsourcing labor from automation consultants to reduce the likelihood of delays when glitches and technical problems occur. 
However, London gateway uses a different strategy, port workers from foreshore operations have been trained to maintain and fix any technical faults. This innovative scheme has allowed the port to save thousands on expensive outsourced employees, this type of scheme has increased union-manager relations in addition to increasing the standard of work provided by employees.  
After viewing many sources on how automations impact upon a port it is clear to see that port employment is like a family, built on history based trust of the organization. If trust is broken or severed for example due to plans to automate manual operations then that wound may take decades to heal. This is something future port managers must bear in mind, a common ground between workers and managers should be created allowing them to have their input into future developmental decisions to avoid large scale disruption and hefty financial payouts. 
[bookmark: _Toc482012206]4.3.3 Economic & Value Added impacts:

Financial port indicators as mentioned earlier in this chapter are vital for determining how well a port is operating and how profitable operations are. Findings from the research confirm this, themes and trends found on the topic of cost effectiveness of automation, financial implications of automation and financial benefits of automation were found to have been felt across all ports in the sample. Information from port yearly reviews have provided both positive and negative economic impacts caused by the installation of automated systems. 
Firstly, Rotterdam spent a total of $400 million on its new Maasvlakte 2 development, the fully automated container terminal operated by APM has contributed to increasing container throughput by 1.2% between 2015 when the terminal opened and 2016 (Rotterdam, 2016). 
The port has also seen a decline in port dues which has had a direct impact on its capital spent on installing the equipment, labor costs have also increased by 5% since the installation of Maasvlakte 2 with a further increase of 3% in operating expenses (Rotterdam, 2016). This is evidence that although automation does provide a long-term gain for ports, the financial incentives do not kick in immediately thus ports should perhaps integrate their systems over a period rather than going straight for the fully automated option. Automation also requires a lot of added infrastructure, Maasvlakte 2 has cost the port $123 million in added infrastructure to ensure efficiency in the terminal this consists of automated rail terminals and new road networks being installed. However, added value has also provided an extra 21million euros in revenue for the port since 2015 increasing its attractiveness over other competitors (Sanz, 2016). 
The port of Hamburg has seen similar results since it installed automated systems in its container and bulk terminals in 2014 and 2015. Using a data tool provided by the port of Hamburg figure 7 displays a bar chart showing how container throughput has seen both peaks and troughs over the last 5 years. However, the year of 2014 saw a large increase which is potentially due to the installation of automated systems (HHLA, 2017). 
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[bookmark: _Toc482010576]Figure 7: Container Performance Data
Source: (HHLA, 2017)
The decline in container throughput has been felt across all ports and is due to international economic pressures and problems such as uncertainty about the trump administration and how the Brexit referendum shall impact upon the future of global trade (Dekker et al., 2016). 
London gateway has become the UK’s second largest container terminal with container throughput of over 2, million per year at a growing rate, hinterland developments such as new partially automated rail terminals and automated warehousing have also boosted cargo throughput percentages (Gateway, 2017). Liverpool expects to see a greater number of feeder vessels entering its new automated terminal in addition to becoming the main hub for transatlantic trade in the UK. However due to the port’s lack of understanding in automation, outsourced help has been appointed which shall increase capital expenses for the port (Paraskevadakis et al., 2016). 
Port automation has and always will be a costly affair, however the findings from the analysis of the impacts of automation reveal that economic value is of great importance, it also interlinks with efficiency in section one. Value added services is another vital investment in which ports must be willing to invest in to utilize the resources and equipment they have invested in. basing the economic impacts against financial indicators automation plays a huge role in determining how well a port performs, as without cash there is no business for the port. 

[bookmark: _Toc482012207]4.4 Limitations and Future Study:

Upon reflection, this project has faced numerous limitations firstly the sample size, using a sample of 5 is too small to cover a substantial number of ports within Western Europe as there are over 200 ports in this region. Furthermore, the number of ports with the deployment of automation is limited thus a respective sample should be larger if the time scales were longer.  
Statistics on specific systems were collected via automated systems manufacturer’s website, the risk of using biased material was therefore rapidly increased. After this challenge was realized a new structure was employed, introducing the five main ports to which the project has been centered on, this led to issues with accessing data specific content however was overcome when using sources such as Lloyds List and Port Technology International. 
Another limitation facing the project was the access of information in terms of data collection, due to objectives two and three considering impacts upon a ports profitability, growth and performance there was potential interviews would not be secured due to port managers not wishing to share sensitive material. It is for this reason that a secondary approach in which port reports and journals were to analyze using thematic analysis was created to allow the project to be successful under the time constraint. 
Carrying out this alternative data collection brought further limitations to the accuracy of the study; firstly, an additional time factor was added to the study after awaiting response from interviewees, a thorough search of port reports and analysis of the data had to be carried out. The availability of individual perspectives which were to be collected via interviews was not available therefore the data analyzed using this secondary approach would not be up to date with the timelines of other data. 
Finally, the search for up to date information on the latest automation systems and the ways they have impacted upon profitability and growth for the specific ports was difficult due to data sensitivity and the lack of published data. These challenges have led to objective three’s partial achievement due to certain ports unable to provide the necessary data. 
[bookmark: _Toc482012208]4.4.1 Future Study:

Data analyzed from this investigation into the impacts of automation upon port performance has revealed that systems do have direct implications into how a port performs. Should the project be repeated or indeed continued, changes to its core objectives should be made, perhaps to analyze the costs against the benefits of implementing automated systems for example. Instead of focusing on 5 ports and weighing up trends and themes which are to represent impacts, a quantitative data analysis could be employed. The project should consider comparing the performances of a port that employs full automation against a port of a similar size that relies upon manual operations. Calculating the data from both secondary and primary data to provide an in-depth view into how automation changes measurements. In doing this research port managers may gauge a better understanding of the total impacts automation brings to a port, both positive and negative. 
















[bookmark: _Toc482012209]Chapter 5 – Conclusion 

Port managers have for years been skeptical over the thought of employing ‘robots’ to carry out tasks which have otherwise been undertaken by humans. However as global demand for smoother more agile port operations increases the concept of employing such systems is growing in popularity. Shipping is known as being a stubborn industry, ship-owners for example are renowned for sticking to tradition and missing out on excellent opportunities because of it. The port industry cannot adopt this persona however, ports are growing in number, in Western Europe over 300 ports are in operation making the English Channel, Baltic and North seas the most populated on the planet. 
Port managers must overcome their fears of automated systems and learn from each other building upon that historical trust that the aviation industry now relies upon. They should also be aware of the alternative forms of automation being developed, as previously touched upon, automation is nearly always associated with container terminal/port operations. International container tracking via RFID and OCR technologies have also begun to be used on unitized dry bulk cargoes. Hansaport is one of many radical developments in automating and improving dry bulk operations. 
Port performance has been a measurement used by port managers and analysts for decades, not only does it demonstrate how productive a port is working at but it also demonstrates how innovative and adaptable a port is to change. The findings of this dissertation prove this without a doubt, port automation has greatly impacted upon Western European ports and rightly so as it is here automated systems for port operations was first developed and installed as discussed in the literature review at the start of this study. The number of automated systems, platforms and vehicles on the market are staggering, the literature review has examined each of the key types in detail for managers to understand the various forms a port can employ. It has become clear that ports should not be brash and bullish when considering automated systems, managers should choose the systems and vehicles that best match the port strategy and values. 
The relationship between port automation and performance is crucial in deciding upon the best automated solution. Port managers should weigh up the core impacts discussed in this project namely how the systems shall impact upon sustainability and efficiency, labor management and the financial impacts automation shall bring upon the port. The ports used in this analysis have witnessed these impacts first hand as discussed. 
These impacts have also demonstrated that port automation may be used as an alternate port growth strategy, not only in the form of physical growth but also internal using TOS or Next generation operating systems. All five of the European Ports in the sample have experienced aided growth and profitability due to the effective integration of port automation technology whether that is via NGEN TOS or the introduction of state of the art space age bulk loading technology. 
The findings from this study provide port managers with an all-round view of how automation impacts upon port performance, it is certain that studies such as this shall be vital in the future as managers are forced to rethink. With the potential for fully autonomous ships on the horizon ports must be on the same page to ensure agile operations are maintained and global trade is not affected. 
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The research philosophy you adopt contains important assumptions about the way in
which you view the world. These assumptions will underpin your research strategy and
the methods you choose as part of that sirategy. As Johnson and Clark (2006) note, as
business and management researchers we need o be aware of the philosophical commit-
ments we make through our choice of research strategy since this has significant impact
not only on what we do but we understand what it is we are investigating.

In part, the philosophy you adopt will be influenced by practical considerations.
However, the main influence is likely to be your particular view of the relationship between
knowledge and the process by which it is developed. The researcher who is concerned with
facts, such as the resources needed in a manufacturing process, is likely to have a very dif-
ferent view on the way research should be conducted from the researcher concerned with
the feelings and attitudes of the workers towards their managers in that same manufactur-
ing process. Not only will their strategies and methods probably differ considerably, but so
will their views on what is important and, perhaps more significantly, what s useful.

In summary we agree with Johnson and Clark (2006) who argue that the important
issue is not so much whether our research should be philosophically informed, but it is
how well we are able 1o reflect upon our philosophical choices and defend them in rela-
tion to the alternatives we could have adopted.

Within this section it would be easy to fall into the trap of thinking that one research
philosophy is “better” than another. This would miss the point. They are ‘better” at doing
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