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Summary

The purpose of this thesis has been to highlight, in a lean perspective, where and why
waste occurs in two different supply chains both serving Ulstein shipyard with
components. The first supply chain nststs of GSHydro, supplying B and G
components to UlsteiWerft, while the other supply chain consists of Brunvoll, supplying
A-components to UlsteiNerft. This thesis is a part of tHeean shipbuilding liresearch
program with UlsteinVerft and Molde research institute, and is the first stutty

investigate where delays and interruptions occur in the supply network of a shipyard.

Therefore, an exploratomgxplanatory, qualitative case study approach was selected.
Evidencewasmainly collected throug operended interviews, observatigrand archival
records and documentations. The theory has been centred on lean, supply chain

management (SCM) and lean SCM.

The findings suggest that waste in the flow of materials fronH$®& 0 to UlsteinVerft is
related to excessive inventory, excesdirsnsportation and waiting. This is caused by the
lack of collaboration and coordinatiobetween the two firms. The analysis on the
information flow between Brunvoll and Ulsteiderft revealed three features in the
procurement process as having large impact on lead time and increased the complexity of
the information flow,competitive biddinghigh level of customegtion and change orders
andwaiting. The sources of this were mainly the concurrent engineering nhigindevel

of transactional contracting and lack of coordination between the two firms. For the
internal flow of materials within the shipyard, wastes identified welaed to excessive
inventory, excessiveransportation and waiting. This mainly caudmsdlack of planning,
control and coordination. The actual findings correspomwiéidl previous findings irthe

theory.

The thesis concludethat lean SCM principles can be applied to reduce and eliminate
waste in the supply chains serving Ulstein shigyar other Norwegian shipyards, but
emphasises the importanoé taking the lean SCM principlesf continuous flow, pull,
collaboration and value stream thinking, and develop specific tools and methods tailored to
the Norwegian shipbuilding industry, rath#han directly copying tools and techniques

from other industries as a meadno eliminate waste in the supply chains.
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1. Introduction

1.1. Background

The Norwegian shipbuilding industry is recognised for its high quality, high delivery
reliability and competence in building complex and highly customised specialised
vessels such adfshore service vessels (OSVs) and seismic ves3éiss competence

has developeaver the yearsas thehigh costs of labour in Norwaliave made it
difficult for the Norwegian shipyards toompete with shipyards in lewost countries

in building standardisklow-cost vessel@NOU 2005.

However, the industry has over the last years struggled to remain profitable and
competitive die to severathallengesFirstly, before the financial crisis, the Norwegian
shipyards experiencedn order boom causing problems for the shipyards to finish
projects on time due to lack of capacitf both labour and supplgnd low supplier
reliability. This resulted in costlgelays and low margins for the shipya(dslesen

2007 Hervik et al. 2011 Secondly during the financial crisis the shipyards
experienced a deease in orders for new vesselhis combined withincreasing
competition from kipyards in lowcost countriesyesulted in pessimistic outlooks for

the Norwegian shipbuilding industhny the years during the recessionth manyof the

shipyards not receiving new ordékservik etal. 2010.

AlthoughHervik et al.(2011) reportan increase irder levels anthe margirs for the
shipyards in Mgre and Romsdalr fine years after the recession, the future prospects
for the shipbuilding industrare somewhat mixed. On one hand, the current economic
climate regarding the debt crisis of several EU countries, the US and Japan is a source
of uncertainty regarding the funding of new ships. On the other hand, however, the
discoveries of new oil fieldsfahe coast of Norway, as well as in Brazil, Australia, of

the coast of WesAfrica and Brunei have resulted in optimism for the future of the
Norwegian shipyards building offshore service vessels that are capable of serving the
new challenges in current arkets, such as the increasing complexity in subsea
operationsin addition,Hervik et al.(2011) point to how the offshore service industry is
currently renewing their fleet, as well the offshore industry will haventrease their

capacity as a result of the new oil field discoveries. Consequently, the fubsmgects

11



for the Norwegian shipbuilding indirg are mixed between optimism regarding the

new oil fields and pessimism regarding the international econoimatel.

The challenge for the Norwegian shipyardsowever,is to maintain a quality
technological and innovativadvantagevhile reducing costs and lead time for building

a vesselin an industry with frequent change orders, global supply chains and the
competition from shipyards in loveost countries, particularly as shipyards in{@ast
countries are starting tovestigate the possibility of buildingame type of vessels as

the Norwegian shipyardsiervik et al. 20112010.

In order to address these challenges, Ulstein VASfthereafter referred to as Ulstgin

in cooperatorwi t h t he Nor wegian research c¢council 0
the shipyards STX Europe and Kleven Maritiaewell as Molde University College
(MUC) and Magreforskning Molde (MFMgngaged in a researchnd development
project named.ean shipbuildinginnovative shipbuilding in a Norwegian contéxdam

2006 t02009.Inspired by the concept of lean construction, the goal was to tailor lean
thinking to the projeebased production of the Norwegian shipbuifglindustry by
enhancing the understanding of the Norwegian shipbuilding industry in a lean context,

as well as developing lean methods and tools to the industry.

As a part of this initiative, Ulsteistarted implementing the Last Planner system fo
plaming and control in 2006. The LaBtanner is a planning todlivided in different

levels, hierarchically organised. In contrast to traditional planning tools where the
master plan often dictates the weekly worki
Pl anner uses a f pwekkly@orkaapkp ae asaignbd basbadeon wehatt h e
activities which are actually feasible to complete. This is decided by the Last Planner
(weekly work plan), while the roles of the other planning levels are to facilitate and
make ready for the completion of the activities. Theeesaven preconditionsr flows,

that have to present to ensure the feasibility to complete an activity. These are materials,
information, personnel, equipment, prior work, space and external conditions.
Furthermore, the executing levelresponsible tearry out analysis with respect to plan

and actual completion, often using percentage plan complete (PPC), to understand

reasons for failure to complete tasks and to takeectiveactions(Mossman 2006

12



After the implenentation of the Last Planner, Ulstelmas experiencedncreased
transparency in the projects with respect to flows required to complete an activity and
increased knwledge of sources of variability and uncertainty in the projdaftesund
2007).
Currently,Ulsteinin cooperation with MUC, MFM and FAF@recontinuing the work
to develop a new concept for shipbuildibgsed on lean principles a new research
project entitledLean Shipbuilding part Il The aim isto increase productivity and
reduce the costs of building ships in NorwayeTasearch project has twoain focus
areas
e Project logistics
The concept is developed to emphasise that project based production has its own
logistics, bothconcerning the physical flows and organisational aspects in a
value chain perspective.
e Social logistics
The concept is used to emphasise the social cooperation required in a project
based production setting, with the basis of the mutual dependency between

activities and functions.

Within the project logistics focus area there dned¢targets;(1) to develop and test
methods to improve the internal flows in the shipyard of information, equipment,
personnel and particularipaterials, (2) to develop andsts methods to improve the
external flow of materials and components to the shipyard and (3) to identify
bottleneck with respect to external production, as a basis of developing efficient
organisational solutions.

This thesis is a part of tHeean shiphilding part Il research project within the project
logistics focus arealhe purpose and scope of the thesis will be described in the next

section.

13



1.2. Purpose and scope of study

The ultimate goal of the lean shipbuildingsearch at Ulsteidescribed above is to
develop the Ulstein Production systgidPS), a production system based on lean
principles and techniques tailored for 8pecific characteristics and facilities of Ulstein
(Toftesund 200) Thefirst step towards the UPIBas mainly been related to planning
and control with e implementation of the Last Planner systémaddition, research

has been conducted on werke utilisationand warehouse management at Ulstein.
The findings from the workime utilisationstudyindicatedthat only27 percentof the

time was actually alue adding, while the warehouse management research highlighted
chdlenges in thewarehouse such lack of space and excessive workloadh&or

warehouse personn@lgland and Gjerstad 20;L1Dongva 2009.

The current research projettL e an Shi p b u fotusirig mrgthegencepts of | 0 ,
projects logistics and social logistics as described above, is the second step towards the
UPS Longva (2009 describeghat the ultimate vision for Ulstein for the material flow
within the shipyard is that required materials shouldtia@sportedto production
workers justin-time and possilyl as work packages which include dravangpols and
components for whole work ogaions.

As a part of this, this thesis will focus on the flow of materials into production. More
specifically, this study will investigate both the external flow of materials to the
shipyard, and the internal flow of materials within the shipyard.

Furthermore, since this is the first study investigating the flow of materials after the
introduction of Lean Shipbuilding at Ulsteithe purpose of this study is to contriéut

to the understanding of what the value strearthatdelays and interrups the flow of
materials, and why these delays /mdnterruptions occurThe resarch problem for

this study will be described in the next section
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1.3. Researchproblem

Mossman(2007) put forward that project logistics create no value in itself, except for
the asseily or processingvork, but is rather a process of aligning the operations
needed to deliver a structure or building.

Reflecting on this, one may argue that even though project logistics creates no value in
itself, aligning the activities and operatiaesjuired to deliver a ship is crucial to obtain

a continuous flow of materials, with the result of shorter lead times and lower costs.

As outlined above, this is the current focus of the researdistgin. In addition, when
GS-Hydro, a supplier of stamdd components changed from several regional to one
central warehows in 2011 this added furtheinterestto what activities in the value
stream that delay thBow of materials. Particularlyas this f r om Ul st ei nds
view, resulted inmaterials were received later on the delivery route with more
variability.

Polat and Ballard (2003 put forward that the main purpose of supply chains is to
maximise operational efficiency, profitability and competitive advantage of the partners
involved by fulfilling the needs of the endustomer, anthe supply chain performance

can be measured with metrics such as time, cost and quMétytzer et al.(2001)
describe how aupply chain consist d@ll the parties (three or mordirectly involved

in the upstream and downstream flows of products, services, finances and/or
information from a source to a customer.

Although a supply chain consists of more than two parties, within the boundary
conditions of this thesis only Ulsteamd a first tier supplier wilbe considered.

The research problem of this thesis is noestigate the flow of materials in a lean
perspective of two different supply chaiserving Ulstein with a particular focus on

what is delaying the flow of materiails the two supply chainand the sources of these
delays One can expect that delays occur due tovalne adding activities, constraints

or bottlenecks, or other structural arrangements in the supply chains. The research

guestion is therefore:

What causesdelays in the flow of materials in two differensupply chainsserving the

same shigard, and what are the underlyingourcesof these delays?
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The supply chaingre different with respect of the type of composdiatving through

the value stream. The firgupply chainconsists of Ulstein and GBydro. The
components supplied by @®ydro aremainly standardised and includer instance
pipes, tubes and valves. For each vessel a vast number of these components are
required, with each component having a relatively low unit value. The materials
flowing in this value stream can therefore be described asVoigime low-value
components. The volume and type of components Ulstein orders freRy@&$ varies

from projectto project, depending on the size and type of vessel, rather than direct
specifications from the clienDue to thecurrentnature of this value stream, th&in

focus will be on the flow of materials from Ulstein places an order to the components
are receved, stored and used at UlsteWithin this, some consideration will be made

to how GSHydro manage their suppliers (tier 2 suppliers) as weah@asmpact of GS
Hydr o6s c¢ han g eacéntrabwarehoesg onaliee bf materials will be
discwssed.

The secondsupply chainconsists of Ulstein and Brunvoll. Brunval a supplier of
thrustersto Ulstein and he components flowing in this value stream can be described
as lowvolumehigh-value components. In addition, tleusters areomplex, and can

be highly customised with respect to the specifications from the dieatidition, each
thruster is also an independent project at BrunvAl.the components flowing in this
value stream require more detailed engineering and spmhs compared to the
value stream consisting of @8ydro, and since Brunvoll is not an active participant in
this thesisthemainfocus will beon the information flowfrom Ulstein initiates contact

with Brunvoll, and the flow of materials within theigiard. The Brunvolt Ulstein
supply chaidink wi | | be evaluated in terms of Ul stei
Consequently, there are clear differences in the two value streams in terms of
complexity and size of the components, lead time and the location addcipom
system of the suppliers.

Due to these differencesne may expect differences in the performance of the two
supply chains and also differences in waSiee two supply chains will therefore be

compared with respect to waste and sources of waste.
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1.4. Outline of thesis

This thesis is divided into five main chapters: the introduction, the literature review, the
methodology, casstudyfindings andthe discussion and conclusion.

The first chapter will introduce the background, the purpose of the study as well as the
research problem and limitations of the study.

The literature review is focusing on lean theory and supply chain management (SCM),
including the concepts of lean peiples, lean construction and shipbuilding, as well as
concepts within SCM, and lean SCM. This chapter will provide the theoretical
background for the case study and discussion.

Following this, the methodology chapter describes how the research problebe wi
aimed to be solved through an exploraterplanatory case study, and the data
collection methods used.

The case study findings will describe the findings in the current state of the two supply
chains. In both cases the current state will be mappeddescribed anthe waste
identified will be discussed.

Finally, in the last chapter the sources of waste in the two supply chain will be
discussed and comparedefore the conclusion will summarise the findings of this
thesis and the corresponding mayaial implicationsand further studieswill be

outlined.

1.5. Limitations

This thesigs based on a qualitative research, as requested by UGBtgisequentlythe
findings are not supported by a quantitatanalysis of the value streaniiis means

that statements and perceptions from selected employees along with observations and
some archival records will be used as evidence to support the findings, instead of
guantitative evidence such as statistical calculations or mathematical models. The
archival reordsthatare used in the analysis of thalue streamsare used in the sense

of indicating where delays may occur, rather thanthioroughscientific analysisThe

result is a qualitative understanding and indicationvbére and why delays occur in

the flow of materialsin the value streamsvhich is also in coherence with the purpose

of the study
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Similarly, with respect to the discussion concerning the impact 6HGSd r 0 6 s c han g €
to a central warehouse, the thesis will not conduct a quantit@tiabysis orgo into

other details about the ideal location and number of warehouses, but raktighhibe

impact the change h&sd on the flow of materials from a qualitative perspective based

on the supply chain partnersoé Vi ews.

Another limitationof the thesis is that Brunvoll is not participating in the research.

Brunvoll is not participating due to lack of time and resources available, as a result of

high order levels and time consuming implementation of a new ERP syBtedeal

with this, Brunw | | is treated as a fAblack boxo0o, anoc
from Ul steinds view. As a consequence, the

degree a holistic perspective.
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2. Literature review

This section will review the relevaliterature for this researchihe first part will give a

brief introduction tolean philosophy, including legoroduction, lean wastes and lean
principles. Following this, some lean tools will be outlined, before the concept of lean
construction will be dicussed. After that, this chapter will go into more detail on more
specific literature for this thesis. This will include a review of peculiarities of the
shipbulding industry, and how the concept of lean can be applistiifbuilding. This

will be followed by a discussing of the supply chain management (SCM) concept, and
how SCM can be related to construction and shipbuilding including what is currently
being considered as waste in construction supply chains. Lastly, important factors to

achieve lean SCMiill be discussed.

2.1. Lean philosophy

Lean philosophyis a production philosophy originatifgom the Toyota production

system (TPS)with a focus on eliminating and reducing realue adding activities. It

gained patrticular interest from the rest of therld as a result of performance gap

between Toyota and other car manufactu@eidlweg 200§. Leanphilosophy ofers a

way to do more with lessiess human effort, less equipment, less time and less-space
while coming closer and closer to providin
(Womack and Jones 2003,)15

Furthermore)ean thinking povides a method to specify value, linp value creating

activities in the best sequence, use -pukchniques and achieve continuous
improvement(Womack and Jones 2003 urther elements o lean philosophy are

discussed below.

2.1.1. Lean production

From its origin in the TPS, the term lean production firas coined by Womack et al.

(1990 in the b@ KT Hie machi ne t hat toddsabedhe philosophy Wor | d
of the TPS.Although lean production originated from the TPS, the fundamental
principles of lean production is not culturally bound to Japan, but rather universally
applicable(Holweg 2006 Womack, Jones, and Roos 1990

Lean production is a business philosophy which spreads across all areas of production,

including the supply ltain, with the focus on eliminating nevalue adding time
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without compromimg quality or ortime delivery(Womack, Jones, and Roos 1990

is alsodefined as a method of manufacturing that focuses on shortening the time
between customer order and the delivery by eliminating sources of waste, with waste
being defined as anything that does not add value to the end product, while using less of
everythhg compared to traditional mass production; less human effort in the factory,
less manufacturing spacdess investment in tools|ess engineering hours, ankss
inventoryin awarehouséLiker and Lamb 2000Womack and Jones 2003

Shah and Ward2007, 79) define Lean productionas fiintegrated socigechnical
system whose main objective is to eliminate wastecdncurrently reducing or

minimizing suppliercustomer, and internal variabilify

It is important to emphasise that Lean philosophy is not about copying the principles
and tools of Toyota, but rather developing principles that are suitable to the specific
organisations, for instance a shipyard, and diligently practicing them to adhggve
performance that continues to add value to customers and Sadkety2004.
Correspondingly, PiccHR001) put forward that lean thinking can be viewed from three
levels; philosophy, system and techniques, where the philosophy view is a conceptual
aspect, the system view is a coordination aspect and techniques is an operational aspect.
He emphasisethat tre philosophy behind the systems and techniques is the most
important elemet, particularly because direetpplicability of techniques from one
industry to another is limited due to specific characteristics of different industries
(Picchi 200).

2.1.2. Lean principles

FurthermoreWomack and Jong2003 put forward lean thinking as a cyclic route to
seek perfection, centred around four principles seeking a fifth:
1) Specify value
Value should be defined by the end customer, in terms of product
specification meeting the requirements of the end customer at a specific
time and price.
2) ldentify value stream
Identify all theactivitiesnecessary to bring the product to the market, and

eliminate activities that do not add value to the end product.
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3) Create an uninterrupted flow
Make the value adding activities flow through the value stream to the end
customer without obstacles such as delaysmareghtories.

4) Establish pull
The reduced lead time from the first three principles should facilitate for only
producing to a signal from a downstream customer.

5) Seek perfection
The previous principles should allow for continuous improvement with the aim

of maximising value for custom&while eliminating waste.

Hines, Holweg and Rick2004 argue that value is often seen equal to cost reduction,

and thus there has been a tendency of lean thinking to fmtuwsaste and cost

reduction. However, as Womack and Jones put value in the first principle, they argue

t hat l ean has moviea-f aavagy o fom ms @l dglsyhowast e
cost reduction, to focus on both enhancing the value for customers and the removal of

wasteful activitiegHines, Holweg, and Rich 2004

In lean, activities can be categorised into three categétiess and Rich 1997

¢ Value-adding activities (VAA)
Value adding activities are activities producing value to the end prothet.
aim is to create a continuous flow of value adding activities.

¢ Non-value adding, but necessary activities (NNVA)
Non-value adding, but necessary activities are activities not adding value to the
endproduct, but are necessary for the value addinyiges to occur These
should be minimised, as complete elimination would often require major
changes in the system, which may not be feasible in thetenort

¢ Non-value adding (NVA)
Non-value adding activities are pure waste, because they do not add any value to
the end product. These should ideally be eliminated completely.

Both NNVA and NVA activities are considered waste in leadowever, Koskela

(2000 point out that some NNVA, such as planning and accounting, might produce

value for internal customers, and should thus not be reduced without considering
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whether morenonvalue addingactivities would occur in other parts of the value

stream. The wastespectin lean will be further elaborated in the next section.

2.1.3. Waste

A fundamental aspect of lean production is the identification, elimination and
preventionof waste, with waste being defined as anything that does not add value from
the c u st o nrentesd orgxternat) peespectivén addition to the original seven
sources of waste in lean descrideglow, two additional sources of waste have been
added lateridesi gn of goods and servieademid t hat
Aunused emplt gHinestaryddRich 1997However, only the original seven
described belowvill be considered in this thesis.

e Overproduction
Overproductionis generally considered to be the most seremusrce of
waste becase it discourages a continuous flofvgoods and services, and
is likely to inhibit quality and productivityOverproductionrefers to
producing too much, too early or Ajust

e Waiting
Waiting occurs when time is not used efficiently, and théste occurs
when goods are not being moved or worked on. This affects both workers
and materialshoth spending timevaiting.

e [EXxcessive tansportation
Every movement of goods can be considered waste, so the aim is usually
to minimise transportation, rah than total removal. In addition,
excessive movement and double handling of goods increases the risk of
goods being damaged.

e [EXxcessive inventory
Reducing excess inventory is critical as it tends to increase lead time,
preventing fast identification ofrpblems and increase spaeguirements
Unnecessary inventory catsorelate to having material available too far
in advance of when it is needed in productithws increasing holding

costsand likelihood for damaged goads
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e Inappropriate processing
This source of waste involves prose®y materials with overly complex
machinery or equipment, or with unnecessary steps.
e Unnecessary motion
This source of wa snbtien durmgtieelr woekssuch mp | oy e e s
as stretching and bending. These motiongiang for the employees, and
should be avoided or minimised, because they are likely to lead to lower
productivity and often quality problems.
e Defects(rework)
Producing defect parts is considered waste as it requén@srk and

quality inspectios which arewasted handling, time and effort.

Koskela (2000, 58 arguethat there are three root causes of thesevatue adding
activities:
1) The structure of the production system
The flow of material and information is determined by the structure of the
system, thus the amount of waste is related to the design of the system.
Similarly, the site layout determines the flow of materials, and thus the
amount of waste, between workstations.
2) The way production is controlled
This affects waste in at least two y& (1) the control pmciples used may
produce wastand deficienciesr (2)ignorancejn conforming to the control
principles may produce waste.
3) The inherent nature of production
Waste exists in the inherent nature of production such as machine

breakdaevns, accidents and human error.

The TPS housallustrated infigure 1, can be used to summarise lean production and
the TPS. However, it is important to stress again that the purpose of lean production is
not to copy the tools and principles of the TPS, but rather to develop tools and
principles that are suitable to a sfiecorganisation.

The basic idea of the TPS house is that every component has to be in place to keep the

house steady. The goals are showed in the roof of the house; provide best quality at the
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lowest cost, with the shortest lead time with best safety lagd moral through
shortening the production flow by eliminating waste.

Of the two building pillars, Jush-time (JIT) ensures that the components are delivered
when they are need, in the right amount at the right place, whileifbgjitality ensures
that products are produced with the right quality with no defects. JIT andirbuilt
qualty are mutually reinforcing, creating a JIT flow leads to increased quality and
without inventory buffers the JIT systems will fail if there are frequent quality prable
that interrupt the flowLiker and Lamb 2000Liker 2004.

Best quality-Lowest cost-Shortest lead time- Best safety-High morale
through shortening the production flow by eliminating waste
Just-in-time People & Teamwork Jidoka
Right part, right amount, | Selection (in-station_guality)
right time . Common goals Make problems visible
. Takt time . Right decision making
. Continuous flow . Cross- trained . Automatic stops
. Pull system . Andon
. Quick changeover . . Person-machine
. Integrated Continuous separation
logistics improve ment . Error proofing
. In- station quality
control
Waste reduction . Solve root-cause
. Genchi Genbutsu of problems (5
) 5 why’s why’s)
. Eyes for waste
. Problem solving
Levelled production (heijunka)
Stable and standardised processes
Visual management
Toyota way philosophy

Figurel: TPS Housdbased on Like(2004)
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2.2. Lean tools

In this sectionthe lean tools ofalue stream mapping (VSMnd 5Swill be described.
Althoughthere are several lean tools, only these two are considered in this thesis. VSM
is selected as this is a tool aiminghighlight nonvalue addingactivities in the value
streamsthus highly relevant for this thesis. &Sselected because this is a tool aiming

to organise the workplace to facilitate fobetter flow and also as it was put forward by

Longva(2009 as a way of improving warehouse management at Ulstein.

2.2.1. Value stream mapping

Value stream mapping (VSM) is a method to visualise and analyse the value streams by
creating a map of the flow of materials from the supplier to the end customer, and the
flow of information between the parties in the value stred®M facilitatesfor the
identification of waste and the root caug&®cakulah, Brown, and Thomson 2008

The purpose of VSM is to highlight sources of waste and elimitiaen by
implementing a futurstae value stream, with the aim of haviagralue stream where

the processes are linked to their customersithercontinuous flow or pull, with each
process being as close as possible to producing only what its customers require when
they require i{Rother and Shook 20D9

There are four phases in VSM; 1) Selecting a protarcily, 2) aeate current state

map 3) aeate a future state mamd 4) mplementing These four stages are described
below(Rother and Shook 20R9

1) Selecting a product family
This is setting the boundary conditions for the value stream map, as drawing all
product flows on one map ®nsidered too complicated. A product family is a
group of products that flow through similar processing steps using common
equipment in the value stream.

2) Create airrent-state map
Using measurements such as cycle time, vafeating time and lead timée
currentstate map highlights waste in the value stream and serves as the basis for

developing a future state map.
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3) Create future-state map
A future-state map is created efe the waste from the currestate map is
eliminated or at least reduced and the materials are pulled through the value
stream in a smooth flow.

4) Implementation
The difference between the curreand the futurestate map serves as a road
map to start implementing the performancepiavements (Arbulu and
Tommelein 2002

2.2.2.5S

While VSM is often considered to be the basic tool for management to start
implementation of a lean philosophy, the 5S tool is a method for keeping the workplace
clean and organised, as a foundationfiother improvementgKocakilah, Brown, and
Thomson 2008 It was originally developed by Toyota to describe the proper methods
of housekeeping, as a wel |l organi sed wor knp
sort, straighten, shine, standardise and sustain, refer to the iwoladed in the process
of making the workplace clean and organjsattl thus eliminate waste resulting from a
poorly organised working are@ocakulah, Brown, and Aomson 2008 Liker and
Lamb 2003.
1) Sort
Refers to the process of separating neetdads from what is not needed, and
removing the unneeded materials and tools.
2) Straighten
Involves defining a specific place for the needed items within the area they are
needed, in order to facilitate for a continuous workflow and to minimise motion.
3) Shine
Focuses on cleanliness, and ensures that the workplace is kept organised, clean
and redy for inspection.
4) Standardise
Focuses on maintaining and monitoring the first three Ss. These should enable
standardisation of the best practice for the workplace.
5) Sustain
Maintaining a stabilised and organised workplace is agaang process of

continwobus improvement.
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2.3. Lean construction

This section will introduce the concept of lean constructiBimst, the historyof
construction and elan construction will be outlined, before thdemens and
peculiarities of cortsuction will be described Lastly, lean construction will be

compared and contrasted with traditional construction.

2.3.1. History

Construction is a very old industry, with many of its cultures and methods having their
roots in periods before scientific analysis. Nevertheless, after the Second World War,
there have been many initiatives trying to understand construction industri¢seand
problems within construction industries, as well as trying to develop corresponding
solutions and improvement methoddmong these solutiom and improvement
methods, Koskela (1992 recognises strategic initiatives such as industrialisation,
computer integrated construction and total quality management. Operational and
tacticaltechniques that have been developed include project planning and control tools,
organisational methods, project success factors and productivity improvement methods
(Koskela 1992 Furthermore, Picch{2001) suggest that construction has been one of

the first industries to discuss lean philosophy outside a manufacturing environment .

On the other handthe construction industries hawvejected several ideafrom
manufacturing due to the belief that construction is different from manufactiorg.
specifically, ideas from manufacturing have been rejecheel to thefundamental
differences between unique and complex construction projects in highly uncertain
environments and mass productiadowever, Howell (1999 argue that waste in
construction wih a traditional project management approacises from the same
activity-centred focus as in manufacturing, namely by focusing on optimising each
activity. Moreover, the boundary between construction and manufacturing is not clear.
For instancethere isconfusion whether supplier of standardff-the-shelf products

such as pipes and tubesaashipyard igart of the constructio or the manufacturing
industry(Segerstedt and Olofsson 2010

Neverthelesslean philosophy focuses on improving the entire value stream, rather than

individual processes and activitiesThe concept of lean construction has been
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developed based on the principles of the Toyota production system, to tailor lean

thinking to the peculiar characteristics of construction.

2.3.2. Elements of construction

There are particularly three essential elements of construction that differentiates
construction from traditional manufacturin;) Oneof-akind nature of projecty_2)

site production and3) temporary multorganisations(Koskela 1992 However,

Ballard and Howel[1998 argue that there are other types of production that possesses

one or more of these characteristics, and therefore nftgpieness of a project is a

relative matter.

Similarly, Koskela(1992 emphasiseto what extent construction is not unique, and

suggests actions in order to reduce the unigueness of construction projects such as using
standardised work flows and components and modularisation.

Nevertheless, a characteristic that clearifyecentiates construction from traditional

manuf act ur fixedp o 6§ 6t itchne niiachanatteristic. u-ixegasdian
manufacturing means that the manufactured products become too large to be moved
through work stations, so that the work statibage to be moved through the product

(Ballard and Howll 199§.

The LeanConstructioninstitute (LCl)s u mmar i ses | eanproductiors t r uct i
management based project delivery system emphasizing the reliable and speedy
delivery of value. It challenges the generally accepted belief that thahkedgs a trade

bet ween time,(L@2082. and qualityo

Similarly, Ballard and Howel(2004, 3put f or war d t hadnceivesan cons
construction project as a temporary production system dedicated to the three goals of

delivering the product while.maximising val

Koskela (1992, 16 has elaborate@leven principles from lean thinking which are
applicable to lean construction:
1) Reduce share of norvalue adding activities
2) Increase output value through systematic consideration of customer
requirements.
There are two types of customers for each activity; the next activity and the final

customer, and value is generated by fulfilling customer requirements.
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3) Reduce variability.
There are two reasons for reducing process variability: First, any deviation from
target value causes a loss of value to customer, and second, variability increases the
volume of nonvalue adding activities.

4) Reduce the cycle time.
Benefits of reducedycle time include faster delivery to custosyeeduced need to
forecast future demand and decreased disruptions due to change orders.

5) Simplifying by minimising the number of steps and parts
The construction process can be simplified by reducing thdeuaf components
in a product and reducing the number of steps in a material and information flow.

6) Increase output flexibility.
Increased flexibility can be realised by modularised product design, reduce
difficulty of setups and changeovers and trainimgudti- skilled workforce.

7) Increase process transparency
Make the production process transparent and observable to facilitate for control and
improvement to all the employees.

8) Focus control on the complete process.
Avoid sub optimisation and optimise thetal workflow by engaging in lorderm
co-operation with suppliers and by letting sdifected teams control their
processes.

9) Build continuous improvement into the process.
The effort to reduce waste and increase the value in the construction pnostss
be carried out on a continuous basis.

10)Balance flow improvements with conversion improvement
Both the flows and conversions have to be addressed. The potential for flow
improvement is normally higher than conversion improvement and require lower
investments, but flow improvements takes longer time to implement compared to
conversion improvements.

11)Benchmark
|l ncludes knowing the organisationbés stren
knowing the industry leaders and competitors and creaimpetitive advantage by

combining existing strengths witdxternal best practic€Koskelk 19932.
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He argue that most of these principkeddress the elimination of nemlue adding

activities, butpointsouii t 1 s al so possible to directl

by flowcharting the process, then pinpointing and measumog-value adding
act i vKoskele200D, p. 58

Ballard and Howell(199) argue that the lean revolution is essentially a conceptual
revolution, as the focus has shifted from solely to be on the conversion process, to also
include the flow and value processes. They put forward that implementing lean in
construction has twparts;(1) Minimising uniqueness of construction to take advantage

of lean techniques developed in manufacturing,(@hdevelop lean techniques suitable

for dynamic construction.

Furthermore, they point to that implementing lean in construction psogimts not

imply making construction manufacturing by standardising products or using lean tools
explicitly. Instead, implementing lean means developing standard procedures to plan
and manage construction p fagpjo@ductibnsys t & midu s
approach to construction, while understanding the principles offered by lean, to

maximise value and minimise wagiallard and Howell 1998

On the other handlgrgensen and Emmif2008 argue that many lean construction
publications are not built on solid theoretical ground because thagement books on
which these publications are based on do not refer to scientific research methods for
validating the results. The lack of empirical evidence within the field of lean
construction is therefore a weakness of lean construction conceptditiomdthey

point to the lack of a common definition of the concept of lean construction as a

weakness of lean constructi@irgensen and Emmitt 2008

2.3.2.1. Traditional construction vs. Lean construction

Ballard and Howel(2004) suggests that there are four roots of the emergence of Lean

corstruction as a new approach to construction projects; the success of the TPS,
dissatisfaction with project performance, efforts to establish a theoretical background to
project management and the failure of traditional thinking and practice to ekquin

The method of managing construction projects based on lean principles is
fundamentally different from the traditional approach to managing construction

projects.The most fundamental difference between lean and traditional constriction is
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related toscheduling While lean construction is based on a pull work schedul
traditional construction usespush work schedul@his is a clear difference, as a pull
system schedule work basesh actual downstream demand, while a push system
schedule work based aystem statu@Ballard and Howell 2004

Production processes can be viewed in three different ways; (1) a process of converting
inputs to outputs, (2) as a flow of materials and information through time and space and
(3) as a process of generating value to the end custbioeever,while the pocess of
converting inputs to outputs has been dominating view in the construction industry until
very recently, the flow concept is applicable to construction industries because
production in construction is of assemitype, where different material fies are
connected to the end prodykioskela 2000Ballard and Howell 2004

In particular, the flow principle is important in lean construction becduseuses on
eliminating nonAvalue adding activitiesto ensure a continuous flow of value adding
activities(Koskela 200D

2.4. Lean shipbuilding

This section will outlinghe concept of lean shipbuilding, which is a concept tailoring
lean thinking to shipbuilding. First, however, the characteristics of shipbuidihbe
outlined, with a particular focus on thdéorwegian shipbuildingndustry Following
this, the concepof lean shipbuilding will be describednd the applicability of lean
thinking to Norwegian shipbuilding will be discussed.

2.4.1. Shipbuilding

The characteristics of shipbuilding vary across countries and sectors, usuallytiueie to
degree of complexity andhe levd of customisation of the shipgror instance,
shipbuilding in Norway is recognised by a high level of complexity. The characteristics
below are highlyrelevant for the Norwegian shipbuilding industry, and can also be,
particularly consistent pradtion facilities and fixed position manufacturing, related to
shipbuilding in other countrie@ugnas and Oterhals 2008iker and Lamb 2002
Aslesen and Bertelsen 200&ngva 200%:
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e One-of-a-kind production
Ships are engineerdd-order products, with typically significant differences in
desigrs and specification between different ships. Although some small series of
ships may occur, each ship is customised
However, shipbuilding is similar to mass production in terms of repeatable
standardised processes such as welding artligtion line for pipe fabrication.

e Consistent production facilities
In contrast to construction, each shipbuilding project takes places within the same
production facilities at the shipyards. The established production infrastructure also
ensurs a higherdegree of repetitiveness in the flow of materials, compared to
traditionalconstruction

e Fixed position manufacturing
Shipbuilding is in similar fashion to construction characterised by fixed position
manufacturing, as the ships are too complex to move around, with workstations
moving through the ship.

e Temporary organisations
Due to the project driven nature of the shijding industry, temporary
organisations are created to manage specific proj@tisre is, however, less
randomness in shipbuilding projectsod orga

Dugnas and Oterhal@008 points out additional characteristics that diffdrate
Norwegian shipbuilding industry from traditional construction industries. These are
outlinedbelow.

e Design, SCM and production activities are integrated and carried out

simultaneously it is rather a rule thaanexception

e Significantprefabrication and preutfitting of units and modules offite

e Advantage of supply network within the Norwegian Maritime Cluster

¢ Significant customisation and innovatioalso during construction phase (it is

common with change orders)

In addition, tke industry iscyclical industryhighly volatile with the economic climate

In economic booms, the industry is typically capacity constrained (critical lead times
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and lack of workforce), while in recessions the industry has typically excess capacity
(Dugnas and Oterhals 2008ervik et al. 2008

There ardypically four key production phases the Norwegian shipbuilding industry;

(1) Hull fabrication, (2) Primary outfitting, (3) Final outfitting and [@sting. The two

first phases araormally outsourced to shipyards in legost countries, whal the final
outfitting and testing i s (Pugmad and Gterlthls a t t he
2008.

Furthermore, the shipyards rely on a complex network of suppliers of components, with
an increasing part of the production being performed by trade contrdttetherefore

clear that shipbuilding is a highly complex, migtiase and muHactor proces
including several different operating, several disciplines and a wide range of suppliers.
This makes the shipbuilding process similar to the construction prossiesen and
Bertelsen 2008 Consequently, as lean principles are already being widely applied to
construction indusies, it can be argued that lean principles are also applicable to the
shipbuilding industry. This will be discussed in the next section.

2.4.2. Application of lean principles to shipbuilding

As a result of the characteristics of the shipbuilding industry, DugndsOterhals

(2008 argue that shipbuilding can be treated similarly to construction with regards to
transferring lean principles to shipbuilding. Furthermore, they point to how the
characteristics described above serves as a background for analysis tdolefiean
principles can be applied to shipbuilding.

In similar fashion, Liker and Lamf000Q arguethat lean thinking is applicable to
shipbuilding due to particularly two points. First, the basic principle of giving
customers what they want with shortened lead times and less waste applies to any
industry. Secondly, thepoint to kading shipbuilding models which have much of the
same underlying philosophy as the TPS at work in building ships. Particularly, they
point to Japanese shipyards that use modular designs, highly standardised processes and
JIT deliveries of raw materialsn laddition, Liker and Lam002 point to be process

of continuous improvement as being applicable to any process.

Nevertheless, even though shipbuilding can resemble construction in some areas, it is

clear that shipbuilding differs fro construction. Therefore, it should be emphasised
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that application of lean principles to shipbuildimgNorwayis not about copying lean
tools and techniques from lean manufacturing or lean constryctid@an shipbuilding

in Japan)but rather develapg own tools and techniques tailored to the specific needs,
including strategy, organisational culture and facility layout, of the shipyamting to

apply learprinciples(Dugnas and Oterhals 2008

2.5. Supply chain management

In this sectiorthe origins ofsupply chain management (SCMj)ll be outlined,SCM
will be defined andhe concepts of SCM will be describdeurthermore, this section
will describe construction SCM anygpical waste in construction supply chaihastly,

this section wi discuss how the SCM concept relates to the shipbuilding industry.

2.5.1. Origins and definitions

The term supply chain management (SCM) first emerged in the literature in the mid
19806s. However, the concepts whdaramd SCM i
include managing inteorganisational operations, systems integration research and
information sharingCooper, Lambert, and Pagh 1997

Similarly, Vrijhoef and Koskela (2000 point to how SCM emerged from
manufacturing industries, particularly the JIT delivery system of the TPS, which aimed

to regulate supplies to the Toyota factory in the right amount, right time and right place.

In addition, they point to the work of Deming @&, who argued that working with

suppliers in a longerm relationship of trust and loyalty would improve the quality and

reduce the cost of productig¥rijhoef and Koskela 2000

Furthermore, Mentzer et gR00J) point to the influence of Forrester (1958) and how

his identification of key managemieissues such as interrelationships between different

functions within a company and between different companies, are referred to within the
concept of SCM.

Mentzer et al(2001, 4 define a supply chainasas a set of three or
(organisations or individuals) directly involved the upstream and downstream flows

of product s, services, finances aifdhlky or i nf
point to how different authors define SCM either in operational terms involving the

flow of materials and products, as a management philosophy or in terms of a

management proceflglentzer et al. 2001

34



There are many different definitions of SCM. In this thesis, however, the definition of
SCM from the Glbal Supply Chain Forum (GSCF) will be used. They define SCM as
(Lambert and Cooper 2000, 66
ASupply Chain Management 1is the integra:
from end user through original suppliers that provides products,
services, and information that add value for customers and other
stakehol ders. o
Other stakeholders in this definition relate to other involved parties in the supply chain
such as suppliers arnbe focal firm. In this respect, an important aspect of SCM is to
create value for all involved parties within the supply chaith a focus on satisfying
endcust omersdé needs through coll aboration a
supplychains as an integrated valigenerating flow rather than a set of independent
activities.
In contrast, the traditional way of managithg supply chain focuses on the ersion
view of production. The waste arising from supply chains which are not integrated or
streamlined include unnecessary variahjligxcessive inventorand lack of control
(Lambert and Cooper 2000

2.5.2. Concepts

Building on the previous section, this section will describectimeepts of gpply chain
lead time, the twdlows in a suppt chain; materials and informatipthe foursupply
chain structures maketo-stock, makeo-order, assembld¢o-order and engineeto-
orderand ABGclassification of components

2.5.2.1. Supply chain leadime
The supply chain lead time is the timequired for a material to flow through the

processes and activities in the supply chain, from origin tecastbmer.

The lead time depends on various factors such as the complexity of the products
(Arbulu and Tommelein 2002Koskela(2000, 58 argue that supply chain lead time is
comprised by four elementél) processing timg2) inspection time(3) wait time and

(4) move time. He argudhat only the processing time adds value to the prmbuct,

while the other elements are ngalue adding activities.

Furthermore, Koskel2000, 60 put forward that benefits of compressing the lead time

are:
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e Faster delivery of the product or service to the customer
e Reduced need to forecast future demand
e Decrease of disruption of tlpgoduction process due to change orders

e [Easier management because there are fewer customer orders to keep track of

2.5.2.2. Flow of materials andinformation
Within a supply chain there are three flows; material, information and capital. However,

for this thesinly the material and information flows are considered.

Material flow refers to the flow of physical goods from origin through the processes and
activities in the supply chain to the eadstomer as a final product, while information
flow refers to theflow of information between the involved parties in a supply chain
(Harrison and Hoek 200Q8Figure Zillustrates a generic supply chain in manufacturing
where materials flow downstream in the supply chain, while informatiows

upstream

Information flow (erders, schedules, forecasts, ete.)

- Suppliors el s Rotallers @

Matenal flow (supplies, production, deliveries, etc.)
Figure2: Generic configuration of a supply chdwrijhoef and Koskela 2000

2.5.2.3. Supply chain structures
There are mainlyour supply chain structure@n some form or anothefpr a supply

chain maketo-stock, makeo-order, assemblyto-order and engineeto-order. One
important element related to the supply chain can structures is the customer order
decoupling point (CODP). The CODP is a stock holding point that separates the part of
a supply chain that responds directly he tustomer from the part of the supply chain
that uses forecast plannii@osling ad Naim 200%. The foursupply chain structures

are described beloyGosling and Naim 20Q¥an Weele 2010
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Make-to-stock (MTS)
Maketo-stock production is characterised by standard products being manufactured
and stocked, with customers being serviéesn an end product inventaryrhe

decoupling point is located &sished goods at the supplier.

Make-to-order (MTO)
Products are manufactured from raw materials or components inventory after an
order from a customer has been received and accepeddecoupling point is

located at purchased goods.

Assemblyto-order (ATO)
Only systemslements and subassemblies are in stock at the manufacturing centre
and final assembly takes place based on a specific customerTrdedecoupling

point is located dinished goods in a supply centre.

Engineer-to-order (ETO)
All the production activities from design to assembly and even purchasing of
required materials are related to a specific customer ofterdecoupling point is

located at the design stage.

2.5.2.4. ABC classification of components

A traditional method for classifying component or inventory is an ABC classification

system, where components are classified as either A, B or C comp¢Aembdéd,
Chapman, and Clive 200BRamakrishnan 2006

A-components
A-components are stegically important components, which counts for a small
number of total quantities, but a largeoportion of total value. In a project

environment, Acomponents are typically ETO.
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B- components

B-components can be categorised between A and C components, in terms of both
unit value and quantities required. In a project environmertprBponents are
typically MTO nonstrategic, but project specific items.

C- Components

C-componentsarefibi t s a nod consumaldesvehich counts for a large
number oftotal quantities, but a small proportiaf total value. In a project

environment, Ecomponents are typically MTS ngumoject specificomponents.

2.5.3. Supply chain management in constructi on

As discussed above, construction industries differ from traditional manufacturing.

Consequently, construction supply chalresse to be managed differently compared to

manufacturing industrieAccording to Vrijhoef and Koskel@2000, 3, a construction

supply chain in terms of structure and function can be characterised by three elements

It is a converging supply chain directing all materials to the construction site where
the object is assembled from incoming materidlse construction site is set up
around one single product.

It is, usually a temporary supplghain producing oneff construction projects
throughrepeated recordguration of project organisationk.is therefore recognised

by instability, fragmentation angbarticularly separation between design and
construction.

It is a typical makeo-order supply chain, with eveproject creating a new product

or prototype.Although there is usually little repetitiorhd processs can be very

similar for projects of garticularkind.

As a response to these characteristics, Vrijhoef and Kogk@@f) have proposed that

SCM has fourspecific roles in constructionrhe four roles are described below and

illustrated in figures.

Role 1: Focus on the interface betwan the supply chain and the construction
site
The focus is on improving the flow of materials to the construction site through

cooperation with suppliers.
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e Role 2: Focus on the supply chain
This includes developing specific supply chain lopgidering a tradeff between
transportation, inventory and production costs.

¢ Role 3: Focus on transferring activities from the construction site to the supply
chain
This role focuses on transferring-eite activities off the construction site, by for
instance prefabrication or modularisation, to reducsit@nactivities.

e Role 4: Focus on the integrated management of the supply chain and the

construction site
The goal is to replace the usually temporary chains with permanent supply, chains

through forinstancestandardisingrocedures and activities.

Role 1: focus on the interface between the Role 2: focus on the supply chain
supply chain and the construction site

n— 1

Role 3: focus on transferring activities from the Role 4. focus on the integrated management of
construction site to the supply chain the supply chain and the construction site

=

Figure3: The four roles of SCM in constructig¥rijhoef and Koskela 2090

Hamzeh et al(2007) proposethat the construction industry is characterised by high
variations in supply and demand for resources such as material, equipment and services.
The uncertainty causes inefficiencies and unresponsiveness within a supply chain with
the result of supphdemand mismatches leading to increased lead time, poor utilisation

of resources, increased supply chains costs and unsatisfied customers.
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Along the same lines, Cox and Irela(®002 suggest that construction supply chains
are contested, fragmented and highly adversarial due to the conflicting nature of
demand and supply. This has resulted in complicated structures of power between
actors at each state of the supply ché@wex and Ireland 2002

Moreover, Ireland (2004 put forward that construction supply chai are often
characterisedby adversarial and opportunistic actors. In contrast to researches who
proposea SCM approach afooperatiorand partnershipbetween supply chain actors

in response to this (for instan@&ETR (1998 and Vrijhoef and Koskela2000) he

argue that such SCM approaches can only be implemented in certain power regime
circumstances. In his paper, he concludes 8@W approaches are only possible in
construction supply chains with pew regimes with extended buygominance or
buyersupplier interdependence. In addition, the regularity of demand is a significant
variable determining whether proactive SCM approaches cappied or no{(Ireland

2009.

2.5.4. Waste in construction supply chains

Zimmer et al.(2008 put forward that most of the effort in implementing lean in
construction has focused on field operations, while lean focuses on the entire value
stream. Therefore, they argue that waste is still evident in the supply chaiculBeyt;
members of the supply chain often aim to maximise their own profit, while ignoring the
effect on downstream members of the supply chain, which leads to waste in terms of
ineffective supplier relations and transactions. Furthermore, they(Ziatemer et al.
2008, 382
AThese inefficient supply chains, al ong v
are bottlenecks which are inhibiting flow in the construction process,
causing a Aifaad herowlad ufeomgener ati on. 0
Vrijhoef and Koskeld1999 conductedhree case studies on construction supply chains
to give insight to the waste and problems in these supply chains, and the causes of these
wastes and problems. Their findings showed that time buffers had a large impact on the
totd lead time. The underlying cause of time buffers was separate planning in the
supply chain due to intearganisational barriers.
Furthermore, they drew three main conclusions from their case studies; (1) Waste and

problems exist, even in normal situations, but this is not seen or ignored, with each actor
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focusing on its own business, (2) the root cause of the waste is usuallyndtificthe
activity the waste is encountered, but in an earlier activity performed by another actor,
often at a higher organisational level and (3) waste is caused by myopic control in the
supply chain, with each actor optimising its own activity withautssdering the impact

of downstream activities in the supply chain. The result is that a low proportion of the
total lead time is vaile-adding time, while the majority of the total lead time is wasted
time (Vrijhoef and Koskela 1999

In their research on pipe supports, Arbulu and Tommgl2002 found that causes of
waste in the supply chain are mainly related to the time materials and information are
waiting to be processed. Particularly, they point to the batching effect as a cause of
waiting time. In their case, they put forwamlot examples of the batching effect. (1)
Design information is sent from engineers to supplier in large batches, and (2) the
completed materials are shipped in large batches from the supplier to the construction
site. In addition, wastes often occurringpn the interface between activities, processes

or organisations.

Polat and Ballard2003 evaluated the supply chains of cut and bent rebar for Turkish
construction projects. Their results showed that wasted time amounted to up to three
guarters of the total lead time. &main causes of this wasted time were inaccurate data
transfers, lack of coordination between supply chain partners, lack of data format
standardisation, infrequent deliveries due to high cost of shipping and priority changes.
They concluded that theseus#s often resulted in interrupted materials and information
flows.

Additionally, the material flow in a construction project is considered of major
importance because project dedaare often caused by lack ofaterials (Elfving,
Tommelein, and Ballard 2004

2.5.5. Supply chain management in shipbuilding

As outlined abovethe Norwegian shipbuilding industry can be identified as ETO
where each ship being design and engineenesbf-a-kind, with rare exceptions where
two i1 dentical i s Medlot amd Strandhhge(@041) pointdo otheri | t .
characteristics of ETO operations, including high level of customisation, different
components are required in different volumes and some components are highly

customised while others are standardised.
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Further, they point to how Norwegian shipbuilding also have some of the features of
MTO operations, such as flumting demand cycles, gectspecific components
demands and uncertain production conditions.

Due to the complexity, muMphased and mulactor setup of the Norwegian
shipbuilding industry, Aslesen and Bertels(2008 emphasise the importance of
managing the coordination of multiple parties in the supply chains, particularly as each
party can be expected to pursue its own agenda.

Similarly, Mello and Strandhage(®011) discuss that a critical issue for SCM in
shipbuilding is to efficiently integrate and coordinate the network of suppliers,
subcontractors and shipyard resourck®reover, they point to how attempts to
developing collaborative relationships in a shipbuildsegting often are filled with
frustration with the lack of trust, and that the lack of trust can be a readvefsarial
relationship, lowvolume and infrequent deand for many items and a price
competitive procurement approach,

Correspondingly, Dugnaand Uthaug2007) found that shipyards report a significant
stronger relationship with the suppliers than vice versa. Huggest that this can
mirror the satisfaction with theelationship where the shipyards are very satisfied with
the supply conditios) while the supplies feel they have no influence, and due to the
frequent sourcing from the shipyards making the demandeiarorders uncertain and
variable for the suppliers.

In addition, they point to how some equipment now is proculieectly from ship
owners and how the development of a few large suppliers for the shipyards have

changed the role of smaller suppliers to the shipyard.

Following in the lines of Vrijhoef ath Koskela, it is clear that the supply chain of a
Norwegian shipyard is a converging supply chain directing the materials to the
construction site. In contrast to other construction projects, such as constroictio
buildings, shipbuilding isecognised byixed production site, i.e. the shipyard.
Consequently, it can be argued that supply chains for Norwegian shigrards a
lesser degree characterised by temporary supply chains if compared to other
construction projectsthis is particularly becausedhmaterials are flowing to the same
location for each project.The supply chains are, however, temporary in terms of the
partners involved in the supply chaifor each project and the amount and type of
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materials and information flowing in the supply ohas thesenaydiffer depending on

each project.

In addition, the supply chain for a Norwegian shipyard is also characterised by different
partners in the supply chain have different supply chain structures for their upstream
supply chain. For instanca,supplier of standard components may produce and manage
its upstream suppliers based on a MaraMTO supply chain structure. One issue for
the management of shipbuilding supply chains is therefore how to integrate suppliers
with a MTSMTO supply chain sticture into the ETGhipbuilding projectThis issue

of MTS and MTOcomponents in a project environment will be discussed below, and

compared t&ETO components in a project environment.

2.5.5.1. BandCcomponentsin project environment

As described aboveB and C components have in a project environment typically a
MTO or MTS upstream supply chain structure.

Although B and C components aralifferent in a theoretical perspectiveno clear
difference betweethese components with respect to éxternalflow of materialsto

the shipyardwill be made in this thesis. This is daise GSdydro, in contrast to
Ulstein who view this as two different types of components (B and C), view these as
similar components mainly supplied from their inventory, and are thus ldandle
similarly by GSHydro, with the same lead time.

In terms of the internal flow after Ulstein receive the goods, the components are viewed
and treated different)yparticularly with respect to project specificity.

Nevertheless, in this thesimth B and Ccomponentsare considered as standardised
components with relatively low unit value, high volumes per project and short lead
time. The main difference is how Ulstein classify B components as project specific

items, and C components as consumables-pngect specific items).

Sanderson and Cq®008 studieda supply chain delivering electrical cables, which are
standard components, typically MTS or MTO, to a major UK shipbuilder. They argue
that in a oneoff or low-volume project environment, where there are typcal
significant differences in design and specifications between different ships, it is almost
impossible to predict the parameters of demand (type, quantity and timing) based on
past experience. They concluded that electrical cables used in shipbuildengpdta

features of a functional and innovative product. Most interestingly, however, is how a
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supply chain of standard components such as electrical cables have the features of
innovative products. These features are unpredictable demand pattern amdarigjig

in forecastingrequirements. This is a result of building of the ship commences before
the design is completed, and thus both the design and build schedule of a vessel are
subject to orgoing changéSanderson and Cox 2008

Furthermore, Sanderson and Q@008 discus how the mixed characteristics of end
customer demand is visible for standard componsmté as electric cables, with the
demand is highly volatile and unpredictablehile the end customer is also price
sensitive.

Tommelein et al(2008 propose that finished goods inventory have zero lead time, and
thus ©@mponents can be shippeglickly to customers as well as it serves as a
protection, or buffer, against uncertainties of customer demand. In addition, finished
goods inventory allows for batch optimising, thus lowering the shipping and handling
costs.

Although finished goods inventory can compensate for the lack of information and
predictability of demand in oref-a-kind construction projects, it disregards a holistic
value chain perspective, important in both SCM and lean thinKimg.lack of demand
information also requires the supplier to hold a large product assortment at finished
goods inventory, in order to maintain a high service level, thus creating waste in terms
of excessive inventory.

However, in a project environment (such as Norwegiaipbuilding)some B (MTO)
components have a long manufacturing lead time from manufacturer (second tier
supplier), thusfinished goods inventory at thirst tier suppliercan be seen as an
important link between manufacturer and the construction site.

A further issue in this respect is whether the supplier should have one central warehouse
serving all customers directlyor several regional warehouses within a specific
geographical areddf this thesissay Norway.

Warehouses have particularly thredes within a distribution system; transportation
consolidation, product mixing and servicand the aim is to provide the highest
possibleservice at lowest possible cgstrnold, Chapman, and Clive 2008

It is generally considered that by adding more warehousemtory and material
handling will increase, while transportation costs decrease if the regional warehouses

are replenished directly from a suppl{&rnold, Chapman, and Clive 20p8However
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if the regional warehouses have to be replenished from a central warehmesanst

likely that transportation costs will increase as well.

On the other hand, the service level have to be considered and a regional warehouse has
the advantage of being closer to the market, thus being able to serve the customer with a
shorter leaditne compared to a central warehou¥¥ith respect to the location and
number of warehouses there is therefane importanttradeoff between cost and

servicelevel (Arnold, Chapman, and Clive 2008

Although finished goods inventorin itself can disregard a holistic value chain
perspective, in a Norwegian shipbuilding contextah be considered important as a
link between the manufacturer and the shipyard and as a buffer protecting against
uncertain demand. An important issue is still, howewuer, mnimise excessive
inventory material handling and transportation to obtain a streamlined flow between a
MTS supplier and an ETO project.

Arbulo et al. (2003 put forward how knban can be utilised in consttion supply
chains, both to manage the-site material flow and as a means to integrate MTS
suppliers to a ETO project. A similar approach was suggested by Arbulo(20GH).

Thiswill be describedn more detail later.

2.5.5.2. A-componentsin project environment

In terms of strategic components, ETi@ese are recognised by highit value, low
volume and longead time as customer orders are processed through engineering,
detaling, fabrication and delivery, hence classified Ascomponentsin a project
environment

The long lead time in combination with high uncertainty and variability in construction
projects,can resultin many design decisions hag to be made early in the process,
based on weak assumptionBhis mayagain lead to subdimal solutions, quality
defects and rework. Consequently, compression the lead time in the delivery process of
strategic components can have major impact on the project perforn@aizeg,
Tommelein, and Ballard 2002

In a study on the delivery process of ETO products, Elfving é2@04 found several
causes thaincreasedhe delivery lead time. In the design phase the causes included
changes due to desigerrors, low level of design standardisateomd norsequenced

Apusho driven desi gn, whi |l e causes i n
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competitive bidding, large document batches and changes in product specifications. The
component lead timand capaity constraints werehe main causeof delays in the
manufacturing phase.

Similarly, in an earkr study, the same authadescribed the information flow in the
supply chain for ETO components as often being fragmented, complex and uncertain,
while thematerial flow is often characterised by frequent change orders and long lead
times. Particularly they point to the supply chain pagngér | ack of s,ystem p
as well as a lack of an overall coordination mechanism as major sources of delays and
long lead times in the supply chain because it generates a lot of unnecessary work
(Elfving, Tommelein, and Ballard 20D2They point to a vicious circleyhere loger
manufacturing lead times cause more engineering uncertainty and more engineering
uncertaintycauses more waste in the delivery process which again leads to longer lead
times(Elfving, Tommelein, an®allard 2002.

Accordingly, Forsman et a(2011) studied the delivery process of a ETO component
from a system perspective. Their findings suggest that improvements in construction
supply chains ar e hi ndaeystend viewRarticulary thgyar t ner s
point to the fragmented information flow is a result of information needs are not met,
lack of competence and lack of standardisation of the interface between the supplier and
the customerThey therefore put forward a moreasdardised interface between the
customer and the supplier as a solution to improve the information flow in the value
chain.

Correspondingly, Azambuja and Formo&®03 propose tht most of the prdbms

occur onthe interface between parties in the supply chain, due to the ineffective
information flows, lack of cooperation and poor coordination of the supply chain
members. Particularly, they point to the lack pdanningin the flow of materials
between the supplier and the-site activities as a major source of waetesite in

terms of inventories and unproductive workehs. addition, they emphasise the
importance of correct positioning of large ETO components bafstallation, because

poor position may affect the execution of other activities. As a result, they suggest a
more formal planning to coordinate the flow of materials well as greater integration
between suppliers and construction skeambuja and Formoso 2003

Furthermore, Elfving et al(2003 specifically questiorthe true value of procuring
power distribution equipment (ETO components) through competitivangiddheir

findings indicate that competitive bidding have a negative impact on delivery and
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labour time. In terms of delivery time the impact wa8 thonths, while in terms of
labour timethey estimated that the cost of the bidding practice in itself ataduo 10

per centof the value of the componerfarticularly, they point to how competitive
bidding increases fragmentation of the process and reinforces adverse goals, which
leads to local optimisation rather than systems (or supply chain) optimisation.

In addition, they point to how document batchesi have a major impact on the process
lead time, and thus the largest lead time reduction in the delivery process of ETO
components can be realised by reducing the document batch size and need for
approvals.Interestingly, they conclude that the largeppartunity for reducing ETO

lead time lies with improved document flow and not in reduction manufacturing lead
time.

In addition, in a Norwegian shipbuilding context, the final decision with respect to
selection of suppliers for strategic components igsleniay the client/ship owner, thus
further complicating the competitive bidding process and information flow for ETO

components.

2.5.5.3. Comparism of MTS MTOandETO

Tommelein et al(2008 suggest that there are two types of constracsiopply chains.

First, a constructiosupply chain ray be part of existingpngerlived supply chains

that operate regardless of whether or @moly specific projects exist. Second, a
construction supply chain may be establish
several projectsd needs.

In a Norwegian shipbuilding contexane can argue th&iTS and MTO components
belong to the first type of construction supply chains. This is due to that shipbuilding is
fixed-site production, and normally there is at least one ship being built, thus there is a
constant need for standardngponents, with each type of componersisch as pipes,

often being supplied from a limited number of suppliers.

By comparisonjt can be argued that ETO components in a Norwegian shipbuilding
context belong to the second type of construction supply chBimesreason for this is

the low volume of components required for each project, as well as each type of
components, such as thrusters, is not necessarily procured from the same supplier for

each project.

a7



Nevertheless, due to the fixgdsition and thattdeast one ship is normally being built,

the internal flow of materials is permanent, regardless of type of components and
supplier.

FurthermoreWegeliusLehtonen and Pahka(@998 suggesthat even though products

and components are different from project to project, the information and material
delivery processes are almost the same in every ceotistr project.They point to how
materal flows are most importarior standard components, while information flows are
modg important for ETO componentén terms of material flows, they argue that the
logistics costs as a percentage of the purchase pfistandard components areheg

compared to ETO components.

2.5.5.4. Internallogistics

Previously, during the first Lean shipbuildimgNorway research program, the concept

of project logistics was used to describe the flow ofspand components withithe
shipyard (Dugnas and Oterhals 2008 Currently however, within the Lean
Shipbuilding llresearch program, the concept has been broadened to also cover external
value streamsand thus the concept is currently used to describe all the flows of

materia related to a specific project.

Neverthelessthe flow of components and parts within the shipyard is still an important
aspect of SCM in shipbuilding and current meaning of project logistics. In this thesis,
this flow of materials will beeferred to as the internal flow of materials.

In a study on warehouse management at Ulstein, Lo@0@9 discussedow the
material flow at shipyards is characterised by limited space for storing netdriae

work site.The use of time buffers when setting delivery dates for strategic components
to redue the risk of late deliveries increaghe requirements for storage space further.
Additionally, the different requirements in terms of materials, equipmeshtsappliers

for different projectsesults in reduced possibilities to standardise materials and engage
in closer cooperation with supplie(tongva 2009. On theother hangd as outlined
above, due to the fixed position and that ¢hesr usually at least one ship being Quilt
shipyards can utilise the same infrastructure for nateandling for all projects. As a
result, it can be argued that shipyards have the possibility of standardising the internal

flow of materials at least t@ certainrdegree
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Furthermore, because of the limited space available in the vessel and the insufficient
coordination of deliveries angroduction, the warefuse function is a focal point the
shipyard because it serves as a buffer betvgegpliers and production to ensure timely
deliveries ofmaterials into productiofLongva 2009.

2.6. Lean supply chain management in construction

Supply chain management is the traditional term for managing supply chains, and the
concept of lean supplghainmanagement arises when fundamental lean principles such
as continuous fly and pull are include@immer et al. 2008 Similarly, Wincel(2004

argue that the concepts of Lean and SCM intersect in terms of profitability and quality

objectives as well as customer satisfaction.

Furthermore, Lamming (1996 argues that in contrast to traditional supply chain
management, where the focus is on managing relationships with suppliers and
customers, in lean supply the entiflew from raw materials to endustomer is
considered as an integrated whole. Therefohe, traditional interfaces between
companies are seen as artificial, only created as a result of the economic arrangements
of assets. A fundamental principle of lean supply is that waste in one activity is not

limited to that activity, but impacts the whaepply chainLamming(1996, J states:

fAiThis is a fundamental point, since lean supply does not recognise the
traditional positions of customer and supplier, which tend to obscure

the centr al guest for the removal of was

The purpose of leaBCM in construction is taccomplishsupply management with
minimal amounts of waste in construction projectthe focus is on developing
relationshipsamong the partners in the supply chain. Through coordination and

collaboration thaim is to improve the total flow of materials in a construction project.

The rest of thisectionwill describe and discusdementsonsidered important in order

to achievdean supply chain managemémtconstruction and shipbuilding.
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2.6.1. Pulling to site demand and JIT

A central i dea 1 n i mplementing |l ean is to
means that materials are delivered when they are needed in the quantities needed
(Tommelein 1998 By comparison, g@ush driven approach relies on forecasts, where
the materials are pustidownstream in the supply chain. This creates waste in terms of
overproduction and excessive inventory. Through the establishment of pull in the
supply chain these wastes can be redu@nd material can flow through all the
activities in the supply chain without excessive inventgiyommelein, Ballard, and
Kaminsky 2008. The most common term used in a pull systerdustIn-Time (JIT)

In addition to the meaning of JIT that materials arrive in the right amount, agttie ri
time, in the right place, it can also be described asttte in which value flowhrough

the activities with minimum delays and wa@tecakulah, Brown, and Thomson 2008

In similar vein Zimmer (200§ explains how the JITaspectof lean construction
involves delivering only what materials that are ready for installation, in the amounts
needed, at the time needed, with the materials ideally are brought straight to the point of

installation without interruptions such as sige or inspectio.

Arbulu, Ballard and Harpegf2003 put forward a kanban strategy to manage materials

on site and to the process of receiving, store, control and distribution of MTS products
to assembly areas. Kanban in a lean approach to pull materials and parts through the
value stream on a Jdisi-time basis and there exist two types of Kanban: 1) Transport
kanban which signals a need to replenish materials from suppliers and 2) Production
kanban which initiates productigArbulu, Ballard, and Harper 20D3

2.6.2. Information sharing and collaboration

Effective communication is essential tohaave a lean supply chain, as information

must flow smoothly between organisations to optimise flow and generate value for end
customei(Zimmer 2006.

Furthermore Chen(2003 point out that the performance afsupply chain is dependent

on how the actors coordinate their decisions, and argue that coordination is not possible
without sharing of information.

Simply put the value of informationis he r esul ting i mprovement
performance a&ér additional information isavailable to decision makers in the supply

chain. The element of information sharing iargicularly complicatedwhen the supply

50



chainconsists of independent parties, because when one party has superior information
he may eithewithhold the information to gain an advantage or share the information to

improve cooperatioChen 2003

Based on the work of lan MacNeil, an advocate for relational contracting, several
authors have discussed the relationship between lean constractibrrelational
contracting(Ballard and Howell 2005Matthews and Howell 200%Colledge 200%
Colledge (2005 described howin a relational contracting agreement the contract
assume less prominence than the relationship itself, and the mechanisms for delivery of
a project focuses on trust and partnershifige general agreement on the relationship
between relational contractingié lean construction is that the traditional forms of
contract (discrete, transactional) and the associated business structures do not facilitate
the pursuit of the lean ideals. However, it is emphasised that substantial and long
lasting improvements in pyect deliveries with enhanced value generation and/or waste
reduction cannot solely be accomplished by changing contracts and incentives.
Changing to relational contracting can instead facilitate the pursuit of the lean ideals,
thus changing how the work done(Ballard and How&l2005). Figure 4illustrates the

relationship between type of contracts, project type and production systems.

project type
Stodgy - P Dynamic
. production system
T'Ion - P Lean
ean contract type
Discrete - P Relational

Figure4: The spectrum of contract correlated with types of production systems and projects
(Ballard and Howell 2005

Moreover information flow can be considered as a means to integrate the supply chain
by improving coordination and collaboration. From this view, the information flow can
be improved by means of design and implementation of mechanism that ease the
transparency and iafmation sharing between the parties in the supply chain
(Azambuja et al. 2006

In their research about commitments involved in the information sharing between

supply chain partner&zumbuja et al(2006 arguethat most causes of the inefficiency
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in construction supply chains are caused by managerial issues, such as lack of
integration of maagerial processes and poor management of commitments among
supply chain membersAccording to Denning and Medindora (1995 the basic
element of a coordination process is a closed loop that connects two parties; one of

them (the performerpromise to satisfy a request from the otftee customer)This

commitment loop is ilistratedn figure 5.

(Trequesty ~_“I promise™)

D,
R |
%equest Negotiation y

A Satisfaction Performagce/

__4_//

|
|
|
|
|

CustomerJ, Performer

| =
| \

Figure5: Thecommitment loogDenning and MedinaMora 1995

Azumbuja et al(2006 identified four classes of failures to complete the commitment

loops:

e Lack, error or lateness in request formulation by the customer
For instance, no explicit request was made from customer or the customer was not
providing enough time for the completion of the task.

e Lack of explicit declaration of commitment by the performer
The performer does not make an explicit promise to fulfil the request. A promise
should at least include what and when it is to be delivered.

e Lack of explicit declaration of its conclusion by the performer

The performer does not notify the customet tha task is completed.

e Lack, error or | ateness in declaration of
The commitment loops can only be closed when the customer explicitly expresses

his satisfaction with the performance of the performer.
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Based on their findings tlgeconclude that a large part of the information flow problems

in MTO supply chains can be traced back to poor management of commitment loops
among people and firms. Finally, they point to how the possible solutions to
information flow problems are not exp@ve, with many of the problemieing
avoidable by making supply chain members aware of the importance of managing
commitmens$ both within one organisation and between compa@esambuja et al.
2009.

As a mechanism to improve the information flow, several authors have pointed to the
use @ information technology (IT) systemkoskela(2000 point out how IT systems

can help improve the delivery of a construction project and it can improve the
communication between the actors in a construction project.

Correspondingly, Zimme(2006 argues how IT systems cam lused to coordinate
parties in the supply chain with real time information, which will also enable the use of

transport kanban to send electronic signals to suppliers to replenish materials.

Additionally, Pinho, Telhada and Carvalf007) emphasisehe importance of reliable

and real time information regarding needs of materials, equipment and workforce in
construction projects. Consequentlyey suggest the use of a wieised system where

all actors in the supply chain can have access évant information through a common
portal.

Although not explicitly discussed by the authors, it can be argued that suchmsezb

portal is mainly applicable to MTS and MTO components due to the limited amount of
specifications required. Suppliers cdnen get access to real time demand and
indications for faure demand, while the custome&@n get access to information such

as availability of components and lead time.

In comparison, due to the high level of specification and engineering, such lafqorta

ETO components would be more suitable for

ensure on time delivery.
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2.6.3. Planning delivery and material management

The cost of material may add up to more than half of the total cost in a construction
project. Consequently, trdesign and implementation ofaterial managemesystems

in construction projects is critical to obtain efficient construction prqjeasspoo
management of materials may lead to delays and increased cost. Particularly, this delays
andextra expenses may be incurred if; (1) materials required on site are not available
when needed, (2) materials delivered on site are not the right materié} large

amounts of materials are accumulated on(gitbulu, Koerckel, and Espana 2005

Thomas, Riley and Messng&005, 808 define material management as:
AThe al | delivayt sto;age, and handling, spaces and resources
for the purpose of supporting the labour force and minimising

inefficiencies due to congestion and exc

It seems clear that good management of materials is related to howeladtids and
handling of materials are managed. Ideally, these should be controlled in the same
fashion as site activities, and thus be planned and scheduled accordingly. Lack of
planning and scheduling may have detrimeimgdacts on project performances out
of-sequence deliveries of materials to site, double handling of materials, poor site layout
and other sources of waste, may result in delays and increased costs of a construction
project.

ConsequentlyArbulu, Koerckel and Espané2006) presentec systematic approach to

link production level workflow with materials suppliflustrated in figure 6 They
concluded that the management of supply can be incorporated into workflow
management practices on site, by pulling materials tsittdased on demand on a JIT
basis.
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Task 1 —* Task2 —™ Task3 —* Taskd4 -

Production -level Workflow

Figure6: Integrating production level workflow with materials supfybulu, Koerckel, and
Espana 2006

More specifically, theypropose a pécular approach of materials management of

different supply chain structures:

e MTS materials
They suggest a method of physical control systems using kanban techniques, where
replenishment points are driven by minimum and maximum levels of inventory.

e MTO and ETO materials
They suggest an approach of materials management systems to pull materials
through the value stream with either appropriate wiotgrogress levels in the
supply chain (CONWIP) or each step in the supply chain (pure pull). Thesesoption

are illustrated ifigure 7.
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Figure7: Material management approaches for MTO and ETO matéfigdsiiu, Koerckel,
and Espana 2005

A similar approach to use kanbaechniques to handle the delivery of MTS
components is proposed by Arbulu et(@003. Particularly, they point to how kanban
techniques can support the reduction of material inventories and paperwork required to
procure components, as well as simplifying the site materials management of MTS

componets by eliminating waste and reducing information processing.

Moreover, materiaplanning include quantifying, ordering and scheduling, and it is
consideredthat material planning is particularly importantn order to increase
productivity and to ensuréimely completion of projects. Therefore, a failure to
properly plan the material supply is likely to result in lower productivity, with the
consequence of failing to deliver a project on tikasim 201).
Thomas, Riley and Messné2005 divide the storage of materials in a construction
project into three aregwith according material management principkdso applicable
to shipyards:
1. Semipermanent storage area
These are the areas where materials are stored prior toussdgn a project. For
shipyards, this can relate to the warehouse, or other storage areas in the shipyard.
Material management principles include marking stored materials and storing

materials to facilitate easy access and retrieval.
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2. Staging area
These a# the areas from where materials are lifted into the facility. Within
shipyards, this can related to areas besides the ddekerial management
principles include reserving the staging areas for material deliveries.

3. Workface
This is the area where the kaakes placeFor a shipyard, this relates to either on
the ship orin the prefabrication areas. Material management principles include

keeping materials stored at a minimum and preassembly of components.

In addition, they point to principles for managing supplier relations and deliveries
including sequencing deliveries with the work plan and aligning the delivery rate with
actual work rat¢ Thomas, Riley, and Messner 2005

The Last Planner System is a widely adopted tool within lean construction, aimed at
improving planning and controlling the production proc&€snsequently, linking the
materials supply and management with the last planner system, should make iepossibl
to improve the flow of material to a constructisite. This is discussed by ARisku

and Karkkainen(2009 in their article Material delivery problems in construction
projects: A possible solutionThis will, along with the last planner system will be
discussed in the next section.

2.6.4. The Last Planner System

As mentioned above, the last planner system is a tool to improve planning and control
in the production process. After it was first introduced by Glenn Ballard in 923
become one of the most important tools within the lean construction combeplast
planner system aims to create an even workflow by planning the weekly work and
carefully monitoring the plan performance, atdis through proactive planning the
work can flow across production units in the best achievable sequence and rate
(Bertelsen 2002Ballard 2000.
Mossman(2005, ) describsthe last plannesystem as:
AA system for coll aboratively managing t
conversations required for programme coordination, production planning

and project deliveryo.
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Within the Last Planner system the aspects of pulling production, reducing variability
and improving flow reliability are included, and the idea is to make the planning more
realistic by allowing the last person in the process (the Last Planner) to plan and decide
work tasks to be executd®terzi, Isatto, and Formoso 2Q0Mossman(2005 argue

how the last planner system creates conversations and decision making at the right
levels of the of the project and at the right time to create trust amongsthglanner

and higher project managers, by allowing the last planttefgan and decide work
tasks.

Koskela(2000 describes seven preconditions for the completion of a construction task.
This has also been referred to as the MakeReady checklist by Mo&20@&n2007).

The seven preconditionsvhich Mossman call the seven flovese: (1) Materials,(2)
personnel(3) information,(4) equipmen(tools), (5) external onditions,(6) space and

(7) precedingvork (Koskela 2000 Mossman 200)7 Figure 8 showsan illustration of

the seven preconditions.

Materials

A4

Personnel

N4

Information

Equipment (tools) > Task

External conditions >

4

Space

W

Preceeding work

Figure8: The 7preconditions for a construction activiigdapted from Koskela000)

Furthermore, Mossma2007) explainshow bringing information, equipment, materials
and personnel to the workface creates no value in itself. Value is only created when they
all come together at the workface.
Ballard (2000 proposs four levels of planning in the Last Planner system:
e Master schedule
This is the strategic plan with pea milestones for the entire project. It refers

to whatneeds to be done.
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e Phase scheduling
This is a more detailed plan of the master schedule, and is created by the team
that manages and work in each phase. It refeshdald be done.
¢ Look ahead plan
In this plan the workflow is arranged in the best achievable sequence and rate
by checking the seven prerequisitéslsoserves as a logistical plan. It refers
to whatcan be done.
o Weekly work plan
The weekly work plan contains a list of assignmentswork tasks the last
planner has committed to be complete within the coming week. It refers to

whatwill be done

In the last planner system, the percentage plan complete (PPC), is used as a measure on
how much of the weekly work plan that regually been completd@allard 2000).

The Last Planner system is illustratadigure Q

Project
Objective
Planning
Work

The 7

precondi Last
tions Planning |——»
must be Process
Task
execution

fulfilled

Figure9: The last planner systefPao and Follestad 20p9

However, AlaRisku and Karkkainerf2006 suggest that there are two material flow
management challengeés the Last Planer System(1) The last planner must have

access to informationoncerningmaterials availability for individual project tasks and
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(2) materials should be readily available without excessive inventorgit@n
Particularly, they pointto giving information to the last planner about material
availability is a challenge as materialse often notegistered in any inventory control
system, but have to be visually controlled to ensure availabllligrefore,materials

are often ordered wellin advance to ensure availability when needed, thus creating
large inventory buffers on site. This results in probléorsmaterials handling on site

and increases the risk of damaged materials. Consequently, they argue that continuous
planning on singleconstruction task level, such as the Last Planner, places two
requirements for materials deliverig4) transparency of inventory levels -gite and

other stages in the supply chain g9 short response times along the supply chain
(Ala-Risku and Karkkainen 2006

They propose a solution in two parts. First, in order to increase visibility of inventory
levels on site and other stages in the supply chain, they suggest a tool based on
shipment tracking for site inventoriesnd shorterm storages most critical for the
project tasks. Second, in order to ensure availability of materials without excessive
inventory, they propose the use of the Aieam schedule from the Last Planner system

as a means of communication between project site and materials suf#lkeRisku

and Karkkainen 2006

2.6.5. Variability and r eliability issues in construction supply

chains

Bertelsen(2005 suggest that the complex nature of construction often resulieat
variability in the flows of work, information, crewnaterials and spac&ources of
variability include late delivery of ntarial and equipment, design errors and change
orders(Abdelhamid and Everett 20p2

Similarly, Arbulu and Ballard2004) point to how variability is omnipresent in any
production and supply system, and hswpply chain variability creates waste arah
potentially impact the ctime delivery of a project. Particularly, they point the
matching of supply and demand, and how any type of variability of either demand or
supply can negatively impact project performance.

Moreover variability can be described as the opposite to rdibgbthe lower the
variability the higher the reliability in the system. In a perfect situation, demand and

supply are perfectly reliable (zero variability), and materials and information flow

60



continuously. More realistic, however, is that eitdemand o supply or both have
some variability. Whesupply is more reliable than demand, inventories accumulate on
site, while when demand is more reliable than supply WIP increases and project delays
may occur due to lack of resourd@sbulu and Ballard 2004

Furthermore, Arbulu and Ballar(R004, 4§ state:in Any type of vari abi |
demaml and supply will be critical to the effective project management and will impact
the total production system performance increasing cost and time and reducing quality

and safetyo.

Accordingly, variability is ever present in construction supply chaind,ia particularly
recognised by poor workflow reliabilitetween production processes as a result of
demand and supply variabilityArbulu, Koerckel and Espané005 report that
workflow reliability has been repeatedly measured at levels froi803%, and argue
that improving workflow reliability is synonymous with increasing the accuracy of site
demand.

Consequently, improving the workflow reliability is the equérdl to reducing
variability, and thereby reducing the share of #watue adding activities in the

production processes and the corresponding supply chains.
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3. Methodology

This chapter will describe the methodological approach for this thesis. Theditst
will outline the research den, before the selected castady approach will be
described. Following that, the data collection metho@sl wgll be summarised, before

thevalidity and reliability issues will be discussadd the research model described.

3.1. Research design

Researclhis conducted to obtain information regarding a specific research question, and
the selected research design should be closely linked with the purpose of the research.
The purpose of the researcaneither be of amxploratory, explanatory, descriptive or
predictive nature. Exploratory resealishconducted when the purpose is to explore a
little known phenomenon, while explanatory research is conducted when the purpose is
to explaina phenomenor{Ellram 1996 Yin 2003 Marshall and Rossman 1999

The purpose of this thesis has axploratoryexplanatorynature. This combined
characteiis due to the twofold research probleFRirst, the thesis aims to explomnat
activitiesin the value streamthat delay the flow of materialnd differences between

the two supply chains thus makng the exploratory research design appropriate.
Secondly, the thesis aims to explain the underlying reason for these deldys
differences thus making the explanatory research design appropFatthermore, as

the thesis aims to explore the applicabibf lean supply chain management approaches

to a Norwegian shipyard based on the evidence from the two value sassessedn
exploratoryexplanatoryresearclapproach was considered suitable.

3.2. Case study research

Yin (2003, 13 defines a casst udy as an empinvestigaed a i nqui r
contemporary phenomenavithin its reatlife context, especially when the boundaries

bet ween phenomenon and context are not <cl ec
Building on this definitionhe discusses how a case study approach appears suitable

when the variabke tend to be vagudhe researcher has little or no control over other

eventsand the researcher investigates a contemporary phenomenon.

Furthermore, he put forward six key sources of evidence applicable to case studies;
documentation, archival records, interviews, dirdetesvation, participant observation

and physical artifactd'he use of these sources in this thesis will be further discussed in

the next section.
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There is also a distinction between single case study and multiple case studies. Multiple
case studies occwhen the same study contain more than one case. However, Yin
(2003 argue that single and mullgp case studies are variants from the same
methodological framework

For this thesis a case study approach has been chosen. This approach is considered
appropriate as it allows for investigation of reedue adding activities and sources of
these within aealworld environment andsmultiple sources of evidence will be used.

In addition, although the selected approach is a single case study of the flow of
materials to and within Ulstein shipyard, the two different supply chains evaluated in
this thesis Wl be treated as two different cases, thus enabling for comparison between
the two.

It should be noted, however, that the purpose of thisighes to enhance the
understanding of what activities in the value stream that delay the flow of materials and
why these delays occur, rather than adepth and detaileguantitativeanalysis of the

two supply chains.

3.2.1. Data collection

Data collection refers to the process of collecting the empirical evidence or information
through one or more data collectiorethods, and serves as a b&sisnalysis.

Data can becategorised as eithgualitative or quantitativetechniques, and collected
through for example questionnaires, interviews, observations and experiments.
Qualitative data are typicallglescriptive daa and the results are often expressed
verbally to create an understandingtioé phenomenon in question, while quantitative
data are precise measurements and mathematical analysis with the results often
expressed in numerical and quantifiable termms.addition, data can be either of
primary or secondarycharacter. Primary data refers to data collected for the pugbose

the specific research, while secondary data is existing data cdlfeatearily for other

purposegEllram 199§.

In this thesis, qualitative methods for data collection have been appheddata
consists of primary data collected from interviews gudrect) observation and
secondary data such as archival recodixwumentatiorand data collected for other
research project#&in overview of the data collection methods applied in this shesn

be seen irtable 1 The reason for selecting a qualitative methodolagg mainlythat
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the qualitative research and data collection methods were considered more suitable for
the purpose of this researaivhen considering that the purpose of the stiadstudy is

to contribute to the understanding of what in the value stream that delay and interrupt
the flow of materials, and why these delays and/or interruptions caswrell as the

time frame for this study a qualitative approach ¥easd sutabe. In addition, this is

the first research paper conducted with Ulstein regarding supply chain management and
the flow of materials to and within the shipyard. Therefargualitative approach was
selected as it was considerteée mostuitable to obtain holistic perspective of the two
supply chains and to be able to compare the two supply ¢chédths the time frame of

this thesis.

On the otherhand,it was considered early the research process have a more
guantitativeapproach to this thesispvolving physically following and mapping the
flow of materials in the two supply chains. This method could have resultedrna
guantitative measurements of waste by identifying lead time, cycle time, processing
time, non value adding time and similaFhere are, however, several reasons why this
method was not selectet@ihe first and most importarmeason ighe lack of access to

data from Brunvoll did not make it possible to map the whole value stream from
Brunvoll to Ulstein, and as this could havesbea feasible method for mapping the-GS
Hydro- Ulstein value stream, the comparison would then have been made on different
grounds. Furthermore, it was considered only to map the internal flow within the
shipyard from when the thrusters arrived to instialfg but this was not feasible within

the time frame of this thesis. The thrusters were expected to be delivered in late April
and in June, but the delivery dates were uncertain in the beginning of the research
process, thus this method was mohsideredfeasible within the time frame of this
thesis

Second it was considered that through this method, a holistic perspective of the two
supply chains would not be covered in the same degr@gth a qualitative method

In addition, the lack of access toantitative datasuch aghe manufacturing time at
Brunvoll, and cycle time and storage time at Ulstailgo favoured a qualitative
methodology.However, some quantitative archival records were used to support and

validate the qualitative data.
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Tablel: Overview of data collection methods used

Qualitative data Quantitative data
Primary | - Interviews
- Observation
Secondary - Documentation - Archival records
- Other research projects

The main source of primary informatidar this study was interviewdnterviews are

one of the most important sources of information in a case study, and in a case study
interviews are typically guided conversations rather than structures queries, where the
researcherexplores a few generabtpi cs to uncover the 1inter
perceptions of the topics in question, while allowing for the interviewees to structure

their own response. The most common type of case study interviews arecoged

interviews, where interviewees are askethbabout facts and opinions concerning the

topic (Marshall and Rossman 1998in 2003).

For this studyppenendedinterviews were selectedhe main reason for this is that it
allowed for flexibility in the interviews, which was considered important to obtain an
understanding of the current situation and the issues in the supplg, dhagnder to
answer the research problefihe interviews were conducted with employees in
different positions withinUlstein and GSHydro. The interviews with employees at
Ulstein were carried out in two roundbhe first round of interviews wasmainly used

to obtain an overview and understanding of the current situdtlm second round of
interviews weremore indepth targeting the issues identified in the first round of
interviews The interviews at Ulstein related to $fydro were mainly conducted with

a project manager and purchasers, while the interviews related to Brunvoll were
conducted with a purchaser. For th&erviews related to the internal flow of materials,
interviews were conducted with the internal logistics manager and other employees in
the warehouse function. In addition, informal conversations with employees working in

warehouse were also conductedbtain an overview of the current situation.

The interviews with GSlydro were conducted in a single round, and the employees
interviewed includedpurchasing director, logistics manager, distribution coordinator
and warehouse manageimilarly, theseinterviews were opeendedto allow for

flexibility to obtain an understanding of the current situatiéwen though the actual
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interviews with GSHydro were conducted in a single round,-Bfdro was visited in
the beginning of the research process toudisdhe purpose and methodology of the

thesis, and the current situation for-G88dro

Furthermore,direct obsenation was also used a source mfimary information,

particularly to obtain an understanding of the actual processes and activities within in
the shipyard. The observations were mainly done on the first visit to Ulstein, by
walking around the premises accompanied by the internal logistics manager who

explained the processes and activities.

In terms of the secondadata used in this thesis, two maiources were used; archival
recordsand documentation The archival records usette mainly related to historic
orders from Ulstein to G8lydro in 2010 and 2011, and were obtained from both
parties. These archival recdsr were used for the analysis of the supply chain. In
addition, the archival records also included some historic figures concerning
transportation costs for March 2012.

The documentation used is relatedhe correspondee between Ulstein and Brunvoll

for project no. 295. For each project, Ulstein log all correspondence, both of a technical
and commercial nature, with Brunv@br other Acomponent suppliersh a database.

The documentation used for this thesis was the correspondence of a commenmal nat
between Brunvoll and Ulstein for build no. 296he reason for not including the
technical correspondence in the analysis is mainly due to the large quantities of data
combined with that it was considered that a large proportion of the data would not b
relevant for this thesis. Therefore, the commercial correspondence was the most
relevant and interesting for this study, and the technical correspondence was important
to know of, instead of going into details.

For future reference, the figures and &sbivhich are not specifically referenced to,
mainly in the case findings and discusspants are createdor this thesis specifically,
eitherbased on the archival records obgaifrom either Ulstein or G&lydro or as an

illustration

In addition,information from other research projegsrticularly Longva(2009, were
used mainly to obtain an overview and understanding of the flow of materials through

the warehouse within the shipyard.
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3.2.2. Validity and reliability

Validity and reliability are two important aspects in order to evaluate the quality of a
research, particularly for research of a qualitative nateeause there is no coherent
setof methods for a qualitative research and qualitative research may be subjeft to
lack of objectivism(Perakyla 2004

Yin (2003 describe three different concepts addressing the validity in research; (1)
Construct validity, (2) internal validity an(8) external validity. Construct validity is
concerned with establishing the correct operational measures for the concepts being
studied. Internal validity is related to testing causal relationships between variables,
while external validity is related w&pplicability and generalisation of the findings.

This thesis has attempted to construct validitsodigh the method of triangulation.
Triangulation is a concept constructing validity by applying multiple sources of
evidence, as findings and conclusions based on several sources of evidence are more
precise and convincing than using a single source of information, particularly in a case
study researchasign (Yin 2003. In this thesis triangulation has been attempted by
using multiple sources of evidence, imting interviews, observation and archival
records. Furthermore, in the case of the link betweetd@Bo and Ulstein, interviews
were conducted with employees in both firms, which allowed for opinions and
perceptions from both sides, which again shoutdngthen the validity of the study.
Similarly, interviews were conducted with employees in different positions in both
Ulstein and GSHydro, and thus information was obtained from different employees
with different perceptions and opinions about the topi@in a source of strengthened
validity.

This was also the case with the interviews concerning the Brudigikin supply

chain link. However, Brunvoll was not participating, thus the interviews were
conducted with employees at Ulstein. For the inforomatflow, interviews were
conducted with one of the purchasers, again in two rounds. Triangulation is then
constructed with two different rounds of interview combined with the documentation of
the correspondence between Brunvoll and Ulstein. Ideallyyietes should have been
conducted with Brunvoll as well, to obtain a perspective from both sides. However, as
this was not possi bl e, it was selected to

perspective.
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Furthermore the first round of interviews whit Ulstein was written down, while the
second round of interviews with Ulstein and the inems with GSHydro were
recorded, after approval of the interviewees, to avmigsinterpretations and/or

information being lost.

In terms of the reliability of aesearch, this is concerned with the replication of the
study, and whether the same results would be achieved if the case study was conducted
all over again. The goal of reliability is therefore to minimise bias and errors in the
study. An important aspect to ensure reliability of a study, is to document the
procedures undertaken in the study, thus allowing for other researchers or reviewers to
conduct a similar research or examine rdlebility of the researclYin 2003, which

is the aim of this methodological framewodhapter and the information in the
appendicesSome of the interview gdes used for the interviews and extracts from the

archival records and correspondence can be found in the appefagipesdixIl and

).

3.3. Research model

The research model ifigure 10 illustrates the focus and expected findings of this
thesis. Ulstein, as the focal firm are linked with the two suppliers, Brunvoll ard GS
Hydro. The components from GBydro have(relatively) highvolumes, lowunit price

and short lead time, while the cponents from Brunvoll have (relatively) lew
volumes, highunit price and long lead time. Based on this nature of the two supply
chain links and the literature, it is expected that the main flow impacting the supply
chain performance is the material flofer the GSHydro- Ulstein link and the
information flow forthe Brunvoll- Ulsteinsupply chain link

Furthermore, based on the literature discussed above and findings from other
researchers the two last columns in the figure represent the expected fimdthgs i

thesis.
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Main flow impacting SC

Supply Chain participants Waste/delays

Sources of waste/delays

- Uncertain demand pattern

: performance :
______________ Fm—————————————
| |
| |

: : - Excessive
| | transportation
GS-Hydro - Excessive
inventory
- Waiting

Ulstein

- Lack of planning and
control

- Lack of coordination and
cooperation

Information
flow

- Transactional contracting
- Lack of systems perspective

Concurrent engineering
Change orders

Figurel0: Research model
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4. Case study findings

As another step towards thest#in production system, a production system based on
lean principles and tailored to the specific characteristics of Ulsteincdhes study is
aiming to enhance the understanding of waste and delays in the two value.streams
The intentionof this case study is therefore to investigate the two supply chains from
GSHydro ad Brunvoll supplying Band Gcomponents and -8omponents,
respectively, to Ulstein, in order to identify what type of waste that is interrupting a
continuous flow in the current situatioim figure 11 the supply chains are illustrated,
where Ulstein is the focal firm, the ship ownethefirst tier customer, wike Brunvoll

and GSHydro are first tier suppliers. Further upstream (tier 2 and 3 suppliers) there is a

wide network of different suppliersot considered in this thesis

Information flow (orders, forecasts, schedules, drawings etc.)

li B Il
Suppliers runvo Ship

Owner

Ulstein

Suppliers GS-Hydro

Material flow (supplies, components, production, deliveries etc.)

Figurell: Supply chain configuration

This chapter wllput forward the findings from the case study which will describe the
current situation, including how the two value steams are currently configured and what
is interrupting a streamlined flow of materials in the two supply chains.

Building on the finding outlined in this chapter, the sources of waste and delays, and
the managerial implications for the supply chain participants will be discussed in the
subsequent chapter.

70



4.1. Value stream from GSHydro to Ulstein

From the research model described previguand by following the argumentof
WegeliusLehtonen and Pahkal@ 9998, the main focus of tls supply chain is the
physical flow of materials, particularly due to the short lead tané the relatively
standardisedomponents flowing in the value stream.

According to a VSM approach described above, the first step is to selecting a product
family and setting the boundary conditions. In terms of this value stream the product
family is defined as all the components supplied fromHy8ro to Ulstein, which
Ulstein categorises as B and C components, where B components are gpepdoat

and C comppents are consumables. On the other handHgSd r o 6 s consi der
similar components, with both being supplied mainly from their finished goods
inventory.

In terms of other boundary conditions, the value stream analysis is limited to the flow
of mateials from GSHydro to Ulstein and internally within the shipyard (focal firm
and tier 1 supplier), even though other parties exist both further upstream and
downstream in the supply chain. For future reference, the term external flow is used
here to desdoe the flow from GS&Hydro to Ulstein, while the term internal flow is used

to describe the flow of materials within the shipyard, after Ulstein receives the
materials. The focus of this supply chain and the boundary conditions are illustrated in

figure 12 (in comparison tdigure 11).

GS-Hydro Ulstein

A

o
-

Material flow (supplies, components, production, deliveries etc.)

Figurel2 Focus and boundary condition of &fydro- Ulstein supply chain link
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4.1.1. Flow

Following a VSM approach,hie next step is to create a current state map of the
processes the materials flow through in the value stream and this can be linked with the
lean principle of identifying the value stream, in order to highlight waste and serve as a
basis for improvementTherefore, this section will describe the current value stream
from GSHydro and Ulstein within the boundary conditions outlined abthshould be

noted that the analysis of the current state does not consist of quantitative measurements
such as cycle e and value creating time, mainly due to lack of data and the choice of

having a more qualitative analysas described above

Beforethe flow of materialsis describedthe ordering procedure from Ulstein to -GS
Hydro should be outlined. TH&-components are typically ordered through a tendering
processncluding several suppliergjith the main criteria being price, but also delivery
date is considered. Upon agreement an estimate of the requirements for aiproject
allocated in storage at @G%ydro, and the components are ordered, based on the
agreement, by the foremen at Ulstein when the components are required in production
on a daily or weeklyasis.

The Gcomponents are ordered by the workers in the warehouse at Ulstein by manually
scannilg barcodedocated at each components storage spatiee warehousevhich
electronically generates the order. The scanning is typically done one a daily basis
based on visibly low inventory levels, stockouts in the shelves or anticipated upcoming
usage.The quantitiesthat are to be replenished atetermined by the workers and are
typically based on the experience of the workers or in some cases informal

communication about short term requiremdras the foremen.

An order from Ulstein to G$lydro canbe served by G&lydro from two locations; the

central warehouse at Frogner or the regional warehouse in Alesund.

When the orders are served from the central warehouse, the orders have to be received
at GSHydro before the cubff time for next day delivey at 15:00. The orders are then
registered and released for picking based on the requested deliveryltaterder

release system at @%®ydro is setup so that orders are released to be delivered on the
requested delivery date from the customers, regesdié how far in advance the order

is placed. In addition, the order release system prioritises orders based on the strategic
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significance of the customer for @8ydro, thus ensuring that the orders from strategic
customers (inclding Ulstein) are pickedirkt. The materials are picked from four
different picking areas; automated picking, gehpieking area, tubes and pipes.

The orders to the same regions are then consolidated and shipped in bulk, leaving
Frogneraround 17.30(day 0) For the Mgreregion the goods are transported by
Transferd, to their terminal in Alesund. Here, the ordersereived around 04.00 (day

1) where they are sorted and distributed, leaving the terminal on fixed delivery routes
around 08.00 (day lip part load to eachustomer by Transferdrhe customer should
receive the materials around 12.00 (daytiys the lead time from order is released for
picking at GSHydro to the components are received at Ulstein is less than 24 hours.

This flow is illustratedn figure 13

GS-Hydro Transferd Ulstein
Frogner Alesund
Day O} Receive Day 1| Receive Day 1} Receive
15:00 order 04:00 goods 12:00 goods
Register orde Register Register
goods goods
Release ordelr Sort Store
for picking goods goods
Pick goods Day 1:Ship good{ -Pu.:k/
08:0q (part load) Distribute
Day O; Ship goods
Install/use
17:30 (bulk)

Figurel3: Current state flow: Deliveriedirectly from GSHydro Frogner

For the orders served from the regional warehouse in Aleshede are normally
orders for components required by Ulstein the same day. These are pickiee
regional warehouse when the order is received, and delivered to Ulstein typically within

3-4 hours.However, the replenishment to the regional warehouse is done from the
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central warehouse at Frogner with an internal order either on-authenein basis, or
when inventory reaches a minimum level at the regional warehouse. These components
thus have to go through the same processes as components shipped directly from central
warehouse to customers, before they are received, registered and stheedlasund

warehouse and later picked and shipped to the customers. This flow is illugtrated

figure 14
GS-Hydro Transferd GS-Hydrog Ulstein
Frogner Alesund Alesund
Receive Receive Receive Day O Receive
internal order goods goods 12:00 goods
Register orde Register Register Register
goods goods goods
Release orde Sort Store Store
for picking goods goods goods
Pick goods Ship goods Day 0: Pick .Pl?k/
(part load) 08:00 goods Distribute
Ship goods Ship goodg
Install/use
(bulk) (part load)

v

Figure14: Current state flow: Delivery from GBydro Alesund

The archival records used to obtain an overview ofvidlee sream did not differ
between Band Gcomponents, thus the supplier location the different materials are
shipped from are difficult to evaluate. However, the interviews revealed that C
components are normally delivered the day after the order isthan indicating that
C-components are normally shipped from the central warehouse at Frogner. It should
also be noted that althoughd@mponents are not project specific, they are ordered for
the ship that ahetime is in the docking hall, mainly fdmook-keeping purposes.

In the case of Ulstein ordering prefabricated (MTO) components fropHyel®, a
manufacturing lead time is added to the lead time. In additionH¥@®o can also
provide components not in their inventory, and in this case theiteadntll vary with

the delivery lead time from the slipplier. However, it was reported that the majority
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of components Ulstein order from &$/dro is held as finished goods inventory at-GS
Hydro.

In terms of the flow of materials within the shipyatlis was evaluated from a more
general perspective regarding-aBd Gcomponents, rather than for components
specifically from GSHydro. This was mainly due to difficulties in differing on
suppliers in the internal flow, but also as a more general perspedds desired. From
thefigures 13 and 14t is clear that the processes after the components are received are
similar regardless of from where the components are shipped.

When the components arrive at the shipyard they are received in the wareharse, wh
the components are registered and stored. As no formal planning is made for the arrival
of incoming trucks, this is conducted as soon as possible after the arrival of trucks. The
components are registered in the EBystem within 24 hours unless ddieas occur.

Both B- and G components flow through the same receiving and registration processes,
but are treated somewhat differently after thiscainponents are stored at fixed
locations in the warehouse with the main location being within the wasehdn
addition, there is also a separate storage location-fmn@onents within the docking

hall. B-components, on the other hand, do not have a fixed storage location and storage
location is decided based on where it is available space, and wheratbbouse
personnel expect the components to be used. In addititimetwarehouse, there are
additional tents used for storage placed within the shipyard. The storage location is
registered in the ERBystem with rack and shelf if located in the warehoasd, with

tent number if stored in one of the tents.

The actual storage leadmés are not known for either-Br C-components as

withdrawal from storage is not registered. As a result, the components are typically
treated as used when the ship is desdeto the client. For the internal picking and
distribution, the components, both B and C, are typically picked by installation workers

as they require them. Larger components, which workers are unable to carry, are
transported to the building site by whobuse workers often basedofime e d it nowo
request from the foremen or installation workers, as no formal planning is made for the

internal distribution.
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Although not within the boundary conditions of the value stream analysis, it is worth
mentioningthe order and delivery proced®m supplier (tier 2) to GSlydro. The lead

time for these materialdiffers significantly. For components stored at finished goods
inventory at supplier, the lead time is only the transportation time from suppliers,
mainly located outside Norway. However, many of @ dr o6 s su+qopl i er s
order, thus the lead time is increased with the manufacturing lead time. Particularly,
pipes are produced to order at the suppliers mainly located in Asia and the lead time can
vary from4 to 12 months depending on the availability of raw materials and market
fluctuations. The orders from &3ydro to suppliers are typically based on historical

data and forecasts. For their strategic components, such as pipésyd@Shas
consolidated th@urchasing on a global level to obtain better conditions and to better
cope with forecasts errors and demand uncertainties. The components MTO by the
supplier are typically received at @by dr o 6 s cent r al war ehouse
shipped to customer, bthis may vary.

Clearly, there is also a flow of information between the different departments of sales,
purchasing, engineering, production, planning and warehousing at Ulstein. However, as
the main focus of the internal flow has been physical flow atiemals, the information

flow has not been analysed or mapped explicitly. Nevertheless, the internal information
flow is clearly impacting the flow of materials, and this is taken into consideration

the analysis of the flow of materials

4.1.2. Waste

As descibed above, there are seven original sources of waste in lean thinking;
overproduction, waiting, excessive transportation and inventory, inappropriate
processing, unnecessary motion and defects (rework). $iwecéocus of this value
stream is mainly thehysical flow of materials, the waste aspieteis related to
activities, processes or structural arrangements that causes delays and/or interruptions in
the flow of materials.

In this case, articularly three lean wastes were identified consistentiyutjhout the

flow of materials in this supply chain: (1) Excessive transportation, (2) excessive

inventory and (3) waiting.
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4.1.2.1. Excessive transportation

In lean theory the aim is to minimise transportation, as every movement of goods can be
considered wastén this value steam xeessive transportationas evident in both the
external flow of materials to Ulstein, and in the internal flow of materialkinviihe
shipyard.

In terms of the external flow, particularly the use of the regional warehouse in Alesund
results in increased transportatiéiigure 15shows the share of total tonnage ordered

by Ulstein from GSHydro that is supplied from the differe@S-Hydro locations in

2010 and 2011. In 2010 and 2011, 55 % and 34% respectively, of the total tonnage was

supplied fromG8Hy dr ods regi onal warehouse in jl

From the description above, it is clear that the regional warehouse in Alesund has to be
replenished from the central warehousethe same route as direct deliveries to Ulstein,
and thus the use of the regional warehouse lgleacreases the transportation of
materials in the delivery proceds. addition, the location of the regional wareheus
Alesund in relation to thdransferd terminal and Ulstgirincreases the time and
complexity of the transportatidigee map in appendix V)

Correspondinglyfigure 16 shows the share of total orders served from different GS
Hydro locations in 2010 2011 This was in 2010 and 20164 % and 51 %,
respectively from Alesund. Although this further emphasises that the extra
transportation is delaying the flow of materials, there is a trend that both a larger share
of the total tonnage and a larger shaf the total orders are supplied from the central
warehouse at Frogner since the change to a central warehouse in 2011.

However, a major part of this waste is the extra handling in the delivery process. For
instance, the materials shipped from-B&ro Alesund to Ulstein have to go through

the processes of receiving, registering, storing and picking three times, both at GS
Hydrods centr al and regional warehouses
receiving, sorting and shipping at the Transfenaninal outside Alesund, before they

can be used in production. This additional handling is also increasing the risk for

materials being damaged, lost or delayed in the delivery process.
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2010 2011

M Frogner
B Alesund

m Others

Figurel5: Share of annual total tonrafrom GSHydro location in 2010 and 2011

2010 2011

B Frogner
m Alesund
m Others

Figure16: Share of annual orders served from&iro location in 2010 and 2011

In addition, the findings also indicate that the use of a regional warehouse in Alesund
also has a large impact on transportation costs. In the current situation, it was informed
in the interviews that Ulstein often order from -B$dro in the morning whathey
require in production later the same day. Due to the location of the central warehouse,
this cannot be serviced from Frogner, and in the current distribution system there is no
delivery route able to serve these urgent orders. As a result, in 2020 Ehd2% and

77%, respectively, of the orders supplied from Alesund, were sent by couriers typically
being 34 times more expensive than using the fares negotiated by@i® with
Transferd.

More specific, figure 15hows the tonnage and net price ti@nsportation with both
Transferd and couriers for the shipments fromtB@8ro to Ulstein in March 2012. Of
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