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Abstracts

The variance of ship arrivals and departures pdaysjor role in port and terminal
operations. Variance creates unevenness, fluctuatid variation to the onshore supply- and
value chain. The analysed SafeSeaNet Norway datas&tins arrival- and departure
estimates from a 16-month period which shows tmatictual time deviates considerably
from the estimated times. There is a big potemiaéduced costs when variance can be
governed in a proper way mitigating the causestiogaariance. Real time information
sharing standards should be implemented in thelgugpd value chain to enhance the
quality of maritime services and customer satigdactBy using the combination of Total
Quality Management (TQM) and LEAN methods and tptiie maritime industry should be
able to reduce the cost due to variation signitigafhis includes the use of continuous
improvement circle processes like the one of Katbeenhance resource utilisation. The
study concludes that long term gains from mitigg&md removing causes of variance will
generate extra capacity and that changes can timiisbeite to a new way of cargo

transportation in North Jeeren.
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1 Introduction

The author (Terje Rygh) has a Bachelor of Scierm® the University of Stavanger in
“Business and information systems” (spring 2006) has worked in the Port of Stavanger as
IT responsible for the last 8 ¥z years. Here heaghfihands-on” experience and an
understanding of maritime operations and how sofvemd m2m integrations can add value
to the maritime industry. The author has in thé 3% years studied a “experience-based
Master degree in Technology and Operations managémued fully self-financed the whole
master studies. During this period, the authohwf paper has recognized how important it is
to have the latest academic knowledge and to utahetslearn and gain a better basis for
preparing and building up organizations for theifatchallenges in the maritime industry.
The authors rationale and goal in writing this realtesis has been in an objective way, to
find new methods and tools for the maritime indgdby analysing the port calls and ship
voyages coming tBort of Sandnedde also hopes that this master thesis can lay gsofor
further studies and discoveries which enable tiveldpment of new tools and methods for
the continuous improvement of the maritime busirzegkto help the Operations Managers in
the maritime industry in reducing operational vade of own port and terminal operations. In
short the author wants to contribute by investigatf “New changes can help the maritime
business to achieve better quality and reduce “@/aahd thus enhance the customer value of
their services?”Working in the Port of Stavanger, the author wisiodseep the neutrality
needed for doing good research by exploring ant/sing the terminal arrival and departure
variance of visiting ships in the termirddndnes Havneterminal AsthePort of Sandnes

By looking into how the variance of ship arrivatglaship departures visiting ports and
terminals, the effects variance has on terminataipns on the quay side can be observed
and analysed. The goal is to see if the costs mdvee for the maritime industry can be
calculated and to see if there are any methodigpiavements to be made. In looking at
deviation time and calculating total deviation rotor ships in one port, one can assume that
the same patterns and results applies for bigggome like the North Jeeren in Rogaland
county or Rogaland county as a whole for similapshdoing similar operations in similar

ports and terminals.



1.1 The hypotheses (H1, H2)

To be able to formulate a hypothesis, we need tovkiwhat a hypothesis is. A hypothesis is
defined asA supposition or explanation (theory) that is preionally accepted in order to
interpret certain events or phenomena, and to meguidance for further investigation. A
hypothesis may be proven correct or wrong, and rnestapable of refutation. If it remains

unrefuted by facts, it is said to be verified orroborated.” (Business Dictionary, 2018b)

That a hypothesis is capable of refutation mépng to say or prove that a person,
statement, opinion, etc. is wrong or false [..(ambridge Dictionary, 2018a)

A hypothesis is thus a claim that has been subdnéitel which can be verified or not verified.
In addition, the findings presented must be revide/dy others. Meaning that others can do

the same research and check if it is correct sefal

In the beginning leading up to these hypotheseae iseonly a very general idea of what they
may be, or what we want to have higher observatmasunderstandings about. It also needs
to be something that not many or none has lookied inmay take a while before one land on
a specific topic and can create a hypothesis.dnribst cases omxperiences that this
process is not linear as one would hope for, asdieny twists and turns. The way leading
up to the thesis may have one or more iteratios gamng the whole way up and down the
research and data collection process (lterationgqa®1, 2 and 3) shown in Figure 13 in
chapter 3.3.1, before one is satisfied with theotiypses.

After several iterations the following two hypotkeedor this master thesis were presented:
H1: “New methods can make cargo transportation in rth Jaeren more profitable”

The first hypothesis (H1) looks at new methodstiming the infrastructure in the North Jaeren
able to be more profitable. In revealing the proiddhat maritime business struggles with
there may be tools or methods that can improveitb#t. By using the termingandnes
Havneterminal A$ thePort of Sandneas a case, it might be possible to verify this
hypothesis and draw the conclusion that this gigbyato same or similar operating ports and

terminals in Rogaland county and North Jaeren re@@ant of Rogaland).



H2: “Changes can contribute to new cargo transportdon in North Jaeren”

The second hypothesis (H2) looks at new changésibdechnology and methods that can
contribute to more or new goods being transporiesea. There may not be need for
changes, to do nothing is also an available optrthere may only be minor changes to
existing methods and tools needed to have a neWgamad enough” cargo transportation. By
utilizing these better it should be possible toisé@ehas a positive impact on the maritime

operations and its profitability.

"In inductive inference, we go from the specifithi® general. We make many observations,
discern a pattern, make a generalization, and imfeexplanation or a theory," Wassertheil-
Smoller told Live Science. "In science, there t®@astant interplay between inductive
inference (based on observations) and deductiwgente (based on theory), until we get
closer and closer to the 'truth,” which we can aagbproach but not ascertain with complete
certainty." (Bradford, 2017)

Analysing one terminal and the observations, da¢siow the end logic to be that all other
terminals or ports are similar. In using an induetieasoning the conclusions goes from some
observations, generalizing to dlEven if all of the premises are true in a statemémductive

reasoning allows for the conclusion to be fals@tadford, 2017)

It is therefore of utmost importance to do follow+esearch. By just analysing tRert of
Sandnesnd its terminaBandnes Havneterminal AlBere might be other results that refutes
both these hypotheses. In this master thesisgfais important premise not to be forgotten. It
has not been possible to gain alternative sourdbssame data as NCA has, and there are no
other ports or terminals in North Jeaeren handlingjlar ships and cargo types having the
needed and open data. At the same time the termitta¢Port of Sandnebas a unique
location code (NOSAS) identifying them in a uniquay. The two-way quay booking
request/confirmation integration between SafeSeaNeéthe ports and terminals is about to
be implemented, if all goes well, in 2018. This \Wbgive the needed granulation, where it is
possible to identify ships going to specific berthiis still do not make all
companies/operators at the quays uniquely idebldias there may be several operators
using the same quays. For such operator analystsaatd berths there is a need for the data
from the operators themselves containing data postbry. Future studies can thus prove that

the conclusions made in this master thesis is.false
3



Looking at all the data available the author hastdimit the scope, looking at and
analysing all the ports in Rogaland is an impossibb for a master thesis written by one
person. As a result, the author has chosen to simeéyort in detail and tried to draw some
general knowledge from this analysis. The authsrdiso concentrated the research around
the important logistics of conventional cargo hamgibf goods such as food, industrial
equipment, building materials, general cargo, lyxuares and so on to and from ro-ro and
lo-lo ships. ThdPort of Sandnemeets the criteria of conventional cargo handding is at the
same time a port of a reasonable size and strdtagiton, it is also easily identifiable in the

collected data.

The analysis starts out with a holistic view loaket the big picture of the Rogaland county,
then we move on to the North Jaeren region and pwith a closer look at thieort of
SandnegSandnes Havn KF).

The findings in thd?ort of Sandneshould act as the basis of new methods and toatsan
be used to develop the maritime industry in a pasivay by mitigating variance of arrivals
or departures for similar terminals and ports mw#hole of Rogaland county or the whole
country of Norway (inductive method)By selecting a single port, the author thus agsym
using an inductive method, that the findings in pod is representative for terminal doing

similar operations as.

1.2 Aims and objectives

As later described in chapter 1.4.2 the port haseh to give their customers fixed costs
without concern of variance, so that the custoneerssdhot get any surprises when arriving
late or early. In one of the telephone interviemade with employees &andnes
Havneterminal ASthe terminal in th&ort of Sandnessaid“The Port of Sandnes is a low
cost port”. The author can confirm this when he looks at sofritee other actors in North
Jeeren. The author finds that if the cost cannatlloeated to the actor causing variance, new
methods and tools are going to be even more impiidamplement. The main aim of the
author is to analyse what effects and costs dewatf arriving ships have. And even a “low
cost port” is affected by operational variance e evay or another. It is very important to

focusing on mitigating deviance to lower own coS¥& need to govern variance in own

! See definition of “Inductive method”, in chapte? Terms and definitions
4



organizations but other stakeholder’s organizatamesalso important to inform and discuss in

which ways we in common can mitigate this.

By doing a ship arrival and departure analysisefort of Sandneg should be possible to
derive some common results that can be used, igsaing and improving operations in ports
and terminals. If we know how many hours beforafter the planned time of arrival the
ships actually arrive the terminals, we can cateuteow much the total deviation time costs
the terminal and port. The variation calculatethesvariance of early or late arrival to the

berth and the late or early departure.

Because the transport of conventional cargo isngmrtant, knowledge gained from tRert

of Sandnesould be used for the rest of the maritime induydtopefully improving operations
in similar ports and terminals. We also want toise@dating voyage data more often can
reduce the deviations to port and terminal arrieald departures. Lessons learned from this

maritime sector may apply in others as well.

Because of limited resources and time constrasatithor has not had time to research and
analyse the rest of the downstream value chain thentruck drivers picking up or delivering
cargo at the terminal and down till the customet eand consumer. Hopefully this work can

be continued in other studies.

1.3 Background

“Water connects and mountains divide” - goods itdffis been traveling by sea from the
time the humans managed to build rafts and smsthigris many thousand years ago. The
shipping industry has over time grown and playsi@elrole in transporting gods to customers
and end users. To get an impression of what treeptenaritime business in Rogaland looks
like, we need to look at the “conditions” the miani¢ business is operating under at present
time. This master thesis explores the present atotlef methods for the maritime business in
the county of Rogaland and in the North Jaeren regidNorway. To find new methods we
need to first find the problems and make them lasais the first step in the Lean-tool
“Kaizen” describes. Let’s start by taking a holistiew at the present situation for the

maritime business in Rogaland.



1.3.1 The present maritime situation in Rogaland

Rogaland county has a strategical maritime andauanlocation in the southwest of
Norway, and it is one of the 13 counties in Norwlay2016 the Stavanger region (North
Jeeren) in Rogaland County dropped one place oretjienal maritime economies list and is
now "the third biggest maritime region in Norway, surpad by the Oslo fjord and Bergen
region which now rank first and secdrieride Solbakken (CEO, Maritimt Forum for the

Stavanger region) told in one of the interviews enfat this master thesis.

The latest report from Maritimt Forum, which islte released in the near future describes
this in the figure Figure 1 below taken from thpae written by C. Melbye, E. Jackobsen,
Menon (2018).

Oslofjorden | 37,8
gergen [N 23,5
stavanger [N 04,9
Mere og Romsdal [N 5
Haugalandet & Sunnhordland [ 12,7
sor NG 10,4

Nord-Norge [N 64

Trondelag [N 5.2

0 5 10 15 20 25 30 35 40
Figure 1 Regional Maritime value creation (in Norvieag kroner NOK) (Melbye et al., 2018)

Being the third biggest maritime region means #Wwmatcan assume that improvements made
here can contribute to better Just-In-Time (JIT@ragons in the other regions either by direct
improvements or indirect as a part of an improvaidie@ and supply chain.

For the last four decades the maritime sectorerRbgaland region has had a very high focus
on serving the oil service and oil production ingysThis in turn has a cascading effect,
creating vertical and horizontal offshore and omshobs in this maritime area.



1.3.2 Falling oil prices and the maritime industries dependency on the

oil market

The one-sided focus on serving the oil productiod @il industry has made large parts of the
business in the maritime and offshore industrighllyiexposed to the oil cycle, and is
currently under strong criticism due to that depsmoy. Today the maritime industry and
other oil dependent businesses and industrie®akinlg to mitigate the exposure to the oil
sector and tries to find and develop new areasdmuthis arena. After the rapid fall of the oil

price experienced in 2014 and 2015 the maritimastries had to go through bigger changes.

In mid-2014 the international oil business wasatmnwith a fall in the oil prices which also
struck the Norwegian oil business in Rogaland h@ha value of Crude Oil Brent Spar fell
sharply from around $110/brl to under $60/brl witii months, and then to plummeted to
under $40/brl in late 2015 as seen in Figure ZhAtmoment (spring 2018) the oil price has
risen to around $65/brl.
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Figure 2 End of day Commodity Futures Price QuéteCrude Oil Brent March 2013- March 20{&asdaq, 2018)



Four years after the fall, there is still a negatentiment in the oil related businesses in
Rogaland which affects the whole oil sector in adasirable way and has spread to other
areas of the country. This change was not immdgieg¢eognizable and it took the offshore
industry some time to recognize this. Soon afterfétl was recognizable, major oil
companies like Statoil stopped projects and stadeit costs. Supplier contracts can range
from days and months up to years and the they raag multiple contracts with a mix of
these ranges and cancelling contract takes soneettinake effect. Therefore, many
companies and subcontractors experienced theffetitenuch later and often first after
projects stopped. This in turn hit oil supply inttysand the maritime industry hard and
forced them to lay off people. Many of the maritijobs in Rogaland are still correlated to
the oil price and things seems to go in the rigtgation again, but the uncertainty is still felt.
In addition, the oil sector fears that they wilt geoblems to find qualified employees when

hiring again due to a lot of people looking for $al other sectors and businesses.

The figure below shows this delay effect for thislbre ships. The figures are registered by
SSB (The Norwegian Statistical Bureau) from the¢hmajor maritime offshore areas in
Rogaland (Stavanger, Karmsund, Egersund). It staograph derived from SSB data of the

Offshore Port Calls (port calls per quarter yearRbgaland.

Before the third quarter of 2015 (2015Q3) the Gdfehsegment shows a stable level variating
between 800 and 900 vessels per quarter. This diphrave been caused by a lack of
registrations from the reporting authorities, seas@ariation, or high activities elsewhere
causing ships not to visit, these are mere specntatind should be investigated by the
appropriate statistical authorities. After the @harter of 2015 we can recognize a negative
change. From a peak of 904 (2015Q4) it drops to(2006Q1) port calls from one quarter to
the next, before having a "double dip" down to 5Biis is a reduction of 307 offshore ship
visits. In percent this drop was a negative 33,96wWich is a considerable drop from the
2013-15 level.
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Figure 3 Offshore ship reduction and delayed eftédower activit(SSB, 2016)

The effect of this was that in July 2017, 6% of Wagrking force in Rogaland were either
unemployed, partly unemployed or attending laboarket measures. (NAV, 2017). And the
effect is still felt in the North Jaeren region.

1.3.3 The situation for the other maritime areas

The region has historically grown its maritime eshfrom the North Sea and the shipping
lines crossing the area. The region offers a nmdlétof services connected to local, national
and international maritime business areas expodaitgimporting goods. The region exports
local products like fish, gravel and stone, andongpindustrial equipment and food. There is
also a relatively good inland connection from mestinals for further transport by road,
even though urban areas can have “digestive” rosih éind there are some local road

problems.

The other maritime sectors can be seen as the @k’ of the maritime activity in

Rogaland. Even if the oil business has taken maphce” the last decades, these other

maritime sectors have survived and made moneyrggother import/export industries and
9



by bringing the population much needed import fdagury goods and other articles even

with much lower operating margins than in the aisiness.

Looking at the whole picture we see that all of ti@ritime industry including the oil industry
needs to look at their operation management anddternance of variance. Many observers
have raised their voices arguing for a more baldmoaustry, not dependent on just one
business sector (The oil market and oil prices)s one of the reasons why the author has
chosen to look into the “conventional” maritime gaindustry and analysing tiRert of
SandnegSandnes Havn KF) in particular who themselvete stee following:“The strategy

for port operations in Sandnes is to build, maintand operate efficient and rationafor

“[...] lift on / lift off [...]” and“ro-ro traffic, bulk loads and conventional generedrgo

traffic. In addition, a limited amount of containeaffic is arranged.”[translated from

Norwegian] (Port of Sandnes, 2017)

In general, the none-oil maritime industry has fleé impact of the fall in the oil price but the
weaker Norwegian currency (Norwegian Krone, NOK3 hantributed to growth in other
export industries and thus the maritime sectoridatdhe maritime oil business has in general
been able to in different withstand the fall.

1.4 SafeSeaNet

The “National Single Window”, SafeSeaNet, i§.a] European Platform for vessel traffic
monitoring and information exchange between [...] itmae authorities established in order
to enhance maritime safety, port and maritime s&gumarine environment protection and
the efficiency of maritime traffic and maritimensport. [...]” (MVV decon and Tractebel
Engineering GDF Suez, 2013) It was created asudt igshaving two major maritime
accidents where the ships Erika (1999) and thetiBee@002) caused major pollution and

negative environmental impact.

The two accidents were two out'@ number of major accidents[which] have occurreaio
recent years around European Union coasts, raisjugstions regarding the accuracy and
the level of information idangerous and polluting gooddHAZMAT) reports.” (EMSA,
2017)
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These accidents paved the way for the creationi & (European Maritime Safety Agency)
and the creation of a “National Single Window” eallSafeSeaNet in each EEA member
state.

EMSA is‘[...] one of the EU's decentralised agencies. Basedisbon, the Agency provides
technical assistance and support to the Europeami@izsion and Member States in the
development and implementation of EU legislationmamitime safety, pollution by ships and
maritime security.”(EMSA, 2018)

The “National Single Window” in Norway is adminiated and owned by Kystverket (The
Norwegian Costal Administration). SafeSeaNet irEdIA member states collect different
arrival and departure data from ships enteringh8 areas, which in turn are used by other
stakeholders. These stakeholders may be diffemeditferent countries. In Norway the stake
holders are listed below in chapter 1.4.2 below.

1.4.1 The Norwegian Costal Administration (NCA)

"The Norwegian Coastal Administration is an ageatthe Norwegian Ministry of Transport
and Communications responsible for services rel&tanaritime safety, maritime
infrastructure, transport planning and efficien@and emergency response to acute pollution.”
(Kystverket (NCA), 2018)

The Norwegian Costal administration is the natiaahority that owns and governs the
SafeSeaNet Norway (SSN-N)

1.4.2 SafeSeaNet Norway (SSN-N)

In Norway the “National single Window” is called f8&eaNet Norway (SSN-N). The NCA

owns, and operates the SSN-N.

"SafeSeaNet Norway is an internet based reportystesn that makes it easier and faster for
ships to send electronic notifications to Norwegaarthorities. The reporting system collects
regulated infor-mation from shipping, and ensuteat this information is made digitally
available for relevant government agenci@isahslated from Norwegian] (Kystverket (NCA),
2014)
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The function of SSN-N is to be a “one way in, anahmways out system” (One ship to many
authorities/stakeholders). TRECA develops this system in cooperation with a8l tharitime

actors and other Norwegian and international atitbsr

In 2004 the first SafeSeaNet "emerged”, as a restittis. In the same year, the Norwegian
version SafeSeaNet Norway (v. 1.0) "saw its fiigt'. This first version was mainly
focusing on the Arrival/Departure/Hazmat messalgasthe ships had to report to the central
authority (Kystverket/Fiskeridepartementet). Iretatersions the focus has been Maritime
Stakeholders (v. 2.0) and Single Window for Autties and Trade (v. 3.0) (Hauge, 2016)

The background and ambition of the SafeSeaNeingl&iwindow" is to follow the "National
& regional legislation”, "Simplify ship reportingind get a better "Emergency preparedness”,

"Enhance[d] safety and security" and to "Facilitasele". (Hauge, 2016)

It is the collected data from the National Singlendéw in Norway (SafeSeaNet Norway),

that is the basis for the empirical part of thedgtin this master thesis.

1.4.3 SSN-N Stakeholders

The stakeholders can be divided into three grodps.he first group consists of NGO’s and
other public actors concerned about safe and sadtiai ship traffic(2) The second group
consists of the data providers, who register dat@3N-N. This group mainly consists of the
ships who have to report into the National Singled@w, but some ships have an agent or
the shipping company acts as an agent (only Noameghips). The ships, ship owners and
agents uses SSN-N on a daily basis to fulfil theandatory duty to report in their voyages in
the “National single window”.(3) The third group consists of NCA themselves, thicEBo
(Border Control), the Army/Navy (National securitfhe Customs, The Ports (Port
authorities, Public- or Private ISPS terminals) aheé Ministry of Transport and

Communications.

1.4.4 Mandatory reporting

Not all ships have to report in their voyages ifeSaaNet Norway and are exempted, like
ferries in local traffic going to and from non ISB®minals. The ships that do have to
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mandatory report into SSN are mentioned in"fRegulation on vessels’ notification

obligations under the Harbour and Fairways Act'In short summarized as:

Ships who are visiting ISPS-terminals &hd] in international traffic shall

provide the port facility with information [...]"

"Vessels with a gross tonnage of 1,000 or above vemch have bunker or
lubricating oil for use on board, are considereddo® a vessel that carries
hazardous or polluting cargo [...] that depart framquay, anchorage or mooring
facilities in Norwegian territorial waters shallrior to departure, provide
information about the time of departure from thet@md the expected time of

arrival at the port of destination."

There may be given exempt from the notificatioruregments if they fulfil some

requirements.

"Unless otherwise stated in the regulations, theseéshall notify [...] a) At least 24 hours
before arrival at the port of destination, b) Aetlatest when the vessel departs from the
previous port, if the journey is less than 24 hourg) As soon as the port of arrival is
known."(2017, Kystverket)

"The master of the vessel is responsible for enguhat notifications [...] are submitted and
that the information is updated.Others (E.g. Agents, Ship owners) can reporén t
notification on behalf of the master, but it ighe end the master who has the responsibility
that it has been done and done correctly. (Vardss&lelraffic Centre, 2015)

1.5 The Port of Sandnes / Sandnes Havneterminal AS,  Norway

ThePort of SandnegSandnes Havn) is a public owned port, situatedeaend of
Gandsfjorden in Rogaland County. The port has at@@® port calls yearly, visited mainly
by general cargo ships doing discharging and/adif@pof conventional general cargo

traffic going to and from the port. The port is the pacamhpany of the terminal company
calledSandnes Havneterminal A8/mning 100% of the terminalhe port has been chosen as
a case as its termin8andnes Havneterminal A8marily handlesonventional general
cargo traffic and is thus clean casdor the master thesis analysis of this kind officaand

can be representative for this cargo traffic irodlRogaland.
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In 2017 the terminal’'s parent company (TP@t of Sandngshad 3 full time employees, in

the terminal company there were 13 full time empks; The port had 655 port calls and 669
berth visits (14 ships shifted berths) in 201 7thia further text when referring to tRert of
Sandneshe author means the entity of the both mentiauedpanies, unless stated

otherwise.

The goal of thé®ort of Sandness that it“[...] will be an attractive, eco-friendly and effient
logistics hub for business and industry in Sandires Jeeren, for the benefit of its citizens
and society. Customer needs will be the guidingggpie for our services![translated from

Norwegian] (Port of Sandnes, 2017).

The cargo handled at the logistic hub (terminafhpdses of everything from palletized
cargo, to bulk, to steel pipes and containers wtagoing over around 900 meters of quay,
using cranes and fork lifts for accommodating simpeading and discharging operations.
The Port is also strategically placed with shostatices to the rest of the Jaeren region and

has short ways to other modal solutions.

The main users of tHeort of Sandneare“[...] shipping lines, vessels operating in short
term markets, shipping agents, dispatchers [loggstiompanies], importers and exporters

[...]” [translated from Norwegian]. (Port of Sandnes,&1)1

In 2017 they experienced a reduction of 8% in trga handled compared to the year before.
In 2017 they had a total of 214 114 ton transpoatedl handled over their public quays. The
Port’s own explanation for the decrease is thatditional general cargo has decreased and
the reason is presumed to be reduction in theusiess and a harder competition from
heavy vehicle traffic by road[translated from Norwegian] (Port of Sandnes, 2018ie

case is described in more details later in chah®&b below.
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1.6 Rationale

For most industries the variance in the supplyalue chain will cause difficulties. The
maritime business is known to be a conservative, dnat is at the same time an industry
dependent on good logistic solutions. Ports anditeals experience variance from ship
arrivals and from hinterland integrations. The dy@md value chain downstream is not a part
of the study where we only look at the upstreaniatians caused by the ships arrivals and
departures to the terminals and ports. Future meitnanagers need to know how much such
variance affects the terminal operations. Can itneests in new methods and tools help, and
how can using IT in collecting and interpretingalbelp? The present IT systems may
already have many useful features, but the systeaysnot be collaborating and collecting
enough relevant data between the stakeholdersnbldéive right data is not useful if there is
no usage of it. Having too little or too much detfrmation is also not wished for the
situation. Analytical IT tools are going to be mared more important in the future and the
need for managing “big data” increases. The magtimsiness should increase their
knowledge of how to use this data correctly and haweh it is worth to invest in. The data
needs to be analysed and interpreted before wasmit. In a data driven world it is going to
be crucial to manage these data to “stay on tophi@®volution and to fully govern the
existing and new ways of doing maritime business.
In having a standardised approach looking at ti& idethe same way, relevant data and
results should be reusable for stakeholders witiersame or different areas of the maritime
industry area or cluster. In knowing what datattare or collect, gives a basis for analysis
and may contains useful information that give valllee stakeholders who needs to interact,
will then have a common collaborative understandithe data which in turn is paving the
ground to achieve good operational results. If thurew tools and methods may open a new
way for terminals and ports by giving them the nstanuphold a best practice by better
following up on “production” deviations, in a contious way, mitigating the negative effects
on operations and JIT delivery. By sharing own dateelevant partners the whole value
chain and in turn the whole maritime cluster cdutddmore effective and cost saving way by
mitigating unwanted waste (Muda). Different actansl stakeholders needs to know what is
important for them to operate at their best atrtbperational level, information sharing is
also crucial in the whole value and supply chaor.the management, a report showing
weekly or monthly data reports and predefined Kesfddmance Indicators (KPI's) may be
enough. For the employee or lower level managenetmay be a need for more detailed
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information in “real time” and in a frequent mannier do their tasks optimally at their level
of operations.

In the future actors and stakeholders in the nmagitbusiness will be more and more
dependent on secure and trustworthy informatioe. dpholding and securing of IT
infrastructure will be more and more importantfaes industry will get more and more
information driven. It is therefore crucial to haselundant solutions where needed and
sufficient IT security as well as backup and emecgeplans for the cases where critical
systems stops to work (fails). The maritime bussre@so needs to invest in training their
employees, most jobs are going to demand more tfhenemployees and we need to prepare
in training the existing working force and recrhié right personnel for the future. The goal
of this master thesis is to analyse the presamtsin, show the findings and hopefully give
present manager and future studies new tools atitbeheas well as an idea of where and

what to look into.
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1.7 Terms and definitions

Term Definition
h (ETA-ATA) The time difference between Estimaiigthe of Arrival (ETA) and
Actual Time of Arrival (ATA) in hours (h).
h (ETD-ATD) The time difference between Estimaléahe of Departure (ETD)
and Actual Time of Departure (ATD) in hours (h).
Berth shift Ships moving between two or more qudysng the same port call

(port visit)

Break Bulk Cargo

Goods that must be loaded indadiguand not in intermodal

containers nor in bulk

Deductive method

The reasoning of a deductive nietbasons from all to some
observations. E.gAll men are mortal. Harold is a man. Therefore
Harold is mortal. [...] In deductive reasoning, ifraething is true of
a class of things in general, it is also true fdrraembers of that
class.” (Bradford, 2017) For deductive reasoning to be sound, th

hypothesis must be correct.” (Bradford, 2017)

Inductive method

The specific observations are tgedakes broad generalizations
and conclusions (from some to all argumentatiory. ‘Hhe coin |
pulled from the bag is a penny. That coin is a pgni third coin
from the bag is a penny. Therefore, all the coimsthe bag are
pennies. (Bradford, 2017) This method of arguing contains
uncertainty about the results‘gs.] we can only approach but not

acertain with complete certainty(Bradford, 2017)

Just in Time (JIT)

In JIT manufacturing of goodsl aervices the goal is to deliver th
right product at the right place, delivered justiine, serving the

needs (of goods or services) at the exact timelbieaty.

(U

Mean

“The "mean" is the "average" [...], where yod ag all the number
and then divide by the number of numbers.”(Stad@l,7)

U7

Median

“The "median” is the "middle" value in thst lof numbers. To find
the median, your numbers have to be listed in nizaleorder from
smallest to largest, [...]” and we “[...] may have &write [...]" the
“[...] list before [...]" we can find the median. (Stalp2017)

Mode

“The "mode" is the value that occurs mostrofteno number in the

list is repeated, then there is no mode for the ([Stapel, 2017)
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MUDA Eliminate waste (One of the Lean manufactutteg objectives)
(Formaspace, 2017)

MURI Ensure efficiency by avoiding overburden (Qrighe Lean
manufacturing key objectives) (Formaspace, 2017)

MURA Ensure efficiency by avoiding uneven worklog@se of the Lean
manufacturing key objectives) (Formaspace, 2017)

Pilot A “Pilot” also called “Maritime pilot” or “Maine pilot”, is a“[...]
sailor who maneuvers ships through dangerous ogested waters,
such as harbors or river mouths [...Hnd is the[...] navigational
expert for the port of call.{Wikipedia, 2008)

VoyagelD A voyage ID is a unique number given facke voyage registered in

SafeSeaNet Norway (SSN-N). The ID is created byithe
registration of a new ship voyage arrival whenig sbgisters its
first Estimated Time of Arrival (ETA for the next port. This first
registration (and VoyagelD may also contains thst fEstimated
Time of Departure (ETH

Table 1 Terms and definitions

18



1.8 Presumptions and assumptions, limitations and c onstraints

One of the steps in this master thesis is to veafyance and to estimate the total size and
amount (in hours) as well as doing an estimateani hour-cost and try to calculate how
much this cost amount to on a local level (Sandiemeterminal AS) and for the North
Jeeren area and Rogaland County using SafeSeaNe&srship arrival and departure data.

During the data analysis the author has encountemer limitations and constraints using the
given datasets. This should be taken into accautitia affects the analysis, the precision and
quality of the analytical results. The author liste all the limitations, constraints and

relevant presumptions and assumptions made, below.

1) The maritime business is a very competitive ar@md the author's has no desire to have a
restricted access on this paper that prevents #stems thesis from being published. This has
limited the retrieval of certain data, such as plAynformation and other direct or indirect
operating costs, as well as other from Terminalr@reg Systems (TOS) or Port
Management Systems (PMS) that the enterprisesiplogees deem confidential.

2) The collected data contains much data not aed/ydue to time constraint and the
impossible task it would be to analyse all portd serminals in Rogaland at the same time
conducting interviews and complete this in a mé&staesis in due time. The author had the
big goal of looking at the data of pilot bookingsdao look at if arrival at certain week days
or holidays like would have different variance, bas chosen not to due to the same time

constraints.

3) The data used in the analysis contains seasodahuxiliary ships which do not discharge
or loads conventional cargo, and is thus is notaip® in the same way. These ship types
have been filtered away before the specific anslgsthePort of SandnesThe ship types are
filtered away from the data given for tRert of Sandnes, North Jeeren and Rogalatww

Boat, Cruise ship, Passenger Ferry, Tug and Yacht.

4) Ports with other operational patterns may haterdindings (E.g. ports with seasonal or
other operations than those found in Bwet of Sandngs There may be other results coming
due to different levels of operational criticalisgasonal variance and frequency. As well as
them serving other ship purposes and ship typesttiase found in thBort of Sandne<.g.

a person interviewed in tHeort of Sandnestated that there was not a big problem of ship

visits coming into conflict with each other as mokthe ships were in regular or near regular
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routes, the other ones coming sporadically wereageable. This “lack of” quay booking
problems, may be constraints or bottleneck thagragrminals and ports in the “holistic”
analysis of North Jaeren or Rogaland, have. In usiegort of Sandnethere may be ports
and terminals experiencing more system “stressamgl’ ship variations. This increases the

uncertainties of this study.

5a) To calculate a deviation from an estimated/aror departure we also need an actual
time to do calculations. Without the “EstimatestidActuals” we cannot calculate the time
difference between Estimated time of Arrival (ETak)d Actual Time of Arrival (ATA) or the
Estimated Time of Departure (ETD) and the Actuah&@iof Departure (ATD). It will be
impossible to calculate any deviatiorh of an arrival or departure in any other way than
using the formula harivas = ETA-ATA for the arrival messages and the formut@eparture=

ETD-ATD for the departure message.

5b) The users of SafeSeaNet Norway (SSN-N) do Im@tys need to register or need to
update all values like “Estimates” or “Actuals” tme SSN-N web siteafww.shiprep.nd

before they are allowed to save their “digital vogra Therefore, not all of the SafeSeaNet
Norway (SSN-N) received from the Norwegian Costdinistration (NCA) have the
needed “time stamps” with “Estimates” (ETA/ETD) &mdthe corresponding “Actuals”
(ATA/ATD) needed to calculate variance of arriviogdeparting ships. In addition, SSN-N
did not start the automatically actuals registeohthe ships AlS signals (Automatic
Identification System) until the middle of June 801n the system it is not compulsory to
manually report and save “Actuals”. The “From/tt#'stinations of the voyages are also
missing for a great number of registrations. Thaesfmany of the registrations cannot be

used, lacking either the information about voyagstitation or the needed “time stamps”.

5¢) Out of the total 46 months of data giveH ¢f January 2014 till 2&of October 2017), the
total NCA data set only contains AlS registrati@Astuals) for the last 16 months of data.
We thus only have Actuals for the period of"1 June 2016 till the #30ctober 2017. This
limits the amount of voyage data to about ¥ of whebuld have been and what the intention

was when collecting the data.

6) The final analysis looks at the SSN-N report#fr24 last hours’ prior of ship arrivals.
According to the retired Ship agent Thor Egil $b#a, also confirmed by Dag Matre
(Maritime Coordinator at the Port of Stavanger) strterminals and ports have a good

opportunity to manage ship deviations occurrindieathan 24 hours before the planned time
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of arrival. This gives an indication that we sholddk at the reports from the last 24 hours
prior to the arrivalio see if more updates wdbntribute to better Just-In-Time (JIT) arrivals
and the ports cargo operations. @&lculating the total hours of deviation a testhef

hypothesis “updating voyages often will give befisdictions and JIT operations”.

By limiting the analyse to these last 24 hours tetorival, we may exclude valid data and
thus increase the uncertainty. Ships may only tegoivals and departures once. If there are
any reports and updates done before the last 24 lpoior to the arrival or departure, these
data will not be included in the analysis. We neele aware of this when limiting the
analysis to these last 24 hours’ analyses. Atdngestime, we do not take in account the
humans aboard the ships themselves, where humansfagay play a big role. Since

reporting in SSN-N is compulsory, almost all shipsgents register as they are supposed to
do, but due to the fact that updating old valuesrext compulsory when things changes, new
estimates may not be reported in SSN-N for differeasons. This is supported by the fact
that the mode for the all ships travelling to terais and ports in Rogaland the update Mode
is 1, meaning that most ships only register on&edgistration) and later never update their
SSN-N arrival messages. The ships who only reparéomay do so at latest possible time
because they then have a more precise knowledgdaanadt need to update several times and
thus saves time on reporting and updating compylsgorts. This in turn influences the
result and uncertainties around when and how afpelates are coming. There are a couple of
things we need to be aware of that may occur andhwiould limit the precision and
confidence of the study knowing the above thingsh# which seems to have a “bad record”
of predicting its own arrival may only have repadrtance in SSN-N at very early time and for
different reasons it never updates its voyage @séisnagain, may have informed the port at a
later stage. This is not picked up using only tB&SN data, and should be looked at in future
studies. The same ship will then not affect theltes a negative way as it should have done
if the data was registered earlier than the 24-hout set and never updated through other
channels. A ship which seems to “be good” at ptedjdts arrivals by doing many updates of
its “Estimates”, may be perceived as “good” becdhseg are reporting many times during the
last part of its voyage (arrival) or berth stayg@eure) and thus show a positive trend closing
the gap between the estimated time of arrival hedattual time of arrival for each update.

But even by having good intentions it may unwilljpge “messing things more up” because

2 The definition of “Mode” can be found in chapte? Terms and definitions
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the estimates vary at a very late stage of theiage or berth stay. This is the time when we
really do not want this noise “stressing” the systand only big deviations should be
reported. Without knowing the individual ships repw “tactics”it is chosen to accept the
uncertainties arriving from such a 24-hour meth€abwing that not having the knowledge

of “human factors” at all given times, and thahgpsupdating 96 hours in advance is not as
critical at a ship updating their estimates witBéhhours of arrival, and how these factors may
affect the statistics and most certainly givesfeedBnt outcome than what is actually the case,
it should still give us a general idea of what repgwhen ships update often and what the
total amount of arrival and departure deviationy suam up to, using the reports coming

from the 24 last hours before a ships arrival qraditure.

7) The “Notification Time”-timeline is calculatedffiérent for departure voyages. It is set to
looking at the first departure notifications (Ed)nade in the arrival messages 42 hours prior
to the actual time of departure (ATD). The 42 hanes calculated from the fact that the
average berth stay is of 18.2 hours in length, ddd¢h the observations 24 hours before the
actual time of arrival (ATA). In this way most dfd first estimated time of arrival (EDA

and the first estimated time of departure (B)Il€an be looked upon together from the same
arrival message. As stated for the arrival notifarezs described in 6) above, the same counts
for the departure analysisy bmiting the analyse to observations made the42shours

before departure, we may exclude valid data ansl itharease the uncertainty. Ships may
only report departures once. If there are any ts@ord updates done before the last 42 hours
prior to the arrival or departure, these data moll be included in the analysldsing an

average could exclude a substantial amount of ti&eaobservations.

8) The way AIS generates “Actuals” (like ATA and BYfor SSN-N registrations may have
some influence on the quality of these data. Theadi“offset”, up-time and port and terminal
locations (coordinates in a map) may increase tleertainties to whether the ship was
actually laying at berth when registered. The dstuegistered in SSN-N are registered when
a ship is laying still, the signal it in turn comted to the closest “dot” in an electronic map.
Knowing that AlS-Norge which the costal administatuses these points in a map marking
a port and terminals, the ship may lay quite fanmfithe quay for anchor or still for other
reasons and still be registered as laying at qUiaig. increases the uncertainties of the SSN-N
actual data, and thus the estimates of deviatibis. i$ of importance when looking at the

whole of Rogaland county, buy should only affeet study of thé>ort of Sandneminimal as
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the port lies in the end of a Fjord and most sgipslongside to the quay and do not wait or

stop before arriving at berth.

9) The usage of the National Single Window mayediffom ships to ship and port to ports.
Some ports like the Port of Stavanger have gonawdisaid that the only way of reporting
ship arrivals are through the National Single Wind&afeSeaNet Norge). This means that
ships who wants to visit or book a public termimalst request this through the “single
window” before they can come. In reality this me#rat agents or ships first contact the port
via mail or telephone and first request a timesicdugh the “single window” either shortly
after they have talked to the port on phone, drljefore when they take this call. This is
similar for Sandnes Havneterminal AS and thus Fbe of Sandnesookings are mostly
reported in SSN-N after they have contacted thaiteal. The time between the time of
contact to the terminal/port by email or telephand the time the reports of estimates
(ETA/ETD) and the actual time of arrival or depaet(ATA/ATD) have not been looked into
in this master thesis but may have influence orréalts and adds uncertainButure studies

may have the possibility to do so.
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2 Theory

Variations caused by late or early ship arrivaleaninals and ports in the maritime sector,
affects the whole downstream supply- and valuerchaicargo can only be moved from or to

new destinations when the ships are there.

“The difference between a value chain and a sugmdyn is that a supply chain is the process
of all parties involved in fulfilling a customerqgeest, while a value chain is a set of

interrelated activities a company uses to creaienapetitive advantage.” (Tarver, 2018)

Much variation, fluctuation and unevennelskifa) is unwanted from the customer and end
user perspective. Big changes of the supply of gawdervices from the supply chain affects

the sequential operations in the value chain, impgthe quality of goods or services.

Based on the impact variation has to the qualityes¥ices that ports and terminals offer, and
the importance of these services for the restef/tiue chain, two main theories are
discussed and used in this master thesis, namethédory Total Quality Management and
Lean methods and tools. They both look at the tualid waste in a supply and value chain
and how to improve the quality by mitigating or i@nng waste.

“The lean concept is slightly different from TQMdasix sigma. However, there is a lot to
gain if organisations are able to combine theseéhconcepts, as they are complementary.
Six sigma and lean are excellent road-maps, whithdcbe used one by one or combined,
together with the values in TQM.” (Andersson et 2006)

Both theories are high focused on how to increasetistomer value of products or services
by using tools and methods fguality improvements and waste reduction (Mura, Muda,
Muri).

Below follows a review of the literature and thesrivhich has shaped the end product in this
master thesis. Please note that the tools and aeetisted, are partially used in the master
thesis as many of these are not applicable faitalhtions meet in the case(s) or topics that

the master thesis introduce.
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2.1  The productivity challenge

In Figure 4 below we see what is called “The prdigity Challenge”.“Productivity is the
ratio of which outputs (goods and services) dividgane or more inputs (such as labour,
capital or management)(Heizer and Render, 2014) The productivity chakehes in using
as little input as possible to create the mostwuimprovements can be done in either (1)
reduce the inputs and still have a constant ouip(2) increase the outputs and still have a

constant input.

the result of a mix of
capital (38% of 2.5%),
labor (10% of 2.5%),
and management (52% of 2.5%).

T

Feedback loop -

Figure 4The Economic Systems Adds Value by Transigrinputs to Outputs (Heizer and Render, 2014)

Most ports are producing output of services whiahk the same challenge as seen above and
the two ways of improvement. The difference in omiipf services to output of goods are that
the quality of services may be difficult to detemmidue to the intangible nature of services. A
good waiter in a restaurant that pays attentigdhéccustomer will most likely give the
restaurant a better reputation and get more ifbefter revenue and sales) than a waiter at the
same restaurant not paying attention, even ifdahgible product (the food) was the same in
both cases. In this thesis we looking at the ldgkrecision and the variation of ship arrivals
which affects delivered goods and services iné¢nminals or ports. Even if we are not to
measure the kind of services described above pwaaci$ arrival and departure is a sign of
quality for the customers. Some customers may not sdattharrival of a ship as a problem,
but others may do. Quality it thus one of the mimgtortant parameters for the customers in

every terminal and port to understand and handle.
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2.2 Total Quality Management methods

“An operations manager's objective is to build gatajuality management system that

identifies and satisfies customer needldéizer and Render, 2014)

For the terminals and ports to be able to look thase variations affect their operations they
need historical data, methods and tools enabliegntto be able to analyse the present
situation and react in a timely and correct waycdmbining the theories and tools of Lean
and TQM the terminals, ports and ships should laawey of improving theuality of their

service operations and doing this in a Just-in-{{3€) manner.

2.2.1 Effects of quality

The effects of quality are having big impact on¢benpany reputationproduct liability
(injuries and damages) agtbbal markets In the present age where of technology and data
ownership and analysis plays increasingly biggks, @ good Total Quality Management
using these right method and tools may give a begfrutation. | would also lower the risk of
injuries or damage to life, health or property, ethin turn may affect the global cargo flow
and thus increased cargo operations and revemapgsoVing or decreasing quality also have
a Cost of Quality (COQ). These are shortly sumnearizp below, but should also be

considered in a cost-benefit aspect (Heizer andi&g2014).

Preventive cost (E.g. prevent machine - Internal failure cost (E.g. Defects during

defects; training, quality improvement production; rework, scrap, down-time)

programs) - External failure cost (E.g. Defects after

Appraisal costs (E.g. Quality control; delivery to customer; rework, returned

testing, labs, inspectors) goods, liabilities, lost good will, cost to
society)

“Total Quality Management (TQM) refers to a quakimphasis that encompasses the entire
organization, from supplier to customer.” (Heizad&®ender, 2014) the effects of quality are
thus not to just increase a bit has the goal okmee quality and value through the whole

supply and value chain.

By using TQM the goal is to improve the quality drehce increase the profits by building a

system of quality assurance which meets the custonezd in the whole organization.
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2.2.2 Continuous improvement

One of the important elements in TQM (and Lean potidn manufacturing) process is the
Principe ofcontinuous improvementwhere PDCA (Plan, do, check, act) method (alsedall
a Shewhart circle) developed by Walter Shewhadsel in some form. A competing cycle is
the PDSA developed by Dr. W. Edwards Deming in daggter WW2.“The basis of the
philosophy is that every aspect of an operationlwammproved’in a“[...] never ending

process of continuous improvement [..(Heizer and Render, 2014)

The difference between PDCA and PDSA is that th8 KRB third step emphasisésn Study
(S), not Check (C) “the dissimilarity lays in thaf{...] the Check phase of the PDCA cycle
focuses on the success or failure of a Plan, falbly needed corrections to the Plan in the
event of failure [...]” whilethe Study phase of the PDSA cycle focu$es| on predicting

the results of an improvement effort, studyingatieal results, and comparing them to

possibly revise the theory.”

The visualization of a PDSA (Deming circle) is s&ehow.

Figure 5 Plan-Do-Study-Act (Deming Circle) (Demi2@,18)

Both approaches are fully in alignment with TQMt ltius advised to know about the
differences of method, where the PDCA checks theamne a plan and the need for
corrections to the plan, the PDSA adds the elenwrdgidy and the possibility to revise the
theory is self. PDSA thus adds the level of chaggire theories on which the plans and

checks are build.

As discussed by Heizer and Render (Heizer and Repd#&4) there are two ways quality
improves the profitability, either b\sales Gains via, improved response, flexible pnigior
improved reputation”or “Reduced Cost via, increased productivity, lowemak and scrap
cost or lower warranty cost{Heizer and Render, 2014)
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According to Heizer and Render the way to achie@dTis to go through a flow of activities
necessary to achieve TQM. Going from @ganizational practiceso Quality principles

Employee fulfilmenandCustomer satisfactioas shown in Figure 6 below.

Figure 6 The Flow of Activities Necessary to Achigotal Quality ManagemefHeizer and Render, 2014)

The figure showsflow of activities for an organization’going from “Organizational

practices “, “Quality principles”, “Employee fulfilent” to “Customer satisfaction”. This flow
of activities should be used tachieve total quality management (TQM)YHeizer and

Render, 2014) Let’s take a look at what these flofectivities are. In order to travel the path
of this flow we need to know the method and haeettiols necessary. Let’s first describe the

method of flow.

In the first “flow” level“Organizational practices’the activities to be followed, are those of
LeadershipMission statemer(describe goals and objectiveBffective operating
procedures, Staff support and Trainindere we take a look at what the goals and objestiv
are and how this can be achieved. The managenesmsnsibility is to govern in a way that
enables the company to reach these goals and iwBgcthe yield being to knotWVhat is

important and what is to be accomplishe@eizer and Render, 2014)

In the second levéRuality principles” the activities should be ddustomer focus,
Continuous improveme(iE.g. Plan-Do-Check-ActBenchmarking, Just-in-time (JI'@nhd
the usage of th€ools of TQM Here we look at how things are done and how tlaeyte
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improved using the appropriate TQM tool. The yisldo know*‘How to do what is
important and to be accomplishedqMeizer and Render, 2014)

In the third level'Employment fulfilment” the activities should be that Bmpowermenand
Organizational commitmenHere the employeesiotivationandwill to do thingsthe right
way is addressed. The yield wanted is to H&maployee attitudes that can accomplish what

is important.” (Heizer and Render, 2014)

In the fourth and last “flow” leveiCustomer satisfaction”the goal is taVinning orders,
Repeat customer3his is what we want to achieve, by using TQMmoeét and tools on the

whole flow it might be easier to reach. The yiedls to havéAn effective organization with

a competitive advantage(Heizer and Render, 2014)

2.2.3 The TQM concepts

W. Edwards Deming used “14 points [...] to indicatevthe implemented TQM” (Heizer and
Render, 2014). The concepts that Deming developethas the basis of much of the TQM
concept written later on. The American SocietyQurality (ASQ) have them listed as follows
(American Society for Quality, 2018):

1. Create constancy of purpose for improving préglaad services.
2. Adopt the new philosophy.
3. Cease dependence on inspection to achieveyualit

4. End the practice of awarding business on piimeea instead, minimize total cost by

working with a single supplier.

5. Improve constantly and forever every procesgkanning, production and service.
6. Institute training on the job.

7. Adopt and institute leadership.

8. Drive out fear.

9. Break down barriers between staff areas.

10. Eliminate slogans, exhortations and targetshfemworkforce.

29



11. Eliminate numerical quotas for the workforcel aamerical goals for management.

12. Remove barriers that rob people of pride ofkn@nship, and eliminate the annual rating

or merit system.
13. Institute a vigorous program of education agllimmprovement for everyone.
14. Put everybody in the company to work accompigtthe transformation.

Heizer and Render suggest a similar path but redige14 points made by Deming to the
following six concept[...] (1) continuous improvement, (2) Six sigma, Byployee
empowerment, (4) benchmarking, (5) just-in-timé&)J(6) Tagushi concepts and (7)
knowledge of TQM tools.” (Heizer and Render, 2014)

A terminal or port should look into all of thesencepts to see if and how these principles can
be used. The goal is to improve the quality ofrtkervices. This cannot be done without the
commitment to implement TQM system in the wholeamiigation (from supplier to

customer) coming from the management, involvingkdments from design to maintenance.
According to the article “Employee involvement andhlity management” written by Hongyi
Sun, Ip Kee Hui, Agnes Y. K. Tam and Jan Frick, oyee Involvement (EI}[...] is

positively correlated with total quality managem€n@QM) enablers”and“El is positively
correlated with improvements in business perforrearand“El positively influences the

contribution of TQM to the improvement of businesgormance” (Sun et al., 2000)

In this master thesis we will mainly use the cots&bcontinuous improvement
benchmarkingandJIT, in addition toknowledge of the TQM tool§he concepts of interest
are shortly described below as a summary from @najpin Heizer and Render’s book
“Operations Management — Sustainability and Su@blgin Management” (Heizer and
Render, 2014). Some of the tools described beleva@o described in more detail in the

master thesis.

Concept /Tool Cause Effect How

Continuous improvement Lack of quality Continuoushproves | Use a never ending
the utilization of “people, PDCA/PDSA circle
equipment, suppliers,
materials and

procedures”.
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Benchmarking Lack of “best | Improve “products, Select and use
practice” services, costs or benchmarking
methods practices for processes orstandards and

activities similar to your | continuously collect

own”. data to use.
Just-in-time (JIT), Muri “Cuts the cost of Continuously solve
Scatter Diagram, quality”, Improves problems. Change
Histogram, quality”, “Better quality | processes.
Flow chart, means less inventory and
Statistical Process Control a better, easier —to-
Charts, employ JIT system”

Cause-and-Effect Diagram

Table 2 TQM Concepts used in the master thesis

2.2.4 The TQM tools

As seen in the table and figures below there amgyrt@ols that can be used. One of the main
principles of TQM is td]...] empower employees and implement TQM as a ooiirig

effort, everyone in the organization must be trdiimethe techniques of TQM(Heizer and
Render, 2014)

The organization themselves need tools to achi€¥e, Tand they need to be trained in how
to use them. The tools may be used stand alone an aombination this depends on type of
company, type of organization and where these @40 be implemented in the
organizations structure (E.g. in the managemeupypart- or operational level), company
goals and type of operations. Different organizaldevels may need different tools. And as
stated earlier these tools need to be used inerwading process, only achievable if the
management supports the process. Below is a litieoT QM “Tools for generating ideas”, as

well as some diagrams which show how some of thetgmay look like.

a) Check sheet d) Pareto chart g) Statistical Process
b) Scatter Diagram e) Flow Chart Control Chart

c) Cause-and-effect Diagram f) Histogram

Figure 7 Tools for generating ideas

In this master thesis we will encounter tools @&as that generate the b) Scatter

diagram/plots, c) Cause-and-effect diagram, e) Fbart f) Histogram and g) Statistical
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Process Control Chart. There will not be any shektgpe (a) Check sheets or (d) Pareto
chart due to the fact that they are not need ierai@ prove the theses correct or wrong, but
they may prove valuable for registering and comfalefects with other operational problems

and in other situations.

Scatter plot: Cause-and-effect diagram:
Flow chart: Histogram:
Statistical Process Control Chart (1) Statistical Process Control Chart (1):
R-and -Chart

Figure 8 Different charts used in TQM (Heizer arehBer, 2014)

Charts based on these will be explained later whey are used in the analysis chapter 4.5.1.
There are also other tools that can be used in TiklMthe“Event-Tree-Analysis’(Thai,
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2015), where we look at barriers and the outconteebarriers failing. The use of a bow-tie

diagram can also be used for the same purpose.

2.3 Lean concepts and tools

As we saw in chapter 2.2 Total Quality Managemeeithods above the TQM tools were first
developed by Dr. W. Edwards Deming who was in Jagieer WW?2. In later years refined by
others. In the TQM and Lean use the concepts dttatae and continuous improvements
where“The end goal is perfection, which is never achéebet always sought{Heizer and
Render, 2014)

Wikipedia describes Lean dhe systematic method for waste minimizatiomhe figure

below shows how the “Lean manufacturing house’uidt lip on robustness and using
different lean tools ends up in the “Quality”-rqd¥ikipedia, 2018b) where the goal is the
minimum creation of minimal waste (Muda) throughk tiever-ending circle of improvement
(Kaizen) ant the other Lean tools. Waste is toeneoved under “the perspective of the
client who consumes a product or service”. Thisaases the value for the customer and the
willingness to pay. “[...] 'value" is any action orgzess that a customer would be willing to
pay for.” (Wikipedia, 2018b)

Figure 9 Lean Manufactory House (Wikipedia, 2018b)
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For these tools to work we need a stable groundlatbols chosen will have big impact on

time, resources and costs for the organizationseim@nting these.

As seen in Figure 9 above, Lean and TPS basekatsélo layers: (1Btability (Robustness)
and (2)Continual improvemerdf processesRobustness is defined as reducing the variation
of the functional requirements of the system anaklthem on target as defined by the
customer [...]". (El-haik and Al-Aomar, 2006) The first layer of 6Bustness” is important

for the “house” to stand firm. Variations and thefifects is an important aspect in the
following analysis of the collected ship arrivaldageeparture data. Without attention to
robustness, changes done in the rest of the “hpuskable to last over time. At worst, the
rest of the house may “fall” or be “erased” to reund, which can cause major losses or
damage to owners, employees, customers and otkahstiders (E.g. NGO'’s or the rest of
the society). Robustness is the key to sustairsadigions which are developed in “the rest of

the house”.

Processes and quality of products cannot improtieowt continuous improvement. The next
level shown in the Lean Manufactory House belothésKaizen (Continuous improvement)

and 5S (workplace organization). These two tool#oas create the next ground layers for

both pillars in and are central tools in the “Tay&roduction System (TPS)”.

The 5S tool is important, but is not describedrigag detail her as the master thesis has not
looked into the workspaces in the ports or ternsitlaémselves, but rather on the deviations
to the ships visiting them. The 5S’s circle hasdhgctive of continuously organizing the
workplace in an optimal way using the 5S’s (Soet, Shine, Standardize, Sustain). Kaizen
on the other hand is needs a bit more explanatidhia is very applicable on the variations to
the ships arriving.

Kaizen is the Lean analogue to the PDCA circle@M Figure 10 below shows the steps in

Kaizen’s continuous improvement circle used in Lean
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Figure 10 Continuous Improvement (Kaizen) (Formaspa017)

As seen above the Kaizen tool goes in the samé&wlse direction as the PDCA or PDSA.
The major difference is that it has 7 steps desgyithe continuous improvement process. It
starts with (1) Make Problems Visible, and hasftilewing other “steps”, (2) Develop
Countermeasure, (3) Determine Root Cause, (4) Higsate Solution, (5) Test Hypothesis,
(6) Implement Solution and (7) Standardised Worlotgethe process start over again in a
never-ending process. Step one (Make Problemsl¥jsibn be visualized by Scatter Charts
or the TQM tools shown in chapter 2.2 above, step(Develop countermeasures), three
(Determine root cause) and four (Hypothesize Saytinvolves tools of “brainstorming”,
“Ishikawa” (cause-effect-analysis) and “5-Why” te@nd techniques needed to reach the
“hypothesize state”. The rest of the steps aregbthe hypothesis, implement solutions and

standardise.

2.3.1 Lean Manufactory

The National Tooling and Machining Association defthat'Lean manufacturing is a
generic process management philosophy derived yniosth the Toyota Production System

(TPS) (hence the term Toyotism is also prevalemd)identified as "Lean” only in the 1990s.
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It is renowned for its focus on reduction of thegoral Toyota seven wastes in order to

improve overall customer value(NTMA Precision, 2009)

The original core of lean is thus temoveor reducewaste. According to NMTA there are

seven core wastes in lean manufacturing to elirainat

1. Overproduction 5. Unnecessary Inventory
2. Waiting 6. Unnecessary / Excess Motion
3. Transportation 7. Defects

4. Inappropriate Processing
Figure 11 The seven core wastes (NTMA Precisiod9R0

When reading or learning about Lean and the Tojobauction System (TPS) the one often
encounter a reference to the three “M’s”. Thedhvks represents the first letter of each of
the words naming the unwanted practicedviida” (Waste),'Mura” (Unevenness) and
“Muri” (Overburdening). The lexicon at Lean Enterprisgitate also calls them the three
M’s that“[...] collectively describe wasteful practices te leliminated” (Lean Enterprise
Institute, 2018)

How can these three unwanted M’s be imagined? EijArbelow shows how Muri, Mura
and Muda acts on the transport services of truekseting crates of goods. This example is a
good analogue to ships and the cargo they movetriibks below can in this respect be the

imaginary “trucks of the seas”, called ships.

The first examples show the three different wags the three M’s act, the last example is the

example where we do not have any negative efféaiserburden, unevenness or waste.
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Figure 12 Effects of Muda, Mura and Muri (Lean Eptése Institute, 2018)

The first example shows the situation\ddiri, where the truck (system) aserburdenedin

such a case there is more stress on the equipnmgctt may break down (Defects).

In the second caddura is described, where the trucks are bringing thradgdo their
destinations in anneven waysometimes delivering too much crates of goods
(overproduction) and at other times delivering fearates of goods than could have been
transported and the customer may have to waitcive the full order (waiting time). If the
second situation is a situation where fewer crategelivered than ordered by a consumer,
this can in be a cause of the so called “bull wigfféct in a supply chain. The bull whip
effect is described as beingendency of consumers of a material or producstiort

supply to buy more than they need in the immefdiidiee.” (Business Dictionary, 2018a) and

is not wished for as it creates stockpiles anchéel for unnecessary inventory.

The third example shows how Muda can occur if thekis are not fully loaded

(Transportation). The overcapacity of one tructhis most likely cause here.

The last example shows how it looks when one otrilneks in example three is removed and
the goods is divided equally between the two trut¥s then observe that there are no

wasteful practices in the supply and value chain.
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As presented earlier are two hypothesises pres@mtess master thesis,
H1:” New methods can make cargo transportation in Mrth Jaeren more profitable”
H2:” Changes can contribute to new cargo transportdon in North Jeeren”

And the wasteful practice is Mura (uneven workload§o called variance as shown in Figure
12 above, is the predominant and unwanted praetinceh the hypotheses are to look into,
either to confirm and measure the impact of vaeaihura) or to suggest new methods for
the increase of profitability for the ports in Noidseren. The other two “M’s”, Muda (waste),
and Muri (overburden) is certainly present in theritime supply and value, influencing
quality and profit of the ports and terminals ahdwdd not be forgotten as they are an equally

important part of Lean.

2.3.2 The Lean tools

“[...] understanding both what they are and how tlvay help is an excellent way to get
started.” (Vorne, 2017)

There are many lean tools to choose from, somieeoitost popular tools are listed up in
Table 3 below. It takes 4-5 years to implement Lieaa small to medium sized enterprise
(SME), and may take longer time in bigger compartlesrefore|...] One of the most
important things to take into consideration [...tl& application of an adequate problem
solving technique[s] to avoid waste(luga and Rosca, 2017) We should listen to ex@erts
plan before we choose (PDCA).

Top 25 Lean Tools

5S Kaizen (Continuous Single-Minute Exchange of
Improvement) Dies (SMED)
Andon Kanban (Pull System) Six Big Losses
Bottleneck Analysis KPIs (Key Performance SMART Goals
Indicators)
Continuous Flow Muda (Waste) Standardized Work
Gemba (The Real Place) Overall Equipment Takt Time
Effectiveness (OEE)
Heijunka (Level Scheduling) PDCA (Plan, Do, Cheskt) | Total Productive Maintenance
(TPM)
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Hoshin Kanri (Policy Poka-Yoke (Error Proofing) Value Stream Mapping
Deployment)

Jidoka (Autonomation) Root Cause Analysis Visuaitbey
Just-In-Time (JIT)

Table 3 Top 25 Lean Tody/0rne, 2017)

The list above is meant to show that there are afltwols to choose from, and we should use
some time before we choose which tools appliesth €ase. In this master thesis we will
look at how ship arrivals are effected by varianaan tools likeJust-In-Time (JIT), Kaizen
(Continuous Improvement), KPIs (Key Performancecktdrs), PDCA (Plan, Do, Check,
Act), Root Cause AnalyssdMuda (Wastegan make a difference if used correct.

2.4 Theory and Literature

The theory literature used has been collected tremnternet and books describing the TQM
and Lean methods and tools which are the two predorhresearch fields concerning

“unevenness, fluctuation and variation” (Mura) apelity of services and goods.

Both Total Quality Management (TQM) and Lean ardl Wwsown theories with world-wide
used methods and tools and have good researchsrasghow off in other industries. Most of
the theory around TQM has found in the book “Operat Management, Medition” (Heizer
and Render, 2014) by Jay Heinz and Barry Render.

There are some other literature concerning thetgualmaritime transport, but it is not that
well known in the maritime industry as of yet. Teé some work done by Dr Thai Van

Vinh, who has made models tQuality in the Maritime Transport”called theROPMIS
(Resource-, Outcomes-, Process-, Management-, Inepgéation- and Social responsibility
related maritime qualityRSQ (Port Service Quality) andSQ (Logistics Service Quality)
(Thai, 2015) These models are only referred torastdised as such in the master thesis, but it

gives a good introduction to the aspects of quatityhe maritime sector.

When coming to Lean there is an abundance of litezaand resources available on the
internet. It is almost impossible not “to get losthis has therefore been easy to find, but it is
not always that well explained. It has thereforerbef importance to collect the theory
literature from the perceived best internet sites.
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All'in all, the general literature found on TQM abhéan has been mostly presented from the
goods producing world, but the theories are alspiegble if used with the knowledge that

services are intangible in their nature. The fisll bf literature can be seen in the “Reference
list”.

40



3 Method

This master thesis uses a mixqoiantitative qualitative andcasemethods anthductive
reasoning During the data collection and analyse and duttvegverification and discussion
phase there have been a needifstructuredinterviews A quantitative method uses data
are objective in their nature. In a qualitative hoget data are subjective as humans as we are
restricted by our cognitive limits, feelings whiale affected by the outside. This influences
the way of reasoning and interpretation (HermewsytiThe master thesis reference list and

in text references follow the Harvard referencedéad.

3.1 The case and inductive method

The master thesis also uses‘tGase” form when it looks into ship arrivals and depagtyr
coming to and from Sandnes Havneterminal AS ownedhePort of Sandnes

A case is a defined &k..] a particular situation or example of somethih{Cambridge
Dictionary, 2018b) It frames which situation and example the matstesis looks into. A case
is also a way to keep the work within the framed extent of what can be expected from a
master thesis. The Sandnes Havneterminal is maarigdling conventional cargo operations
ships. It has mostly traffic of the ship types “@gal Cargo Ship”, “Ro-ro Cargo Ship”,
“Refrigerated Cargo Ship”, “Palletised Cargo Shapit! “Container ship”. The study does
thus not take in to account “Other vessels”, likey bulk” and “Wet bulk” in the study.

The case assumes that the initial findings inRtbg of Sandneg§Sandnes Havneterminal AS)
can be used to pave the way for the conclusionsrdfar North Jeeren area and beyond
(Rogaland). It is therefore important to be awdrthe inductive reasoning that implicit
occurs when going from “a some to all reasoning”.

In using inductive logic, it needs to make cleatttis kind of reasoning does not give us an
exact answer. Doing more observation brings useclusa correct answer. A hypothesis
based on an inductive method of reasoning is no¢ebed to have an explicit answer, but
doing more observations has as goal to get as tdasas possible. In order to accept or

refute the results of the hypotheses, “two questiteed to be answered” (deLaplante, 2013)

1. How strong is the inference? (What is pinebability of the conclusion, given the

premises?)
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2. How high does the probability have to be beftiserational to accept the conclusion?

(What are thehresholdsfor rational acceptance? Is the argument strorvgeaik?)

To define the threshold fan unresolved problem to philosophy of inductieasoning”
becauséit gets into what is known as the problem of intioic [...] on how you justify
inductive reasoning in the placeThe problem of induction was first formulated ‘tye
Scottish philosopher David Humegihere the formulated problem is where to set the
thresholds of weak or strong interferences. Ther®iexact solution to this problefthe
best we can say is that it is a conventional chuibere we set the thresholddelLaplante,
2013)

3.2 The interviews

The interviews are performed in the form of “Unstured interviews” (Informal interviews)
which“[...] are sometimes referred to as ‘discovery intews’ & are more like a ‘guided
conservation’ than a strict structured interviewNcLeod, 2014)

As discussed by Saul McLeod the strengthsnstructured interviewsver performing
structured interviewsire:* [A:] Unstructured interviews are more flexible as quesican be
adapted and changed depending on the respondemw/exs. The interview can deviate from
the interview schedulg¢...] [B:] Unstructured interviews generate qualitative dteough

the use of open questions. This allows the respuridealk in some depth, choosing their
own words. This helps the researcher develop agease of a person’s understanding of a
situation.[... C:] They also have increased validity because it divesnterviewer the
opportunity to probe for a deeper understanding fas clarification & allow the interviewee
to steer the direction of the interview etc.”

The down-side and limitations of such an intervieethod is thatl) It can be time
consuming to conduct an unstructured interview analyze the qualitative data (using
methods such as thematic analysisER)ploying and training interviewers is expensivg] a
not as cheap as collecting data via questionnaifes.example, certain skills may be needed
by the interviewer. These include the ability ttabksh rapport & knowing when to probe.”
(McLeod, 2014)

By knowing that the interviewer and the designméiview (E.g. which gender/ age, personal

characteristics and ethnicity) can have an eftezan have a big effect on interviews, the
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author (Terje Rygh) recognize his limitations, @dot an interview expert which has
undertaken classes or courses in interview teclesiqlihe intent has throughout the course of
the master thesis and the interviews to be impatid objective, asking non leading open
guestions to the respondent and be unbiased inie&ethiew in order to make as objective
interviews and interpretations as possible.

The author sought to get an insight from differ@mgels and have objectivity and keep an
integrity in both interviews, data collection, aysb and conclusions.

3.3 Research design, model and methodology

In all research some phenomenon is observed, vdiservation data is collected in some
form or another. The data is later used to anayskdraw conclusions from in order to test a
hypothesis. The hypotheses in turn is then eithiend false or correct. The research is
seldom linear and the hypothesis development mag time to mature due to the changes of
“characteristics to measure” and new data or versav.

In order to document what is done and in orderateela good structure on what to observe
and what observation to collect, research designdara collection models and tools are
needed. The final hypotheses and what to measdredlect is thus often a result of several
directional changes to in these iterations.

In both of the postulated hypotheses, the logisareng goes from few observations over to
assuming that this applies for all future obseorati Much of the data is collected for the first
hypothesigH1) are based on observations and not theory. Thisisnbat the reasonable way
to verifying this thesis is by usirigductive logic (also called inductive inference).

The work done in the second hypothesis (H2) isdasemore a more subjective analysis
because of lack of empirical data. The collectibalternatives was through “brainstorm” put
up in excel matrix and weighted based on subjecstbees/grades, as well as a by making a
“Ishikawa” (cause-effect-analysis) in a fish-bonagdam. This is very similar to the
PDCA/PDSA and Kaizen, used in TQM and Lean. Theradttives found for the second
hypothesis (H2) were a collected of own experienoayersations and research in the

internet and from news and newspapers.

3 Described in chapter 3 Method
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In the following chapters the research design aathod is explained in order to get insights
in how the processes leading forward to the firypldtheses and observation data to collect

was.

3.3.1 The research model

Figure 13 The research and data collection process

The data research and data collection processecaadn as several iterations as seen in
Figure 13 above adapted from the master thidsievaluation of the New Product
Development process in the context of Operatioeatliness”(Jordaan, 2016) of Lyndall
Jordaan . This enables a better overview and doatatien of why and how the data has been

collected. The end product is a data collectiom plsa described in
Figure14 below.

The research process starts with “Iteration protég®ing through “Iteration process 2” and
“lteration process 3”. Each of these iterationsnamts two steps needed in order to develop
hypotheses. The first iteration takes place betweeriHypothesis development” and
“Characteristics to measure”. At first the hypoibes an idea, then the hypothesis idea
develops from iterations with the “Characteristcsneasure”. Later when all the iterations
down in the “chain” have reached a certain matuewel the hypotheses may be defined, at
some stage the hypothesis is not changed any a®tbe final “mature” hypothesis. In the
second iteration process the interaction goes legtwlee “Characteristics to measure” and
which “Data to be collected” (Observation data)isTiteration step influences the whole

“Collection of data” process in all from which datacollect (Hypothesis/Characteristics to
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measure), which method of data collection (collestorical data, conduct interviews) and
prioritizing (what) and where (who) to find thesstal All of this in turn leads to the third
iteration process where the previous two iterasimps may be changed due to new
presumptions and preliminary findings. In the emel data manipulation follows with the
analysis and the hypothesis testing. With data pudaiion is meant the step where invalid
data or the data population is changed (filteratadelection) or new calculations are added
like the difference in time between an estimateet(laTA, ETD) and actual time of arrivals
(ATA, ATD) or departures. When this is done in adananner, it may give a better result

and these steps can be understood and judged éng oth

In the work on this master thesis, iterations wesed several times in both “up and down”
directions in order to ensure a good “base layefble the test of the hypotheses. During the
iteration process and maturing process, interviser® made with maritime experts. This
also helped to develop and formulating a sound tingsis, with the right characteristics to
measure. The interviews in turn ensured that tji# data sources and was collected and
analysed. The interviews were thus important fentdying areas to look into. These
interviews and follow-up interviews were used imftoning the findings of this master
thesis. In the end the goal was to gain the bgsttibe and solid ground for gaining high

level observations and final results.

3.3.2 The process from hypothesis to higher level observations
The main steps in Figure 13 above, are repeated in

Figurel1l4 below which contains a numbering and colour scheseal for later references,
explanation and linking. The process leading ughéofinal analysis and result was made
through several iterations as explained in thedastion. An important observation is that the
process itself and the resulting diagram seengnrgi 3 below is showing the results on how
things act together and where the loops of contisymocesses are. The legend explaining
the figure is found in Table 4 below. The resultled multiple iterations can be seen here in a
figure adapted from the master thesis (Jordaarg)26flLyndall Jordaan:
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Figure 14 “Going from hypothesis to high level obhsgions”
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The column texts in

Figure14 describes the research process from generatirtyyfiahesis all the way to the
higher level observations. It also shows how theratteristics, the data to be collected, and
the data themselves are connected from the hypstizethe high level observations. As we
see each box has a connection line and each bavectu has a reference number or
reference letter. These identifications are ustt ta back-reference and describe just where
we are in these “steps” in the analysis and theudision chapter. There are also several
colours on the “boxes” and the arrows going betweem and two circles with the numbers
1 and 2 in them. These colours and symbols haterelft meaning. The following legend
explains what these colours and symbols represents.
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Symbol / colour

Description

(Blue background)

The hypothesis H1's “path” to high level

observations

(Lavender background)

Hinterland / Downstream value and supply

chain

(Orange background)

The hypothesis H2's “path” to high level

observations

(Grey background)

Economic results and incentives for change

(Green background)

Variation detection, mitigation and continuoy

analysis and improvement

(Dark blue line w/Arrow)

Ship voyage variation and “downstream”

effects

(Red Arrow w/Arrow)

Hinterland supply chain and “upstream” effe

CtS

(Brown line w/Arrow)

Hypothesis H2's characteristics to measure

cost from effects of variation

(Light blue line w/Arrow)

Direction of continuous improvement loop

(Black dotted line w/Arrow)

Link between Stakeholders and the continug

improvement loop (Operational link / control

us

(Black and orange dotted line

w/Arrow)

Value chain real-time collaboration and data

sharing

( Black and green dotted line

w/Arrow)

Infrastructure, support functions and human

resources

(Loop number 1)

Collaborative loop: stakeholders supply and
Value chain + internal resources
Reduce variance, waste (Muri, Mura, Muda)

increase quality

(Loop number 2)

Continuous improvement loop
Plan-Do-Check-Act / Kaizen

The direction of the arrow(s) shows where the mation or information logic moves.

tracking to these elements inn later text.

H1.1.1 and H2.1.1, A, B, C, D are examples of feenents label/numbers for possibility of back

Table 4 The Figure and Colour Legend of

Figure 14 “Going from hypothesis to high level ohsgions)
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The benefits with the numbering and colour schama i

Figurei4 is that we can easily use the numbering logiotdhck reference and keep track of
where we are. The arrows, lines and symbols malazssier to explain relationships and logic
between sections. They also show the “path” oitdezidual hypothesis and the relationship

between the hypotheses, as well as the two contgimoprovement loops in which TQM and

lean tools are used to improve the quality of mwiand the value to the customers is

increased.
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4 The road leading up to the experiments

This chapter goes more in-depth through the majpsstiescribed above.

The opening challenge is to know exactly what takléor and to limit the scope within what
is a reasonable frame for writing a master th&asng from the Figure 13 in chapter 3.3.1

above to the result in
Figurei4 is not made “at a glance”. It is a process thatr#oth insight and time to mature.
Each step, interconnection and logic in

Figure 14 “Going from hypothesis to high lewedervation? has been tried described. As said
earlier by referring to the codes, colours and syis1pArrows/Circles) we can easier back-
track and better follow the stepwise approach fthenfirst building a hypothesis thesis to the
higher level observations in later text. If there any critical features in the data analysis or
in the way up to the analysis that needs commeitirggiticism this is also included when

found.

The first step in the Kaizen circle says that “Mgkeblems visible”. In the steps leading to
the visualization lean tools like “Brain storm” at@Vhy” in combination with QTM tools

like “Cause-effect”- and “flow”’- diagrams may vidiz& the problems, but also make us
aware of the situation with the problems. Let'setaklook at two diagrams used in this master

thesis.

4.1 The characteristics to measure (H1.1, H1.2, H1. 3, H2.1)

Before starting start to collect data we need tvkmwhich characteristics we want to
measure. During After we start developed the Hygsis in most cases we will have some
idea on which data to collect in order to, as wato@ed in chapter 4, to verify if the
hypotheses are correct or wrong.

But how to collect data by knowing this, we als@knwhich data we would like to collect.

This process is very important and have to be edfseveral times as the research process has
matured. The goal has been to find elements tmasgpport the theses and can lead to high

level observations.
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4.1.1 “Ishikawa” / Fishbone diagram: Cause — Effect analysis

The way leading up to the data collection ther ieed to know what problems to look at. In
building a cause-effect diagram as seen Figureeldh we can observe effects and their
causes in a detailed way and see where one cdastsdahe outcome.

The different effects were categorized in the folloy main areas: “Environment” (Effects
and causes to waste of on nature and resourceajefidl” (Effects to waste of physical
objects and their limitations), “Human” (Effectsdacauses to human limitations of creating
output), “Machine” (Effects of waste in using mauts wrong), “Systems” (Effects of lack of
or inadequate supportive systems), Methos (Thetsft#f lack of methods and its waste) and

“Infrastructure” (Lack of infrastructure and it§@ft on operations).
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Figure 15 Brainstorm; Cause - effect diagram (Ishékatfish bone diagram)
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In looking at all of these main aspects, the efferctd causes for unwanted “waste” the thing
that seems to influence all of the categories mastl above is the effect of variations. This is
one of the reasons why we need to look at the tramsin the supply chain, and use tools
methods leading up to KPI's that can be used feratpons surveillance and benchmarking as
shown in chapters 2.2.4 and 2.3.2, where we uskmis of Mean/average (CL), Standard

deviation, Upper Control limits (UCL) and Lower Goul Limits (LCL).
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4.1.2 Flow Chart: A simplified Supply chain — India to Norway

Below we see the simplified Supply chain descrikarigmaginary” voyage (may also be
real), which shows the many supply chain stepslenai“Contract of carriage” between the
two main parties “The goods seller/owner” and thke goods buyer/Consignee”, of goods
coming from somewhere in India, to somewhere inidgr We see on the left side of the
supply chain that it starts with a the “Contractafriage” when a sale or rental/leasing
agreement is in place, which in turn affects ottwrtracts with other parties and pick of
transportation methods and transport ways. The iitapbthing for the Consignee it that the
goods has the right quality and comes

Figure 16 Simplified supply chain - India to Norwayrart |

undamaged, and JIT at the end-station. In all ®fsteps seen in the supply chain may cause
variation and affect the quality of services or @noduct. In this example there are many
“stations” and intermodal choices which affectsfloes and the variance. One “mishap” in
one place or a bottleneck may cause the rippléseinlownstream direction to be big. The
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TQM and Lean methods and tools should contributaeitmate the effect of variance to the
quality of the delivery and product. In the furthesrk of the master thesis we are going to
look at the interactions between the ships and theiv arrival time affects the operations in
the first downstream joint, which is the interantizetween the ship and the terminal or port
that it has the intention of visiting. A late aing ship may not only unload its cargo late, but
also have to load the next cargo on board thelatep due to the delays. By drawing a
simplified flow chart like the one below we arengbbne of the TQM tools described briefly
earlier. By looking at the flow chart we see th port is an essential part of this example.

We also see that there are many

Figure 17 Simplified supply chain - India to Norwayart II

other modal transport opportunities. For the shgustry to be competitive it needs to be both
cheap and efficient so that the customer chosedhadreighter over other transportation
methods (air, road, rail). The ports and termimadsy be bottlenecks, but they need the
stability of the “Lean house” to build somethingrsty and lasting to be able to do the best

possible job for the customers. The master thessak said only looked at the variance
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coming from the ships and that affect the “firshjd of the whole value- and supply chain
shown above. It is also not looking at waiting tsae “local” sequences of operations
following a ship arrival in the terminals themsedyaeither does the master thesis look into
how this affect the supply chain. Such a studyddve put a “restricted access” on the
master thesis paper, which the author has triedéad. Another factor of why the
downstream and “waiting time” study has not beetfiopmed is that this kind of research is
time consuming, it would need more resources thavailable for this master thesis. By
having looked at the cause-effect diagram in tlewipus chapter and the flow chart above we
can conclude, that the variations of ship arriydésy a big role for the terminal and port

operations.

4.2 “Variations to arrival ship voyages” (H1.1) & “Variations to

departure ship voyages” (H1.2)

In these two characteristic to measure, it is m#attthe master thesis should look into how
the ships arrival and departure variance affedt fhenctuality. With punctuality, is meant if
they came early or later or Just-in-time as plarestonated and intended schedule. Thera are
three aspects of ship variances that will be lodkéal

() The variable variance (1) is a dependent variaplea(ue in a scatter plot),
presumed to be dependent on the “Notification tig2®"and number of updates
(3) called independent variables (x-value in atsciot). This means that we
have one independent and two independent variablgshat variance is not only
affected by the time of update (“Notification timdiut also on how many times
we update. Assuming that a ship knows closer tatheal, it may have a better
prediction reporting later on in a voyage thanyaten if they only report once.
The same goes for when a ship updates several, tasgsming that updates are
done because we have new information, the latektashould have a better
prediction than the earlier. The precision and pugldy is thus dependent on time
of notification and how often a ship updates.

() Calculating how much the variance totals to in nandf hours and cost. This will
later be used as a baseline that new methods &addfale alternatives” (H2.1)

can improve operations and from which terminals ords can profit from.
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(1 Are ships later arrival time than scheduled alswileg later than scheduled. The
results can indicate if there are some bottlenétksi) or overcapacity (muda), if
there are no strong correlation this could be a siguneven workloads (mura).

These are discussed more in the “Data analysip’fetehypothesis H1 (H1.1.1.1, H1.1.2.1,
H1.1.2.2, H1.1.1.2, H1.3.2.1) and hypothesis H2.{H22, H2.1.1.1).

4.3 “Ship types and voyage purpose” (H1.3)

These characteristics are meant to look into b yppes or voyage purpose have an effect on
the variance. Here the variance is still the depatdariable, and the ship type and voyage
purpose are the independent values. Looking ingatilere may be found some correlation

showing different behaviour due to different voyggepose or ship type.

4.4  “Available alternatives” (H2.1)

The characteristics here is to find the availalele alternatives methods to reduce variance
that can be used if available. The findings of huch the baseline can be improved is done

by estimating how much can be gained from the sstggesolution.

4.4.1 The datato be collected (H1.1.1, H1.1.2/H1.3.1 & H2.1.1, D)

In this section of going from hypotheses to higleeel observations, we are looking at which
data we need to collect. In the end, the followghgracteristics to measure, were presented as

basis for the “next step” to make a Data collecpéan.

4.4.2 The Data collection plan

Before we can start analysing data we a plan intwahd how to collect data. The “data
collection” step is the third step (third columnijt @f the first four columns in

Figure 14 “Going from hypothesis to high lewglservationabove. After we have we
finished the first two steps, (1) defining the hipses and (2) defined what characteristics to
measure, we can collect data (3). Later we cantbadata analysis (4). Let’s look at the

creation of a data collection plan.

When making a good data collection plan, we needake sure the “data to collect” aligns
with the “characteristics to measure”. In ordedtothis we may need to clarify what we are
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looking for by, describing an “area of interests,shown in the middle column in Table 5
below. After somel initial ideas and after a cougdléeration rounds we came up with some
areas that would be interesting to look into (HH1,2, H1.3 and H2.1). When this was done
the next step was to define the needed data seha third column of Table Area of

interest to be explained by collected da&dow. In the table we see a short line-up of data
characteristics (H1.1, H1.2, H1.3), areas of irdeamd which data to collect (H.1.1.1,
H.1.2/H1.3.1). The table is the result of manyatem processes as shown in Figure 13 above
during the data collection process. It shows tilsellte when the data collection process was in

progress and had matured.

Data characteristics

Area of interest

Data to collect

H1.1 Variations to

arrival ship voyages

Measure the variation of ship arriva
and if there are variation
improvements (lower standard
deviation) when voyage estimates
(ETA) are updated

ETA and ATA for each
voyage and their
updates (H1.1.1)

S

H1.2 Variations to

departure ship voyages

Measure the variation of ship
departures and if there are variatior
improvements (lower standard
deviation) when voyage estimates
(ETD) are updated

ETD and ATD for each
voyage and their
updates (H1.1.1)

H1.1/H1.2

Total cost of variance

Direct and/or indirect
costs related to

variance

H1.3 Ship types and

voyage purpose

Looking at voyage purposes and
identify patterns. See which ship tyf
are the most frequent visitors in

“conventional cargo port”.

Ship and voyage purpose for

veeach voyage (H1.3.1)

H2.1 Available

alternatives

Which new methods makes the car

transportation in more profitable.

g&esearching in the internet fo
new trends, find theories and
tools for variance reduction lik
Total Quality Management
(TQM), JIT, LEAN, A3.

D

“D” Value and supply

chain collaboration

Which collaboration what methods
and tools exist, which method and

tools can be used.

Methods and tools already
existing. New methods and

tools available.
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Others Most frequented from/to destinationsocation code of the last
(In Rogaland and Theort of registered port (port arriving
SandnesndSandnes Havnetermingl from) and the next port (port

AS departing for)

Table 5 Area of interest to be explained by codlddata

After deciding on collecting ship arrival data caning ETA, ATA, ETD and ATD (H1.1.1),
we need to see if that information is availableisTi done infable 6 Data collection criteria
and available dataeen below. It was known that the terminals amtspoould have the
actual data (ATA, ATD) on this, because they ude ihvoice their customers (Ships, agents
and others). The estimates data of arrivals (ETAl) departures (ETD) are essential for our
calculations of variance. In the step of analys@igip Arrival” (H1.1.1.1) we also wanted to
analyse if updating estimates during the voyagesilavhelp reduce the uncertainty and
deviation to the time the ships actually came fir Tehe problem soon realised was that the
Terminal Operation Systems (TOS) or Port ManagerS8gatems (PMS) overwrote the
previous stored data, so that we would not seesarlier voyage history data. TOS- or PMS
systems would thus not have the information aboaifitst planned time of arrival (The first
ETA) which we needed to observe any improvementnéésl the estimates and the update
data history of each voyage to check these twath{mariance and variance by updating

estimates).

The next step was to draw up a method of dateciodin. The data to be collected was

defined from “Characteristics to measure” as saaolumn in

Figurel4 (H1.1, H1.2 and H1.3). The following descriptidrog/s how the empirical data
was collected.

After defining what data types were to be colledtezlwork then started in which the data
were perceived as A or B data. The criteria thddta type should be classified as a “A
criterion” was that the data type was absolute &y and compulsory for the hypothesis
testing. “B criteria” were the data which seemetthat important at the time or was known
to lack in all known sources of data. In the erallist of possible data sources, data types
looked like this.
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D

A criteria | A criteria A criteria | A criteria | B criteria B criteria | B criteria
Data type Voyage Arrival and | Ship type | Voyage | Pilot Tug Unique
update departure purpose | bookings bookings | location
Data source | history datd code
NCA (SSN- | Yes Yes Yes Yes Yes No Yes / N¢
N)
Port of No Yes, but Yes Same as | No No Yes / No
Stavanger only the last SSN-N
(PMS) values
WestPort No Yes, but Unknown | Unknown | Unknown | Unknown | No
(TOS) only the last| at the at the at the time | at the
values time of time of of data time of
data data collection | data
collection | collection collection
Port of No Yes, but Unknown | Unknown | Unknown Unknown | Yes
Sandneg only actuals| at the at the at the time | at the
Sandnes time of time of of data time of
Havnetermin data data collection | data
al AS collection | collection collection
(PMS/TOS)

Table 6 Data collection criteria and available data

When looking at Table 6 above we see that thersareral columns containing the text “A

criteria”. The data sources which did not meettadl “A criterion” were discarded or not

collected.

As seen in the figure above the Norwegian Costahitdstration (NCA) fulfils all the A

criteria (H1.1, H1.2 and H1.3). The data contahesETAy / ETDy needed for having

reference points to the first “booking” for thetre$the updates (E.g. ETA2, 3, 4..nand

ETD(, 2,3,4...n) to be “lined up against “. In knowing that the N@Gad most of these data,

Jarle Hauge who is the Chief Engineer for IT solusiand the development of SafeSeaNet

Norway, was contacted and asked if it were poss$totget the data needed. The answer was

quick and positive and the software supplier Fund@fterje Hellesvik and Mads Hoel)

swiftly provided a huge amount of data containirf@NSN ship arrival and departure

4ETA, ATA, ETD, ATD. See also the “Abbreviationshapter
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messages. When writing to Mats Hoel asking abauttita sets he said that the picture below
shows the connection between the arrival voyagdladeparture voyage messages and that
“Ports and EMSA typically operates with Port CaNghereas the NCA operates with both an
arrival voyage and a departure voyagerhe picture below is adapted from Mats Hoel’s

picture sent to the author by e-mail.

Figure 18 The connection between arrival notifica@nd departure notifications in SSN-N (Hoel, 2017

The data of one ship visit comes thus from two g&ga which in combination makes a Port
Call. The most important part is the link of theot&TD’s (ETDurival and ETRepartury Shown
with the red arrow connecting them. Each voyageessgnted by the blue arrows have a
unique VoyagelD which needs to exist for the dataafrival and departures to be connected
and at least one of the voyage data registratierds1to know the VoyagelD of the other one.
In the case of the data given from NCA the departiayage had the VoyagelD information
about the previous arrival. In chapter 4.5 on g@®&ow these data was combined is

additionally explained.

Some data were also collected in parallel fromcthvainer terminal WestPort and the Port of
Stavanger, but because these data did not mehkeal criterion and did not contain the
update history of the voyage reports they weredaide. During later interviews with some

of the employees in tHeort of Sandneand inSandnes Havneterminal AiScame up that

they only saves actuals, multiple persons in thé qganfirmed this during the various
interviews. Because of this we cannot calculateadewns from theSandnes Havneterminal
ASdata, and thus do not have any other availablerexalpdata for the variation analysis. In

not having these empirical data, verification af SN-N data has only been available
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through interviews with the actors described belowhapter 4.4.3. As such the master thesis

lacks the “confirmation” of other empirical data.

4.4.3 The data extracted

As a result of the work done above it was easise®what data needed to be collected. The
Data collection plan described in section 4.4.2vabweas a valuable tool. Without this data
collection method and tools, it could have had kdifficult to limit the scope of the master

thesis.

Let’s first take a look at the empirical data colel, mainly used in Hypothesis (H1) and
Later we will also take a look at the data colldodhen we weight the alternatives for our
second hypothesis (H2) before going over to takmla at the data collection plan which led
to focusing on which data to collect. The dataemilbn plan is described in chapter 4.4.2
above.

H1 data: After the usage of the first Kaizen steg QM tools and methods, the final dataset
given from the Norwegian Costal Administration (NC#ontained the following data and
their intended usage in the data analysis:

Ship arrivals and departures data (H1.1.1)
Rogaland -> Sandnes -> North Jeeren -> Rogaland
Correlation between late arriving ship and delageparture
Berth stay
Scatter diagrams (Variation arrival/departure)
Histograms (Notification time)
Analysis, delayed hours
Ship types and voyage purposes (H1.3)
Pie charts (Ship types, voyage purposes)
The Terminal infrastructure used (1.1.2) are depathdn which terminal and berth we are
looking at. In this master thesis the infrastruetisrdescribed of the termindandnes
Havneterminal A$h thePort of SandnesThe ship types frequenting there are mostly dfiat
conventional cargo (general cargo, bulk, contajnensl is described in the context for the
whole paper when looking at this type of operatifunghe whole study (earlier

presumptions).
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The data given from NCA, containing the SafeSedidgtvay data was collected through a
data collection plan described above. The datargoontains data enabling the calculation of
the total cost of “delayed or too early arrivingpsi. This is shown in the “Data analysis”

step later on and enables us to use a method wétind reasoning to deduce findings in a
lower level (Sandnes Havneterminal AS) to concloehat total variations hours for certain
ship types in the terminal looked at, is repredergan the levels of “The North Jeeren
Region” and “Rogaland County” as well using the saralculations and ship types for these.
Criticism

The lack of alternate verification data does nokenide data analysis as robust as wished for,
where a second source of empirical would have gthemed the master thesis and its
verifications. The Norwegian Costal AdministratiCA) and SafeSeaNet Norway is only
known available source of historical update datee ports and terminals should change their
tools of data recording, so that such an altereatavailable for further studies. By saving

all the data and “way points” the actors (termiraaisl ports) would also have possibility to
attach “systems of early warning” or enabling thalgsis of historical variation of their
visiting ships.

45 Data combination

In order to observe results from the data we nedthhsform and analyse the data. The first
step “transforming” the data may best be descrédseth data manipulation phase” where the
data are put together and aligned according t&tesumptions and assumptions, limitations
and constraints set. These are described in cha@en page 26 above. Then we are able to
perform the second phase which is the data analjsse the experiments are performed to
test the hypotheses. We will go through these tepssin the following chapters.

4.5.1 Data manipulation and analysis (H1.1.1.1, H1.1.1.2, H1.1.2.1,
H1.1.1.3, H1.1.1.4)

This data took quite a time to get familiar withdealso needed a bit of programming in VBA
(Virtual Basics for Applications) as the data caméhree separate worksheets. The first work
sheet contained the ship arrival estimates (&Jand ship arrival actuals (ATA), the

second worksheet had only the estimated time cduidege (ETQ: from the arrival voyage

and the last worksheet contained the departuregeogeessages containing estimated ship

departure (ETRp and actual time of departure (Ady.
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In the end the tremendous amount of data, needee sorted and analysed. The schema

described above in

Figure1l4“Going from hypothesis to high levebservations, was then used in the further
work where most of the time has been spent on ammgyfhe SSN-N data in column four
(H1.1.1.1,H1.1.1.2, H1.1.2.1, H1.1.1.3, H1.1.1¥je data from NCA was put together by
using the logic shown iRigure 18on page 6labove. After the first results wereblesi
(scatter charts and histograms) the findings froenanalyse were discussed with the faculty
supervisor Jan Frick and skilled maritime perstike,retired maritime agent Thor Egil
Slettebg and Anette Jordal, one of three employges/iewed inSandnes Havneterminal
AS, as well aand my colleagues in the Maritime department@tRort of Stavanger. The
interviews were used to get a second opinion apdssible, a verification of the findings.
Using interviews as verification will never be &a©ag as verifications by using an empirical
verification. Interviews can to some extent confifindings and lead to deeper insight and
new knowledge. By doing data analysis and intergidve new knowledge may lead to the
need to make some assumptions, as discussed itechapabove. Most of the limitations
and constraints found are on the usage and intatjme of the SSN-N data which heightens
the uncertainty. This is described in later chapt&he arising uncertainties, data limitations
and constraints that came from the preliminaryysisland interviews were taken into

account and is discussed in the continued work@htaster thesis.

4.6 The first hypothesis (H1)

The first hypothesis ifNew methods can make cargo transportation in Nddrermore
profitable”. Finding new methods to make cargo transportatidddrth Jeeren profitable

were done through brainstorming, weighting of al&tives and calculation of the “wasted”
hours due to ship arrival and departure variatidhe. thesis takes a first look at the “waste”
in “Sandnes Havneterminal AS”, for later to cal¢eland how the findings there can be used
to make a qualified assumption for the total “wedsteours in the “North Jeeren” region and
the whole of “Rogaland county” by using inductieasoning. The SafeSeaNet Norway
(SSN-N) data given from the Norwegian Costal Adstirgition (NCA) were used for the
visualisation of the deviations and the calculagiohthe “base line” of total deviation hours,
using these tools and methods. The previous firsdagw that variance should be avoided to
have a stable foundation to build upon. The use@¥ and Lean methods and tools, is some

of the essential building blocks in reducing wamstd is thus implicit one of the supportive
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tools for the new methods and is also the mairstant methods used in this master thesis.

Let's take a look at the new methods and whichshoild be the preferred one.

4.6.1 The new methods

As earlier seen in the “Ishikawa” / Fishbone diagia Figure 15, the common cause for
unwanted effects (“Muda” / Waste) were that of aade or “Mura” (unevenness). The tools
of Lean bases themselves upon Figure 9 Lean Mamujeldouse and the first layer is
“Stability” (Robustness). Without this base layeiry stable, “the house” is not built on
“solid rock”. In worst case this means that theays(“the house”) is not able over time, to
be sustainable. The variance to the system césiess” (overburdened), “unevenness”

(variation) and “waste” as described in FigureEEects of Muda, Mura and Muri

A “new” method to be used in the maritime businaessd “Stability” and reduced variance.
As seen in the Kaizen circle in Figure 10, the &sp of activities is to have “Standardised
Work”. The author has thus looked for ways andddolreduce variance as seen in the

weighted options diagram below. The new methodedaare

4.6.2 Weighting of alternatives (H2.1.1, H2.1.1.1, H2.1.1.1.1)

During the work the following new methods, or ratpeopositions on how to reduce variance
appeared. Some are merely technical like improxirgls or vehicles, and others are more IT
technical where data is shared using existing @eoming standards. By combining
standards and technology, there may be a way othegl variance and waste in the ports and
terminals. The author has tried to find new methodshe industry in Rogaland and North
Jeeren by looking at known methods or solutionsahaemerging. The list shown in Table 7
below, shows the brainstorm result after seveeshitons between H2Available

alternatives H2.1.1Find rights tools and Methods to detect variatenmd H2.1.1.1

Alternatives that can be implemented within ne&ty&ars shown in

Figurel4 above. The author has also tried in the weightnghow the “H2.1.1.1.1 Economic
gains and market incentives” in the discussionsdorihe descending descriptions (8-1) after

the Figure 19 The weighted alternatives on pagect@n.

The list is the subjective result of the author ahduld therefore not treated as an absolute
truth. This list is a result of continuous improvamhand is the result of brainstorming around

step four “Hypothesise Solution” in the Kaizen wities (Figure 10, page 35). The
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alternatives for new methods are first listed ug Eter described after the weights are added

and scores calculated for that later chosen at&ilouFigure 19 below.

Alternative: Description: Infrastructure / IT tool /
Technology
Tracking of goods Real-time tracking of goods maketser customer| Sensors,

awareness and adds value for the whole supply-

value chain in JIT operations world-wide.

aransponders/Receiver

algorithm, IT-tools

Information sharing
HUB (Ship - Port -

Hinterland)

Enables local or national hubs to do more JIT
operations in all joints of the supply chain, addin

guality and value to the customer.

Transponders/receivers
standards, analytical
tools, algorithm, IT-

tools

Folding container

types

Foldable containers reduce empty space (waste
This may reduce the storage space and have an
environmental and cost saving edge over
conventional non-foldable containers during

“‘empty” transport.

. Technology; foldable

containers

Goods HUB's
(Physical Internet)

Many Hubs for “short leg” transport, smaller ship

and terminals outside the “main sea/land routes”

sInfrastructure,

algorithms, IT tools

Electrical cars/trailers

Reduce emissions/cost

Bogeacitors, super

conductors
Railroads Reduce emissions/cost, faster transport nfrastructure
Electrical ships Reduce emissions/cost Super capacsuper
conductors
Roads Reduce land based bottle necks Infrastructure

Table 7 Alternatives for the maritime business

When we look at the list above, we recognise thartet is not “easy fix” or solution. Some of

the technologies have high costs or would in woase meet strong protests and have a need

for extensive lobbying. (E.g. Building road or radd in urban areas; taking away living

guarters, increasing noise of traffic) Some ofdtieers methods may need longer time to

build up and other technology or methods whichosaovered may make some of the

solutions obsolete. Some of the alternatives maguak never materialize even if they are

high up on the list. It is therefore important tmtinuously check up on new solutions

(standards, methods, technology and tools) by sleedecision trees, and continuously

observations (checks or studies) in an effort teego risk (both positive and negative risk).
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By doing so we need to acknowledge that even a deosion may have a bad outcome and

vice versa.

The next step starts by giving the different alatinres some attributes which can be weighted
by importance. After some consideration the follogvattributes (Orange cells i fow) and
their weights (Yellow cells™® row) and how they influence the total score (weye created.
An attribute with negative number (-) is rated asihg negative impact. An attribute with a
low weight (E.g. Value = 1) means that it is ndedhas important as an attribute which have
a higher weighting (E.g. Value = 5), for negativenber it is the opposite where bigger
negatives are having bigger negative effects.

Investment | Technology Lower Waiting Lower Waiting Lower Total Turnaround
cost (-) readiness (+) | times Ship side (+)| times Port side (+) | Time (+)
-5 4 3 3 3
Start-up | Within 0-5 Reduce variance | Reduce variance | Reduce length of berth
costs years stay
Increased Sales / Positive Better Resourcel Negative Risk (-)

Customer Satisfaction| Environmental utilization (+)

(+) Impact (+)
5 3 5 -5
Better quality of Reduced Fewer non- [...] due to loss of reputation and
service emissions productive hours good will. Risk of more accidents

due to technology or increased use,

Table 8 Attributes and weights

As pointed out above the weights are given byatlitor from a subjective view. This means
that the neither attributes, nor their weights gite the alternatives are absolute certainties.
When looked upon again in 5 years or by someorgeteiaorrow, the perceptions and
technology may be different. This should be treagthe subjective opinion of the author at
the time and place of writing the master thesisraag well be refuted in the future by
readers or the author if new information or methadsavailable or more important attributes
shows up. This means that even if the author tod® as objective as possible, the list is still
a result of subjective “best guesses” of a “braomm”.
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Below we can see the list of weighted prioritieteiathe scores have been calculated and
sorted by size. The end result is a list of scareieh could tell us which projects/methods
should be prioritized and its order, out of thdet#nt alternatives listed in Table 7 above and

Figure 19 below.

() 0 —~
T (g |2 = g |=
) ) = () o =
Tle | |E= E |E S
—| < o o =] — k=
nl|wn o s %) I S
Sl o 0 o o S =
- c () (D) — =
: : —lsle | |8 |3 |E |2 |=
Alternatives/Attributes o |s|= = = 8 ~15 O ~
(@) () (@)] (@)] — ('_U + = o ~
2 g = £ = gl =] 1%
= | xl= = ol ncle 2 [
GC) COD o T 6 9 g w (&) ()}
elglz [2 [& [28]lg [= |2
g1518 |2 |8 _|Sz|% |2 |B
zle|l3d x| x|3drleBlev|le |2 |score
Ranking Weights
Information sharing HUB
1 . ing 15(20| 15 | 15| 15 | 25 | 15 | 25 [-10
(Ship - Port - Hinterland)

o [Tracking of goods in 16| 15 | 15 | 15 | 25 | 12 | 25 |-10 -
realtime

3 |Folding container types |-10{12| 12 | 12 | 12 | 20 | 15 | 20 |-15|078"

4 |Goods HUB's (Physical onf g | 15 | 12 | 12 | 20 | 12 | 15 -10.
Internet)

5 Electrical cars/trailers -10|116| 6 6 6 10 15 10 [-10]29

6 |Railroads 20| 9 9 9 | 15 | 15 | 10 |-15|7a7

7 Electrical ships -15]112| 6 6 6 10 15 10 | -5 [as

8 |Roads 20] 9 9 9 | 15| 6 | 10 [-15[38

Figure 19 The weighted alternatives

The scores at the far right are the sums of eadhdraal ranking row. This sum is a
representation of what the author seem is the sustainable “new methods” available at
present. Each partial score is given by multiplyting “Weights” (yellow cells) with the
authors scores given for each attribute. The figioes not show the calculations, but the
potential scores would range from 1 (1 x 1) to 2] where the plus (+) or minus (-) would
have given the cells score to be added to thetditae.

The values given before adding the attribute’s “gt€iranges from 1 to 5. Where 1 is
having a low (positive or negative) impact and Beha big (positive or negative) impact. The
values given between 2 and 4 are representing ai@eniddle value. By “back-tracking” it

is possible to calculate the score given by the@ufThis is done by dividing the individual

cell value by the columns weight (yellow cell vglug.g. For the first column “Investment
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cost (-)” we can divide the first cell of “Informan sharing HUB (Ship-Port-Hinterland)” by
the value -5 which is the “Weights” given for tluslumn. The result is 3, which mean that it
according to the author has a “medium” investmest.c

The first four ranked alternatives need a bit gflaxing as they are should not be so obvious
without a deeper explanation. Let’s go througheaht alternatives and start from the bottom
and make the way up to number one.

8. Building Roads - Score 38 (H2.1.1.1)

Building roads may seem a good solution, but theypat score well in the total scores. They
have high investment costs, and a mid-level impaataiting times for the ports and ships as
the “hinterland” road net in Rogaland and Northelzarsually do not usually have queue
problems outside rush hours. The positive effesofcourse that the lorry or truck drivers
(the customers of the roads) have a better comditiothe roads. The negative risk comes
from the increase in cars and pollution, which nmaurn cause more accidents. The building
of roads is as such not a solution to be lookdutsitand it does not help that much. It is also
a very costly undertaking in urban areas where ledoye and may have to be resettled, with
the cost that follows. Instead of building roadsréhmay be a more pressing need to look at
the 3 M’s shown in Figure 12 on page 37 and hovetluce the waste described there.

7. Electrical ships / 5. Electrical cars/trailersScore 45 & 49 (H2.1.1.1)

There are much talk these days about autonomiglselhg cars, busses, trucks, ships or air
planes. This is expected to come in the futuresbeh in a 0-5 years’ perspective the author
only believe that small scale testing is all thdt lae done even if there are big contributions
from big actors. But what will come is the elect@tion of most of these means of
transportation, except perhaps of the airplanes.bigp problem is weight and transport range
before the need of refuelling. The cost of bateen®y not be that big, but for now the
weight-range and thus the cost-benefit ratio saaraglisfavour of conventional fuel engines.
This may change if the miniaturisation of capadaitfiratteries) makes them lighter. Another
aspect of electrical vehicles or ships are that treed the energy from somewhere. At
present there are being built several low scalii&lé sites for ships and vehicles. Some of
the challenges are that there would be a need of places to fill up electricity, the power
grid would have act as if it wefene giant copper plate’(Aengenvoort and Samisch, 2016)
to have the full flexibility that ships or truckave who can bunker fuel at or close the
smallest ports or terminals. A ship which doeshate enough fuel out at sea, can even

bunker from special “bunkering ships” with no ndéedland-based infrastructure. As seen in
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the matrix both ships and trailers have the pol#silio either new invest or refurbish to
electrical propulsion, many ships already havetatat engines, but are delivered the
electricity from heavy or lighter oil driven gen&yes. The costs are low to medium size to
upgrade to batteries, but as said earlier at teeafdower operational range and may only be
applicable for the short-sea shipping liners. Raglring will have a positive environmental
on the renewable fuels side, but have uncertaindont when coming to energy used for
production and the end of life problem with disgageald batteries. In addition, the ships
and trucks are going to do the same task a bdfuees is not going to be any changes to
punctuality in arriving or departing a port or ténal. This is why the scores are not that good
for these “new methods”.

6. Building Railroads - Score 47 (H2.1.1.1)

The trains are as we know limited to their tradise location of the tracks is thus more
important than for many other types of transporicivimay use paved road or roads of other
consistency, as well as the possibility of dischygr loading goods almost everywhere
there is space without causing congestion by blackie way of transport. A train does not
have the luxury of being able to load and unloaddgcalmost everywhere. The advantage is
that goods trains and train terminals handling gcer@ highly standardised. Another
advantage is that the railroad mostly connectsstréks of importance to each other, major
and smaller intermodal hubs are connected whergabds is distributed to the customers
and the end users. It is therefore very importatiaive good access to these train station
hubs, for all goods transporters, if the capaaity quality of the train services are right. It is
also mostly seen upon as an environmental frienuigie of transport, using electricity, even
if there are trains in some regions where traiesuaing diesel engines. The building of a
railroad is costly, therefore this “new method” gtite lowest possible score on investment
cost. The building of railroads like for normal dsamay have negative impact in that is
generates more traffic at the hubs, thereforeesdwwt score more than a middle score of 15
in the “Positive Environmental Impact” column. Isa does not affect the waiting times for
ships or terminals for the same reasons as fdt8thiguilding roads” option.

4. Goods HUB'’s, The physical Internet-Pl - Scorgl82.1.1.1)

The Physical internet is the idea of using the Kedge and methods of transport of internet
packages in the physical world where goods areqmhtkmodules which can be build and re-
built like Lego bricks at each hub. The idea ig 8t@ort sea shipping or short road transports

are more efficient (minimum waste) than long haahsport. The good side effect is that the
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truck driver would work from 9am till 16pm and deilnome each afternoon to his family.
Thus having a healthier family life than if he/shere to spend the night away from home. It
is also a sustainable way because the legs arepredietable between local hubs and the
“main high way” of PI. The problem is that this metl is not as mature as we could hope for.
The project is fully mature in “2050” (ALICE, 2018¥hich is 32 years in the future! This
also means that even when it has big potential@sids promising, it is not within the scope
of this master thesis of finding solutions that ir&dy to be implemented between 0-5 years.
3. Folding container types - Score 78 (H2.1.1.1)

The first that strikes the onlooker when lookingai tube movies in fast real time or even in
fast forward captions, is that it takes time talfol unfold a foldable container. In addition,
there seems to be a need for several operatorg dgirthronised work to do this. The
technology is thus not as mature as one would haped for just now. But this will most
likely improve as the need for space and fuel gatéichnologies arise. When looking at the
scores in Figure 19 above we see the medium sopf@échnology readiness”. In an
interview with retired Ship agent Thor Egil Sletglbthe trend is that the containers used are
being made bigger. The usage of 40+ feet type omrtais according to him rising. This
makes the need for better solutions using fewsaare number of “folding operators” even
bigger. The author is thus uncertain of the envitental impact if these containers are no
able or too complicated to fold. The score on tResitive Environmental Impact” and

“Better Resource utilization” have thus not goteemaximum of 25, but has gotten a score of
15 and 20.

2. Tracking of goods in real time - Score 93 (HR2.1)

There has been tracking systems of goods on thketrfar some time, where bar codes or
similar of the individual parcels are scanned aégipoints in the logistic flow. The

individual parcel or package is then stuffed inbxés, pallets or containers for further
transport. These again have their own markingscbades or similar which in turn are
scanned at their check points in ware housesrratrials or at the end destination. These are
then again shipped by trucks, train, airplanesh@gsswhich can be tracked by AIS-/GPS-
systems. Unfortunately, the links from ship trackdown to the individuals parcel or item
has not fully been integrated into the supply aaldi&@ chain in Rogaland as far as the author
could discover from interviews or internet searchgben interviewing employees at
WestPort they say that they only know which corgesrare coming not the contents in them.

This means that even if all containers are scamieh stuffed and loaded on board a ship or
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truck, the content inside is not relayed to thenieals. The terminal only sees the numbers of
containers and their markings given at the warebougerminal of origin. This is as the
author sees it a supply chain which lacks a lebfafrmation downstream (H1.3.1.1), which

in turn also may be a problem for big actors likmazon and Alibaba who should have a full
coverage of tracking between the container stuffinthe origin and the destination where the
containers are unstuffed. It would be, as the awghes it, in their interest to ensure that by
sharing their parcel numbers and “meta data” anmected to the container in which they sit.
In turn the all the actors in the supply chain dtidave the “number of the container”, on
which “vessel or transport” the container sits agdhis be able to track in real time all
movements of the cargo. By cargo is meant all fteenindividual cargo (highest possible
granularity) up to the container level (lower greamity). This should be a task for all the
freight forwarders, who should distribute thesekag data with the help of their “supply
chain networks” like in the example &iigure 16 Simplified supply chain - India to Norwayart

| andFigure 17 Simplified supply chain - India to Norwayart llon pages 54 and 55. Seen from
the terminal side which is a part of this “supphat network” such data may increase the
knowledge of when and what type of goods is argvihshould make it easier to
accommodate JIT operations by using the new knayeléd stack and store the containers in
a better way, as well as being able to prioritie stuffing/un-stuffing. A bi-product of

having more data is that one can analyse the latatata and thus facilitate their services in
alignment to the customer needs of quality of ®erand cargo handling punctuality. The
freight liners and freight forwarders like MAERSKdaKuehne & Nagel, should be aware of
the possibilities that lays here to optimize angrnove services to their customers.

When coming to the scores for the method of “Traglof goods in real time” it gets a big
plus for “Better Resource Utilization” and “IncreasSales / Customer Satisfaction”. The
only big drawbacks are the investment costs, intiadthere may be an increase of transport
having negative environmental impact and increas&df accidents (negative risk). In
addition, the technology is still not as maturetafiould be, but this is certainly going to
change over the next couple of years. The methesd@sis therefore possible to implement,
but has a cost connected to it which may be sutigtavhen looking at all the actors in even
a simplified supply chain (see Bdure 16 Simplified supply chain - India to Norwayart lon
pages 54 and 55). It therefore falls short of finerit runner” method of “Information sharing
HUB (Ship - Port - Hinterland)” described below.

1. Information sharing HUB, Ship - Port - Hinterldn Score 105 (H2.1.1.1)
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As seen in Figure 9 Lean Manufactory House andried in chapter 4.1.1 “Ishikawa” /
Fishbone diagram: Cause — Effect analysis, the maure for operations at terminals and in
ports are the variance of goods arriving, eitheslyp or trucks. The master thesis has not
calculated the hinterland effects, but has caledl&be total numbers of man hours spent on
either waiting or mobilizing earlier because thgstare coming different than their estimated
time of arrival (ETA) or leaving different than thestimated time of departure (ETD). This
is done when we look at the case of “Sandnes Havmétal AS”. When looking at ship
arrivals there are a lot of factors playing in dmpthe ships arrives different than scheduled.
There are many factors for early or late arrivaldepartures and to list them all would be an
almost impossible task, therefore only a few asted up below:

Weather: A ship may have to take a detour due tthvee conditions or sea line

“congestion”.

Knowledge: The ship may never have been in thelzgtme and are therefore

slowing down its speed

Sequential effects: Wait for the pilot, waiting ftrew (crew change), late cargo

arriving at last port.

The port or cargo is not ready: The port or casgoat ready, delayed ship at

destination blocks the berth.

Border control: The ship has to be cleared befatereng the port, or before leaving

the port.

Customs control: Ship or crew has to undergo cantro

Breakdowns: To ship, machines or other equipmestgnting the JIT cargo

operations.
As said earlier, the master thesis only looks atattrivals of ships and not the arrivals from
the hinterland of trucks or other services and godtie lack of information and the
additional uncertainties of the above mentionetbfacadds uncertainty if not shared with all
stake holders in a port call. This uncertaintyumntdirectly affects the punctuality and
precision of when ships are arriving and thus e®aariation to arrival and departure times,
which then spread to the terminal and downstreain32.1) value chain. The vibrational
effect is most likely bigger downstream where tbagillary” in the system are reacting
individually and more or less uncoordinated withth# right management, methods and
tools. But for now as said let us take a look uffanship — terminal interaction. The scores

given in Figure 19 The weighted alternatives alkstaets up with the “Investment cost”
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which is placed at a mid-level, it is not as expenas many of the other solutions as there
are not a need for physical investments other tlemnservers and space to keep them, these
can be built anywhere on existing locations ordhfirem external actors. In difference from
the method of “2. Tracking of goods in real-timaipst of the terminals or ports are already
using a centralised “Single sign on” system, thieSeaNet Norway (SSN-N), where they
subscribe (one-way information) ship informatioaisd estimates of arrivals and departures.
As such there is a platform that can be furtheetiged to include other actors. The
uncertainty is if the Norwegian Costal Administaatican undertake such a big task for
regions as Rogaland or for the whole country ak sorcif the ports and terminals need to
invest in a new centralised system. One of the najeantages by having a centralised
system is that all the actors must align with sgadd for communication like they already do
in the SSN-N and by using other standards likePitneCDM'’s “Port Call Message Format”.
PortCDM stands for “Port Collaborative Decision MaK, and is a way to usihe

digitisation of time stamp information between paetors involved in the same port call.”
(Lind and Haraldson, 2016) and is a new methodafiag stakeholder information. The time
stamps are providing important information aboet alstor’s intentions in real time and can
therefore help in optimizing port calls bot at sea on land with the goal of creating JIT
operations. The standard‘i8ighly inspired by the airport CDM Counciland has its own
internationaf|...] PortCDM Council” in order to‘establish the necessary overarching
guidelines, processes and procedures to make STvtaRortCDM a successful
international concept to improve maritime transpiorterms of port operations and ports
interaction with ships.”(Lind and Bergmann, 2017). The standard is atgmtelseing

validated by the EU and final results are expebtdvailable by the end of year 2018. This
means that one within a 0 to 5-year period thetlkagossibility to roll out this standard for
all actors in the ports and open it up for the shgpuse, in such a manner that all actors
participating are getting the time stamps, hopgfioill using a national system like SSN-N or
by building up a central and database for the adigrprivate investors. The new method of
making an “Information sharing HUB”, thus needskiag from not only government organs,
or investors but also the local community and thetors needs to be involved like one of the
main principles of both TQM and Lean to look atfalictions and involve all levels of the
supply chain. There are thus uncertainties conddotbow such a system and HUB should
be implemented and its cost. The “Negative riskuom value is rated by the author to have

a low to medium score as this also may increass toaffic both at sea and in and out of the
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terminals if the new method can create new or roargo transport in the region (Hypothesis
2).

The big differences to “Tracking of goods in reate” is according to the authors opinion
that the “Technology readiness” is greater an@# & slight advantage in “Positive
Environmental Impact” as it allows “right steaminfgt all the actors and allows JIT
operations at the local level when financed (H22./D), build and implemented correctly
into the Port Management System’s (PMS) and thenifed Operating System (TOS) as well
as to other actors and stakeholders in the whaiplgehain (see D: Value and supply chain
collaboration in

Figurel4). The preferred new method according to the metfaodi findings made above is
that of the “Information sharing HUB, Ship - PorHinterland” which involves all the actors
in the supply chain, when the implementation iested in and supported in the right way
from all the actors in the maritime business. Tdeaiof information sharing to get the latest
information to act upon is as such the mentioned method.

Criticism

The list of “New methods” shown in Figure 19 Theigieed alternatives above is not made
by asking the maritime business as a whole. Itgsoduct of the author whish has to be
treated as such. It may that these methods areddsdthe maritime cluster, but it may also
be that they do not have the need or do not sesoliéons as the most critical tasks to be
solved at present. The author has thus limitatiek®owing other aspects which may be
more important at present. The reader should beea@fahis and the uncertainties that this

implies, and the uncertainties that follows fronsth

4.6.3 Kaizen - Make problems visible

The wished for yields is in the first hypothesisljHk to increase the profits for the ports and
terminals and gain a competitive advantage in thatime business in Rogaland, North
Jeeren and &@andnes Havneterminal ABOSAS). In step one of the Kaizen circle, is “Mak
Problems Visible”. We need tools and methods taalise, by using the theory of TQM and
Lean, tools like “Scatter chart”, “histograms” atadbles, we can “make problems visible”. In
this master the tools mentioned are used to viseiaind calculate the variance of ships
arriving toSandnes Havneterminal AlBe North Jeeren region and the whole of Rogaland
county. The visualisations and calculative findimggach “case” are described in the

following sections.
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4.6.4 Visualising Arrival times and Cost

The case of Sandnes Havneterminal AS the basis for using an inductive reasoning tand
the basis for a “best estimate” of what the totahrhours of similar ports, ships and terminals
in North Jaeren region or the Rogaland county ane.résults should as such be treated as
estimates and not as the single truth.

When looking at the conventional cargo operatidrtb@terminalSandnes Havneterminal
AS in thePort of Sandneghe data analysis is limited to the ship typed th mostly used in
those type of operations. Therefore, the study muits at observations and notifications
made by ship types of “General Cargo Ship”, “Rdzargo Ship”, “Refrigerated Cargo Ship”,
“Palletised Cargo Ship” and “Container ship”. Stypes uniquely transporting “Dry bulk”

and “Wet bulk” ships are as such also not incluidettie studies.

As described imMhe Data collection plam chapter 4.4.2 and ti&resumptions and
assumptions, limitations and constraietsapter 1.8, in order to be able to calculatetbert
arrival and departure deviationsh), we need estimates (ETA, ETD) and actuals (ATA,
ATD). Therefore, the data set used in analysingsthp arrivals and departures in Rogaland
has been collected from the Norwegian Coastal Adhtnation (NCA), which has a National
Single Window, SafeSeaNet Norway(SSN-N). SSN-Nsesduby ships for reporting their
compulsory arrival and departure information’seléstimates of arrivals and departures.
There are other sources of data, like each indalitRrminals TOS (Terminal Operating
System) and the port's PMS (Port Management Systeutthe SSN-N data has the of
advantage keeping history of estimate updatestaidreporting time (time stamp) shown as

the x-values irrigure 20andFigure 21below.
The Rogaland data set

The SSN-N data contains 163.507 voyage registrathmial updates to 76.069 unique voyages
arriving Rogaland county from 1st of January 20@d| 24th of October 2017. Of these there
are 36.548 arrival registrations and 30.649 deparegistrations which contains both contain
actuals and estimates. The scatter plot below showsall of the “valid” notifications in

SSN-N containing both estimates and actuals arewigelook at the raw-data.
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Figure 20 All_arrival notifications (SSN-N)

Figure 21 All_departure notifications (SSN-N)
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In the two pictures above we look at all registnasi and updates for all ships that have
registered their voyages in SSN-N. As we can sexetare a lot of notifications with the
departures having 5.899 fewer notifications. We alsserve that there are different circle
colours which represents if the ships are arriaadier (Early) or later (Delayed) at the
terminals. In the arrival figurd={gure 20 we cannot recognise any Just-In-Time (JIT) alsiva
due to the high density of the scatter plot circlaghe departure figuré-igure 23 we can

just about see a couple of red circles which reprssthem in that figure, but they quite
hidden among the majority of non-JIT departuresewhs the spread for the arrivals seems
to be within +/- 250 hours of deviation, the spréacthe departures are in a range that
exceeds +/- 500. This observation showing that deges have around twice the spread,
indicates that the arrival time is more predictahkmn the departure time.

From these two scatter plots and the data thainaitied them we are going to make new
scatter diagrams and diagrams to calculate thegoma of deviation hours i8andnes
Havneterminal A$Port of Sandngsand try to calculate the direct cost of man holrsurn
we want to use the method to do calculations omtinde of Rogaland county and the North
Jeeren Region by choosing the most frequent shgstysitingSandnes Havneterminal AS
and look at them in the two mentioned areas (Naathen is the region where tRert of
Sandness situated in. The North Jeeren region is in tupart of the whole of Rogaland

County).
The reference point of observations (A in
Figure14)

Due to the many updates done to each voyage (Viyagee need to set a reference point of
what to look at when analysing the data. The autlagrafter some consideration choose to
use only the first registrations as the refereraatpf measuring the estimates deviation
from the actual times. This is because this iditsemessage (ETAETDo) that is the most
important message for planning berth operationthdyft is later updated (EToA/ETDo+n);

the port or terminal are always rearranging acegydo this first notification/registration.

We will later discuss how filters to the timelinedaextreme values will reduce the
observations even more and also help on intergy¢ti@ observations, bus also increase the
uncertainties. In the verification of hypothesi®t{#i2), we will add the observations back

and look at if updating the estimates of arriv@8$Ao+n) or departures (ET#n) can help in
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JIT operations at the terminals. The scatter Rletsw shows how the situation is when we

have removed the “update” messages.

ETAoarrivals Rogaland county:

Figure 22 Arrivals Rogaland EToAnotifications

ETDO departures Rogaland county:
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Figure 23 Departures Rogaland EgDotifications

We see that in both the figures that the spreaddandity have been reduced. The number of
observations for the arrival notifications havepjred to 16711 unique EbAnessages and
the observations of departures have decreasedfilithique ETmessages. In order to
calculate the deviation for each ship we need thes€zero” estimates as reference point to

calculate the deviation from.
The ship types chosen for the further study

By looking at the voyage purposes in @t of Sandne@NOSAS), the goal is to derive if
there are much operations other than cargo opasatibe goal is to see if its Terminal is
representative for a conventional cargo operagnguinal. To be able to observe this we need
to remove duplicates, as done above, so that ratyisis and updates to voyages does not
count for more than once per unique VoyagelD. Thgssarriving are the same ships
departing, so that it is only the arrival messabas are looked upon. The total observations
of unique voyages/ship visits numbers to 481. Ve alant to see which types of ships are

visiting the terminal. The result can be seengnifes Figure 24 and Figure 25 below.

Voyage purpose NOSAS:
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Figure 24 Voyage purposes for arriving ships NOSAS

From Figure 24 Voyage purposes for arriving shi@3QAS we see that the three most
frequent purposes are that of Discharging (212¢cbarging, Loading (142) and Loading
(72) which in total are 426 voyages out of 481 %886). The other purposed counts up to 54
instances (11.43%). Note that the author has chimseot exclude ships based on their
voyage purpose due to the fact that ships arritnegandnes Havneterminal AScording to
Anette Jordal (Sandnes Havneterminal AS) haveltowahe compulsory regime of taking
linesmen at arrival which ranges from one to twedmen dependent on ship size and that
most ships do some kind of “cargo operations”. iifost common occurrence is to use one
linesmen, and the lines men are provided by thmited and not externals. By choosing not
to do any filtering by voyage purpose, the uncattes increase around the later usage of a
“ship type” filter by simulate “similar terminal’anditions where other ship types are
removed. As we see the port and terminal in Sandadgve other voyage purposes than
only cargo handling and we need to be aware ofwhiesn we potentially “drag” these voyage
purposes with us that do not have anything to db eargo handling, which is what we want
to do. Therefore, in future studies, there is arfeelooking more into what not filtering on
voyage types and thus what figures including ottograge types than the three major ones
identified may pose of uncertainty.
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Ship types visiting NOSAS:
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Figure 25 Ship types arriving NOSAS

In the second Figure 25 Ship types arriving NOSW8&)see that the four to ship types are
that of “General Cargo Ship” (197), “Refrigeratedrgo Ship” (112), “Ro-Ro Cargo Ship”

(64) and “Palletised Cargo Ship” (55). These aeertfain ship types coming andnes
Havneterminal A&nd is therefore the ship types which will acadster for estimating the

total hours of variance iBandnes Havneterminal ASogaland county and the North Jaeren
region. As said above, there is not applied arfiigssed on voyage purpose and it is the same
ships doing all the voyage purposes mentioned. fieans that the ship types may have other
voyage purposes than that of cargo operations iétie® main purpose is something else. In
addition, in the further study the ship type “Conéa Ship” is added due to that they are also
doing “conventional” cargo operations with crartescks and so on as described (H1.3.1)
used by th&sandnes Havneterminal ASchapter 1.5. Ships transporting “dry”- or “wet”

bulk are not included due to the fact that theyfavein numbers in Sandnes and that some of
the chosen ship types like “General Cargo Shipsd akn carry bulk. This excludes some of
the ship types doing general cargo operationsdridhm of bulk, but due to the fact that there
is only one ship type and one occurrence of “S&tBarging Bulk Carrier”, the author
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assumes this to have some impact on the geneiatisat the general result due to this few
numbers of such specialised ships visitingRbet of Sandneghat could be of greater
importance in other places. Ship types uniquelysparting “Dry bulk” and “Wet bulk” ships
are thus not included in the studies. In hindsightfilter should have been set on combining
both ship types and voyage purposes and may be@wovement in future studies, by

increasing the number of ship types and instarcésok at.
Applying a “notification time” and “extreme valueglter

After the discussion with Thor Egil Slettebg andyDdatre as described earlier in the
Presumptions and assumptions, limitations and caingtin chapter 1.8, the author made some
adjustments and filtered out the estimataldies of arrival (ETA) that were made earlier than
24 hours of the actual arrival (ATA), as they arerenguesses. In addition, for both the arrival
and departure messages the extreme values abo®@ héurs of deviance have been filtered
way as they are “noise” in the picture we wantotokl at and are the ones that are needed to
look into regardless of if they are “false or catfenotifications. By using the new method of
“Information sharing HUB (Ship - Port - Hinterlaridpund to be the best method in chapter
4.6.1.

For the departures the timeline is extends to deline registrations of ETo@hat occur in the
length of an average berth stay plus 24 hoursezaAn average berth stay is calculated by
using the difference between ATA and ATD, thus ahly VoyagelD having actual time of
arrival (ATA) and actual time of departure (ATDparsed for this calculation. This again
increases the uncertainties of how long a berthistas we do not have all the data which on
an optimal case would give us this. By calculative average berth visits of all ship types
going to all locations in Rogaland is 18.2 hours, ib rounded down to 18 hours. This means
that we look at the ETdregistrations coming in up to 42 hours (18h + 2défpre the actual
time of departure (ATD). This method may not pigkall the first registrations of departure,
as there are ships which may have shorter or |dngith stays that then is not a part of the
data set any more. But it is far better than loglahthe first departure registrations in the
arrival message which may not be registered wigmtiethod used with the arrival
notifications. The timeline for observations of d@urs prior to departure is also used for the
Port of Sandnesase. This method may be false used upammdnes Havneterminal Adue to
the fact that the terminal is so specialised. Aghis adds uncertainties due to the fact that all
ship types in Rogaland has been used for calcgl#ti® average, and an average may not
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include relevant observations. And a last critithi® method is that this average may not be

representative for all terminals as they are defifiérvhen using such an inductive method.

Figure 26 Arrivals Rogaland (EToA24 hour filter

Figure 27 Departures Rogaland (E9)B12 hour filter

After these changes are implemented the pictub®thf Rogaland an8andnes
Havneterminal AS arrivals and departures look different. The b BAd ETD observation
numbers are reduced from the previous scatter ptatghey are “Shorter in length” and
seems to have more compact observations. The sprélael observations is thus smaller,
where the departure observations seems to haverele spread than the arrival
observations. In Scatter plot Arrivals and Scagttets Departures, the arrival and departure
scatter charts for North Jaeren é@ahdnes Havneterminal ABOSAS) and the other
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unlocodes in North Jeeren are found. They showabltrafter the data in the steps above are
filtered away and some of these scatter plots se€ in the master thesis leading up to the
calculations of deviation t8andnes Havneterminal ABhe North Jaeren region and

Rogaland County.
The inductive path

The result so far has been drawn from analysingvtih@e Rogaland countgata set and go
down to the terminal iRort of Sandnes, Sandnes Havneterminalv&&re the ship types to
analyse were chosen and used as a filter foRtigaland countyThis is thus an inductive
method from the ship types most used in a ternfahdnes Havneterminal AS) that mostly
do “conventional cargo operationsand then use these fewer observations to gerefedis
“few to all” observations in Rogaland county foesie ship types for later use in thandnes
Havneterminal A®ase and North Jaeren area observations. Lettsastarpresenting the
findings for Sandnes Havneterminal ASing the preliminary finding from the “inductive
path” described before using filters applied ondhata described in the previous sections of
chapter 4.6.4. Then we will move up to do the samdescribed above for the whole of

Rogaland county and then down to the North Jeerelgdbe same methods and calculations.

4.6.5 *“Sandnes Havneterminal AS” (Case) — Arrival times and cost

As stated earlier in chapter 1.5 thert of Sandneand its terminal primarily handles
conventional general cargo traffiand is thus clean casdor the master thesis analysis of
this kind of traffic and can be representativetfos cargo traffic in all of Rogaland. The data
used for showing (visualising) and calculating ¥aeations are collected from SafeSeaNet
Norway (SSN-N), which was described in chapter The SSN-N data comprises of
estimates are given by the ships, ship agent @rsthoing this on behalf of the ship at
different point of time before arrival or departaed the actual time of arrival / departure to /
from berth is captured by AIS signals. Both aredeekto calculate the total sum of variation
hours, h(total) = ( h=ETA-ATA).

In thePort of Sandnesase there are collected data from five ship ty@emeral Cargo Ship”
(100 port calls), “Refrigerated Cargo Ship” (89 tpralls), “Ro-ro Cargo Ship” (35 port calls),
“Palletised Cargo Ship” (6 port calls), “Contairgdnip” (1 port call) from 22nd of June 2016
till 9th of October 2017 that are used in the fallog study and calculations. These ship types
are the ones that are mostly doing “Discharginti’eading’- or “Discharge/Loading”-

86



operations and thus have the most use of persdref the voyages purposes done in the port.
There were 18 port calls made by other ship typashwwas visiting in lower frequency
(“Crane ships”, “Offshore Supply Ships”, “Offshaeipport Vessels”, “Standby Safety
Vessels”, “Buoy/Lighthouse Vessels” and “Trainirgps”) who were mobilizing or

performing other cargo operations. Ship types pétyCrew boat”, “Passenger Ferry”, “Tug”
and “Yacht” were intentionally left out from theusly because of the nature of these ship
types, which are not to transport gods but oth&Hiaty support or pure transport of

passengers.

As described in chapter 4.6.4 there has been apgptime filters on both valid ship types,
maximum time lines and removal of extreme valuéss Tias been done so because of
findings in the course of data analysis, where gheanto find a best selection of relevant data
for the visualisations and calculations. The in@ms with the maritime experts referred to in

previous text has also contributed to these filters

Based on the estimates and the actuals, of theead®gction, we can calculate total deviation
to all the arrivals and also present the variattorasrrival and departure messages along a
timeline showing the “Time of report / Notificatizgime”. The total hours of deviation can be
done by summarizing all the individual deviatioruhie the ships are arriving or departing
later or earlier than planned. Let’s first take@al on the scatter charts of the ship arrivals and
departures and then move on to the final calculataf total variation hours and their

potential cost.
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Figure 28 Arrivals NOSAS (EB)A24 hour filter

Figure 29 Departures NOSAS (ETDO) 42 hour filter
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In the two figures above we see the “Notificationd” along the x-axis. The deviatiorn is
shown along the y-axis. Too early arrivafgg(re 2§ and too early departureSigure 29 are
shown as negative (-) y-values. Too late depastararrivals are shown as positive (+) y-
values. The y-value deviations are showing aseastaivhich shows if there are differences in
the message at the time of notification to thealdime of arrival (ATA) or departure (ATD).

The actuals in each scatter plot is where the yeved zero (y=0).

By looking at the scatter plots we see that thealiens of the arrival messages estimates
(ETA), by visual observation, seem to range fromhefrs (late arrivals) to -5 hours (early
arrivals) in the 24 hours of observations. The agref the departure messages (ETD) seem to
be bigger, and if we exclude the one extreme vafsgound -70, we can observe that it
seems to lay within a +/- 20-hour range for thehé2+ notification time interval. This shows

us that the departures seem more difficult to hewndipredict for the ships ar®hndnes
Havneterminal ASLet’s move on to calculate how much this deviai@oe in hours, and if we
can calculate a potential cost for the terminaifthese “wasted hours”.

Below we see the total hours calculated from thecles” in the two scatter plots Figure 28
andFigure 29 The calculations for the total deviation hourshe arrivals and departures are
calculated by using the difference between the AAétual Time of Arrival) and the ETA
(Estimated Time of Arrival) for the arrival calctilans, and the difference between the ATD
(Actual Time of Departure) and ETD (Estimated Tiaideparture) for the departure
calculations. Arrival calculations are based fréma kast 24 hours of ETefarrivals messages
and the departure calculations are made from tHayEEparture messages made in the last
42 hours’ departure where the average berth stakiips in Rogaland are added to get the
departure estimates from as many of the arrivasagess as possible. We then get the

following result:

89



Number of unique Early (total sum in | Late (total Total

port calls hours) sum in hours) | h(total)
Arrival® 231 (out of ca. 800) 143,85 108,05 251,9
Departuré | 249 (out of ca. 800) 403,65 202,35 606
Sum - - - 857,9

Table 9 Calculations deviation hours NOSAS (ETAODB registrations)

We see that we have around the same amount ofvaltieers on the arrival as on the
departure side. This may indicate that using aclt iNotification time”-timeline for the
departures is correct. The observations are basadonind the potential 873 vessels are
reporting to NOSAS (Sandnes Havneterminal A8t of Sandngsvia SSN-N or other
channels in a 16-month period; The figure is amede based on the 655 ships visiting in
2016 (Port of Sandnes, 2018a). As seen from tile the number of departure deviations
hours, are in sum, more than double that of the sludeviation hours of arrivals. This gives a
good indication that departures are more unprdaet@nd uncertain than arrivals, as we also

could see from the visual observations (visual:engrcertain method).

4.6.5.1 Operator waiting times (H1.1.1.1.1)

Looking from a terminal operator’s perspective yarl delayed ship arrivals or departures
has to be managed on a daily if not hourly basis.the goal of the operation manager to
mitigate variance to the lowest level possibleant pr terminal operations and strive for Just-
in-time (JIT) operations. To change the executibone task or a series of operational
sequences may be impossible to handle due to ceremd a “Bull-whip” effect may occur in
the whole value chain in both down- and upstreamecton. If there are no means to mitigate
these variances, this variance might cause the total waste of time”. If the next ship in
line has to agree to use earlier or later timesshbis in turn may influence other ships and
terminals as well as third parties that in turnchieshift their operational plans. The ability

to get quantitative data of early or late shipvals or ship departures in real time, as early as
possible, will have a big impact on the port onterals ability mitigate operational variance.
If handled in a correct manner this situational @mass can help them, their customers and

other stakeholders in optimizing their day to dagibess. Having the sum of total deviation,

5 Based on ETAunigue message estimates given in SSN -N nofifieat24h or less before arrival
6 Based on ETBunigue message estimates given in SSN-N notifinaté42h or less before arrival
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we can do an estimate of the cost these deviat@yshave. In the following calculations, the
mobilization time of early arrivals are also ussdaacost for the delayed hours of work, even
if the delayed hours may represent income in foffimore sales”. There may a short term
win, but due to the uncertainties the sequentisiscmay be great if other ships are waiting
and the use of overtime results in resting timdscwinfluences the same or other berth
operations. This master thus deems the sequenstd tor the port and the rest of the supply-
and value chain to be considerable and is assuoneel the same cost per hour for late
departing ships and for earlier departing shipaelsas for the later or earlier hours of ships
arriving. There is therefore a need in future sgado go more into the depth of sequential
costs as well as the supply- and value chain cbets see how the man-hour cost is

calculated in the “financial reflections” below.

4.6.5.2 Sandnes Havneterminal AS (NOSAS) - Financial Refléons (H1.1.1.2 /
H2.1.1.1.1)

After interviewing some of the employees at thenieal about how many employees are
needed doing cargo operations it got clear thatdbpend on the ship and cargo. According
to the interview objects the men used for servimgao operation may vary from 2 till 8
operators. The terminals best guess was that thayarage would have 5 employees on a
typical ship with not too difficult cargo (Steelpais being the more complicated of the
operations).

In this case we only look at the deviance/varidmmers ( hariva = ETA-ATA) / ( hdeparture=
ETD-ATD) and not the operational hours of the whaleh visits (ATA to ATD). What we
want to do is to isolate and calculate a best egérof what the operational variance costs the
Port of SandneKnowing that the total deviance occurred in axi@ath period is around
857.9 hours = h(total), we need to calculate the man hours anitiphyuthem with the

salaries and deviation. If the average ship neeslafoyees to operate cranes, fork lifts,
hook-up and other tasks (H1.3.1), this mean thaketare about 4289.5 man-hours cost in this

period caused by deviance. An average of approgi;m@68 man-hours each month.

If we know the salaries of the employees (direst)cave can calculate how much this can
cost the terminal andort of Sandnes

91



A employee in Norway can earn between ca. 77.00D°8d 130.000 USD (Between

600.000 NOK and 1.000.000 NOK) in yearly salary28 man hours per year). If we do not
include the social costs this is between ca 45 d&®D75 USD per hour per employee. This
simplified calculation does only take in accourd threct cost of wages, not social costs or

the other direct or indirect operating cost toBwet of Sandnes

The when using an average of 268 man-hours pertmtire cost deviation caused by ships
arriving late or too early lies somewhere betweé.000 USD and 242.000 USD for a 12

months’ period.

4.6.6 Rogaland county — Arrival times and cost

The following section shows the findings when asily the arrival and departure variance of
voyages made in Rogaland for the ship tyiégsneral Cargo Ship’ “Refrigerated Cargo
Ship”, “Ro-ro Cargo Ship”, “Palletised Cargo Ship; “Container Ship” with valid data from
22nd of June 2016 till 9th of October 2017. Thetscalots and calculations used are

following the same method as for the case “Sandt@emeterminal AS”.

The calculations made for Rogaland is also predantthe articléBalancing just-in-time
operations — Coordinating value creation” (Lind etl., 2018) where the author of this paper
(Terje Rygh) is one of the co-authors. The articdes released on Sunday thé"18 march

2018 onhttp://fathom.worldwhich is arf'is an online news and analysis service dedicated t

providing insight and knowledge on the transformatof shipping.” The article was also
published on the professional network platform ledk where it was viewed a total of 2472
times in four days. Article can be found in itsl fehgth in Appendix 7 — Balancing just-in-

time operations — Coordinating value creation.

”NOK/UDS = 7.72, pr. 20of March 2018
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Rogaland county is the third biggest
maritime economic region in Norway
only surpassed by the Oslo-fjord and
Bergen region. It is situated on the
southwest coast of Norway. Some of the
major ports and terminals/terminal
operators located in Rogaland are the Port
of Stavanger, Port of Karmsund, Port of
EgersundPort of SandneKarsta
(Statoil), Westport, NorSea
;'g;;e S0160). of Rogaland County, NordBygh and Goog 1y, savik/Tananger), ASCO and Kuehne &
Nagel. According to the data collected from
the national single window (SafeSeaNet Norway)dtae registered about 19.000 unique

ship arrival voyage registrations per year in th®le of Rogaland (2016: 19.451).

The two following scatter plots have already begowsn inFigure 20andFigure 21 they
represent the starting position of the Rogalandyaisabefore of all the filters are applied that

using the method described in chapter 4.6.4.

Figure 31 All_arrival notifications (SSN-N)
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Figure 32 All_departure notifications (SSN-N)

In the two figures above we see the “Notificationd” along the x-axis. The deviatiorh is

shown along the y-axis. Too early arrivafg(re 39 and too early departureSigure 3§ are

shown as negative (-) y-values. Too late depastararrivals are shown as positive (+) y-
values. The y-value deviations are showing aseastavhich shows if there are differences in the
message at the time of notification to the actina¢ tof arrival (ATA) or departure (ATD). The

actuals in each scatter plot is where the y vaueero (y=0).

By adjusting the length of the x-axis, to the 24k 42h filter, still keeping the many voyage

update registrations we get the following two sratharts:
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Figure 33 All arrival notifications (SSN-N) 24h éiit

Figure 34 All departure notifications (SSN-N) 42tefi

We can see that reducing the number of hours thatollect samples from that both figures

have the same shape with a difference that therlepdigure seems to have a bigger spread.
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Within the last 24 hours of the Actual Time of Amal (ATA) there are a total of 21.681
registrations and update messages to the shipad&etl Time of Arrival (ETA) as seen in
Figure 33 above. In the last 42 hours before the@cTime of Departure (ATD), there are

18356 estimated time of departure registrationsuptthtes as seen in Figure 34 above.

When filtering as described in the method describethapter 4.6.%isualising Arrival times and
Cost we get the following scatter charts:

Figure 35 Arrivals Rogaland (ETAO) 24 hour filter

Figure 36 Departures Rogaland (ETDO) 42 hour filter
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By looking at the scatter plots we see that thealiens of the arrival messages estimates
(ETA), seem to range from +20 hours (late arriveds)’5 hours (early arrivals) in the 24 hours
“window” of observations. The spread of the dep&rmessages (ETD) seem to be slightly
higher, as it seems to lay within around +30 hdessly departures) to around -90 hours in the
42-hour range of observations. This shows us heatéepartures seem more difficult to handle or
predict for ships or terminals in Rogaland, bubakow that the terminal in tiiort of Sandnes
Sandnes Havneterminal A8ores better than the same ships types doing cpeyations
elsewhere in Rogaland. Let’'s move on to calculai® much this deviation are in hours, and if

we can calculate a potential cost for the portstandinals in Rogaland.

4.6.6.1Rogaland - Financial Reflections (H1.1.1.2 / H2.11.1)

The sample looked at in the case contains data figtin of June 2016 till 240f October 2017

(16 months). We look as stated earlier at four sjpes “General Cargo Ship” (3764 port calls),
“Ro-ro Cargo Ship” (441 port calls), “Refrigerat€argo Ship” (284 port calls), “Palletised
Cargo Ship” (125 port calls) and “Container ship7). Usually these ship types do conventional
cargo operations as stated earlier and the endipregitherefore the deviations of the specific

ship types who operate in the County of Rogaland.

By calculating the difference between the ATA (Aadtliime of Arrival) and the ETA
(Estimated Time of Arrival) as well as ATD (ActuBime of Departure) and ETD (Estimated

Time of Departure) for the notifications given 2duins or less for arrivals or departures, we get

the following:
Number of unique | Early (total sum in | Late (total sum Total h(iota)
port calls hours) hours)
Arrival® 4690 (out of 16711 3.311,2 2.225,93| 5.337,13

valid® unique arrival
notifications of all
ship types in
Rogaland)

8 Based on ETAunique message estimates given in SSN -N arrfalrival notifications 24h or less before arrival
%, valid data = Contains both estimates (B Do) and actuals (ATAATDo) of arrival and departure
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Departuré® | 4431 (out of 13301 7.703,5 4.977,98 | 12.681,6
valid'* unique
departure notificatior
of all ship types in
Rogaland)

Sum (in hours) - - - 18.218,6

Table 10 Calculations deviation hours Rogaland go(ETAo / ETDo registrations)

Looking at the sums in the “Early” and “Late” weedbat the departures have more than the

double of deviation hours than the arrivals.

Using the average 5 employees on a typical shipsataties, found in the case of “Sandnes
Havneterminal AS”, the hours of deviation a 16-nmopériod is around 18218,6 person hours
(' hrotal).

These terminals working hours may be a “total wastame” if a ship is late and the terminal
employees have nothing else to do. This gives amhopotential cost and the loss of these man
hours can be calculated when person hours arepinedtiby the salaries. In the other case, when
a ship comes early mobilizing the employees may l@amobilization cost to the terminal, but
also may give a problem with resting times aaquential effectsf operations may have a cost
further down the line when drawing away resourcesifother arrivals, or having “waste hours”
because there are no work between the early aandthe next ship which does not arrive
earlier but arrives as scheduled due to them sduglgcosts or cannot get their “engine” to run

significantly faster.

The interviewed employees 8andnes Havneterminal Asxid that the best estimate needs of
employees on an average ship is to have 5-6 emgddygeoperate cranes, fork lifts, hook-up and
other cargo handling tasks (H1.3.1). In this caseassume that this also applies for the other
terminals in Rogaland and have chosen to use theskonumber of employees, taking a
conservative stand, using an average of 5 emplqy@eserth visit (SSN-N voyage). This mean
that there are about 114.101,5 person-hours cdBisiperiod caused by deviance, when using
the same average on the cargo ships going to #ikederminals and ports in Rogaland county.
This amounts to an average of approximately 5698gmehours each month (approximate 16

month containing valid of data).

10 Based on ETRunique message estimates given in SSN-N'arfival notifications 24h or less before arrival
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When using the yearly salary rates used in theipus\case of “Sandnes Havneterminal AS”,
and the same method and reasoning, we can calsalate of the direct cost by inductive
reasoning for all terminals visited by similar skypes (which primarily handleonventional
general cargo traffic) This means that the hourly rate is between a#douwiSD and 75 USD per
hour per employee. This simplified calculation otdies in account the direct cost of wages, not

social costs or the other direct or indirect opegatost.

The when using an average of 5693 person-houmnpeth, the cost deviation caused by ships
arriving late or early lies somewhere between 3.@0@ and 5.124.000 USD for a 12-month
period due to that the employees had to wait owsl early for serving the ship and not having
any capabilities to re-plan or do work in otherissce. These are tremendous sums and even if
there are many factors of uncertainties in thig\silLike how well the terminals can manage to
change processes and mitigate the sequences afgwamie or mobilization time and when is

the critical time where the ports and terminalsncdrhandle variation).

Because goods may have many stops before theinakst and the variance in one part of the
value and supply chain this deviation and unevenaethe terminals may have big impacts on
other parts of the chain. What the loss of timelev@ride and the implicated cost are for value
chain actor like Amazon and Alibaba, which are lreiteiving goods and sending goods by
ships, are mere speculations. But the quality gf atrivals (predictability and punctuality)
should be a high priority for them. The initial \sarce at the terminals may grow bigger in the
downstream supply and value chain (H1.3.1.1/H113.&nd for these big actors these variations
are definitely something they have to look into ahduld also be investigated in future studies
by the ports and terminals, as well as the goodseosvand customers on the top of the logistical

value chain.
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4.6.7 The North Jaeren region — Arrival times and cost

The North Jeeren region comprises of the four
municipalities “Stavanger, Sola, Randaberg and”Sola
(Wikipedia, 2018a) in Rogaland county. The authes h
allowed himself to include the Unlocodes in the
municipalities of Rennesgy and Egersund as well tim¢
data observations to have the some more data aslile
observations (having both estimates and actuals) na&
as big as hoped for in the original 2014-2017 datagiven
from the Norwegian Costal Administration (NCA).

The original arrival data set comprises of 1657v@data

observations where 8382 observations are uniquAd{ET
Figure 37 North Jeeren regiofRygh an values) which is used in the method described aptgr
Google maps, 2018a) 4.6.4. The original departure data set comprisd8d544

valid data observations where 6427 observationsiicpie (ETA values).

When using the same method as for the terminald®&asm Havneterminal AS” we get the
following two scatter plots showing all the validtd (having both estimates and actuals)

recorded for all unlocodes in the above mentionediaoipalities.
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Figure 38 North Jaeren - Arrival (All ETA notificatig)

Figure 39 North Jaeren - Departure (All ETD notificas)

In the two figures we see that the spread and tewiaf the ships in North Jaeren is very similar
to the pattern seen in Rogaland. The departureshanging the same big spread when compared
to the arrival data. Below we see the data set waserg the ETA and ETD data used as

baseline for the total deviation hour calculations.
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Figure 40 North Jaeren - Arrival (ETA

Figure 41 North Jaeren - Departure (ETDO)
The first registrations are fewer in number busnatssignificantly changed in shape or range of
the deviations. The departure voyages are stilingathe biggest spread.

When using the notification filters of 24 hours fibre arrival estimates and 42 hours of the
departure and filtering away the 96 hour extremeeasof the estimates, the scatter diagrams looks
like this:
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North Jeeren Region - Arrivals

Figure 42 North Jaeren - 24 hours prior to Arrival &)

North Jeeren Region - Departures

Figure 43 North Jaeren - 42 hours prior to Depai(iiiebo)

As seen the samples of both arrival and deparsges to have the same shape but different

spread.

4.6.7.1North Jeeren - Financial Reflections (H1.1.1.2 /H2.1.1.1)
The sample looked at in the case contains data figtinof June 2016 till 240f October 2017
(16 months). We look as stated earlier at four sjpes “General Cargo Ship” (3764 port calls),
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“Ro-ro Cargo Ship” (441 port calls), “Refrigerat€argo Ship” (284 port calls), “Palletised
Cargo Ship” (125 port calls) and “Container ship7). Usually these ship types do conventional
cargo operations as stated earlier and the endipregitherefore the deviations of the specific

ship types who operate in the North Jeeren region.

Number of unique | Early (total sum in Late (total sum i| Total ( hota)

port calls hours) hours)

Arrival? 1361 (out of 16711 1.010,1 7.09,68 1.719,78
valid'® unique arrival
notifications of all
ship types in
Rogaland)

Departuré’ 1471 (out of 13301 2.291,92 1.525,3 3.817,22
valid'® unique
departure
notifications of all
ship types in
Rogaland)

Sum (in hours) | - - - 5.537,00

Table 11 Calculations deviation hours North JaererfAHTETDo registrations)

As we see the total estimated man hours are 5.63%n a 16-month period. When using 5
men per berth visit this sums up to around 37.68%$ Divided by 16 months this give around
2355 man hours of deviations per month. When calmg the costs using the previous rate of
45 USD and 75 USD per hour per employee, we gegpolential cost due to the variation and
deviations of ship visits to be in the range o#5.200 USD to 2.077.000 USD for all 16
months. The yearly estimate by to ship arrival deons may be in the range of between
934.000 USD and 1.553.000 USD per year due toltipedeviation times. This sum up to
30,49% of the total estimated cost for whole of &agd when looking at the conventional cargo
ships visiting terminals or ports doing similar ogteons as th&andnes Havneterminal Asthe

Port of Sandneand using above mentioned steps. The suggestémdet having a

2 Based on ETAunique message estimates given in SSN -N arrialrival notifications 24h or less before arrival
13 1lyalid data = Contains both estimates (BT Do) and actuals (ATAATDy) of arrival and departure
14 Based on ETRunique message estimates given in SSN-N'arfival notifications 24h or less before arrival
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“Information Sharing HUB (Ship — Port — Hinterlahdhould have some positive effects, it may

be difficult to prove without having the possibyliio do all the steps in the whole Kaizen circle.

4.7 The second hypothesis (H2)

The second hypothesis (H2) postulates t@atanges can contribute to new cargo
transportation in North Jeeren"The new method proposed by the author is therferhof

the listing made in Figure 19 The weighted alteueston page 68 above, which is to
implement &Information sharing HUB (Ship - Port - Hinterlantl)at a national level by the
Norwegian Costal Administration (NCA) or a privatetor. This is the only “new method”
discussed in its full length as the complexitiegryao refute each of the “new solutions”
would be impossible to do in a master thesis aldhe.main methods and tools which should
be used in the “new method” of making such a “nraet HUB are those of TQM and Lean,
and by doing never-ending continuous loop of KaiageRDCA/PDSA. The goal is in the two
mentioned methodologies to reduce waste (H1.1/H1.1.1.2) and enhance quality for the
customers (H2.1.1.1.1). The two loops 1 and 2 in

Figure 14 “Going from hypothesis to high lewdlservations on page 46, are both
continuous loops. The first loop (1) is usually de@ by the management which has to invest
in new infrastructure, IT-tools and training (HA.2) and have commitment to the processes
done in both circle 1 and 2. The empowerment oktheloyees are also important,
commitment cannot just come from the managemenT&id explicit tries to show how this
can be done through the “flow” of activities shoimrFigure 6 on page 28. Without the full
attention by the whole organisation and the whafgp$/- and value chain there may not be a

heightened quality for the paying customer.
Constraints

We have already discussed that it might be diffitmprove that “new methods”
(H2.1/H2.1.1) listed in chapter 4.6.1 and 4.6.4 talve an effect without being able to run a
full continuous circle of Kaizen as seen in Figlifeon page 35. This makes it impossible to
verify without doubt that this has a positive effecreducing waste and increasing the
quality. Even if there were the opportunity to mufull circle there is still the possibility that
“a good choice made, has a bad outcome and viesa'vérherefore, this needs full
commitment over time and thus lies constraints batwan be achieved within this master
thesis regarding if the hypothesis can be refutadeafied.
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Proposed method of verifying or refuting the hymsik

The “winner” of the new methods is as said thedtniation sharing HUB (Ship - Port -
Hinterland)”. This means that sharing informatisraibig part of the method for lowering
waste and increase quality of the terminal and @petrations. It is also the main focus of the
PortCDM concept and its Port Call Message Stantiacontribute to Just-in-time (JIT)

operations.

The figure below is just an illustration of how@ntrol chart as proposed used in TQM may
pick up “alarms” when upper control limits (UCL) lmwer control limits (LCL) are
breached. The goal of both TQM and Lean is to bedase to the Mean line (CL) as possible

at all times.

Figure 44 Control Chart example

The author therefore proposes to use historical tatest if “updating the arrival estimates”
will help in such a chart. This is of course basadistorical data, so the testing of a Kaizen
circle is not an option as described above. Thenisbe to look at the arrivals (ETA) and
Departures (ETD) in North Jeeren and use 0.5 stdrdfanations from the mean (the North
Jeeren observations after the filters made in chdpded on page 76) to form the Upper
Control Limit (UCL) and Lower Control Limit (LCL)In filtering away, the ETAand ETDR
(data from the first arrival registration) from ttataset only keeping the updates in the
dataset, there might be a possibility to seehfd lowered the amount of estimates breaching
the UCL or LCL.

“Doing estimate of arrival and estimate of depatwpdate experiments
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In the SafeSeaNet Norway (SSN-N) data there areympdates and the author has chosen to
check if doing updates improve the precision (dqupbf their estimates (ETA and ETD) by
visual observations of a control chart as showligure 44 above. he blue coloured “graph”
is the registrations and updates estimates ofafi¥TA) for both the first voyage
registrations ETAor their updates ETAn. The grey line is the Upper Control Limit (UCL),
the yellow line is the lower control limits (LCLNd the red line is the mean/average line

(CL).
The prerequisite for using control charts

In order for us to do a good control chart exereise be able to interpret the results we needdaren

that the distribution of the arrival and departuagiances follow a normal curve.

Distribution of arrival voyage deviance - North éger
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Figure 45 Histogram - Deviations of departure vogadNorth Jeeren and their variation following a notmistribution
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Distribution of departure voyage deviance - Nogdrdn

Count

— ]

Figure 46 Histogram - Deviations of departure vogadNorth Jaeren and their variation following a notmistribution

In Figure 45andFigure 46above we can see that for both arrivals and deesrthe

deviation observations follows the normal distribn it is then easier to interpret than if it
would not have followed a N-curve. We therefore san that we easier can interpret and use
the TQM tool of Control Charts in our “experiment”.

Arrival estimates North Jeeren region and their tgsla

The first experiment looks at the variance and @ese from original estimates, by looking at
the first estimated time of arrival EbAnd the updates done to the estimates (&) A
SafeSeaNet Norway (SSN-N). The registrations whieagnted in a control chart, creates the

following results inFigure 47andrigure 48below.
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Figure 47 ETA registrations made the last 24 before arrival (ATA7310 registrations

In the chart we see the 7310 observations of teerkgistration of the estimated time (ETA
registrations) of arrival that ship have done ilNS$ What we can observe is that the red
line is slightly above the “imaginary line” where@. This means that the average registration
is that of a ship that slightly arrives too late@aling to schedule. The blue lines on the other
hand shown the deviation of each individual arrimalssage. Where the bars are long they
might breach the control limits set to be 0.5 #rggth of the standard deviation. This means
that 38,3% of all registrations should fall undes tJCL and LCL lines, if the distribution of

deviations follows a normal curve as we testechfmve.

The UCL and LCL lines are breached several timeistiaa “length” (“blue bars”) of the
arrival deviations that arrives earlier than expddare quite clear to see as they go all the way

down to -60 and -80 in the extreme cases.

When we look at th€igure 48 ETAO+n updates made the last 24 beforear(ATA) —

3952 updatebelow we see the updates have made an impact.
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Figure 48 ETA+n updates made the last 24 before arrival (ATA) 5238pdates

In the chart we see the 3952 updates doneoE&distrations of arriving ship to North Jaeren
in SSN-N. We still see the median, ULC and LCL $ime their previous position as we have
not done anything to them. What has happened ightbaleviations represented by the “blue
line” graph do not breach the control limits théieo and the deviations of the most extreme
deviation values are less than ¥ of the previoadings. This seems to support the H2 thesis
that methods increasing the update frequency ehti@ns can help in mitigating variance to

arriving ships.
Let's move on to the departing ships and see i€arefind similar findings
Departure estimates North Jeeren region and thdatap

The second experiment looks at the departure v@mgtand if updating the estimates can
reduce the variance. The control charts seen urdiggure 47 andrigure 48above seems to

follow the muster that we saw for the arrival esties and their updates above.
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Figure 49 ETD registrations made the last 42 before arrival (AFS5780 registrations

In the first registrations of departure (Ed)ve see that the early departing ships almost make
a “curtain” pattern all along the Notification tinpe-axis). This means that the ships of type
“General Cargo Ship”, “Ro-ro Cargo Ship”, “Refrigéed Cargo Ship”, “Palletised Cargo
Ship” and “Container ship” quite often leave befechedule, even when reporting close to
the actual departure time where x=0. This is a phreanon which future studies might want
to look into, but it could have a connection witle terminals ability to increase their “output”
by using more labour and equipment which may beadyztive unless used. This is only a
guess, but such findings could perhaps mean tedetiminals have an overcapacity which
lay unused in many cases. This is also if foungpa of “waste” where idle machines or
personnel heightens the cost for the terminals.fijuee also shows that there are almost no
breaches of the UCL line, which may imply that shps have more incentives to leave

earlier than late. This is also something thatrigtudies might want to look into.
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Figure 50 ETDO+n updates made the last 42 beforvalr(ATD) — 2.182 updates

When looking at the updates and their impact onatiew in Figure 50 above, there still
seems to be quite a number of early departuresinBbe last 6 hours before departure there
are no breaches of the LCL line. In addition, we see that there are no breaches of the
UCL. The last control shows us that updating theadieire estimates looks to have a positive

effect on the quality of the estimates.
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5 Discussion / Verification

The master thesis has put forward two hypotheséshwias been examined and tried

verified:

H1: “New methods can make cargo transportation in Mrth Jaeren more
profitable”

H2: “Changes can contribute to new cargo transportdon in North Jeeren”
Both hypotheses are the result of asking the Injui@stion*Can new changes help the
maritime business to achieve better quality andiced‘'waste” and thus enhance the

customer value of their services?”

The examination has been done by data collectiata, mhanipulation and analysis, where the
hypotheses have been exposed to several phasesioway to be verified or refuted. The
nature and complexity has made it both needed anatal to do a discussion in the material
leading up to this chapter. Thus much of the disicus presented below have already been
discussed in earlier chapters, and the listingseaxipthnations used in the continuation is

therefore a summary of much of this.

By discussing each hypothesis, in the followingpthes the end result should be the answer

to the initial main question.

5.1 Reflections of used methodology

The author has tried to be as objective as posiitileth data collection, interviews and
analysis to achieve the best possible of the tvatytated hypotheses and has throughout the
master thesis tried to address uncertainties aaribe.

In using an inductive reasoning on the empiricaadallected, the full independence from
the authors choices and meanings cannot be avddeslich the “full” objectivity and
independence from the researchers’ choices, iactoévable. The author has used both a
gualitative and quantitative method in a mix. Adlwas used a case and done interviews

where subjective reasoning plays a major part.

The author has limited experience in researchisgsand doing interviews, this may be
disfavour able factors, which in turn affects theult of the calculations and conclusions in

the master thesis. Due to this there also maydiesfan the calculations as a consequence,
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that may lead to another outcome than the resciit&bly should have had. The case of
Sandnes Havneterminal A%ay have been the wrong case to choose, due fevihgata
samples. Or that, as the author acknowledges diseassing the findings of

on page 83 the, in “hindsight”, possibility thaete might have been
other outcomes to the data analysis if a filter oimmmg both “ship types” and “voyage
purposes” would have been applied as a methodltenirig away the “general cargo ships”
which do not do “conventional cargo operationsttlas the intention to do. This may have
affect the data, by adding more observations whewn $hould not have been a part of the
data set for the further analysis. In addition,dhthor has used a generalisation treating all
deviance types (waiting time, mobilization time)tas same type of “waste” and loss for both
departing ships as for the arriving ships. This msghat the author has treated late or early
arriving ships causing waiting time or mobilizatitme has the same cost as ships leaving
early or later which may not cause a “negativeatffand cost for the ports and terminals.
These two presumptions from the authors side magecan exaggerated total number of

vibrational hours and cost.

It is still the authors opinion that when seeing kbw number of “general cargo™ships that do
other operations than Discharging, Loading or thaluination of these purposes in thert

of SandnesndSandnes Havneterminal A& reason why the terminal in tiRort of Sandnes
has been chosen as a case is that it is easilyfidBle in the data collected from SafeSeaNet
Norway(SSN-N), as it has the unique terminal lamatode NOSAS (Unlocode) not used by
any other terminals. For other destinations theageydata contains a with a Unlocode shared
by several terminals, making it hard to pinpoirg #xact terminal visited by the ships. This in
turn makes the study more precise in term of wheweoking at over other locations where

we would not be able to determine the terminalracto

The cost of later departing ships may also havstanbial sequential costs, like the cost of
having mobilised people for x-number hours andstiip’s early departure does not change
the fact that the people have been mobilized atdhave a cost for the port unless they can
be used for other tasks instead. In the exampla t@parting ship being late, there may be
sequential cost of waiting time for the terminawrworking overtime or that an another ship
may have to wait which in turn creates “ripples’sefjuential changes, where the terminal
crew had to be shifted from other tasks which mn tuas a later start up and the potential
costs that this can create (E.g. the third shiptinesnanned by an overtime crew or tasks

done in the terminal for other customers than the are affected by such “ripples”). All in
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all, the author has the opinion that the genenalifigs are correct and that the uncertainties
these factors are causing uncertainties withiithigs of tolerance. The author has also tried
to be conservative by always using the lowest nurabasing ranges when doing the
calculations. Nonetheless, future studies may beeraocurate when applying above
mentioned the filters and differentiates betweendifferent types of vibrational costs. What
is certain is that the uncertainty has increasdteaaalculation of the total number of
deviation hours and in how to calculate the totetwsing such a method. And there may be
other flaws which the author has not been ablegooder. This in turn does create the
possibility for the findings to be wrong, evenhetauthor means otherwise at this given point

in time.

5.2 New methods can make cargo transportation in North Jeeren

more profitable (H1)

After some time used one of the main discoveriegewvelopment of this master thesis was the
discovery that that variance of ship arrivals aedattures is one of the common sources of
wastes in the terminal operations (4.4shikawa” / Fishbone diagram: Cause — Effect
analysis) when doingcbnventional general cargodperations from ships doing that type of
operations (E.g. crane, fork lift, stuffing/staajrierminal transport and other operations

connected to goods handling).

By using different tools from TQM and Lean methgjothe author has tried to find new
methods that can remove variance to the supplynaal in particular for the interaction
between land and sea. Some other methods botinfani” and “transport methods” were
also considered but fall short of the method preddbat had the highest effect for not only
the terminals and the ships, but for the whole Bupipain, namely the new method of
creating dInformation sharing HUB (Ship - Port - Hinterland)by using TQM and Lean
tools in a never ending continuous improvement llidaothe one of Kaizen. The result was
that of a subjective selection based on subjethxen storm”, as described as one of the
TQM tools by Heinz and Render in their bd@perations Management — Sustainability and
Supply Chain Managemen{Heizer and Render, 2014). As a result, the autbold weigh

the alternatives from the brain storm and come ifip the at time “best” looking solution.
The usage of subjective meanings and the cognitiuts that such an approach has must be
taken into consideration when concluding. As thimauearlier has discussed the findings

115



may be different at a later time and place andbmarefuted due to the fact that the scores
given are based on subjective inputs and meanifgsauthor therefore tried to visualise the
effect of the variations seen from the port andhteal side, on how many hours of waste and
the cost these deviation hours could amount to.rmé#od of doing so is the same as the first
step of the continuous improvement circle of “KazeBy analysing the data from
SafeSeaNet, there was definitely possible to olesérat there is variance to the ships and
terminal operations in the case of “Sandnes Havmatal AS” which also through

interviews with the employees in the terminal walsjsctively confirmed. Other maritime
experts were also interviewed, like Johannes Tawdirin the Port of Stavanger and as well
as Inger Tellefsen from the Sea division in Karet(The Norwegian Hydrographic
Service), made a point of that “weather” is thegleist factor coming to deviations of ship
arrivals and departures. The author has not loakélde correlation between weather and ship
voyages, but acknowledges that this may have arpgct on these deviations. Non the less
by using the new tools described above hyygothesisis proven to be true usingthe

authors inductive method, using the “Sandnes Havmenal AS” findings to say something
about the whole of North Jeeren (and Rogaland cyufihe criticism is that we cannot prove
this with 100% certainty by only “visualising theoplems” of deviation, without going
through the whole loop of “Kaizen” seenkigure 10on page 35. The hypothesis is thus
subjectively proven to be true, which mean that tan be refuted if someone can find other
methods or can visualise other major deviances fuiat the author has done. The data set
used for the visualisation is also only 16 monthdata, so there may be too few data to
conclude as have been done above. | addition thigre@tions done by unstructured
interviews are also a product of the interviewerspes own opinions and experience, as well
at the interpretation and the ways the questions wet forward by the author influences the

results and verification of the hypotheses in thaster thesis.

5.3 Changes can contribute to new cargo transportation in North

Jeeren

One of the findings from the hypothesis one (H13 et without having the opportunity of

going through a full “continuous improvement ciroleKaizen” Figure 1Q pg. 6) many

times, the hypothesis is proposed tested by simglat a control chart diagram that

historical update data could prove that the udeeah and TQM methods in addition to the

new method of building dnformation sharing HUB (Ship - Port - Hinterlantlthat enables
116



better JIT ship and terminal operations by the esdHguch a tool. The method uses historical
data and is as such not responding to any champésh can be done when using the whole
“Kaizen circle”. This limits the hypothesis testit@y“dummy” testing on old data, but should
give a good enough indication on weather updatitgntions (Estimates) of arrival and
departure times (ETA/ETD) will help when using TQ¥d Lean tools and methods included
in the new method described above.

When following the method described in chapterah@ve the second hypothesis (H2) is
proven to be true usingthe authors method of doing tests by using histbdata and with

the reservations mentioned above.

5.4 The findings

During the work leading up to the final hypothetests, there were a number of additions not
related to the theses added. The hypotheses wgneadlly limited to looking at Rogaland,

but then was narrowed in to the North Jaeren ateanaritime research of the author drew
the attention of the developer of the Sea Traffenigement/PortCDM concept and the Port
Call Message Standard/Format. This caused thetiattelo again be drawn towards the “big
numbers” that were available for the whole of Ragdl County in the SSN-N dataset. This in
turn has made the intention of hypothesis one (bllgok up on the whole county using
inductive reasoning a side product of this, andiditen earlier has done that parts of this
thesis has been published in an article with thiaof this master thesis being one of the
co-authors in a paper that was published on tHeot 8narch 2018 that uses the findings of
the Rogaland deviations as basis for the discussiad calculations on a world wide scale.
Even so the master thesis still maintaining theigoaf the region of North Jeeren, which was

the intended goal of the inductive method and neiagpin the first place.

The new tools described above, bygothesisis proven to be true usingthe authors
inductive method, using the “Sandnes Havneterni&lfindings to inductively say
something about the whole of North Jaeren (and Rogatounty). As said earlier the
deductive method generalises from some observatioals observations and the subjective
approach used both for the first and in the set¢ypathesis, using among other things
subjectively driven findings from brain storm priples and interviews, makes the proven

hypotheses open for criticism and refutation.

117



None the less the findings are drawing in the diibecof that some of the findings, like the
findings around the number of ship arrival and deja deviation hours, are hard to deny.
There may be much of the deviation that can becdéetil weather conditions, but still it is
certainly much that can be done on operational$a¥eorrect and trustworthy information
comes in time for the terminals, and the rest efghpply chain to do changes in their own
operations. The author has no doubt that the tedsiand ships are doing their utmost with
the technology and methods available to avoid diewvis, but this can be done better in using
TQM and Lean tools and methods in combination wév information sharing platforms,

like the proposed new method“dfiformation sharing HUB (Ship - Port - Hinterland)

5.5 Suggestions for future research and work

In the course of the writing of the master thelses¢ have come up many fields which the
author has not been able to follow up on, but filnatre research and work could help solve.

Below some of the fields to study are briefly dés=d.
The Port of Sandnes / Sandnes Havneterminal AS

ThePort of Sandnebas been very helpful in providing and sharingrtbern knowledge. All
of this increases the quality of the master thpajger, and increases the value of this paper

not only for thePort of Sandnetheir Terminal but also for the rest of the maniibusiness.

As we discussed in chapter 1.3.2 and 1.4.Ptre of Sandnestill sees itself influenced by
the sequela of the rapid oil price fall in 2014 dinel negative effects more than three years
after even when much of the export industries langibg due to a weak Norwegian currency
(NOK). Another uncertainty momentum for the porthat they in 2018 are moving away
from some of the inner terminal areas due to udewelopment, the effect of this is fewer
guays to operate to and from for the ships. Thig afect the logistics in new ways and if
there is a lack of available space or hinterlarfichstructure this may create strain on the

Terminal operations or new bottle necks which ningsinanaged and mitigated.

Perhaps it is possible for others to do researdisrwhen these changes have been
implemented. In time to come it would be very ietging to have some results from a
before and after study. THeort of Sandnes most certainly aware of these challenges

and uncertainties.
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Another aspect which makes the study ofRloet of Sandnesery interesting is that the
terminal/port is paid per ton of cargo moved over quay front (10.00 NOK/totPwith no
hourly prices or defined time constraints to whargo operations are supposed to be
finished. It is according to the interviewed at theminal, only in special cases that an extra
truck or stevedore (Person employed at a dockad énd unload ships) is invoiced extra. The
ships also pay a fixed quay rental price basedhersize of the ship at 1.00 NOK / per gross
tonnage per day.

Most ships thus pay a fixed sum for cargo operatemd have fixed prices for staying at the
berths for full days. Delays of less than 24 hausally does not cost the ships extra fees and
only matters for them if shipping contracts areol®n” triggers penalty fees for delivering or
picking up goods to and from other ports later tagreed upon. The variation costs are thus
almost in its entirely carried by the terminal guit and by not the actors causing the actual

delays.

This does not make thiort of Sandneanique in any way, there are many ports paid aimil
for same services, but this shows us that theme dear incentive to shorten cargo operations
or berth stays seen from the “ships perspectivd’tha port has very limited possibilities to

invoice extra costs ship arrival or departure \taota

This may have to be changed in creating new ingesitor having possibilities for
sanctions for arriving ships. This is of coursdszassion and decision that the ports

and terminals have to take themselves.

The goods owners

There are many reasons for late or early departwaising for bunkering, repairs/repair parts,
late arriving goods, crew change, pilot boardingthier services from the onshore side. In some
cases, the ship has a contract with the freightdoder or the consignee which penalises the ship

if it is too late. All of these are involved in mag a service that the customers want to pay for.

How can the goods owners and the buyers of goadisevices be involved in the whole
value chain? They may not be one of the local adtat big companies abroad.

How can their needs be covered in the future andiwiools and methods are they using
today? Perhaps can we in the maritime business fean them, to give the increased

guality they want from our services.

16 Taken from the 2018 price list of tR®rt of Sandnesn https://www.sandneshavn.no/havn/priser
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“Information sharing HUB (Ship - Port - Hinterlarid)

As the master thesis is limited to observing histrdata, and not that of data done by
continuous improvement, it must be the task ofténminals themselves and future studies to
calculated how much we actually can reduce thesatithor can only speculate around this.
Unless there is a willingness from the manageneeimvests in new methods, TQM and Lean
tools, there may never be the opportunity to migaaste or show that these methods and tools
have positive effects. By using TQM and Lean tothisse costs should be able to lowered for
ports and terminals. How much it can be loweredoatg speculative if the real causes of

deviations cannot be found.

The author thus recognises that without furthedist) and the commitment of the whole value
and supply chain. There may not be a near futurtheouse of new methods and tools and there
may not be enough proof to say that these findamgsorrect. The initial findings of this master

thesis around deviations to the ships needs mesareh.

The ships deviation has been visualised, and thenpal savings, but the causes have not. The

future studies should look into if

There is seasonal variation?

There are the holidays or weekends important iretstdnding the deviations?

Operational sequences have an impact on deviatiag? pilot boarding, cargo from

hinterland)

There are any bottlenecks and where they are?

Can more IT systems be connected in m2m operations?

Does information sharing mitigate variance?
In the master thesis it has been stated that welook at the variance from ship to terminal or
port operations within the ports and terminals. Yha costs for the rest of the value chain is
(truck drivers, goods owner, end user and oth@ish here we can only speculate on the
“wasted hours” and costs, but these could be hugdalthe fact that goods may have many
stops underway to their final destination and theance in one part of the value and supply
chain may have big impacts on other parts of tteencand should be looked into in future

studies. This should also be looked into.
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5.6 Recommendations

As a final recommendation the author future redesoenake a "drill down" in similar data to
that forSandnes Havneterminal AShePort of Sandne@NOSAS) for other ports and
terminals. To be able to do so and to have a tngotd historical and live data in TQM and
Lean tools like the Control chart used in the tegtf hypothesis two (H2), we need data.

It is important for visualising trends and to skeadtions taken by the operation managers are
correct or if they need to change their approacotee the problems. As seen and visualised
in the research done, variance plays a big rolbarports and terminals operations not only

on the ship side bus also from services and goowisng from the hinterland.

When looking at only the sea side, we may losddbes on other parts of the whole
“picture”. Therefore, the data collected should oty be constrained to the ship side, quality

is as much a service coming from the other partee#alue and supply chains.

When saying that we need data, data is not onby. ddiere are issues about the quality of
data, too much data or too little data. If it iedidalsely, we will not have any use of the data.

If we are not aware of this, this in turn also tesd'wasted time” and “wasted money”
because the data either was wrongly used or had gmlity. By looking at the SSN-N data
there was much information available but it wasyanfraction of the data that had actual and

estimates which could be used in the “cases” dsaim this master thesis.

A last “pep talk” and recommendation to terminglsits or other actors interested in how
maritime operations are affected by deviationh# they need to collect the historical data,
from the first registrations and all the updatemglthe “notification timeline”. If we only can
observe static point in time, like the latest estenwe cannot compare all observations
against each other and against the actual obsenvdine study of the SafeSeaNet Norway

data showed the importance of having such data.
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6 Conclusion

The starting point of the creations of the hypo#isesas the authors wish to look int6Nfew
changes can help the maritime business to achietterbquality and reduce “waste” and

thus enhance the customer value of their services?”

The author has found by using the TQM and Leanrtheoethods and tools we are able to
visualise and can mitigate or remove the negafifeets of variance on quality and increase
the profits for the maritime business as put fodhiarthe Hypotheses. The author has
visualised the total impact and potential cost taat be saved from some ship types under the

given method used in this master thesis.

How much of the cost that actually can be remoweremoving causes of variance for the
ports and terminals using TQM and Lean, would exsfations from the side of the authors
side, but it should amount to a considerable amatnein looking at it in a 5 year or longer
perspective. The author hopes that future studealae to calculate this and if possible

prove how much can be saved using TQM and Lean.

As said earlier by investing in TQM and Lean in donation with the new method of a
“Information sharing HUB (Ship - Port - Hinterlaridhere are considerable savings to ports
and terminals if there is commitment to do sohé& tvhole supply chain gets involved, as the
TQM method proposes, the operations in the termiaatl ports done by themselves is
probably only a fraction of the total costs of thieole value chain. Knowing that variance
usually have considerable cascading effect dowasti@r upstream) in supply and value
chains the author proposes that the terminals artd phould take action. The ports and
terminals should avoid “silo thinking” and make tat with all the actors in the supply chain
to mitigate and govern risk due to variance okadtl. If SSN-N can be the starting point of
the creation of the proposed hub, needs to be tboke. A national system would as the
author sees it contribute not only for the Nortmele®r Rogaland county but for all regions in

Norway and perhaps be an example for the resteoivtirid to follow.

The biggest long term gains from mitigating and egmng causes of variance, is that this
generates extra capacity. For terminals and pibitsmeans that the employees can do other
tasks, ware houses can be used more efficientlghntan be used for handling new or more
goods. Changes can thus contribute to new cargegaatation in North Jeeren (H2).
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Appendices

Appendix 1 — Figure 14 “Going from hypothesis to hi gh level
observations”
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Appendix 2 — Legend: Figure 14 “Going from hypothes

observations”

is to high level

Symbol / colour

Description

(Blue background)

The hypothesis H1's “path” to high level observaso

(Lavender background)

Hinterland / Downstream value and supply chain

(Orange background)

The hypothesis H2’'s “path” to high level observaso

(Grey background)

Economic results and incentives for change

(Green background)

Variation detection, mitigation and continuous gsed and

improvement

(Dark blue line w/Arrow)

Ship voyage variation and “downstream” effects

(Red Arrow w/Arrow)

Hinterland supply chain and “upstream” effects

(Brown line w/Arrow)

Hypothesis H2's characteristics to measure / cosh f

effects of variation

(Light blue line w/Arrow)

Direction of continuous improvement loop

(Black dotted line w/Arrow)

Link between Stakeholders and the continuous

improvement loop (Operational link / control)

(Black and orange dotted lin

w/Arrow)

1%

Value chain real-time collaboration and data slgarin

( Black and green dotted line

w/Arrow)

1Y

Infrastructure, support functions and human resesirc

(Loop number 1)

Collaborative loop: stakeholders supply and Vahairc +
internal resources. Reduce variance, waste (Muiravi

Muda), increase quality

(Loop number 2)

Continuous improvement loop
Plan-Do-Check-Act / Kaizen

The direction of the arrow(s) shows where the im@tion or information logic moves.

H1.1.1 and H2.1.1, A, B, C, D are examples of feenents label/numbers for possibility of back-

tracking to these elements inn later text.
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Appendix 3 — Scatter plot Arrivals
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Appendix 4 — Scatter plots Departures
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Appendix 5 — Calculations deviation hours Arrivals

ROGALAND County -
- _ : Standard _ Sum Hours of
Deviation Time Arrivals N _ Mean Min Max _
deviation Deviation
(Total hours)
ROGALAND - Deviation
Time Arrivals (Total Standard Sum Hours of
hours)| N| deviation| Mean Min Max Deviation
Delayed 226| 1.362719 0.98362 0| 15.7166€ 2225.933
3 1 7
Early 237| 3.782007 - - 0 -3311.2
5 1.39419 71.7833
JIT 52 0 0 0 0 0
NOSAS - Deviation
Time Arrivals Standard Sum Hours of
(Total hours)| N | deviation| Mean Min | Max Deviation
Delayed 10| 1.396533 1.03894 0 8.65 108.05
4 2
Early 12| 1.085315 - - 0 -143.85
3 1.16951 4.93333
JIT 4 0 0 0 0 0
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Appendix 6 — Calculations deviation hours Departure

S

Delayed 1845 3.864123 2.69809 0.016667 32.41667 4977.983
4

Early 2507 6.298805 -1 -91.8167 -0.01667 -7703.47
3.07278

JIT 79 0 0 0 0

Delayed 628 3.573775 2.428827 0.016667 25.43333 1525.3
Early 823 6.091597 -2.78483 -91.8167 -0.01667 -2291.92
JIT 20 0 0 0 0 0

Delayed 103 2.36932¢ 1.964563 0.033333 12.95 202.35
Early 143 6.325361 -2.82273 -69.0333 -0.03333 -403.69
JIT 3 0 0 0 0 0
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Appendix 7 — Balancing just-in-time operations — Co  ordinating value
creation
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