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Abstract

Offshore wind converter platforms are complex installations that increase the
competitiveness of offshore wind as an energy source. Prior research in the 
field of offshore platform project execution has focused on early project 
phases and planning as means to increase project reliability. Later phases 
such as fabrication, transport and installation have not received the same 
attention from academia and industry. Projects of this type frequently suffer 
both large and small deviations. The further projects progress, the more de-
viations they accumulate. The accumulated deviations have to be resolved in 
a timely manner so as to avoid impairing the quality and scheduling of an 
overall project. This research explores the design of converter platforms and 
the management of engineering change in relation to fabrication, transport 
and installation in order to increase the overall reliability of projects.

Two offshore platform projects in three case studies form the source of 
empirical data. The first of the three studies considered prior research con-
nected to fabrication and installation of offshore platforms. In the second 
study, the effect of two different platform designs on the fabrication and 
installation process was investigated. The third study considered engineering 
change management as a tool to achieve changeability, and examined its 
ability to buffer against deviations affecting later project phases i.e. fabrica-
tion, transport and installation. The findings revealed that the platform’s 
design often do not have a great influence on reliability. This research also 
raises concerns as to how much engineering change to allow for and in what 
project phase. It was found that engineering change, as a tool, should prefer-
ably be used sparingly in the early project phases and as necessary in later
project phases. The observed engineering change process in the studied pro-
jects was chaotic.  This research suggests that engineering change can be 
organised around change carriers. In this way, it is predicted that the pro-
cesses of change can become more stable and predictable. 
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1 Introduction

In this chapter, the research setting, objective, questions and delimitations 
are presented. In the first section the relation between converter technology 
and offshore platforms is explained. The unique challenges of an offshore 
platform project compared to similar engineering endeavours are presented 
in the second section. Lastly the delimitations and boundaries of the re-
search are discussed.      

1.1 A New Application of Offshore Structures
At the time of writing this thesis the offshore wind industry is mainly located 
in Europe, more specifically Great Britain and Germany. Geographical, fi-
nancial and political interest drives development of offshore wind in the 
North Sea. The waters surrounding Great Britain and Germany are shallow 
and ideal for the construction of wind turbine foundations offshore. 

Increasing the efficiency of wind energy, and subsequently offshore wind 
energy, is essential in order to improve its competitiveness against fossil fuel 
sources of energy. Europe is seeking independence from Russian fossil fuels 
(Spanjer, 2007) and Germany’s “Energiewende” (energy source transition)
requires alternatives to coal and nuclear power (Jacobsson & Lauber, 2006).

In 2009, the first offshore platform to bring high voltage direct current, 
HVDC, from an offshore wind farm to shore was installed (Lundberg, Calla-
vik, Bahrman, & Sandeberg, 2012). As offshore wind farms are located fur-
ther out at sea the efficiency of the conventional high voltage alternating 
current decreases. To access the more stable and stronger winds further off-
shore, larger platforms to house the direct current technology are needed. 

Given the size, capital investment and human resources needed to com-
plete an offshore wind farm installation it can be considered a large engi-
neering project. The total cost of the projects discussed in this thesis is 
around 1.3 billion euro. The windmills, offshore cables, substations for al-
ternating current and platforms for the HVDC converters are substantial 
undertakings in themselves, and together they form a large engineering pro-
ject. 

Large engineering projects, defined by Miller and Lessard (2001) as in-
frastructure projects similar to what Bent Flyvbjerg calls a Mega Project 
(2003), require many stakeholders to realise. Offshore wind projects in the 



2

UK have often been developed by consortia, so the financial risk is spread 
out across stakeholders (Toke, 2011), as opposed to the German sector 
where clients demand a single project developer that accepts most of the risk 
on its own (Markard & Petersen, 2009). Given the capital investment need-
ed, there are few companies able to compete for projects with the latter type 
of contractual set-up. As of today there are three companies currently award-
ed contracts in the German sector; ABB, Siemens and Alstom.   

ABB’s product group, Offshore Wind Connections, specialises in HVDC 
links from offshore wind farms to the on-shore grid. ABB (system supplier) 
acts both as a sub-supplier (to itself) and project manager in these projects. 
HVDC links have been used to convert alternating current into direct current 
power and transport it over long distances since 1954, when ABB pioneered 
the technology. Then the first HVDC link, 96 km long, was built to provide 
the Island of Gotland with power from the Swedish mainland (Lundberg et 
al., 2012). In 2010, the first offshore wind HVDC link (BorWin1) was in-
stalled to provide power to shore from the Bard Offshore 1 wind farm. The 
first platform of its kind, BorWin Alpha, had an installed capacity of 400 
MW (Lundberg et al., 2012).

1.2 A Unique Product Realisation Process 
The product realisation process for offshore converter platforms is unique in 
four ways compared to other large engineering undertakings. The fabrica-
tion, transport and installation phases all have their specific challenges, and 
in addition, HVDC converters on offshore platforms is a new technological 
combination. 

The uniqueness in the fabrication of an offshore platform is the nature of 
a shipyard’s fabrication process. Shipyards specialising in platform fabrica-
tion, called fabrication yards, have their fabrication slots, during which time 
the platform has to be completed. The platform then has to be moved to an-
other site or offshore in order to make space for the next project for that 
same yard. The means of transport place different demands on the structural 
design and fabrication process as compared to those of a land based struc-
ture, adding pressure to time and spatial utilisation as well as resource plan-
ning.

In addition to keeping the time slot at the yard, the platform needs to be 
installed under demanding and sometimes harsh offshore conditions. The 
offshore installation phase is highly dependent on factors such as seabed 
type, geographical conditions and weather conditions. Once the platform is 
installed, equipment and functionality on-board the platform have to be test-
ed and approved in an offshore environment. Safety routines and regulations 
are strict; therefore jobs that would take one day onshore can take up to a 
week offshore. Transport of goods and personnel out to the platform can be 
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difficult due to poor weather conditions, which further hampers progress. 
These factors will further add to the complexity and volatility of scheduling.

The offshore platform that houses the HVDC converter, called a converter 
station, has been the focus of this research. Even though offshore platforms 
has been built since the early 1900s (Reddy & Swamidas, 2013), the applica-
tion of housing a converter station is a new one. As a new technological
application, converter stations on offshore platforms further complicate the 
project execution. 

1.3 Managing Deviations
In the complex project of fabricating and installing an offshore platform, 
planning is essential. However, weather predictions and change propagation 
analyses can be ambiguous. This changeability or adaptation to deviations 
and unforeseen events has to be dealt with in virtually all parts of a project. 
The complexity of the design, the organization and project planning are all 
subjected to and put at risk by changing plans. In order to achieve custom-
ers’ higher requirements, primary project goals have to be addressed first,
such as delays, quality deficiencies and cost overruns. Deviations stall the 
fulfilment of the primary customer requirements and render higher require-
ments such as sustainability difficult to achieve.    

The industry has not shied away from different design concepts for off-
shore converter stations. Design has been one way of handling the difficul-
ties in planning these types of projects. By changing the design of the plat-
form the industry tries mitigate deviations and subsequent risks of overall 
project delays associated with the fabrication, transport and installation 
phases. Research connected to the offshore industry is often concerned with 
detailed calculation and policies regarding specific offshore operations, not 
the holistic management of several consecutive project phases. This research 
attempts to view projects as a whole and analyses the effects on design from 
the platforms’ product realisation phases, emphasising the later phases.

Another approach to tackling deviations in offshore platform projects is 
by means of engineering change management, ECM. ECM encompasses 
both routines and processes in a project as well as software to support those 
processes. In offshore platform projects, project lifecycle management sys-
tems, and subsequently ECM, have become increasingly important for con-
trolling the project content. Research into ECM has mainly focused on early 
project phases and change propagation analyses. This research rather focuses 
on ECM in later project phases and the organisation of the ECM process 
within the studied projects.
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1.4 Research Objective and Questions
Offshore platform projects are often delayed, below the expected quality and 
above the expected cost. Needs of the customers cannot be met until the 
primary concerns have been resolved. Both research and industry have fo-
cused on early planning and predictions as a means to control the project 
execution. Meanwhile, research and industry have to a lesser extent focused 
on control of projects in real-time, especially related to the later phases of a 
project i.e. the fabrication, transport and installation stages. The research aim 
is to add to the academic and industrial knowledge of large engineering pro-
jects, focusing on the effects of deviations on these later phases. 

By considering offshore platform design and the project execution, focus-
ing on later phases of the completion, the objective is to improve the execu-
tion reliability of offshore platform projects.

RQ1 – What effect does the offshore platform design have on the fabrica-
tion, transport and installation phases of a project? 

As design has been used to try and circumvent and mitigate deviations in 
past and ongoing projects the question seeks to answer how effective design 
has been in this regard. Using design to facilitate later project phases is one 
of the more obvious approaches to mitigating deviations, thus its effective-
ness is of interest. 

RQ2 – How does engineering change management affect offshore pro-
jects with respect to fabrication, transport and installation?

This, the second research question, explores how engineering change, as 
used from an early stage of the project execution, develops and affects later 
project phases. Since engineering change is a process that follows a project 
from the detailed design phase to the installation phase and beyond, this 
research suggests that its ability to shape the end-product is complementary
to the design approach of RQ1 in increasing reliability of the project execu-
tion.

RQ3 – How can engineering change management be improved in off-
shore platform projects with respect to fabrication, transport and installa-
tion?  

Thirdly, as multiple design approaches has been used in the past, the last 
research question delves deeper into the engineering change process and 
how to better handle the process itself with respect to later project phases.  
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1.5 Delimiting the Research Area
In order to keep concepts to a minimum, fabrication could be interpreted as 
manufacturing or production. More generally, the definition of fabrication 
refers to the physical completion of a product or, as in the case of an off-
shore platform, as a construction. Transport and installation are necessary
project phases in offshore platform projects and are discussed in this thesis 
together with fabrication as the physical part of the product realisation, see 
Figure 1. In this context, product realisation and production development are
used as defined in Figure 1 by Bellgran and Säfsten (2010) to cover the same 
aspects of an offshore platform project as those in a more traditional manu-
facturing context. The term ‘project execution’ is used interchangeably with 
‘product realisation’ but can be seen as a more specific term, more related to 
the actual work performed by the project organisation. 

Strategy R&D Planning Design Process 
Planning

Production 
Assembly

Distribution
sales Use Re-use

Product 
lifecycle 
Phases

(Bellgran and 
Säfsten, 2010)

Offshore
Engineering 

Project Phases
(Sjögren et el., 2014)

Front end 
engineering 

design

Detailed 
design

Parts 
fabrication Assembly Transport 

Installation Operation De-
commissioning

Product Realisation

Production Development

Figure 1: Relation between a general product lifecycle (Bellgran & Säfsten, 2010)
and that for an offshore platform.

The concept of a large engineering project concerns e.g. an entire offshore 
wind farm project, in which the offshore platform project is part of the over-
all delivery. 

The studies conducted in this research have been performed in Sweden. 
Even though the studied projects were located across Europe and in one case 
in the Middle East, the Swedish context is considered most influential as
most of the projects were managed from Sweden.

From a research area perspective, the areas that have been touched upon 
in this work are products and processes regarding design aspects of transport 
and installation of platforms and the process of fabricating platforms. Inter-
nal processes in realising offshore structures projects through engineering 
change management have also been studied as part of this work.
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PRODUCT

ORGANISATION PROCESS

Research Focus

Figure 2: Venn diagram of the research focus presented in this thesis in relation to 
product - organization – the process. 

The core of the work presented in this thesis is the project process; organ-
izational aspects have not been considered unless required in order to inves-
tigate aspects of the product or the process.
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2 Frame of Reference

In the frame of reference the research area and industry-specific environ-
ment are described. The initial part of this section describes the later project 
phases from an industrial as well as an academic perspective. The research 
area of engineering change is discussed concerning its application to off-
shore platform projects. 

2.1 Industry Setting and Product Realisation Phases

2.1.1 Fabrication
The first phase of the physical part of the product realisation of an offshore 
platform is the fabrication. Fabricating such large constructions as platforms
is challenging both due to overall complexity and sheer size. As such, an 
area that the yard fabrication has always been focused on, out of necessity, is 
fabrication of platforms in modules. Modularisation of platforms is neces-
sary if yards are to be able to cope with their construction. The modular fab-
rication method is also used because of the need to utilize the space at the 
yard effectively (Park, Park, Byeon, Kim, & Kim, 2006). In an industry 
where the fabrication, transport and installation phases are large projects in 
and of themselves, it is a natural to design the offshore platform to suit the 
needs of those three phases. An offshore platform is purpose-built, and the 
installation sequence is often customised to a particular platform design. The 
jacket and topside concept have variation within that concept; the topside 
could be of a modular build or lifted into place as a complete piece. The 
offshore platform’s purposes also govern the design. The semi-submersible 
platform type could house a military radar, as seen in Figure 4 or a high 
voltage direct current converter (Lundberg et al., 2012). In this sense, the 
platform as a physical product is largely a result of how the platform is to be 
fabricated, transported and installed, rather than of its final purpose and 
function.  

In terms of competences related to fabrication of platforms, South Korean 
and Japanese yards have for long been regarded as having the highest quali-
ty, and at the same time having high output (Storch, 1999). The trade-off, in 
being able to fabricate high volumes,  lie in these yards’ reduced ability to 
customise their platforms (Pires Jr, Lamb, & Souza, 2009). The yards with 



10

the highest per year output are all located in Japan (Mitsubishi Heavy Indus-
tries) and South Korea (Samsung Heavy Industries, Hyundai Heavy Ind. and 
Daewoo Heavy Industries). Chinese yards has the highest output, but the 
quality is low compared to Japan and South Korea (Colin & Pinto, 2009) and 
Chinese yards focus on ships rather than platforms.

Modern yards often employ other yards in developing countries to fabri-
cate the bulk of the material. As China is catching up with its previous em-
ployers, South Korea and Japan, eyes are turning to the continent of Africa 
to become the new supplier of bulk material and hulls for the yard industry 
(Eisenman, 2012). This is a logical progression from an economic standpoint 
and as the technological intensity of the fabrication process is low and re-
quires manual labour, and often fabrication on land in developing countries 
(Österman, 2012). However, this means that increased utilisation of labour 
does not necessarily yield financial or overall efficiency. 

The activity of offshore platform fabrication often moves from one devel-
oping country or region to the next as soon as labour prices increase. This 
migration makes it difficult for the fabrication industry in these countries to 
develop more expertise and more advanced methodologies, as has also hap-
pened in the automotive industry. However, there are exceptions, e.g. cruise 
ships being built in Finland and France. Other specialized craft such as mili-
tary ships are fabricated in Australia, the US, France and Germany. There 
are yards in Norway, Germany and the Netherlands that focus on fabrication 
of offshore platforms, but they too are losing out to cheaper alternatives in 
Asia and Eurasia (SCS-Group, 2009).
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Figure 3: Grinding operation at a fabrication yard in a developing country (photo 
taken by the author, 2013) 

Other than this dynamic form of fabrication executing an offshore plat-
form project is challenging in two other ways. First, the structure has to be 
transported away from the fabrication yard to the installation site and then be 
installed, and secondly, the structure then becomes remote and is thus hard
to access. 

2.1.2 Transport
In the transport phase of an offshore platform project, it is important that 
everything goes according to plan. Even the timing of towing out the plat-
form can be crucial to operations offshore as weather conditions always gov-
ern the transport phase. Due to the complex and specialised operations relat-
ed to the platform structure’s sheer size and weight, holistic scheduling is 
essential. However, research on the subject of marine transport tends to fo-
cus separately on industry examples, lessons learned and detailed calculation 
methods such as weather forecasting and structural aspects. Prediction meth-
ods used in weather forecasting studies, weather routing of vessels and 
standards for offshore operations and structural aspects of the platform are 
all considered when preparing offshore transport of special loads. Crowle 
(2011) gives an insight into transport projects in his description of using 
heavy transport vessels to transport modules for offshore structures. He ex-
emplifies the different types of heavy transport vessels that are used in in-
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dustry and discusses module prerequisites for transportation to be possible.
In his study Crowle (2011) touches upon the holistic point of view that is 
sought in this research. Furthermore, Zhang, Sun, and Fan (2012) write that 
it is the low availability of heavy transport vessels that drives the need for 
scheduling. Since transport and lifting vessels of the required size are scarce
there is a concern not only about weather conditions during transport but 
also about the availability of vessels, both of which are factors that can affect 
whether the project is completed on time. Crowle (2011) also mentions how 
important detailed scheduling is based on modular requirements in that 
modules need to be assembled in a given sequence. Thus he looks upstream 
at the fabrication process and the necessity of preventing carry-over work 
from one phase to another. As the availability of heavy lift vessels is limited
one cannot risk missing a time slot due to carry-over work.

Figure 4: The US sea-based x-band radar, semi-submersible platform on top of a 
heavy lifting vessel (courtesy of the US Navy).
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2.1.3 Installation
As in the case of transport, during the installation phase of an offshore plat-
form, operations can be left on hold for weeks if the weather conditions are 
regarded as unsafe to work under. Weather forecasting thus becomes an es-
sential tool to determine the likelihood of success of offshore operations. For 
an installation, there are several stages that are dependent on the weather. 
Heavy lifts, be it of entire topsides or modular parts e.g. a helicopter deck or 
living quarter modules, have to be carried out under the right conditions. For 
example, wind speed and wave height are important (de Sonneville, van 
Velzen, & Wigaard, 2014). This need for forecasting and doubts about its 
capabilities are reflected in the many research articles published on the sub-
ject (Gudmestad & Bjerke, 1999 ; Hjorteland, Mes, & Magnusson, 1999;
Roulston, Ellepola, von Hardenberg, & Smith, 2005).

2.1.4 Commissioning Offshore
After the installation phase the offshore commissioning phase is initiated, 
meaning that all platform systems that could not be tested at the yard will 
now be started and commissioned. Several researchers, all focusing on the 
offshore environment, have emphasised the need to minimize the work to be 
performed in this phase, i.e. at the yard. Studying offshore wind farm devel-
opment Roddier, Cermelli, and Weinstein (2009) conclude that as much 
work as possible should be performed onshore. The complexity associated 
with even the simplest work offshore tends to rise markedly compared to 
onshore work. This is due to factors such as stricter rules for work safety, 
transportation of material and personnel offshore, communication between 
on- and offshore, and harsh working conditions (Westman, Gilje, & Hyt-
tinen, 2010).

2.2 Defining Change
As change is a broad and all-encompassing concept it is hard to define; in-
stead, this section aims at explaining what is meant in this thesis by change. 
Change can be many things but in this research similar concepts such as 
deviations and disturbances are used to enrich the explanation.

Deviations in project execution are a common theme in research and in-
dustry since they are so demanding to manage. Deviations hinder project 
managers from planning the development of a project from point A to point 
B. Deviations will require the project organisation to take detours and re-
work and revisit previously valid designs, methods and processes. In this
thesis the definition of deviations by Hällgren and Maaninen-Olsson (2009)
is referred to simply as unexpected events. Within that definition, one could 
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fit other similar concepts that could be defined as unexpected events e.g. 
disturbances and changes. 

Disturbances are explained by Bellgran and Aresu (2003) to be applicable 
to different aspects of the product realisation process from the product de-
velopment phase to production and maintenance. In their article, they focus 
on the disturbances that occur during the basic design, design and production 
and installation phases for small volume production of on and off-loading 
equipment for the marine sector. In their case study, Bellgran and Aresu 
(2003) subcategorise disturbances, see Table 1. Within their subcategories 
changes represent three out of five sources of disturbance in the studied pro-
cess. Changes in this case are thus a reason for disturbances and although it 
is argued in this thesis that deviations, disturbances and changes describe a 
similar problem, the words have different meanings. To differentiate be-
tween them one could say that a deviation is something going off the rails, a 
disturbance is more like something affecting a system, but not altering its 
course, while a change indicates more of a conscious choice. There is more 
terminology to describe this aspect of projects and the project execution,
modifications, alterations, nonconformities and losses.
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Table 1: Classification of reasons for disturbances in different life-cycle phases, 
adapted from Bellgran and Aresu (2003).

\Realisation phase
Reason for disturbance\

Basic Design Design Production and 
Installation

Internal Lack of information 
about the ship de-
sign

IT problems, 
making decision 
conflicts, lack of 
time

Design changes

Changes implemented 
by yard or client

Uncertainty Changes in ship 
design

Changes at a late 
stage

Changes implemented 
by classification socie-
ties 

Non-
conformance of 
drawings

Non-conformity in 
materials and weld-
ing, etc.

Changes implemented 
by suppliers

Changes of e.g. 
electrical com-
ponents

Non-conformity in 
materials and com-
ponents

Supplier delay Late deliveries of 
material 

Change, specifically project change as it is termed by Ibbs, Wong, and 
Kwak (2001) can be beneficial. Often, change is automatically seen as some-
thing negative. Researchers in the field of project management emphasise 
the opposite, that change might also be beneficial, and change can be an 
opportunity to improve the overall situation. Whether beneficial or not, pro-
ject change can be seen as a broader concept than that of disturbances. 

Other than the purely linguistic discussion of deviations, researchers have
focused on how changes vary in different industries. In their study of change 
drivers, sources and approaches Eckert, De Weck, Keller, and Clarkson 
(2009) compiled causes of change from seminar sessions with project man-
agers from a selection of industries.
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Table 2: Causes of change in different industries (Eckert et al., 2009).

According to Eckert et al. (2009) all project managers, in Table 2, could 
recognise the existence of changes in all categories; however, those that 
were checked were of the most importance for each industry. The authors 
concluded that the difference naturally came from the wide selection of par-
ticipating industries but also noted that the approaches to handling change 
varied among industries. 

Former US president Dwight D. Eisenhower (1890-1969) once said, 
“Plans are nothing, planning is everything”, Dvir and Lechler (2004) de-
scribed how this famous saying related to project management. In their paper 
“Plans are nothing, changing plans is everything” they present a study based 
on 448 projects and how almost all of them suffered from changing goals 
during the project execution. In their paper they argue that the static state of 
a “plan” is useless in the dynamic environment of a project; the project man-
ager has to be aware of the changing plan and adapt to deviations i.e. he 
must engage in active planning. As deviations and their characteristics are 
explained in the research literature, so are the methods and concepts devel-
oped to deal with deviations. Planning could be one of these.

2.2.1 Research Concepts Related to Change 
There are many concepts that describe the inherent variability or uncertainty 
that could prove detrimental to any project execution. A search for some of 
the larger encompassing models to handle deviations, e.g. models that are 
flexible, reconfigurable, agile, adaptable, or changeable, will yield an 
enormous number of hits and influential papers. One of the proposed gains 
from mastering flexibility is the mitigation of deviations. In most circum-
stances, this is regarded to be something performed in the planning phases of 
a project, and in the research community, managing risk infers making plans 
to cope with deviations. However, as Dvir and Lechler (2004) pointed out, it
is often the active effort of planning that is essential to manage deviations.
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Sethi and Sethi (1990) explored the concept of flexibility extensively,
through a literature review connected to manufacturing. Their categorization 
of flexibility based on a manufacturing point of view is applicable to most 
industries and helps users of the framework to distinguish what aspect of 
flexibility should apply to any process, organization or product. They con-
cluded that flexibility is a hard-to-capture concept, but managing flexibility 
in the right way to proceed and the gains can be considerable. One of the 
proposed benefits from mastering flexibility is the mitigation or avoidance of
deviations. 

Agility and flexibility can be contrasted with concepts such as robustness. 
In flexibility one aims at adapting to deviations while a robust system or 
process is stable even in the presence of deviations. In his article on manage-
rial perceptions of project stability, Swartz (2008) defines stability as the 
ability of a project to absorb deviations. This is a valuable definition that is
complementary to robustness. In a positive way, deviations are absorbed so 
that they do not interfere with the expected outcome. A deviation is consid-
ered to affect the project’s stability neutrally if the delay is only directly 
related to the deviation itself, and negatively if the deviation causes a snow-
ball effect on the project’s scheduling. Swartz (2008) tested his concept of 
project stability and investigated its usefulness with project managers, pri-
marily from the aircraft industry, that he had asked to complete a survey. It 
was found that the stability concept had not been used in project manage-
ment before, and that the concept could prove valuable in guiding project 
managers in their progress monitoring. 

Ross, Rhodes, and Hastings (2008) categorise flexibility beneath change-
ability in a hierarchy that encompasses a number of other concepts describ-
ing change and its effects on any given system. Something is flexible if it 
responds to an external change agent but adaptable if the agent is internal. 
The change agents can be generated from three stages of conscious action: 
impact, decision-making and observation, where observation is the most 
informed stage, followed by decision-making and impact as the most effec-
tive and intentional, see Figure 5.
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CHANGE AGENT

OBSERVE DECIDE IMPACT

INCREASED INTELLIGENCE

Figure 5: Stages toward intelligent change management for a given change agent,
based on Ross et al. (2008).

A change agent can thus be said to have increased intelligence when the 
stages of decision-making and observation are present. An agent can be 
based only on the impact as it would not then be intentional. 

As changeability is defined by Ross et al. (2008) they argue against the 
common perception that there has to be a dichotomy between changeability 
and robustness. One could simply have different aspects of a system or pro-
cess fulfil the two, thus making the system both robust and changeable. 

These concepts to handle change, flexibility, agility and robustness can all 
be likened to the different denominations of change; they are all unique but 
aim at dealing with the same problem. A more hands-on way of dealing with 
changes is to engineer change management. Engineering change manage-
ment can be said to be a tool to achieve one or all of the above-mentioned 
concepts.     

2.2.2 Engineering Change Management
Engineering change management is a sub-category of configuration man-
agement and its aim, as a research area, is to better handle changes to prod-
uct configuration (Pikosz & Malmqvist, 1998). However, this research hier-
archy is common in product and software development literature whereas
Huang and Mak (1999) define ECM rather independently as: 

“…engineering change management (ECM), engineering change control 
(ECC), engineering documentation control (EDC), and change management 
(CM) are used interchangeably to refer to an area, a process, and/or a sys-
tem to deal with engineering changes”. (p.22)

ECM is not to be confused with the concept of change management.
Change management is more broadly the knowledge of how to coordinate 
and implement change in an organisation (Sirkin, Keenan, & Jackson, 2005).
ECM is an active process during the product development stages but also 
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during project execution. It involves documenting and informing project 
members of changes to a given specification, and their subsequent impact on 
the overall product or project. 

Engineering change management is often viewed from a product devel-
opment perspective, rather than a fabrication one. However, Wright (1997),
in his literature review, defined engineering change as: 

“… a modification of a component of a product, after that product has 
entered production.” (p.33)

The same paper focused on the ECM implications for manufacturing, giv-
en an engineering change (Wright, 1997).

The literature on ECM at the time was scarce and Wright (1997) divided 
his twenty-four references into two broad categories: EC Tools and EC 
methods. At that time, the tools category was small, only a quarter of the 
papers reviewed by Wright (1997) were concerned with tools. Today, tools 
of ECM are mostly handled within the area of project lifecycle management, 
PLM, and software in which the systematic approach to change is called 
engineering change management. EC methods were found to be less indus-
try-specific than tools and largely concerned with correcting mistakes so that 
they would not interfere with the fabrication process.

Flash forward 15 years and a recent literature review by Hamraz, 
Caldwell, and Clarkson (2013) analysed the current research body of over 
400 publications connected to ECM, 384 of which were journal articles and 
conference papers. In conjunction with their literature review, they devel-
oped a holistic categorisation framework that has been used in this research,
see Figure 6. Hamraz et al. (2013) constructed their ideal definition of what 
ECM should cover. Their definition was based on the product life cycle de-
veloped by (Pahl & Beitz, 1984; Ulrich & Eppinger, 1995). Their ideal defi-
nition covered the entire project envelope except planning, and emphasised 
the iterative nature of the ECM process. Their definition is the one used in 
this research. Engineering changes have been found to account for 5 - 15% 
of a project budget. This percentage range is only related to the process of 
change management itself, not the incurred cost of a given change (Riley, 
Diller, & Kerr, 2005). As with most costly project stages and entities, re-
search has been conducted on how to reduce and mitigate change in a proac-
tive manner.
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Figure 6: Hamraz et al. (2013) presents a holistic categorisation framework of 
ECM.

To further complicate matters, ECM if often used in complex products 
and systems due to its inherent benefits for this type of development work. 
The different stages of complex products and systems are hard to define and 
concurrent engineering is a must in most offshore projects. These kinds of 
projects were studied by Rouibah and Caskey (2003), who found that in 
projects involving many stakeholders and where concurrent engineering was 
needed, the use of IT support for these processes was low. Other than the 
official approval process, IT support were seldom used to cooperate with 
colleagues and sub-suppliers to manage changes and deviations.

The body of research connected to ECM is rather young and would bene-
fit from more case studies than currently available (Ahmad, Wynn, & Clark-
son, 2011). Rowell, Duffy, Boyle, Masson, and Babcock Marine (2009) ana-
lysed the ECM process in the development of Great Britain’s next generation 
aircraft carriers. Aircraft carriers are complex ships, similar in many ways to 
offshore platforms. Rowell et al. (2009) were interested in the effects of the 
impact analysis phase, how long it took for a given change to be resolved
and how many new changes for an original change were generated. Their 
process as described in Figure 7 relates to the change agent example in Fig-
ure 5. As part of the decision-making phase, a thorough impact analysis, 
prior to implementing a given change will add intelligence to a decision
(Ross et al., 2008).
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Figure 7: Simplified view of the ECM process, emphasising the impact analysis 
(Rowell et al., 2009).

Impact analysis, e.g. in the form of change prediction and propagation, is
among the more common research themes for ECM, accounting for 12% of 
the journal and conference papers analysed by Hamraz (2013). 51% of these
journal and conference papers belonged to the in-change stage, that is: ECM
systems, guidelines, classification, organization implementation, documenta-
tion, ECM process and review (Hamraz et al., 2013). Post-change issues and 
analysis amount to a small percentage of the whole research body, and man-
ufacturing is even less represented (Hamraz et al., 2013). Post-change analy-
sis seems to have industrial relevance, particularly to the construction indus-
try as a means to quantify claims in arbitration processes (Chester & Hen-
drickson, 2005; Golnaraghi & Alkass, 2012).

The ECM process can be said to be initiated once a change is evident to 
the project organisation. To use the terminology in Figure 5, ECM is han-
dling all three aspects of change, the observation, decision-making and im-
pact.       

2.3 Positioning this Research 
Based on the literature reviewed in Section 2.1 two streams of research 
emerge. On the one hand, there is the large engineering projects area of re-
search and, on the other hand, there is the dedicated operations specific re-
search. Dedicated operation specific refers to research about the technology, 
methods and processes of fabrication, transport and installation, i.e. welding 
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principles, workspace scheduling, and weather routing and strength calcula-
tion routines for lifting operations.

A large engineering project, as defined in this thesis, is an area of research 
concerned with the execution and completion of large engineering endeav-
ours. Infrastructure projects and special purpose constructions e.g. CERN 
(Bachy & Hameri, 1997) or the Alberta oil sands projects (Jergeas & Ru-
wanpura, 2009) are regarded as large engineering projects. Researchers 
studying large engineering projects have a bird's eye point of view of large 
engineering projects, and in some literature they are referred to as mega pro-
jects instead of large engineering projects (Altshuler & Luberoff, 2003;
Flyvbjerg et al., 2003) or Complex Products and System projects, CoPS 
(Gann & Salter, 2000; Hobday, 2000). Large engineering projects research 
studies how government legislation and regulations affect the profile of en-
gineering projects (Miller, Lessard, Michaud, & Floricel, 2001) and their 
high level of organisational and technological complexity (Miller & Lessard, 
2007). In a broader sense, this type of research is also interested in how the 
projects interact with society e.g. how they affect employment rates and state 
budgets (Flyvbjerg, 2008).     

Dedicated operation-specific research is technical and experimental in na-
ture and often forms the basis for rules and regulations within the offshore 
industry. Naturally, most of the research connected with fabrication princi-
ples of offshore platforms originates from Japan and South Korea, where 
most ships and offshore structures are built. Likewise research on offshore 
installation procedures is authored by researchers from the Netherlands, 
since most marine operations experts are Dutch.

What can be concluded following the investigation of previous research is 
the need for research on the project execution from a holistic point of view. 
Research connected to offshore fabrication, transport and installation is con-
sidered too narrow or too wide in definition. It is too narrow in the sense that 
fabrication research focuses on matters such as specific weld techniques or 
fabrication yard area utilisation. It is too wide in the sense that research often 
concerns the construction of entire infrastructure projects, where an offshore 
platform is only a part of the delivery. 

To illustrate this point: if a large engineering project is divided into four 
levels, the first is where the project is discussed in its societal context. At 
level II, the organisation of parts of the overall project is discussed. Level II 
describes how part projects, that are often executed in parallel, affect each 
other within the overall project. In Level III the resolution is further in-
creased and concerns the operations needed to complete a part project, oper-
ations that are often sequential. Further down, level IV concerns single ac-
tions within an operation. In the case of fabrication this could be welding 
operations. In the transport category this could be carrying the platform 
across the North Sea by heavy transport vessel, and in the installation this 
could be a single heavy lift to bring the platform to its resting position. 
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Figure 8: Hierarchical levels in large engineering projects, based on the theoretical 
background of this research. 

Most research related to offshore platforms concerns levels I or IV. Lev-
els II and III when they are discussed by academia are often discussed in a 
construction research area context. As land-based construction omits the 
phases unique to the offshore industry, transport and installation it is possi-
ble for this paper to enrich the current research. 

However, there has been some research concerned with levels II and III, 
specifically dealing with the offshore platform fabrication process. Barlow 
(2000) studied the problems encountered by offshore platform fabrication 
yards in the UK. He found that one of the success factors of those projects
was partnering between the stakeholders on level III. The same benefits of 
partnering were found in the concept of project alliancing introduced by 
(Halman & Braks, 1999).

As for the case of ECM, its body of research is rather young and would 
benefit from more case studies than currently available, according to  Ahmad 
et al. (2011). There has also been a decline in research related to ECM and 
its effect on later project phases e.g. fabrication, transport and installation 
based on the shift from Wright (1997) focus on later project phases to 
(Hamraz et al., 2013) on early phases, as found in their respective reviews. 
Thus, the research presented in this thesis aims to contribute case studies 
related to the later phases of projects at levels II and III, as described in Fig-
ure 8.
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3 Method

The third chapter is dedicated to describing how this research has been con-
ducted. The scientific approach explains the position and vantage point of 
the researcher. This chapter also describes the research process, data col-
lection and analysis. Last, the reliability and validity of the conducted re-
search is discussed.  

3.1 Scientific Approach
This research approach is based on social science research methodologies. 
Observational, interview and case studies have been favoured over determin-
istic quantifiable phenomena. In this exploratory research, the researcher has 
used many but not exclusive scientific viewpoints. Seeing the scientific par-
adigms on a spectrum, as in Arbnor and Bjerke (2008), this research lands
between positivistic thinking and hermeneutics in favour of the latter. The 
spectrum covers the positivist (analytical and explanatory) over the herme-
neutic (understanding of knowledge), with the systems approach in between 
(Arbnor & Bjerke, 2008).

Positivist thinking has been applied in that data are quantified, and inter-
viewee responses and observations are used to create reliability. Even though 
both induction and deduction are used to come to conclusions, induction is 
more significant in this research as it is the inductive process that is used to 
draw conclusions from observed phenomena. The deductive process has 
been used on a smaller scale i.e. confirming common themes in interview 
analysis. Thus, the research approach and method can be best described as a
mixed method, a combination of several scientific approaches, as discussed 
by Suter (2011).                   

According to the hermeneutic tradition, humans are related to the world 
and each other through our perceptions, based on consciousness (Coghlan & 
Brannick, 2014). Thus there is always going to be a form of interpretation of 
reality by each perceiver. Therefore, according to Fagerström (2004), it is of 
little value to try, in a positivistic manner, to see the world as pure and ra-
tional.    

Although system thinking is unavoidable in the most realistic research 
context, systems analysis is not used explicitly in this work. Rather, the re-
searcher initiates an interpretive approach in the descriptive phase and ends
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in a critical paradigm. Initially this research aimed at investigating offshore 
platform projects and what made them reliable, thereby interpreting the cur-
rent situation. Later, it was found that some aspects of the same projects 
were malfunctioning despite the project organisation’s good efforts. This 
finding led the research to critically study the current practices within the 
project organisation, related both to the reliance on design as a warrant of 
reliability, and how engineering change was handled. The interpretive para-
digm, much like the systems approach, is based on inquiry and the explana-
tion of how factors influence each other and their environment (Oates, 
2005). The critical paradigm aims at identifying relationships and powerful 
structures that exist, deconstructing these to benefit man and society. Ex-
plained simply, technology has to adapt to humans and not the other way 
around (Alvesson & Deetz, 2000).

3.2 Research Process

Research conducted by researchers involved with the company they are 
investigating allows for and encourages the full envelope of Kolb’s model of 
experiential learning (Kolb, 1984). In the same way that a contribution to 
academic society has to be established and verified, so do implications for
the industry. Fagerström (2004) describes the research processes stating that 
the research’s starting point should be grounded both in theory and in real 
world examples, and that it is the combination of the two domains that helps
form the research questions. After this initial stage, comes the iterative pro-
cess of analysing the theory through the investigation of the real world, by 
collecting and analysing empirical data that is based on the knowledge 
formed by theoretical studies. The end goal of this process is to synthesise a
vision while contributing new scientific knowledge to the theoretical domain 
and new practical knowledge to the real world. 

The framework developed by Blessing and Chakrabarti (2009), which is 
also mainly based on the iterative process,  has been used to guide the over-
all research process. Their framework is more detailed than described in this 
thesis; however, the main stages and basic method are followed throughout 
this work. There is “Research Clarification” followed by a “Descriptive 
Study” that in turn yields further insights. From there one can either refine 
the “Research Clarification” or commence the stage of “Prescriptive Stud-
ies” or both. The circle is closed as a “Prescriptive Study” can be evaluated 
and then described, to result in an evaluation. The research questions formed 
in this research were posed iteratively as RQ1 stemming from a theoretical 
base. RQ1 was explored in Study A, whose results formed RQ2. The testing 
of RQ2 in Study B then led to the initiation of Study C. 

As regards the overall aim of the research, as it is described in connection 
to Blessing and Chakrabarti (2009) framework, the conceptualisation phase 
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has been reached. However, the testing, or what Blessing and Chakrabarti 
(2009) call the prescriptive phase, is yet to come, see future research in Sec-
tion 6.5.

Design Research Methodology, Education and Progression

Basic Method Stages Methodological Results Ed. ProgressionResearch Area Studies
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Figure 9: The stages of this research based on the framework by Blessing and 
Chakrabarti (2009).

3.3 Data Collection and Analysis 

3.3.1 Research Context
At the time the research was conducted, the researcher was connected to the 
Innofacture research school at the department of innovation, design and
technology, Mälardalen University. The aim of the research school is to 
strengthen Swedish competitiveness in the global market, focusing on the 
product realisation process. Other than Mälardalen University, Innofacture is 
funded by a group of Swedish companies and the Knowledge Foundation, a 
governmental research fund. The funding companies employ industrial grad-
uate students who conduct the main research within Innofacture. As a gradu-
ate student working in industry, the author of this thesis was employed by 
ABB Offshore Wind Connections during the time of the research. The de-
partment at which the author was employed at the case company has the 
functions of reviewing documentation and performing quality control of the 
delivery from the offshore platform designer and fabricator, see Figure 10.
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Figure 10: Hierarchical flowchart of deliverables within the projects and schematic 
layout of system configuration (adapted image, courtesy of ABB).

Figure 10 depict all deliveries of an offshore wind farm installation: The 
wind farm consists of several wind turbines, cables, a substation (HVAC), a
platform (HVDC) and an on-shore station (HVDC).

3.3.2 Description of Studies 
Setting the scene for further research, Study A, presented in Paper I, aimed 
at establishing the challenges that faced the offshore industry with respect to 
the fabrication and installation of the platforms. Two sources of data were 
used in this study, interviews and literature studies. The literature study was 
based on a systematic search approach and was performed to investigate the 
level and quantity of research within different fields connected to offshore 
technology with its adjacent areas. As the completion of an offshore plat-
form entails many processes the aspects of offshore technology were nar-
rowed down to fabrication and installation in further research.
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Table 3: Relationship between research questions and methodology, model from 
Arbnor and Bjerke (2008).

Study A Study B Study C
Research 
Method/s

Empirical study Empirical study Empirical study

Unit of
Analysis

Internal project: The 
fabrication of offshore 
platforms. 

Comparing two platform 
designs based on 
transport and installation. 

Internal process: The 
ECM process in two 
projects and its effect 
on the fabrication. 

Empirical 
evidence

Archival data, literature 
study, interviews

Archival data, interviews Literature study, 
interviews

Analysis 
technique

Triangulation and the-
matic conceptualisation

Triangulation and the-
matic conceptualisation

Triangulation and 
thematic conceptuali-
sation

Developed 
knowledge 

Establish fabrication and 
installation process 

Influence of design on 
project outcome

Influence of ECM on 
fabrication of plat-
forms

Stage in 
DRM

Research Clarification Descriptive/Research 
Clarification 

Descriptive

Appended 
Paper

Paper I Paper II Paper III

Study B, presented in Paper II, aimed at answering the question of wheth-
er the new design gives rise to more changeability in the project execution 
i.e. being less exposed to deviations. To establish the project execution phas-
es of the two studied concepts, both archival data and public information 
were used. To retrieve detailed information on individual operations within 
the projects, interview data from Study A was used. The interviewees of 
Study A had worked on one or the other projects and in some cases both.

Study C, presented in Paper III, investigated how ECM was used in the 
projects of Alpha and Beta. A theoretical basis was established from the 
literature and supplemented with an interview study to form the empirical 
data of that study. A recent literature review performed by (Hamraz et al., 
2013) provided an overview of the areas in a project in which ECM is appli-
cable. The characteristics of studies A, B and C are shown in Table 3.

3.3.3 Unit of Analysis 
Two offshore platform  projects were treated as units of analysis based on 
the framework developed by Yin (2011). According to Yin (2011) the unit of 
analysis, i.e. what is being studied in a case study, is important to define in 
order to understand the results. In studies A, B and C internal and explicit 
aspects of the two different offshore platform projects Alpha and Beta were 
covered. A case study can be single or multiple depending on whether one or 
several entities are being studied as part of the same unit of analysis. A unit 
of analysis can also be embedded, as in a process within a process (Yin, 
2011). In this case, the platform’s design is an embedded aspect of the over-
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all offshore platform project; thus, the engineering change management pro-
cess and the later project phases are investigated in studies b, c  and a respec-
tively. According to Yin (2011) definition of case studies, all studies pre-
sented in this thesis can be said to be multiple-embedded-case studies. In 
Study A, a project within the project i.e. the fabrication of a platform, was
used as the unit of analysis. Study B primarily looked at the design of the 
platforms and how that affected the project process. In Study C the unit of 
analysis was that of the engineering change management process within the 
projects. 

HVDC Offshore 
Platform Project 

Alpha

HVDC Offshore 
Platform

Project Beta

Study A 

Platform Design Platform Design Study B 

Project Project

Process Process Study C 

Figure 11: The envelope and units of analysis in the two case studies described in 
this thesis.

From a temporal point of view the studies were conducted as follows:

• Study A from March 2013 to October 2013 
• Study B from August 2013 to March 2014
• Study C from January 2014 to June 2014 

Study A

20142013

Study C

Study B

Year

Figure 12: Timeline of performed studies
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3.3.4 Literature Studies
In both Studies A and C, prior research and a theoretical background was 
established. The theoretical background formed the base from which each 
study would be performed. Starting from the initial research questions both 
random search and chain search methodologies were used in order to estab-
lish a preliminary research landscape.  As subcategories and influential re-
searchers emerged, the search adopted a chain search methodology 
(Rienecker, Jørgensen, Hedelund, & Nordli, 2002).  A systematic search 
should according to (Rienecker et al., 2002) approach the search in a 
planned, ordered and documented manner. 

Define the subject 
matter Generate keywords Select classification Generate search 

strings

Perform search Evaluate the results Present the results

Figure 13: Systematic search methodology adapted from Hunt, Nguyen, and Rodg-
ers (2007)

The systematic search method was adapted from Hunt et al. (2007), see  
Figure 13. Their method stems from patent search strategies but the ap-
proach is transferable to scientific research as well. While the term ‘classifi-
cation’ is not applicable to research, this stage could be equivalent to the 
research field. 

Research 
Question

Random 
Search 

Establish 
Keywords

Chain 
Search 

Establish 
Influential 

Authors and 
Institutions

Perform Systematic 
Search

Figure 14: Description of the initial search methodology used in this research.

Google Scholar was used for the initial effort in most of the searches; it 
was also used to determine a particular search string’s impact on the returned
results to establish relevant keywords. During this process, keywords were 
generated from subject matter words, e.g. by establishing synonyms, acro-
nyms. Boolean search criteria are necessary in all academic research and, 
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were therefore used both spontaneously and in an ordered fashion later in the 
literature search process. As results from Google Scholar searches often 
featured recurrent publication databases these were then searched individual-
ly, with the same or a similar search string. Science Direct, IEEE Xplore, 
IngentaConnect, SpringerLink, Taylor & Francis Online and Wiley Online 
Library were among the more commonly searched databases, with Science 
Direct being used most frequently. In terms of databases, Web of Science 
and Scopus were used both in analysing search results and for generating 
search strings. 

Chalmers University of Technology library database, CHANS and Mälar-
dalen University library database, OPAC were used for finding physical 
publications and books, together with the national library database LIBRIS.

3.3.5 Interviews
Semi-structured interviews were conducted in Studies A and C, and in all
cases the interviews were in Swedish. Some interviews were conducted by 
the author alone, and some with a fellow researcher for validation and joint 
utilization of results.

The interviews as a tool to gather qualitative research data is defended by 
Kvale and Brinkmann (2009) as a valid method for gathering research data 
and as a basis for analysis. Those who claim interviews to be too biased have 
a valid point, but the benefits of qualitative enquiry outweigh the downsides. 
Easton, McComish, and Greenberg (2000) identify the three most common 
pitfalls as equipment failure, environmental disruptors and transcription er-
rors. Equipment failure was avoided by having two recording devices used 
in parallel, environmental disruptors were avoided by always conducting 
interviews in secluded meeting rooms. Transcription error might be more 
difficult to guard against, but as all interviews were held in the native tongue 
of both the interviewer and interviewees the room for misunderstanding is 
estimated to have been small.
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Table 4:Interviews conducted in Studies A and C.

Role of Interviewee Date Study Length Transcribed 
number of words

Supply Manager 130218 A Abt. 1h Notes
Site Manager 130220 A Abt. 1h Notes

Commissioning Manager 130508 A Abt. 40 min Notes

Engineering Consultant 130802 A 44 min 2957

Project Manager Consultant 130826 A 1h 5 min 4338

Commissioning Engineer 131024 A 52 min 2274

Systems Engineer 131024 A 58 min 2987

Supply Consultant 130809 A 50 min 2786

Permit Manager 130822 A 57 min 3031

Transport & Installation Man-
ager 130809 A 45 min 2198

Lead Engineer 130820 A 59 min 3879

Contract Manager 140224 C 49 min 5003

Project Manager 140224 C 54 min 4180

T&I Manager 2 140516 C 27 min 1548

Naval Architect 140509 C 47 min 3258

Piping Engineer 140509 C 58 min 5329

Health Safety Environment 
Manager 140430 C 64 min 3095

Electricity & IT Lead Engineer 140410 C 48 min 2727
Maintenance & Operability 
Manager 140408 C 39 min 2239

Interview guides were used for each interview. No pilot interviews were 
held for the first interviews of study A. Since study A was of a general char-
acter, and the researcher had a similar background to those to be interviewed 
the nomenclature and background information discrepancies were low be-
tween interviewer and interviewees. However, the research area was refined 
with certain concepts from academia. A pilot interview and a clearer inter-
view introduction were needed in Study C. This approach was thus imple-
mented in the second series of interviews.

All interviews were either recorded then transcribed (16), or notes (3) 
were taken during the interviews. The interviewees were informed prior to 
the interviews that their identity would not be revealed and they were told



34

the purpose of the interviews. All interviews were concluded by asking if the 
interviewee had something he or she wanted to add to the record.   

3.3.6 Data Analysis Methods
There are many different methodologies describing how to perform the anal-
ysis work in qualitative analysis. Like any process that involves qualitative 
information, the important thing is that there is a methodology and that it is 
documented. The methodology channels the processing of ideas much like 
any post-it fuelled brainstorming session. Ideas are there, but they need ves-
sels (post-its) and a structure through which to be conveyed. Dye, Schatz, 
Rosenberg, and Coleman (2000) kaleidoscope analysis metaphor elegantly 
describes the phases in building concepts from what initially might seem to 
be fragmented data, see Figure 15. Their metaphor was relevant in all three 
performed studies and the methodology described below was used in all
three studies. From the fragmented data, categories are found. These catego-
ries are then used to form themes that can be combined to form a complete 
constellation of a concept (Dye et al., 2000).
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FRAGMENTED DATA CATEGORY FORMATION

REFINEMENT FINAL CONSTELLATION

Figure 15: A kaleidoscope of data, adapted from (Dye et al., 2000).

The list below explains the categories in Figure 15 in relation to this re-
search by dividing the data analysis into the categories proposed by Dye et 
al. (2000):

• Fragmented data: Observations (notebook notations), interview 
transcripts, archival documents (processes, guidelines and memos).

• Category formation: Building themes and cross-referencing between 
fragmented data. Interviews and other data were analysed based on 
the methods described by Suter (2011), identifying units of meaning 
relevant to the given research from the material. In this phase of the 
analysis, data was quantified to search for commonalities between 
respondents. For this task separate spreadsheets were used so that 
both qualitative and quantitative aspects of the data could be cap-
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tured. The encountered problems, phenomena and experiences were 
categorised and assigned keywords. 

• Refinement: Discarding “loose ends” and aggregating keywords into 
themes and ideas. In this phase the fragmented data was revisited to 
enrich the ideas if observations had been lost early in the process. 
The thematic analysis method has been likened by Fereday and 
Muir-Cochrane (2008) to the translation of a language, as what has 
been said in interviews is interpreted to add meaning in new context.   

• Final constellation: In this phase the main conclusions and results 
are presented and packaged in a communicable way. In this research,
this phase corresponds to the results presented under Section 5. 

Other methods of analysis has been used but are all encompassed by the 
Kaleidoscope metaphor.

3.4 Reliability and Validity
Validity of research is a cornerstone of the quality of research according to 
Yin (2011) who categorizes validity into construct validity, internal validity, 
external validity and reliability.

Table 5: Test of Validity adopted from Yin (2011).

Tests Case Study Tactic Phase
Construct 
validity 

Use of multiple sources of evidence
Establish a chain of evidence
Key informants review case study report

Collection
Collection
Composition

Internal validity Pattern matching
Explanation building
Address rival explanations
Logic models

Analysis
Analysis
Analysis
Analysis

External validity Theory in single-case studies
Replication logic in multi-case studies

Design
Design

Reliability Use case study protocol 
Case study database

Collection
Collection

The test proposed by Yin (2011) in Table 5 has been useful in determin-
ing the level of validity and reliability in all three studies and appended pa-
pers.

Construct validity has been warranted through multiple source data col-
lection, both in terms of multiple interviewees being interviewed on the 
same subject, as in Study A and C, and through the two projects Alpha and 
Beta. Key informants have, after their interviews, participated in discussions 



37

of the results, as well as analysis results. This interactive approach has been 
enabled by the researcher’s proximity to the interviewees.

From an academic point of view there have been no restrictions to access 
to published material. The databases most frequently used have been li-
censed by the university library and in the case of restricted access this has 
been solved in a satisfactory manner.

When performing research interviews in Swedish and then publishing the 
results in English there is a risk of distorting original findings. Therefore,
statement translations have been verified with the providing source when in 
doubt.  Published statements and identified factors were freely translated into 
English from the interviews held in Swedish. The guidelines on how to 
translate native languages into English from Day and Gastel (2012) were
adopted in this work. Furthermore, nomenclature and described phenomena 
have in some instances been interpreted by the researcher from a general or 
company-specific meaning to research community-specific nomenclature or 
phenomena. 

While it can be said that access to information is one of the harder parts of 
research work, this has not been the case in this research. Rather the opposite 
is true. For me as a researcher in industry, the preconceptions and thoughts 
of colleagues are constantly available, and the wealth of information availa-
ble through databases and documentation is tough to grasp. Relationships 
with colleagues that are interviewed can affect the analysis outcome and 
results. 

In order to ensure internal validity, pattern matching primarily between 
interview data and archival data has been used. Rival explanations have been 
discussed on multiple occasions throughout the process, but not as part of a 
systematic practice. 

The recurrent theme in the studied fields is the management of phenome-
na that have many names in research: Uncertainty, Changeability, Agility, 
Risk and Engineering Change. When researching concepts such as ECM, 
there is always a risk that a similar phenomenon may be omitted due to no-
menclature and semantics. Through the systematic search approach the re-
searcher has attempted to cover as many adjacent terms to describe the same 
phenomena as possible. 

The cases of Studies a, b and C use the two projects of Alpha and Beta in 
comparison in a multiple case study manner, and as such replication logic is 
used to build external validity along with theoretical backgrounds based on 
literature studies for Study A and C.   

External validity is difficult to prove for other cases, beyond the con-
structs of this thesis. In discussions with interviewees having worked other-
wise primarily in the oil and gas industry, it can be said, with some degree of 
certainty, that this research is valid also for this industry. However, the valid-
ity in this case has to be seen in light of the discussion of offshore wind be-
ing a new business and immature in terms of technology.
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Reliability has primarily been achieved by using study protocols for each 
study, interview protocols for the semi-structured interviews and structuring 
collected data in case-study databases.   

However, it has been argued for the last 30 years that validity and relia-
bility need to be abandoned when dealing with qualitative data analysis 
(Morse, Barrett, Mayan, Olson, & Spiers, 2008). Morse et al. (2008) instead 
want to replace validity and reliability with criteria that are qualitative, fo-
cusing on the overall significance, relevance, impact and utility of the com-
plete research. These aspects are discussed under Section 6.5.
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4 Empirical Findings

In this chapter the findings of Studies a, b and C are presented. Study A fo-
cused on the broader picture, finding the challenges faced in offshore plat-
form projects. Study B investigated the effect of offshore platform design on 
project execution. Finally, in Study C, the role of engineering change man-
agement in managing deviation and as an enabler of changeability was stud-
ied.    

4.1 Study A: Fabrication of Offshore Platforms
To provide a more detailed breakdown of the steps that are included in the 
product realisation of an offshore platform project of the jacket and topside 
type Figure 16 was conceived as part of Study A, based on archival data 
from the case company. Figure 16 follows the phases of a project, from the
contract being awarded to client hand-over.   
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Contract Award

Engineering

N/C & CAM 
Data Material 

Procurement

Structural Material 
Stockyard

Structural Material 
Processing

Warehouse

Pipe Shop Machine 
Shop

Electrical 
Shop Joiner Shop Sheet Metal 

Shop

Subassembly 
Shop

Topside 
Structural 
Elements

Topside Subassembly Painting

On Subassembly 
Outfitting

Topside Module Assembly

Module Painting

On Module 
Outfitting

Outfit Unit 
Shop

Topside Erection

On Topside 
Outfitting

Topside Launch to Barge

Offshore Outfitting and 
Commisioning

Production 
and Material  

Control 

Accuracy 
Control

Tubular 
Sections Tubular Joints

Jacket Subassemly Painting

On Subassembly Outfitting

Jacket Assembly

Jacket Erection

Assembly Painting

On Assembly Outfitting

On Jacket Outfitting

Hand-over

Jacket Launch to Barge

Jacket Installation on 
Seabed

Topside Lift and Installtion 
on Jacket

Figure 16: Process table describing the project execution phases of an offshore 
platform project (jacket topside) (Sjögren, Bellgran, Fagerström, & Sandeberg, 
2014b).
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The interviews in this study included questions on the role of the project 
manager, supply manager, and transport and installation manager. The study 
aimed at investigating where in the project process there was most room for 
improvement. From the interview data four themes emerged: 

• Front end engineering design, FEED
• Scope creep
• Project delays associated with transport and installations
• Managing deviations

All of the interviewees mentioned the importance of a well-
documented FEED study together with an established scope split to 
avoid complications in the projects downstream. The FEED study is 
an exhaustive feasibility study, commonly used in the offshore indus-
try. In the FEED study, ideally, all stakeholders participate in realising 
the project conceptually. This is done in order to resolve as many 
questions as possible at an early stage. The scope is the envelope of a 
sub-supplier’s delivery into a project, and the scope split is a contrac-
tual document that describes who does what, to avoid work overlaps 
or gaps. The interviewed Lead Engineer, see
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Table 4, said that:  

“One main concern during the FEED phase is to have competence and 
capacity that is expected in project organisation as a whole, otherwise there 
will be imbalances of influence over the FEED and customer requirements 
probably will not be fulfilled in the end.”

The same sentiments recurred in all of the interviews of Study A, the 
FEED phase was blamed for lacking rigor, leading to many of the problems 
now being faced in the two projects, Alpha and Beta. 

The transport and installation, T&I, manager (see Table 4) attested to how 
difficult it is to establish roles and responsibilities both internally and exter-
nally within the project organisation despite contractual agreements. Con-
tractual agreements naturally vary between suppliers, the T&I manager said: 

“One contract for these types of projects alone is tough to comply with.
Add to that that different supplier’s contracts can differ slightly from the end 
client’s specification – and that is of course unacceptable – but happens”      

Scope creep occurs due to the way offshore platform projects are set up. 
In offshore projects there are sub-suppliers performing specific operations in
a project. Fabrication of the platform itself, heavy lifts needed on-shore, 
heavy lifts needed offshore, installation and start-up of the platform offshore, 
can all be performed by different companies. This type of project organisa-
tion is often necessary, as explained in Section 1, since few companies alone 
can handle all tasks themselves. The interviewed Project Manager Consult-
ant explained that often an organisationally weak client needs to bundle 
many different sub-contractors, each with its own area of expertise, to fulfil 
the goals of the projects. Subsequently, sub-suppliers aim at increasing their 
scope of delivery to maximise their profit. To sub-suppliers, a change in 
scope is an opportunity to increase the scope of delivery, see Figure 17.

Opertation I
Sub-supplier I

e.g.
Design

Operation II
Sub-supplier II

e.g.
Fabrication

Operation III
Sub-supplier III

e.g.
Installation

Operation IV
Sub-supplier IV

e.g.
Maintenance

Expanding/Creeping Scopes

In the part projects interest to shrink maintain the scope 

In the sub-suppliers interest to expands ones scope

Figure 17: Scope expansion of operations by sub-suppliers.
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Project delays due to issues with transport and installation of the platform 
were a problem that was often mentioned by the interviewees in the study. 
The transport and installation manager again, see Table 4, describes the 
background in one of the projects, and how a delay gave rise to a plethora of 
changes and deviations from the original plan:

“The platform was essentially divided into two parts: a sub-structure, the 
jacket, holding the top-side part 20 meters above sea-level, was to be fabri-
cated at the same yard and later shipped by barge to the installation site. 
Once there, the jacket was to be piled into the seabed, and the top-side then 
mounted on top of the jacket. This operation, however, could only be carried 
out by the largest lifting vessel currently in operation. 

As the fabrication process of the top-side was slower than anticipated, at 
the date set for platform sail away and installation, the top-side was not 
finished. The decision was then taken to ship the sub-structure and pile it 
into the seabed, and then, at a later time mount the top-side. 

As I mentioned earlier the vessel that was to install both the jacket and 
topside was the only one of its kind and so the waiting list to be allocated 
another slot in its schedule was long. When a slot was granted it was a year 
from the date the sub-structure had been installed.”

In a project of the magnitude of an offshore platform, deviations and 
changes constantly occur. All interviewees said that their work in many as-
pects was based on managing deviations, large and small. The incident with 
the lifting vessel mentioned above was a large deviation. However, stories of 
dealing with revisions, new customer requirements, new sub-supplier speci-
fications, as well as updated and outdated regulations were ever present dur-
ing the interviews.

In the case that revision of the design is needed the time to correctly agree 
on the rework, is often more time-consuming than the redesign itself. Engi-
neers on site at the fabrication yard of project Beta gave a frustrated impres-
sion, having the tools at hand to manage problems but due to slow decision-
making processes their hands were often tied. Software compatibility and the
project management’s poor understanding of the on-site problems were sug-
gested as reasons for not being able to handle deviations on time (Sjögren et 
al., 2014b).

4.2 Study B: Platform Design for Transport and 
Installation 

Based on the findings of Study A where the problems surrounding 
transport and installation of the offshore platform were ubiquitous, the focus 
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of Study B was that of a newly developed platform design. Constructed as a 
traditional jacket and topside type platform, see Figure 18, project Alpha had 
experienced severe delays in the fabrication phase. The phases of interest in 
this study were that of the transportation from the fabrication yard to the 
installation site. As the Alpha platform topside was not ready in time for the 
transport to the installation site, the lift had to be postponed. The heavy lift-
ing vessel, the only one of its kind able to lift the Alpha platform, had a tight 
schedule and a new time slot could not be allocated until one year later. Due 
to its dependence on one specific heavy lifting vessel the Alpha project was 
delayed even further.

Figure 18: From the left, lifting the jacket of the barge, installing the jacket on the 
seabed and lifting the top-side onto the jacket (sketch by author).

Thus a new design aimed at eliminating the problems of transport and instal-
lation, associated with the jacket and topside design had been conceived and 
implemented in project Beta. By being self-installing, the new design made 
the lifting vessel unnecessary.

The new design was a Semi-Submersible Gravity Based Hybrid Concept, 
(SSGBH concept), meaning that it relies on self-floating – tug boat assisted –
transportation to the installation site and ballasting of the floating bodies to 
be permanently positioned on the seabed, see Figure 19.

In this way, the SSGBH concept is less exposed to risks related to sched-
uling of the project than the jacket and topside type. It can be transported 
only using tug boats that are more accessible than heavy lifting vessels. The 
installation of the SSGBH platform compared to the topside and jacket plat-
form is unassisted and no piling is needed. 
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Figure 19: From the left, the SSGBH being transported on top of a heavy transport 
vessel, towing to the installation site, and ballasting the SSGBH to the seabed
(sketch by author).

On closer examination, however, the SSGBH concept involves some op-
erations related to the transport and installation that could prove equally or 
more difficult than those that need to be performed for the jacket and topside 
platform concept. The actions that are different from those needed to install 
the jacket and topside for the SSGBH are shaded (grey) in Figure 20.

The SSGBH, designed with large pontoons to float on, requires more 
bulk steel in its fabrication, meaning more man hours to weld the structure, it 
is thus more economic to fabricate the platform in low-cost labour regions. 
Low-cost labour regions are in this case far away from the installation site 
and thus require a heavy transport vessel, depicted in Figure 4, instead of a 
lifting vessel. As towing boat transportation is only intended for shorter dis-
tances at sea, heavy transport vessels are needed to transport the platform 
long distances. Heavy transport vessels are not as rare as lifting ones but rare 
enough that complications related to scheduling may halt the project in a 
similar way as described for the jacket and topside platform. 



48

Assembly Process Transport Installation

Jacket 
Erection

Jacket 
Outfitting

Topside  
Erection

Topside 
Outfitting

Topside 
Launch to 

Barge

Topside Lift 
and 

Installtion 
on Jacket 

by HLV

Jacket Launch 
to Barge

Jacket 
Installation 
on Seabed Offshore 

Outfitting and 
Commisioning

Hand-over

Sub-
structure 
Erection

Sub-
structure 
Outfitting

Topside  
Erection

Topside 
Outfitting

Offshore 
Outfitting and 
Commisioning

Topside 
and Sub-
structure 
Mating

GBS Float-out

GBS Dry Tow 
(HTV) or Wet 
Tow (Tugs)

Seabed 
Prep.

GBS Self 
Installing 

by 
Ballasting Hand-over

Ja
ck

et
 a

nd
 T

op
sid

e 
Co

nc
ep

t
SS

G
BH

 - 
Co

nc
ep

t

Figure 20: Assembly, transport and installation phases for the two platform con-
cepts.

Additionally the SSGBH concept requires seabed preparation to a larger 
extent than the jacket and topside concept. The seabed needs to be prepared 
to ensure that there is sufficient friction between the seabed and the platform 
hull so that sea currents do not drag the platform across the seabed during 
heavy weather. Seabed preparation is also needed to protect the installation 
from the phenomenon called scour. Scour is the turbulent water flow remov-
al of sediment below the platform, best experienced when standing in bare 
feet on the beach, feeling the waves pulling sand, from underneath one's feet, 
out to sea.  Seabed preparation is an advanced operation that holds schedul-
ing risks. However, both concepts require commissioning and outfitting off-
shore. Thus for any of the two studied concepts, once a delay is realised, the 
sequential relationships within the affected project could be broken, leading 
to further delays.

If delays of the kind described above can be said to be deviations on a 
large scale, what is also characteristic of both of the studied projects and the 
offshore industry as a whole is how all changes increase in complexity when
the platforms are installed offshore. A deviation or engineering change that 
could have been treated just like any construction detail onshore now has an 
overhead cost associated with the change having to be carried out offshore. 
Offshore operations are dependent on weather conditions, heightened de-
mand for safety, limited manpower, limited communication capabilities, 
limited tools etc. that all either incur additional costs directly or require addi-
tional time to complete.
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4.3 Study C: Engineering Change Management
As the importance of managing deviations in offshore platform projects 
grew more evident, a study of engineering change management was con-
ducted within the two projects Alpha and Beta. Engineering change was 
identified as a process within the projects that can influence the outcome of a 
project in a positive way due to its ability to manage deviations and increase 
the project’s changeability. 

The ECM process often starts at the same time as the detailed engineer-
ing. In the two investigated projects, ECM was performed in both digital 
formats as engineering reviews of drawings, specifications and contracts, 
and in the physical space through quality control, see Figure 21, in the form 
of changes to already fabricated parts and assemblies. 

Closed LateDesign Review Report

Offshore
Engineering 

Project Phases

ECM Scope

Front end 
engineering 

design

Detailed 
design

Parts 
fabrication Assembly Transport 

Installation Operation De-
commissioning

Closed LatePunch List 

Engineering
Review

Quality Control/
Commissioning 

Figure 21: The ECM process identified in the two studied projects.

In the studied ECM processes of both projects there was often no connec-
tion between the digital formats and the physical dimension, at least not an 
established method or processes to track changes back and forth between the 
two phases. Design review reports, DRRs, are started, reviewed and ap-
proved by engineers as part of the engineering review process. In the physi-
cal space, punch lists are used by quality control engineers at the fabrication 
yard in their review process. This physical portion of the review process 
includes factory acceptance tests, mechanical completion and commission-
ing. The engineering review process is performed within the product lifecy-
cle management system, and the QC phase is processed outside the PLM
system. As the QC review process will affect the end results, in the form of 
changes and deviations, documentation in the PLM system has to be updat-
ed. This update is performed manually as the punch list system and PLM are 
not coupled in any way.  

Six of the interviewees were frustrated with the way that engineering 
changes in the digital format, i.e. design review reports, seemed to bounce 
back and forth between concerned parties within the project organisation. 
This often delayed the implementation of a change and this behaviour often 
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led to managing changes later than expected. In many cases, design review 
reports were resolved after the physical change had already been implement-
ed. 

Aside from the project phase dependency of ECM what was revealed by 
the interviews was the hierarchical aspect i.e. at what level in the project 
management hierarchy the engineering change is addressed. Both punch 
items and DRRs, unless resolved, could be escalated to change or variation 
orders. Variation orders are requested by the yard and thus incur an addition-
al cost for the company. The company can then in turn request a change 
order from the client. Subsequently, if a change order or variation order re-
mains financially unresolved, the issue can go to arbitration, in which case it 
is handled in the judicial arena. 

In both projects Alpha and Beta, the carriers of change took many shapes 
and forms. A change carrier is the vehicle of a particular change within the 
project e.g. DRRs or punch items, are the carriers that are to be used in the 
project to evoke, control and follow changes, determined in advance by the 
project organisation. Judging by the interviewees answers there seemed to be 
some confusion regarding the roles of different change carriers in the pro-
ject. Both official and unofficial carriers exist. Official carriers, e.g. DRRs 
or punch items. Unofficial carriers are those that may evoke, control and be 
used to follow changes but are not contractually valid if there is a dispute in 
the project. One of the project managers claimed there were 19 different 
official change carriers in Project Beta. Some of them had virtually the same 
function but were assigned different names within the project organisation. 
Some of the carriers had different names due to how they were denominated 
in their respective PLM systems. 

When the interviewees were asked the question: 

“In what way is change communicated throughout the projects?” 

Five interviewees answered that communication outside the ECM system 
was frowned upon by all interviewees as that behaviour compromises the 
traceability of any change. However it was recognised by all to be a common 
mistake.  At the same time, all engineers requested a personal dialog with 
their respective counterpart, be it the sub supplier or the client. In the studied 
project all official communication regarding ECM was handled through sev-
eral IT tools. The major sub-suppliers, the client and the project management 
organisation all had their own PLM systems, and five of the interviewees 
described the documentation handling as a nightmare. Physical meetings 
were held on the project manager level if a change had been escalated to that 
level. Engineers interviewed thus wanted the possibility of communicating 
change in a personal dialog while implementation and decision making 
should be strictly handled in the ECM software domain.  

In the interviews of Study C the following aspects were mentioned by the 
interviewees to increase deviations in the project that they were a part of (in 
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descending order of occurrence during the interviews) - from Sjögren, Bell-
gran, Fagerström, and Sandeberg (2014a):

1. Time: the duration of the project subjected it to more changes 
than a shorter project would have to endure

2. Sub-supplier layers: the complicated organisation of the projects 
and involved companies and their related contracts

3. Lessons learned: all of the interviewees said that the lessons 
learned process was vital but often omitted due to lack of allocat-
ed time. 

4. Culture: technological, international and company cultures
5. Immature Technology: national authorities, classification socie-

ties and industry standards impose tough demands on all compo-
nents of the HVDC platform. This, in combination with the im-
mature technology aspect, creates a more chaotic project envi-
ronment. 

6. Interpretation: how parties within projects interpret contracts and 
decisions

The study also revealed how the ECM process became less controlled the 
further along in the project execution process it was performed. PLM sys-
tems were used to control changes in digital format while often handwritten 
individual Excel sheets were used to keep track of punch items and lists. 
This degradation of data between phases that occurred because physical lists 
were kept increased the difficulty of controlling changes from digital to 
physical space.
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5 Analysis 

In this chapter, the themes that emerged from the empirical findings are 
analysed, and results are treated with respect to the research questions. The 
analysis considers the themes separately while the results are presented 
together. 

5.1 Managing Deviations Prior to Transport and 
Installation

Delays due to project interdependencies i.e. that happened because the in-
stallation phase is dependent on the transport phase, as described in Studies
A and B, often leave changes in their tracks. The delay itself is often evident 
to the project organisation, but the propagation of changes is often difficult 
to follow. While designs established in early phases have a deterministic 
impact on the project outcome, ECM affects the project in a variable way, by 
allowing changes to design throughout the project process. Delays that are 
out of the project management's control need changeable approaches. 

Offshore platform projects are among the larger engineering undertakings 
that exist today and thus they require many stakeholders to pull in the same 
direction towards a common goal. The symptomatic scope creep experienced 
in the studied projects shows how important it is to handle deviations to con-
trol the overall scope of the project.

The findings of the performed studies have shown that deviations need to 
be handled strictly and quickly to avoid scope creep and delays. Even the
engineering change process itself has been found to exacerbate the problems 
associated with deviations. What has been observed, however, in the three 
performed studies is how the ECM process has been too unstructured, with
interviewees describing the engineering review process as a game of ping-
pong, with changes to specs bounced back and forth between company engi-
neers and sub-supplier engineers, in some cases until it was too late to re-
solve the change. In other cases, on-site fixes are performed without engi-
neering consent, or worse, have to be handled offshore. Late drawings lead 
to delayed change, and a change at the yard that is not conveyed to engineers 
leads to revisions at best and a faulty design at worst.
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ENGINEERING CHANGE MANAGEMENT

Deterministic Impact

Variable Impact

OPERATION ......

Figure 22: Depicting how ECM can impact later project phases in a variable way.

The empirical findings also demonstrate the ways in which offshore plat-
form projects are especially sensitive to deviations in the offshore installa-
tion phase, when managing physical change suddenly becomes more diffi-
cult. Thus, in offshore platform projects specifically, deviations need to be 
handled with greater care and precision than in construction projects of simi-
lar magnitude, due to the inaccessibility of the installed platform offshore. 
Once the fabrication processes at the yard is finished and the platform is 
transported to the installation site, all deviations that could have been han-
dled onshore at the yard will grow in complexity. This an aspect that is often 
forgotten as research connected to engineering change is related to industries 
that do not need to account for this abrupt inaccessibility.  

Furthermore, offshore platform fabrication is often built at yards that also 
build ships. Comparing ships and offshore platform the difference in urgency 
to handle deviations is still there as ships can return to shore to have changes 
performed after sail away, a platform cannot.

5.2 Platform Designs’ Influence on Project Outcomes
The purpose of Study B was to establish the differences in fabrication meth-
ods in two offshore platform projects and how that affected the projects’
changeability. Even though the projects were vastly different in design they 
were both vulnerable to project interdependencies that could lead to further 
deviations in the projects. Thus, the contribution from Study B to this re-
search and subsequent engineering change management was that of negative 
confirmation, showing that regardless of design, deviations and change gov-
ern project outcomes to a larger extent than design. In contrast, it was said 
by the interviewees in Study A that small deviations and changes often ac-
cumulated in the form of drawing revisions, specification changes and unre-
solved issues in the engineering change management process. This often led 
to a shortened time to deal with changes at the fabrication site. This problem 
of accumulated change is associated with resolving engineering reviews and 
punch lists late, as presented in Study C and depicted in Figure 23.   
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Figure 23: Principal sketch showing the observed change accumulation (top) vs. the 
ideal (bottom).

Differentiating between the digital, engineering phase, and the physical, 
fabrication phase, ideally what would happen is that changes and deviations 
start to accumulate at the beginning of the engineering phase, then peak and 
start to reduce as the fabrication phase approaches. Once in the fabrication 
phase, changes and deviations will again emerge and then will be handled as 
in the engineering phase.  

5.3 Unstructured Engineering Change 
It was concluded in Study A that sub-supplier scope control is needed to
deliver projects on time and on budget. One way of controlling project scope 
is by using methods of engineering change management.  Furthermore, it
was concluded in Study B that design has an impact on the project outcome 
but that it is the project execution that determines the success or failure of 
the project. In this case, it can be argued again that engineering change man-
agement as part of the project execution is vital to the project outcome. Fur-
thermore, the role of engineering change management was seen as essential 
in the offshore platform projects in Study C. In a process revolving around 
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such a large and complex product, ECM is needed to control the inevitable 
changes and deviations that occur throughout the project. 

Changes are often thought of as things that negatively influence a project. 
However, changeability as discussed in Section 2.2.1, aimed at dealing with 
deviations, could be said to be a positive thing. It can be argued that change-
ability is associated with a positive function of a project, product or service 
to be adaptable to a given change. This research found that changeability is 
partly enabled by ECM (Sjögren et al., 2014a).

However, based on the findings of Study C, the studied projects can be 
said to be more changeable than they have to be i.e. that more ability to 
change drawings and specification is provided than needed.  Study C illus-
trates the decoupling of the digital ECM process and the physical ECM pro-
cess e.g. the engineering review process as opposed to the quality control
process. As the digital space has infinite possibilities to revise drawings us-
ing fast 3d-modeling software, a manual weld today is as time-consuming as 
it was ten years ago. In this sense, industry has emphasised changeability in 
the wrong part of the project process. Changeability should be part of the 
fabrication process, used to manage unavoidable deviations; it should not be 
an excuse for engineers to postpone decision-making. In order to reduce the 
instances of postponed decision-making, the frequency of change possibili-
ties during the product development phase has to be controlled.

The effect of uncontrolled changes during the project development phase 
is that deadlines are constantly postponed (in the digital space) while the 
contractual final (and physical) deadline is fixed. This observation also ties
back to the phenomena observed and depicted in Figure 23.

5.4 Structuring Engineering Change Management
This section aims at initiating a discussion on how to improve the ECM pro-
cess.  Change carriers, as presented in Study C, can be categorised depend-
ing on where and at what level they are active in the process. A change car-
rier, as defined in Study C, is the vehicle of a particular change within the 
project, and both official and unofficial carriers exist. Official carriers e.g. 
DRRs or punch items, are those determined and recognised by the project 
organisations and that are to be used in the project to evoke, control and 
follow changes. Unofficial carriers are those that may evoke, control and be 
used to follow changes but are not contractually valid in the situation that 
there is a dispute in the project. Performing such a change carrier categorisa-
tion helps define at what hierarchical level the carrier is being used and in 
what phase. In such a categorisation, the official change carriers as well as
the unofficial ones should be included in order to understand where change 
originates.
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Figure 24: Showing undefined and unstructured change carriers in a process hier-
archy grid.

Apart from hierarchy and phase, change carriers possess other properties 
that are of interest e.g. to what part of the project organisation they belong 
and by what parts of the organisation they are used. The databases that are
going be used to store the carrier information, and the programs or media 
used to communicate carriers should be established early. If new carriers are 
introduced during a project they ought to be categorised prior to introduc-
tion, as part of any sound ECM process.  
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Figure 25: Showing defined and structured change carriers in a process hierarchy 
grid.
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An observation related to ECM was that the change carriers seem to have 
lower quality the further the project proceeds. As information entropy in-
creases over time the methods of ECM become more and more primitive, 
and documentation, tools and feedback become cruder. From a managerial 
point of view this does not make sense as later changes are more expensive 
than early ones; if anything, ECM should become more advanced and pre-
cise the longer the project proceeds.

Based on the analysis of how deviations and changes are handled in the 
studied projects the following steps are suggested for structuring the engi-
neering change process: 

• Identify the project's official and unofficial change carriers 
• Limit the use of unofficial change carriers 
• Monitor and emphasise change identification in the early stages of 

the engineering phase
• Monitor and emphasise change identification in the early stages of

the fabrication phase
• Maintain controllability and traceability of ECM during the fabrica-

tion phase; do not allow for data degradation.  
• Reduce the number of change carriers and eliminate overlapping 

pathways. 
• Communicate official change carriers to the project organisers.

The ECM process can be organised around the change carriers, and in that 
task the provided graphic in Figure 26 can be helpful in determining what 
needs to be defined for each carrier. Controlling the ECM process from the 
outset of a project will provide structure in the later phases, fabrication, 
transportation and installation. Much like a front end engineering design 
study aimed at stabilising the design in an early project phase, sound ECM
structuring is needed for the process to maintain its integrity throughout the 
project.  
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Figure 26: Change carrier property categorisation.

Based on the six areas that were considered to lead to deviations in Study 
C i.e. time, sub-supplier layers,  lessons learned, culture, immature 
technology and interpretations, the list below shows how these six areas 
are connected to the change carrier properties depicted in Figure 26.

Hierarchy: At what management level is the carrier functional? Can it be 
handled engineer to engineer or does it have to involve project management? 

Media: What media is the carrier using - PLM systems, e-mail, face-to-
face meetings? This category encompasses many of the above-mentioned 
sources of deviations i.e. culture, interpretations and lessons learned. Dif-
ferent company cultures might have different ways of conveying information 
such as drawing formats, nomenclature and standards, that all become issues
of interpretation. If media is not handled in an organised manner e.g. if 
minutes of meetings are not taken, then there is no way of conveying lessons
learned in a convincing manner.

Storage: Where is the carrier stored and recorded? Lessons learned can, 
as argued above, only be useful if they are handled correctly, and storage is 
part of that.   
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Organisation: Who in the project owns the carrier? This is often associat-
ed with the “storage” category and sub-supplier layers.

Influence: In what phase can the carrier have the right to implementation? 
This is important to empower engineers to judge the validity of an ordered 
change. The category also links back to the problematic sub-supplier layers 
discussed by interviewees.

Time: During what project phases is the carrier active? This is important 
so that work is not performed on carriers that are no longer valid. This cate-
gory directly corresponds to time as identified in Study C. Long lead times 
inevitably lead to diffusion of information, thus it is necessary to define the 
periods in which carriers are to be active.  

When limiting the use of unofficial change carriers, if a change carrier 
cannot be avoided, an attempt should be made to make that carrier official. 
The important thing is that change carriers are exposed and explicit, and are 
understood by those using them. The ECM process should be transparent 
and understandable; only then can it be used to minimise scope creep. By the 
same means ECM can improve the fabrication and installation processes in 
offshore platform projects.

This approach, illustrated in Figure 26, uses the change carriers of the 
ECM process as the starting point of structuring the overall process.  The 
method identifies six properties in the change carrier that should be consid-
ered in the organisation of the ECM process. The method can be employed 
either in establishing a new ECM process or to test the quality of an existing 
process, and is geared more towards companies and projects that need initial 
guidelines for structuring their process. The method focuses more on the 
overall quality of the ECM process rather than on specific aspects e.g. 
change propagation or choice of software.      
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6 Discussion and Conclusions

In this chapter the research context of the results is discussed, i.e. how they 
relate to and are positioned against research within the same and adjacent 
fields of research. The quality of the research is discussed and to what in-
dustry and academic fields this work contributes with its generated 
knowledge. At the end, the question of where the future research is headed is 
answered. 

6.1 Discussion of the Results and the Research Context 
It was suggested in Study A that researchers often focus on the overall com-
pletion of large engineering projects or on specific calculations associated 
with a particular operation i.e. welding, lifting or scour protection (Sjögren 
et al., 2014b). Unfortunately, contracts are often drawn up in a way that split 
and distribute work separately, so that instead of all stakeholders having a 
common goal, they focus solely on their own delivery responsibilities.

Partnering in offshore platform projects, as suggested by (Barlow (2000);
Halman and Braks (1999); Hobday (2000)), might be the only viable way of 
managing offshore platform projects in the offshore wind industry in the 
future by tying stakeholders together in a consortium as described in an off-
shore industry article published in 2014 (Petrofac, 2014). Sharing the risks 
among the stakeholders will help stave off scope creep.

When a contract is agreed upon there has to be an allowance for scope 
creep. Scope creep aims to fill the gaps needed in order for the system to be 
of greater value than its individual parts. However the scattered profiles of 
stakeholders in an offshore platform project all focus on their part of the 
project, and do not emphasise the overall project completion. 

An emphasis on earlier engineering stages of projects is shown in industry 
and academia. Planning, concept studies, front end engineering design and 
risk management all stem from the thought that proactive measures are the 
best solution to the complexity problem. Even the somewhat reactive meth-
odology of engineering change management has been shown statistically to 
favour the earlier stages of projects (Hamraz et al., 2013).

In Eckert et al. (2009) study of changes in different industries, see Table 
2, they found that the oil industry, out of the studied industries, suffered the 
least from change. The opposite was found in this research, related to off-
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shore wind industry and platform fabrication. This can be attributed to the 
technical immaturity of the studied projects. Even though technological ma-
turity is not at the core of this research, it has affected the data collection and
should, therefore, be presented in the name of research transparency. A re-
current theme throughout the exploratory studies of offshore platforms pro-
jects has been the effects of technological maturity as it relates to problems 
encountered in the studied projects. The findings of Eckert et al. (2009)
could be an indicator of what the new industry of offshore wind could 
achieve once mature enough. The oil and gas industry, due to it maturity, has 
a more stable situation with respect to requirements and regulations that the 
offshore wind industry is still struggling with.

As discussed in this work, an excessively changeable process enabled 
through ECM could delay the project’s completion if the allowable changea-
bility is more than the project organisation can handle. Much as an action 
can be postponed if deadlines are not set tightly enough following Parkinson 
’s Law (Gutierrez & Kouvelis, 1991), ECM could dilute responsibility and 
postpone decision-making. In a sense, the fact that one would allow for 
changes leaves engineers and other project personnel the option to delay 
decisions indefinitely. However, it can then be argued that there is no
changeability but rather just an unstructured ECM process. 

The interviews revealed on what hierarchical levels and how engineering 
change varied over the project execution specifically in the two studied pro-
jects. As depicted in Figure 27 the engineering review (digital phase) and the 
quality control (physical phase) are to some extent handled concurrently.   
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Figure 27: Offshore project phases, established in the case study, compared to tra-
ditional manufacturing in an ECM context adopted from Hamraz et al. (2013) and
presented in Sjögren et al. (2014a).
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As offshore projects often commence construction before the detailed de-
sign is set, ECM, in this case, is automatically a factor during fabrication. As 
Rouibah and Caskey (2003) conclude, there is a lack of IT support for engi-
neering change in concurrent engineering and a lack of understanding with 
regard to change propagation. Similarly, as found in this research, IT tools 
can be helpful in visualising change, change carriers and change propagation 
in large project organisations i.e. changes have to be communicated to the 
project organisers in order to catch problems early. 

However the propagation analysis part of engineering change manage-
ment is a field that has been given much attention by researchers already 
(Jarratt, Eckert, Caldwell, & Clarkson, 2011). In organisations that are im-
mature with respect to change an established change propagation process can 
be helpful. However, as shown in this research, the sources and formats that 
changes can have are often overlooked. If the change carriers are not well 
defined within a project, change propagation will become irrelevant as one 
has to have initial control of the change.

6.2 Revisiting the Research Questions
The three research questions that were formulated in Section 1.4 can be con-
cluded as follows: 

RQ1 – What effect does the offshore platform design have on the fabrica-
tion, transport and installation phases of a project? 

Study B aimed at establishing the influence of design on the later project 
phases. The jacket and topside design in the Alpha project were the drivers
of the project interdependencies and this would be eliminated by the new 
design used in project Beta. As the investigation in Study B showed, inter-
dependencies affected project Beta to a lesser extent. However, the same 
tendencies related to change and variations were found in both projects. 

It was also concluded from Study B that while project Beta outperformed 
project Alpha with respect to interdependencies, the fabrication and material 
costs were higher than for project Alpha. Consequently, this additional cost 
led to project Beta being fabricated in a yard far away from its installation 
site, again putting higher demands on the transportation phase.

RQ2 – How does engineering change management affect offshore pro-
jects with respect to fabrication, transport and installation?

The research question was formulated in order to investigate the ways en-
gineering change management as a tool affects the later project phases. As 
later project phases are naturally affected by the engineering change man-
agement, which, as established in this thesis, starts during the detailed design
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stage. Prior research has already established that change propagation is an 
important part of the design and product realisation process. The change 
propagation directly affects later phases, as shown in Figure 23. The changes 
have to be resolved in an orderly fashion to reduce their negative effects on 
later phases. As for the engineering change management, as a tool to resolve 
changes it has a variable impact that a rigid design plan cannot have, as
shown in Figure 22. Engineering change is thus a tool by which one can 
steer the project execution.

What was additionally found in Study C is that the engineering change 
process in some instances was unstructured. Due to this, the project organi-
sation could lose the “steering power” of this tool.  

RQ3 – How can engineering change management be improved in off-
shore platform projects with respect to fabrication, transport and installa-
tion?  

This third and last research questions were formulated as a result of the 
final observation of RQ2. They aimed to investigate what it was about the 
engineering change process that was unstructured and how the situation 
could be improved. 

Structuring engineering change management in the studied projects was 
the key finding, and an initial attempt at such structuring is described in Sec-
tion 5.4.

It was also found that identifying the project's official and unofficial 
change carriers and consequently limiting the use of unofficial change carri-
ers is needed to improve the engineering change process. 

In terms of managing changes, monitoring and early change identification 
in both the engineering design and fabrication phases are needed to limit 
uncontrolled change propagation. Engineering changes needed in the inac-
cessible offshore phase should be limited by the same means.

6.3 Quality of Research
For offshore projects, lead times of four years or more are common. The 
research presented in this thesis at present represents a snapshot and was
carried out from the beginning of 2013 till the end of 2014. None of the stud-
ied projects were started or finished during this time. The projects were all 
studied while they were ongoing. However, the phenomena studied are be-
lieved to be unrelated to when the project starts or ends.

It should also be noted that the research presented in this thesis was con-
ducted during a confined time window and as such was influenced both by 
external environmental circumstances, as well as internal academic and in-
dustrial events. 
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Gummesson (2000) claims that one of the biggest challenges in research 
is gaining access to data and information on qualitative research.  As an in-
dustrial research student, the access to data has not been the biggest problem, 
rather the categorization and selection of data has been the biggest challenge.
However, as other companies are involved other than the employing compa-
ny, the conclusions from Gummesson (2000) apply even more for an indus-
trial researcher than an academic. The association of the researcher with an 
industrial company might be perceived as more threatening to another com-
pany than to be approached solely by academia.   

The researcher and the research work were financed by the company that 
was studied. Internal processes and design aspects were studied as the re-
searcher, through his employment with the case company, had access to 
databases, mail correspondence, drawings and internal documentation. Much 
of the business and industry-related research is also dependent on the contri-
bution to and direct financing of academia. 

The factors described above no doubt lead to some kind of bias of the re-
searcher; this it is inevitable. However, as Merriam (2014) explains, separat-
ing the data collection from the analysis, in qualitative research, is not only 
difficult, it negatively influences the outcome of one’s research by creating a 
barrier between what would otherwise be iterative loops.

As only one company has formed that basis for the three studies in this 
research it is possible that the subjects presented are company-specific. It is 
the transparency that is important, so that peers can judge the validity and 
applicability of results to other areas and industries. 

6.4 Scientific and Industrial Contributions
Research findings in this work directly concern the fabrication of offshore 
platform type projects. The examples and experiences disclosed in this thesis 
could help others avoid similar mistakes and repeat successes. For the fabri-
cation industry and the research area of fabrication in general, insights into 
and conditions of offshore platform projects can be used as a guide; a guide 
for a sector now more concerned with customer customisation than ever 
before. The construction industry often experiences problems associated 
with engineering change and could also benefit from this research.

The role engineering change management plays in the fabrication,
transport and installation phases can be beneficial and detrimental at the 
same time, depending on how the process is managed. The ECM process 
aids later phases in the product realisation by allowing a structured way of 
implementing change and managing deviations. However, as shown in this 
research, ECM in itself can lead to postponement of decisions and thus may 
shorten the process time required to implement change in later phases. This 
ought to be true regardless of industry.
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It was shown by Hamraz et al. (2013) that the research community con-
cerned with ECM had shifted its focus away from the fabrication of ECM
towards the product development phase after Wright (1997) review. This 
research, mainly through Study C, contributes to the portion of the research
concerned with the effects of ECM on the fabrication phase. The transport 
and installation phases are also included in these later product realisation 
phases, as they are needed to bring an offshore platform project to a close. 
This research also problematizes the role of ECM in project execution, espe-
cially for fabrication, in the physical as opposed to the digital product reali-
sation phases.  

Researchers have often focused on how a change is to be handled, i.e. the 
process, but this research instead focuses on the need to structure and visual-
ize the engineering change process. There are many tools and concepts of 
managing change; some are utilised by industry, some not. This research 
instead contributes to the notion that a greater sense of selectivity of change 
carriers is needed to structure change. In this, the industry of offshore plat-
form projects stands to benefit from a structured ECM process in general and 
change carriers in particular. As discussed in the analysis, projects of this 
kind naturally have many stakeholders all of whom have their own functions 
to implement change into the project. 

As stated by Suter (2011), the purpose of qualitative research is not to 
generate generalisation of results; rather generalisation of ideas is sought as 
the end product. In this case the idea is that ECM often needs to be far less 
changeable as a process. This notion is believed to be applicable to many 
industries and organisations.

6.5 Future Research 
As the work presented in this work is descriptive, rather than prescriptive 
there has been no intervention as would be expected in the later phases of 
DRM (Blessing & Chakrabarti, 2009). Suter (2011) writes that qualitative 
research is supposed to be exploratory and not confirmatory, and that the 
researcher’s goal is not to test hypotheses but rather generate them, hopeful-
ly hypotheses that are generalizable beyond the field of collected data. How-
ever, the prescriptive phase of research relies on testing and thus the im-
portance of methodology as an action researcher increases (Coghlan & 
Brannick, 2014). This would be a natural progression of research following
this thesis.  

There is much to be gained from further research with respect to how 
changeable the engineering process is allowed to be at the expense of fabri-
cation quality and completion. As it is difficult to present in more detail at 
this point, this notion of “over-changeability” has not been discussed at 
length but it is the author’s firm belief that the processes utilised in industry 
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today in some cases exacerbate rather than mitigate deviations. This is an 
issue worth researching further.   

The research presented in this thesis focuses on three ways of building re-
liability into offshore structures projects - through design, fabrication and 
project processes. A common source of error in both projects studied and 
also found in the literature is concerned with managing deviations. Studying 
the engineering change process from within the process has been done be-
fore but to study the effects of changeability on fabrication from a fabrica-
tion point of view could provide further insights into the underlying prob-
lems of ECM. The aim of future research should therefore be to discover the
factors that contribute to overly changeable project execution and how those 
factors can be handled.

Change carriers, as presented in this thesis, could act as the kernel of the 
research. Building on the factors and processes that govern the formation of 
change carriers is another way forward.  
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