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i 

ABSTRACT 

When facing a procurement of a complex technical system, many questions are to be asked. The 
main question is how the best and most suitable systems are obtained, at the right cost. In order 
to answer that question numerous aspects must be considered and investigated. Even after 
having conducted careful analysis the question will most certainly never be entirely answered. In 
the early stages of procurement projects it is important that time is allocated for evaluation and 
decision-making concerning what truly is needed and most important on the management 
strategy to use. 

Procurement projects often misses someone that have a totality perspective, the projects are 
often extended in time, the experience and competence of the involved actors are often not 
properly used in the projects and it is impossible to write clear-cut contracts between the 
involved actors. These incongruities create need for focused and applicable procurement 
strategies. It is in the beginning of the procurement process that these decisions concerning 
which procurement strategies to be used in the project have to be made. The strategy decisions 
should primarily be based on the available competence of the already involved actors, and 
secondly on what competencies available at possible actors to involve. The competencies needed 
in the different phases of the procurement project can be predicted fairly accurately. The risks 
and responsibilities should be distributed among the involved actors depending on their 
accessible competence and resources. Focus should be on the capabilities of the involved actors 
instead of on the cost. Decisions made in the initial phases must also allow as much flexibility as 
possible for the later phases to come. 

In the research, case studies on procurement projects have been conducted. In the case studies 
data have been gathered and case study analyses have formed a comprehensive view of 
procurement projects. The research in this thesis offers insight on the impact of procurement 
strategy on allocation of responsibilities and risks in procurement projects and the importance of 
a well formulated procurement strategy is stressed. The procurement strategy is important when 
to efficiently utilize available competencies and resources. Also, the importance of how to 
formulate requirements that enable the best possible contribution to the project of all the 
available and involved actors has been examined. How the requirements are formulated and 
communicated determine to very large extend how the project should be organised, both by the 
client and the supplier.  

This thesis gives guidelines on the organisation of procurement projects for complex technical 
systems. It further discusses the formulation of procurement strategies depending on the 
involved actors’ competencies. A framework for procurement of complex technical systems is 
also presented. 

 

Key words: Project, Procurement, Complex Systems, Project Management, Systems Engineering, 
Acquisition 
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KEYWORDS 

 
Actor One in the project involved and/or contributing organisation is 

considered to be an actor in the project. 
Acquisition An acquisition is usually when one company purchases another, 

sometimes also used as acquisition of goods or services. 
Case study A case study is a particular method of qualitative research. Rather than 

using large samples and following a rigid protocol to examine a limited 
number of variables, case study methods involve an in-depth, 
longitudinal examination of a single instance or event: a case. 

Client The buyer (organisation) including the organisation that going to use 
and operate the procured system. 

Competence Skill combined with knowledge in order to do a specific job well. 
Complex project The complexity is depending both on technological and organisational 

aspects. 
Complexity Adds up considering both technological and organisational aspects. 
Contractual arrangements The formal agreement between the involved actors. 
Data Data on their own may have no meaning, and only when contextualized 

(perhaps through interpretation by some kind of data processing 
system) may it take on meaning and become information. 

Financial Engineering Aims to precisely control the financial risk that an entity takes on. In 
this thesis used in terms of investment management. 

Information Information is a message, something to be communicated from the 
sender to the receiver. 

Interface (management, 
e.g. requirements 
engineering) 

An interface is the point, area, or surface along which two substances or 
other qualitatively different things meet. 

Knowledge Understanding something or being able to do something Knowledge is 
distinct from simple information. 

LCA Life-Cycle Analyze 1 Life Cycle Assessment is an objective process to 
evaluate the environmental burdens associated with a product, process, 
or activity by identifying energy and materials used and wastes released 
to the environment, and to evaluate and implement opportunities to 
affect environmental improvements. 

                                                 
1 Definitions taken from A Guide to the Project Management Body of Knowledge (PMBOK 2000) 

LCC Life-Cycle Costing, The concept of including acquisition, operation and 
disposal costs when evaluating various alternatives. 1 

Project management The application of knowledge, skills, tools and techniques to project 
activities to meet the project requirements. 1 

Procurement Procurement is the acquisition of systems, goods or services at the best 
possible total cost of ownership, in the right quantity, at the right time, 
in the right place for the direct benefit or use of the governments, 
corporations, or individuals generally via, but not limited to a contract. 



 

xii 

Project An unique endeavor undertaken to create a unique product, service, or 
result. 1 

Responsibility The obligation to answer for actions. 
Risk An uncertain event or condition that, if it occurs, has a positive or 

negative effect on a project’s objectives. 1 
Requirement Properties of a planned system or product that are desired by its 

customer. 
Requirement elicitation To systematically extract and inventory the requirements of the system 

from a combination of human stakeholders, the system's environment, 
feasibility studies, market analyses, business plans, analyses of 
competing products and domain knowledge. 

Stakeholders Typically consists of users, customers, market analysts, regulators, 
system developers, etc. 

Strategy A careful plan or method. 
Supplier The organisation that delivers a major par of the requested system. 
System An interacting combination of elements to accomplish a defined 

objective. These include hardware, software, firmware, people, 
information, techniques, facilities, services, and other support elements. 
2 

Systems Engineering An interdisciplinary approach and means to enable the realization of 
successful systems. 2 

Systems Engineer An engineer trained and experienced in the field of Systems 
Engineering.2 

Systems Engineering 
Processes 

A logical, systematic set of processes selectively used to accomplish 
Systems Engineering tasks. 2 

Systems Architecture The arrangement of elements and subsystems and the allocation of 
functions to them to meet systems requirements. 2 

Transaction cost economy (TCE), is a cost incurred in making an economic exchange. 
Turn-key Built, supplied or installed complete and ready to operate. 
 
2Definitions from “Systems Engineering Handbook”, version 2.0, July 2000, INCOSE 
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APM Association for Project Management 
CPM Critical Path Method 
CPU Central Processor Unit 
EPC Engineering, Procurement and Construction 
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IPMA The International Project Management Association 
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INTRODUCTION 

Background to the research - setting the stage 
 

In the world, the amount of man-made complex systems is growing, mainly depending on the 
development of technology that enables the creation of more and more complex systems. Society 
of today also needs these complex systems to function as expected. They are used for providing 
heat, electricity, transportation, and numerous other kinds of products and services. The use of 
computer processors (CPU’s) in products and systems can be used when reflecting on increased 
complexity. The need for computers is artificial. An ordinary car is an illustrative example of this. 
In a modern car about 30% of the development cost is assignable to the cost of the software 
integrated in the final product. Some 40 years ago no software existed in a car at all. Still cars 
were possible to use; they had the same fundamental functionality as modern cars have. The use 
of information technology has in most cases, however, added something extra. For example, fuel 
is utilized more efficiently today than it was 40 years ago, and the exhaust gas is less polluting. 
This is due to enhanced engine control made possible by sensors and controlling capabilities that 
in turn is enabled by the use of CPU’s. However, from a functional perspective the car of today 
and the car of yesterday are doing the same thing. Still, no one would argue against the statement 
that a “normal” car of today is a more complex product than a “normal” car of 40 years ago. The 
complexity of products and systems has increased due to the use of CPU’s. On the other hand, 
the development of hardware has also enabled more and more functions to be realized by more 
and more sophisticated computer programs. The developments in these two technology fields 
stimulate each other. Hardware and software exist in symbiosis. 

The creation of complex systems is one thing, procuring and using them is something else. This 
thesis will mainly consider the procurement side. Procurements of complex technical systems are 
most often managed as projects. The procurement, in this thesis synonym to a major investment, 
is often important for the company in order to stay competitive. The project must therefore 
succeed, or the company may be in trouble. The demand for success is not unique, however, for 
procurement projects, when (almost) no project is intentionally begun with the aim of failing. In 
this thesis the projects considered deal with procurements of complex technical systems. Projects 
that involve several organisations give rise to technical challenges that stress the skills of the 
engineers. Furthermore, different objectives are often found among the different stakeholders in 
the projects and when combined make projects difficult to manage. 

Procurement projects for large complex technical systems are traditionally managed and 
controlled, to a large extend, by the client, the buyer. This, however, is something that is slowly 
changing; lately the trend has been towards suppliers taking on a more extended role in the 
projects, meaning more responsibility. However, the distribution of responsibility in a project can 
shift within its timeframe. The research objective for the work presented in this thesis has been 
to identify the most prevalent procurement process methodology for these complex systems, and 
to examine advantages and disadvantages with different procurement strategies. 

1.1 RESEARCH CONTEXT - PROCUREMENT PROJECTS 
A procurement project can be seen as a process divided into several stages. In each stage it is 
possible to well define in advance what is to be accomplished. As always, when it comes to 
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projects, it is important that time is allocated at an early stage for evaluation and decision-making 
concerning the management strategy to use in the project. It is in the beginning of the process 
that the decision concerning which procurement strategy to be used in the project has to be 
made. The decision should, among other things, be based on the available competence in the 
different organisations. What competencies that are needed in the separated phases of the project 
can be predicted fairly accurately. Depending on the decided strategy, the content and amount of 
work to be done in the different stages are distributed among the involved actors. 

A procurement process can be viewed from at least two sides; in Figure 1 the client and the 
supplier side can be seen. The client and the supplier, or suppliers, goes on with their own 
activities but fairly often they have a need to communicate with each other. 

 

 
Client process Supplier process 

Idea and need analyses 

Requirements elicitation 

Request for proposal (RFP) 

Evaluation 

Negotiation 

Supervision and control 

Testing 

Acceptance and approval 

Operation 

Maintenance 

System replacement or 
upgrade 

System disposal 

Marketing and idea partnering 

Requirements interpretation 

Offer 

Negotiation 

Project planning 

Design, development and 
construction 

Deliver and installation 

Test & guarantee 

Support and maintenance  

System upgrade 

System replacement 

 

Negotiation of
contract 

Information 
sharing 

 

 Figure 1: Activities in a procurement processes 

Each activity is initialized on either the client or supplier side or in some cases simultaneously on 
both sides. Depending on the goal of the project, different methods, tools and resources have to 
be used.  

In order to give the reader some insight and understanding of the projects dealt with in this thesis 
some specifics of the projects will be presented. First some specifics about large-scale projects is 
presented followed by some aspects considering the projects from a client versus a supplier view. 

1.2 NATURE OF LARGE SCALE PROCUREMENT PROJECTS 
The projects studied in this thesis are considered major ones by the clients, and typically these 
projects have some special characteristics. Zaring (1999 p.44) describes large scale investment 
projects as follows: 
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Large scale investment projects consume a considerable part of a firm’s financial resources for 
a considerable time. Once an investment has been made, it may be expensive or impractical 
for other resources to reverse the investment if the need do to so arises. 

The projects considered in this thesis are also typically of uppermost importance for the client. If 
they are not successful the client may be out of business due to the financial setback a failure 
would entail. The projects are not only of considerable size based on their budgets; they often 
stretch over a considerable period of time and use a large part of the available resources. Some 
further specifics for the projects studied are: 

• Long selling periods  
These periods include, for example, pre study phases, and a long time frame between 
first idea and realization. It is not uncommon with several years from the first idea 
until the realization; time periods up to 10 years exist. This varies very much, 
however, depending on what business and within what context the project is to take 
place. 

• Many different technologies and technical disciplines involved 
In complex technical systems, many different technologies are mixed. This creates a 
need for coordination, communication, and understanding between the involved 
actors representing different technical disciplines. 

• Once in a lifetime project  
For many of the people involved in a project of the size considered in this thesis, it is 
an experience that occur only once in their professional working carrier. This is 
especially the case on the buyer’s side. 

• Specific need of competence and knowledge 
In order to create a complex technical system a huge amount of competence and 
knowledge is needed. A well-functioning strategy must exist on how to secure the 
access of that competence and knowledge, with the right timing. 

 

1.2.1 FROM A CLIENT POINT OF VIEW 

The amounts of money spent on these projects are considerable compared to revenue, and hence 
the project manager has great pressure on him to succeed. However, it is often also difficult to 
say what total success or total failure is. Most projects end somewhere in between these two 
options. The company is able to stay in business, but in retrospect the project could have been 
managed more efficiently. 

The decision to go forward with the investment is, however, often necessary for the company to 
stay competitive in the long run. The reasons for this may be such aspects as a need to improve 
quality, increase the delivery security, or increase productivity which forces the client to make an 
investment. In summary, the most important issue for the client is how to secure the right 
functionality and high quality of the system at a reasonable cost. 

1.2.2 FROM A SUPPLIER POINT OF VIEW 

The suppliers must successfully meet or even exceed the needs and expectations of the client. 
They have the difficult task of interpreting and transforming the request for proposal from the 



PROCUREMENT OF COMPLEX TECHNICAL SYSTEMS 

 

4 

client into a functional technical system. Managing a client’s expectation is one of the more 
difficult tasks for the supplier in complex system procurements. From the special issue of the 
Journal of International Business Review (Günter et al 1996) covering “Project Marketing and 
Systems Selling,” the following characterization (Backhaus 1995) of large projects is retrieved: 2 

1. Customized production 

2. Long-term character 

3. High value of single order 

4. Bidder/supplier coalitions 

5. Increased share of service 

6. Know-how differences between supplier and customer 

7. Variable of scope of suppliers and content of the contract 

8. Internationality 

9. Order financing (‘financial engineering’) 

10. Discontinuity of incoming orders 

Some additional characteristics to the above lists are:  

• Long-term commitment against client – Support and maintenance. Some 
components in a system may have life-times up to 30-50 years if they are 
properly maintained. 

• Delivery of a system that satisfies the client. The client’s end product 
produced by the system, must live up to the demand on the market. 

 

If financial engineering is to be a service offered, the suppliers need to have an understanding of 
the end market of the product produced by the system, or be collaborating with someone who 
does. Financial engineering offers are common within power industry, telecom, etc., and this 
service can be crucial to whether or not the project is carried out. However, successful suppliers 
must also be able to satisfy the client using a reasonable amount of effort that has been put into 
the project. 

1.3 THE MARKET FOR LARGE PROJECTS 
Among the “capital intensive large system delivery” companies there has been a trend of 
consolidation. In Scandinavia this has been especially seen in the field of pulp and paper and in 
the power industry. Today there are fewer companies than ever for clients to purchase from; at 
the same time more comprehensive system solutions can be procured from an increasing number 
of companies. The now active companies are to a higher degree “total” system providers. At the 
same time the potential buyers have downsized their organisations, focusing more on their core 
business (Laestadius 1996, Zhang & Flynn 2003). 

This trend of consolidation among suppliers, combined with the trend that the organisations of 
the clients are getting smaller and smaller due their efforts to improve their organisational 
efficiency and to reduce the cost of operation, means that the procurement processes used for 

                                                 
2 The special issue covered large units marketing and selling such as major capital equipment, comprehensive services 
and infrastructure, e.g. industrial plants, public utilities, telecommunication systems, airports etc. 
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large complex technical systems are in a period of transition. The large in-house technical stabs 
that often existed earlier within the client organisations seldom exist any more. This implies that 
the relation and interaction between the client and the supplier organisations and their 
achievements when creating systems need to be transformed and adjusted to this evolution. 

Today, for example, the number of manufacturers of large commercial aircrafts is down to two. 
Fifteen years ago there were considerably more manufacturers of commercial aircrafts. This is 
mainly due to the huge costs associated with the development of new complex products and 
systems. The number of suppliers cannot be too many if these are to break even for the 
development cost, since complex systems and complex products are so expensive to develop. 
Figures available estimate that break even for Airbus in the A380 project is somewhere between 
220-530 manufactured airplanes, on quite a small market. 

The consolidations on the complex system supplier markets are also worrying since fewer 
possible suppliers can lead to less competition on the market, especially since, at the same time, 
client organisations are becoming smaller and smaller, and the complexity in the products and 
systems are growing. At the same time, the processes to create the needed systems require that a 
considerable problem solving capacity be at hand. This leads to clients asking for more and more 
system deliveries, enabled only by a few large supplier organisations. The clients end up being 
more dependent on the suppliers than before. 

This trend also leads to clients and suppliers of complex systems becoming more and more 
integrated. The supplier is not willing to waste resources on research and development if no 
client is extensively involved or committed to the project. When it comes to the manufacturing 
industry, companies must focus on the need of their customers, and the suppliers’ development 
resources should be engaged in a systematic manner to fulfill the identified objectives (de Ruvo 
1999). 

1.4 MOTIVE FOR RESEARCH 
Complex technical systems are present everywhere in our society, and we are inevitably in need 
of them. Technological development and progress makes it possible to create systems of ever-
increasing complexity, complexity that creates many technological and organisational challenges 
that must be managed. Too often procurements of complex technical systems are managed 
poorly. Most often there is lack of understanding for the whole, with a focus instead on the parts. 
However, many procurements result in systems that perform satisfactorily. However, 
satisfactorily does not mean that they perform as well as they could. Often the available 
resources, such as competencies and technical know-how, could have been utilized better, giving 
the system an even more enhanced functionality.  

Most of the procurements studied during the research presented in this thesis have been within 
the pulp and paper industry and the power industry. These two industry branches have many 
similarities, the pulp and paper industry for example is a highly energy intense industry. Most 
investments made in the systems considered are either upgrade of old equipment or new 
installations, and many of them affect the energy used per produced unit or enable the utilization 
of best available technology to keep the energy use at a minimum. The projects studied, however, 
did not often prioritize minimized use of energy or sustainability as selection criteria when 
deciding upon what technology to invest in. Still, energy is often a major cost if the life-cycle cost 
of the systems is studied, and there is also an understanding that sustainability is important to 
consider. The energy challenge, however, could be more in focus; hopefully this thesis helps in 
doing this by putting focus on procurement strategies.  

Acquiring a complex technical system is an intricate process. A common way for a client to 
manage this process is by using a large “in-house” project organisation that carries out a major 
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part of the "engineering work" that must be done within the project. When using a large in-house 
project organisation, the client gains knowledge and retains control over the project and its 
outcome. At least the client representative, often the project manager on the client side, has the 
feeling of being in control. However, doing a lot of the work does not necessarily mean being in 
control. The client also retains a higher degree of flexibility in managing the project, when usually 
no comprehensive contracts with suppliers are signed in the early stages of the project. Usually it 
is considered advantageous to wait a while before the requirement specification is final. 

Depending on the procurement strategy, different competencies and areas of expertise are 
needed. Using a small in-house organisation, much of the responsibility is required to be handed 
over to the suppliers. For the client who creates a need for a more comprehensive understanding 
and insight in the project goals in early stages of the project, this also leads to a better 
understanding of what the consequences are of the actions taken. Flexibility for the client usually 
decreases when external resources are utilized to greater extents. 

Another thing to consider is that since these investments do not belong to the client’s normal 
activities – which are to run the existing product lines – the people in the client organisation are 
neither used to managing, nor prepared to mange, large investments projects (Björkegren 1999). 
A trend is that the manufacturing companies within the pulp and paper industry, to an increasing 
extent, concentrate on their core operations, selling off parts that are not directly necessary in the 
manufacturing of pulp and paper (Laestadius 1996). 

In an early phase of the research project leading to this thesis, some problems managing the type 
of projects considered in this thesis were identified (Eriksson 1999). The problems identified 
have played an important and central role in guiding the research, and below, they are introduced 
and briefly described. 

• Lack of totality perspective in the projects. Many of the actors involved in the project are 
missing insight into what the end product to be produced by the system is, and therefore 
they only focus on their own limited contribution to the project. This can lead to long 
and time-consuming discussions about questions concerning details. In order to reach 
overall system insight, such as maintainability and availability, it is of utmost importance 
that the procurement process is managed with a totality view. Every actor involved must 
know the overall motive of the project. This can only be accomplished by establishing 
project goals with the end product in focus instead of using detailed descriptions of every 
component in the system. 

• The projects are often too extended in time. It requires experience and knowledge to coordinate 
the actors involved during the different project phases in order to accomplish short 
project delivery times. The client often misses the competencies required to fulfill the 
project, mainly because these kinds of projects are a rare occurrence to him. 

• The experience and competence of the involved actors are not properly used in the project. An important 
part of the project to achieve cost effective systems, is reuse of knowledge and 
experiences and the allocation of them between the involved organisations. The creation 
and outline of the client’s system specification has a major impact on this. If the client 
chooses to be responsible for the design phase for the planned system, there is a risk that 
the supplier is restrained to established and traditional technical solutions well known to 
the client. This means that the client will not use the supplier’s experience and knowledge 
from former projects to its fullest extent. Good technical or economical solutions, which 
may not have been considered during the design phase, may not be able to be 
implemented, meaning that the client jeopardizes counteracting innovational solutions 
and possible technical progress. 
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• It is impossible to write clear-cut contracts between the involved actors. Often there is a lack of 
incitement for the involved suppliers to fulfill their contractual obligations. It is more or 
less accepted that fines are not a feasible way of increasing the commitment of suppliers. 
Thus the contract should include instead some sort of incentive so that the return for 
either part to try to profit from disagreement in the interpretation of the contact is 
minimized. Instead there should be incentives to work together for a better system. 

1.5 RELEVANCE AND LIMITATION OF THE RESEARCH  
Every research effort must in some way be limited. Often it is the limitation that creates the 
postulation for success. In the research presented in this thesis the following limitations have 
been applicable. 

• One-of-a-kind project - Uniqueness to some degree for the client. 

• Large projects - The projects should be considered a major investment for the client.  

• Complex systems – The system procured should be considered complex, made up of 
different technologies and including several organisations. 

• Simplicity in end-product - The end product produced by the system should be fairly simple. 
However, this criteria is not always applicable. The end-product can be considered to be 
complex and difficult to produce at the right quality and cost but still be quite simple to 
describe. 

When comparing different system procurements a number of differences can be observed. As an 
illustrative example a comparison between a production plant for power and heat on one side 
and a car manufacturing and assembly line on the other side may be presented. 

A power plant consists of high-tech components, of which the main components are usually 
delivered by one or a few suppliers. As a complement to the main suppliers, some installation 
work may need to be done. The lifetime for the plant is calculated in decades at the time of the 
investment. The plant is maintained and modified throughout its lifetime. The products 
(electricity and heat) produced are given and easily described. The organisation procuring the 
power plant usually has experience of similar technology but does not normally perform any of 
the technological development by themselves. The main organisational activities are operation 
and administration. 

The creation of a manufacturing and assembly line for cars involves a large number of suppliers, 
which in itself is a complex task to manage. An assembly line for cars also has a fairly short 
lifetime, thus a car model usually does not have a lifetime that stretches over many years. The 
production line may perhaps also have a demand for high flexibility, and perhaps even several 
different car models must be able to be produced sequentially on the same assemble line. The 
product itself (the car) is highly complex, consisting of thousand of components, and must be 
described very precisely for the suppliers that are going to be involved in the creation of the 
assembly line. The organisation that is going to use the assembly line is itself highly involved in 
advanced technical engineering work, but in a different field than production and assembly 
machines. Some parts of the assembly line they may need to construct themselves, if no supplier 
is available due to special demands that may exist. 

This example illustrates how different types of procurement projects can vary in scope and focus. 
This will be dealt with further on in this thesis. Research has been mainly conducted through case 
studies on procurement projects, complemented with an extensive literature survey. The 
conclusions found may not be of a general practise, however enlarging the knowledge base when 
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considering the complex process entailed when procuring complex systems, is the objective of 
this thesis. 

1.6 RESEARCH QUESTION 
The research question is important for guidance in the research. Without an appropriate 
formulated question that always is vivid, it is easy to lose focus. The overall research question 
therefore should be formulated to make it applicable at every moment of the research. For more 
precision in the research it can be helpful, however, to complement the overall research question 
with sub-questions making it easier to explore different domains in the context of the research 
area.  

The overall objective with the research presented in this thesis is to be seen as an effort to 
generate more knowledge about the management of large investment projects. Taking on this 
endeavour, data has been collected and analysed with the intention to enlarge and enrich the 
knowledge base of this field without losing sight of the main research question that has guided 
this effort. The main research question was formulated as follows: 

Q: How is the best and most suitable system obtained, at the right cost? 

Quite obviously there is no general applicable answer to be found to this question. For that 
reason, as a complement, some corresponding sub-questions were formulated as follows: 

• Q1: Is there a best practise, from a client point of view, when organising a procurement project? In 
today's world with limited resources often due to strong focus on core business, there are 
not enough in-house resources available to staff the projects. Therefore the organisations 
have little or no possibility to carry out projects such as procurements of complex 
technical systems without assistance (resources) from external organisations. 

• Q2: How does competence distribution affect complex technical procurement projects? Depending on 
the competence distribution among the involved actors, the procurement strategy must 
be adjusted. Who should do what is an important decision that must be made based on 
who does what best. 

• Q3: How should requirements be formulated in order to best utilize available competence and resources? 
What are the differences when procuring a complex system based on functional 
requirements, compared to detailed requirements? The resources and competence needed 
by the client is highly varied depending on what procurement strategy is used. The client’s 
project organisation must be staffed accordingly depending on the strategy. 

• Q4: How important is the choice of the procurement strategy? As a client, standing in the face of a 
procurement project, many decisions must be made; one of the most influential ones that 
influences the project’s outcome is the choice of procurement strategy. The procurement 
strategy decision criteria are important to grasp as a far as possible. 

 

1.7 RESEARCH CONTRIBUTION  
The research has enhanced the understanding of the steering mechanisms in large complex 
technical system procurement projects, and the factors, such as available competence and 
experience, that influence the procurement process. A better understanding facilitates decision 
making and, ultimately, hopefully, leads to better project results. Decision making is about 
making the very best and most correct decision as often as possible, and it is in the initial phases 
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of a procurement project that must decisions most be made. It is not an alternative not making 
any decisions at all, even if more and/or better information always is needed. Some decisions 
must be made but which ones and when to make them is of uppermost importance for project 
success. It is, therefore, at the initial stage of procurements that a need for methods and 
techniques to handle the uncertainty that exists. This thesis provides insight into the needed tools 
for better decision making in the critical initial stages when conducting procurements of complex 
technical systems. 

Furthermore, this thesis offers insight into the impact of procurement strategy on allocation of 
responsibilities and risks in procurement projects and puts focus on the importance of a well 
formulated strategy. Some alternative ways for how to efficiently utilize available competencies 
and resources in procurement projects are also indicated, especially the importance of 
formulating requirements that enable the best possible contribution of the available and involved 
actors. The way the requirements are formulated and communicated decides to very large extend 
how the project should be organised, both by the client and the supplier. This thesis give some 
guidelines for how to organise procurement projects and what competencies that may be needed. 

An framework for procurement of complex technical systems is presented in Paper E which may 
be used as a complement to the experiences and knowledge found in everyone appointed as a 
procurement project manager.  

1.8 OUTLINE OF THE THESIS 
The thesis is divided into four main parts. Part one consists of chapters one to three. Chapter one 
gives a background and motive to the research, and introduction to the field of research. Chapter 
two is an introduction to projects and procurements, and chapter three is devoted to 
procurement strategies, a central part of this thesis. Part two, chapters four to six, is devoted to the 
research leading to this thesis. An introduction of the methodology used is first made, with then a 
presentation in short of the accomplished case studies. This section ends with summaries of the 
papers included in the thesis. Part three concludes with an elaboration on the completed research. 
Part four consists of the five papers included in the thesis. 

 

Part 1 Chapter 1-3 

Part 2 Chapter 4-6 

Part 3 Chapter 7 

Part 4 Paper A, B, C, D and E
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2  

PROJECTS AND PROCUREMENTS 

An insight 
Research on procurements of large complex technical systems is a complex endeavour. A 
procurement normally stretches over quite a long time period and involves several professional 
disciplines. It is not abnormal that the pre-study phase has been ongoing for several years, 
restarted several times due to changes in the projects conditions. Two on each other following 
procurements have both similarities and dissimilarities. Even if they are done within the same 
organisation the procurements differ. Every procurement project must be considered as unique 
because of the different conditions and the uniqueness that complex technical systems posses. 
The technology in two different projects can at first appear to be similar but modifications and 
changes usually make them unique. In most complex system procurement projects also 
organisational issues must be considered. This is some of the reasons that make projects like 
these difficult to manage. 

Procurements are often organised as projects, with a project manager in charge. and even if two 
projects not are directly comparable, an organisation taking on the challenge together with a 
project manager, where both parties having experience from former procurement projects, a 
great advantage exists against a constellation that hasn't been involved in such projects before. 
This fact will be further discussed from a knowledge reuse aspect later on. In most cases it is 
strategically decisions made by the management, of the client organisation, on what premises the 
procurements are to be managed after. Some important issues to consider when making 
strategically decisions will be presented in a separate chapter.  

It is for the understanding of the area of research that some concepts are presented in this 
chapter, such as of project and project management, systems and systems engineering, 
complexity and complexity in procurement projects, and finally risk and contractual issues in 
procurement projects. For the reader familiar with the research problem area it might not be 
essential to read this chapter to comprehend the following ones. 

2.1 PROJECTS AND PROJECT MANAGEMENT 
Projects are by nature new, not repetitive, and they typically involve high level of uncertainty and 
risk, difficult to estimate resources required and difficult to estimate time required (Olsen 2001). 

PMI’s definition of a project (PMBOK 2000): 

A project can thus be defined in terms of its distinctive characteristics - a project is a temporary 
endeavour undertaken to create a unique product or service. Temporary means that every project has 
a definite beginning and a definite end. Unique means that the product or service is different in some 
distinguishing way from all similar products or services.  

The size and complexity of the project has a great influence on the decisions that need to be 
made within the client organisation. In most cases it is the cost for managing the interfaces that 
decides the procurement strategy to use in a procurement. If the complexity and uncertainty in 
the project boundaries are too large, the economical incitement is too small or non-existing to 
hand over the responsibility for handling this responsibility an external contractor.  
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2.1.1 AN INTRODUCTION TO PROJECT MANAGEMENT 

Modern project management emerged between the 1930’s and the 1950’s (Morris 1994), and the 
formal project management emerged in the late 1950’s (Cleland 2002). The practise of project 
management has however been with us for centuries. Examples are the achievements of the 
builders of the pyramids, the architects of ancients cities and of the might and labour behind the 
Great Wall if China (Morris 1994). One of the first articles introducing the “project manager” 
and describing the role of that individual was published in the literature for the first time in 1959 
in the article “The Project Manager”, published in Harvard Business Review by P.O. Gaddis 
(Cleland 2002, Engwall 1995, Lagerström 2001). Several basic notions put forth by Gaddis 
contributed to the conceptual framework for management of projects, and they still holds true 
today (Cleland 2002). In recent years there has been a growing interest in the use of projects as an 
instrument in the strategic management of companies (Cleland 2002).  

Project management has now reached a maturity level where concepts and methodology is 
available to wide range of different projects. Standards are under development and begin to be 
widely spread in the global project management community. PMI3, APM4 and IRNOP5 are some 
of the organisations that are involved and have been in the development of project management 
as a profession. Extensive backgrounds and the history for the development of project 
management as a profession and discipline can be found in Morris (1994) “The Management of 
Projects” and in Engwall (1995) “Jakten på det Effektiva Projektet” (in Swedish).  

Balance of resources 

Any project, due to the definition, must deal with the triple constraints environment. The time, 
the cost and the performance/technology constraints are coupled together in an inseparable 
relationship. Together they delimit the resources for the project. Any change to one of the 
parameters will affect one or both of the others. One assignment for the project managers is 
balance these constrains. 

 

Time

Cost
Performance / 
Technology

Balance of 
resources

 

 Figure 2: The triple constraints 

                                                 
3 Project Management Institute 
4 Association for Project Management  
5 The International Research Network on Organizing by Projects 
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Project Planning 

A well known fact in the project management world is the importance of project planning. It is in 
the early phase of the project the success is secured, when the possibility to influence is high. The 
cost for doing changes becomes higher and higher the further into the project they are required. 
The deliverables of the project must therefore be thoroughly worked out. When it comes to 
physical deliveries, such as components and systems of various kind the requirements 
management process is of outmost importance. The requirements on functionality and the final 
design must be derived so they can be properly considered in the early stages of the project. A 
change to the design on a late stage can be very costly. Also projects with no physical deliveries 
have the same need of accurate project conditions and requirements, to be able to properly plan 
and execute the work to be done. Any change to the design or scope of work affects the project 
plans. Change is nevertheless something project mangers must be prepared to deal with, when 
projects are changing due to the many external and internal parameters that not are fixed. 
However, a project plan that is well prepared from the beginning makes the project manager 
more prepared to deal with any change that may occur and makes it easier to evaluate and take 
action in line with available alternatives. 
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 Figure 3: The project influence curve 

There are many techniques available for project planning and scope definition. One of the basic 
and best known planning techniques in project management is Work Breakdown Structure 
(WBS). The WBS divides the overall project into components, there the smallest ones are work 
packages. On the work package level the cost and schedule for the work can fairly reliably 
estimated. After that the relation and interaction of the components are established, the project is 
more manageable and easier to control. 
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 Figure 4: A typical WBS 

There are many techniques for to be used for project scheduling. Bar charts (Gantt chart) 
graphically illustrates where the work packages or elements are to be done in a time schedule.  
Different types of network diagrams such as PERT (Program Evaluation and Review Technique) 
and CPM (Critical Path Method) can be used to show the connectivity between work packages or 
activities. In Thamhain (1984) a summary of tools available for integrated planning and control 
can be found. 

Project Environment 

For a project manger it is vital to relate to the environment to be successful. Information must be 
distributed, individuals must commit, tasks must be performed, tools must be available, the 
organisational structure must be in place and the organisational environment must be favourable, 
both the internal and the external. 

Effectiveness

People

Organizational
structure

ToolsTask

Organizational environment

 

 Figure 5: Key factors influencing project management effectiveness (Thamhain 1984) 

2.1.2 DIFFERENT TYPES OF PROJECTS 

There exist many different types of projects, for example development, delivery and research, 
each type of projects having its need for its own special managerial style. Also different project 
models should be applied according to the needs of different project types. Common models 
used in projects today are the waterfall model, prototyping, rational unified process, extreme 
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programming, etc. Projects are also divided into categories such as development, delivery, 
internal projects (such as organisational change) and procurement. 

Understanding the types of projects that an organisation will perform and the types an 
organisation has the capability to perform can assist in developing the necessary competencies of 
the organisation (Cleland 2002). An understanding for the competencies needed to use project 
management on the projects the organisation wants to perform give a useful insight in how the 
organisation should pursue when it comes to fulfilling the organisations mission. The project 
management strategy decided upon must be supported by the resources and competencies 
available of the individuals and teams in the own organisation.  

Every project is affected by activities carried out before and after, activities that have a strong 
impact on the way in which the project is organised and managed (Engwall et al 2003). For 
instance, delivery projects are often preceded by sales-work, tendering, and contract negotiations 
with the customer and followed by after-sales and maintenance. A product development project 
is preceded by feasibility studies and followed by manufacturing and market launch, and major 
public projects are often initiated through complicated political processes (Engwall et al 2003).  

Youkner (1999) suggest that projects could be classified in four different ways: 1) geographical 
location, 2) industrial sector, 3) stage of the project life cycle, and 4) product of the project 
(construction of a building or development of a new product). Each of these types of projects 
has more in common with other similar projects producing the same type of product than with 
other types of projects (Youkner 1999). 

Comparing projects 

The most important aspect to regard when comparing projects is according to Youkner (1999) 
the outcome. Project resulting in the same product or service have more in common compared 
with other projects. In line with that projects can be classified based on the differences in 
technology contained by the projects, thus the outcome is a product based on that. 

The general theories in the project management field are based on knowledge that to some extent 
is derived from the discrepancy that exists between projects. Most of the available knowledge and 
tools found on the open market are a result of abstracting knowledge to a level that makes it 
applicable to almost any project in any field. However, differences do exist between projects in 
different categories. In this thesis Construction and IT-system projects are the two different main 
kind of projects that are mentioned and studied. A comparison between IT-projects and 
Construction projects are entitled, as any comparison between projects. Many similarities exist 
between different categories of projects, but they are also different in many ways. Thus, on an 
abstract level much it generally applicable on any projects dealing with procurements in any field. 

Something closely connected to the main topic of this thesis, an also look upon, is procurement 
of maintenance. When procuring a complex technical system maintenance is an important issue, 
which preferably should be handled in an early stage of the procurement. What will the cost be 
for operation and maintenance and how should it be organised. However, maintenance services 
may be procured under any stage of a systems lifetime, due to need and reorganisations. 

2.1.3 PROJECT MANAGEMENT COMPETENCIES 

Many of the existing project management associations have developed their own Project 
Management Body of Knowledge. PMI has titled their book “A guide to the Project 
Management Body of Knowledge” (PMBOK 2000) and APM calls their “Body of Knowledge”. 
APM started to develop their “Body of Knowledge” in the late eighties and the first edition was 
published in the 1992, the latest edition, published year 2000, is the forth one. PMI’s 2000 edition 
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superseded the first PMBOK Guide published in 1996, and now PMI’s PMBOK 2004 is 
available in the time of writing this. 

The many “Body of Knowledge’s” that exists and that are maintained by respective organisation, 
are very generally written. Something that is particularly true when it comes to procurement 
aspects in projects. This is however not surprisingly, when the field of project management is 
broad and a general guide must be applicable in numerous of situations and branches. Expressed 
in APM’s “Body of Knowledge” as follows; “this body of knowledge is thus a practical 
document, defining the broad range of knowledge that the discipline of project management 
encompasses”.  

PMI has identified nine knowledge areas that together are defining project management (se figure 
below). Many of the techniques for managing projects are distinctive to project management, 
such as work breakdown structures, critical path analysis and earned value management 
(PMBOK 2000). However, these techniques alone are not sufficient for effective project 
management. Effective management requires that the project management team understand and 
use at least five areas of expertise (PMBOK 2004): 

• The project management body of knowledge 

• Application area knowledge, standards and regulations 

• Project environment knowledge 

• General management knowledge and skills 

• Soft skills or human relations skills. 

The areas of expertise generally overlap, none of them can stand alone. It is the responsibility of 
a project team to integrate them. No project member is expected to be an expert in all areas. It is 
not likely for one person to posses all knowledge and skills needed for a particular project. 

 

 

 

 

• Project integration management 
− Project plan development 
− Project plan execution 
− Integration change control 

• Project scope management 
− Initiation 
− Scope planning 
− Scope definition 
− Scope verification 
− Scope change control 

• Project time management 
− Activity definition 
− Activity sequencing 
− Activity duration estimation 
− Schedule development 
− Schedule control 

• Project human resource management 
− Organisational planning 
− Staff acquisition 
− Team development 

• Project communications management 
− Communication planning 
− Information distribution 
− Performance reporting 
− Administration closure 

• Project risk management 
− Risk management planning 
− Risk identification 
− Quality risk analysis 
− Quantitative risk analysis 
− Risk response planning 
− Risk monitoring and control 
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• Project cost management 
− Resource planning 
− Cost estimation 
− Cost budgeting 
− Cost control 

• Project quality management 
− Quality planning 
− Quality assurance 
− Quality control 

 

• Project procurement management 
− Procurement planning 
− Solicitation planning 
− Solicitation 
− Source selection 
− Contract administration 
− Contract closeout 

 

 Table 1: The nine knowledge areas defined by PMI (PMBOK 2000) 

 

2.1.4 WHY PROJECTS FAIL AND SUCCEED 

Many studies have been made on why projects fail and succeed. Pinto & Slevin (1997, 1988, 
1998b, 1998c), Goldstein (2001), Morris & Hough (1987) are some examples on publications 
addressing the subject. Goldstein (2001) has complied studies that identify factors attributed to 
project success or project failure and the Standish Group is continuously following up projects 
and publishing list on why projects fail and succeed. The Standish Group (2003) a top ten of 
success factors for IT projects. 

 

• User Involvement 

• Experienced Project Manager 

• Clear Business Objectives 

• Minimized Scope 

• Agile Requirements Process 

• Standard Infrastructure 

• Formal Methodology 

• Reliable Estimates 

• Skilled Staff 

• Executive Support 

 
 Table 2: Top ten list of success factors for IT projects (The Standish Group 2003) 

 

The lists on why project fail or succeed that are put together are often comparable, and even if 
the reasons for project success and failure are known, projects keep failing. If a project is to be 
considered a failure or not is however depending on how it is evaluated. According to Pinto and 
Slevin (1988) four criteria should be used when evaluating projects if they should be considered 
successful or not.  

1) The project plan is followed  

2) No budget overruns  

3) The initial project goals are fulfilled and  

4) Client acceptance, the client accepts and use the outcome of the project.  

These four criteria indicate that a project may appear either as a success or a failure depending on 
who is looking on it.  
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Many projects that end with huge cost overruns are easily classified as failures. The fact can still 
be that the organisational running the project considers it to be a successful one even due to the 
cost increase. The benefits of the projects may be greater than expected making up for the 
increased cost. From a project management perspective the project is a failure, but in a larger 
perspective it may still be successful. Morris et al (1987) has also listed factors to consider for 
project success. The main focus areas in the list are Project definition, Planning, Design and 
technology management, Politics and social factors, Schedule duration, Schedule urgency, 
Finance, Legal agreements, Contracting, Project implementation, Human factors. The main areas 
are divided into more specific issues of concern important to manage for project success. 

2.2 SYSTEMS AND SYSTEMS ENGINEERING 
System as a term can be used very universal and what is embraced is not always clear. Paul (1997) 
suggests a definition for systems applicable to the engineering community. The article presents in 
total 14 different definitions of “system” and the following definition is the one that was the 
outcome of the analysis made in the article. 

The analysis suggests that a definition of system should incorporate, as minimum, a discussion of: (1) 
the components and their interactions; (2) the purpose or the human needs to be 
satisfied by the system; and (3) the concept of wholeness as it relates to the system. More 
elaborate definitions may include discussions of: (4) inputs and outputs; (5) the 
environment; (6) constraints imposed by the environment on the system; (7) feedback; (8) 
humans in the environment and their interactions with the system; (9) other systems in the 
environment and their interaction with the system of interest; and (10) the boundary of the system. 

 

The above definition is one of the most compressive and most general applicable found in the 
reviewed literature and inline with how the term system is used in this thesis. 

2.2.1 SYSTEMS THEORY 

According to Finkelstein et al (1988) systems theory and the system approach are one of the 
major intellectual developments of the last century. Systems theory is a body of concepts and 
methods for the description, analysis and design of complex entities leading to some important 
generalisations about such entities. Holism is held to be an essential feature of systems theory. 
This is often expressed in the phrase: “The whole is greater than the sum of its parts” 
(Finkelstein et al 1988). Systems theory is the theoretical basis of systems engineering, the latter 
being defined as the design, implementation and operation of complex systems. The key 
components of systems theory applied in systems engineering are the holistic approach, the 
decomposition of problems, the exploitation of analogies and the use of models. Finkelstein et al 
(1988) implements the concept of isomorphism into systems theory. 

“Systems of  diverse kinds exhibit important isomorphism’s. Well known is that equations 
governing the behaviour of  electrical, mechanical, fluid mechanical and thermal systems are 
essentially identical in form. Physiological and metabolic systems are similarly describable in terms 
of  flows, stores and so on. Such analogies are also possible in other forms of  systems.” 

2.2.2 TECHNICAL SYSTEMS 

A technical system is created from components and subsystems that together create a functioning 
system. It typically contains several different technologies such as mechanical, electrical, control 
and supervision systems. The use of different technologies means need for several different skills 
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and therefore most likely several different organisations have to be involved designing and 
constructing the system. 

The extent of software has increased tremendously the last couple of years and will continue to 
do so in the foreseeable future. Within the software industry work has been done trying to 
increase the effectiveness of the processes used for developing software. The challenge of today 
is to increase the efficiency in the processes for developing systems that involves a large degree of 
software. It is not possible to focus only on either mechanics or software, instead it's absolutely 
necessary to establish and use developing processes that integrates every technology necessary to 
create a system. 

In order to be able to use such a system development process there is a need for someone 
suitable to take the overall responsibility for the system development and moreover the 
performance of the system. In the procurement of a technical system some on either the client or 
the supplier side need to take that responsibility and have the knowledge and authority in order 
to fulfill the stated system requirements. 

2.2.3 COMPLEX TECHNICAL SYSTEMS 

Complex technical systems can have many interpretations. The following definitions and 
examples illustrate the meaning of that expression as used in this thesis. In an article published in 
a special issue of International Business Review (Lampel et al. 1996, p. 532) describes a complex 
technical system as:  

"Complex systems is assembled from a large number of components -products, subsystems as well as 
services not to forget know-how, information and different types of contracts included.” 

The description gives that a complex system consist of much more than just technology. In the 
book "Systems Engineering - cooping with complexity"(Stevens et al. 1998) another description is found: 

“Complex systems are typically formed from interacting elements, which themselves are increasingly 
intelligent´ and partially autonomous. A complex system cannot be managed in the head of a single 
person, but it is always essential to see such systems as a single entity, and at different levels of detail. 
Engineers and managers must create faithful abstractions that show an overall view or allow them to 
explore the fine detail” 

In common for both these definitions is that a complex system is made up from a large number 
of components or elements that in some way interact with each other. The amount of 
information that is needed to understand the system is also significant, making it difficult for any 
single individual to fully understand and manage the system creation. Different levels of 
abstractions are needed for describing the system. 

Some examples of complex technical systems are here presented in order to elucidate the context 
of the research. The systems are all within the definition of a complex technical system, they are 
all created by use of several different technologies and sub-systems that must interact for to fulfil 
a specific purpose. Some examples of complex technical systems that qualify in this category are;  

• The Apollo project - An astonishing accomplishment taking the mankind to the moon 

• The JAS-system - A Swedish developed military airplane. The JAS system is however 
much more than just the airplane itself normally thought of when the name JAS is 
mentioned. A major part of the project is the auxiliary systems needed for the airplane to 
be fully operational. 

• The construction of a new paper machine. The giant machines are high-tech, consisting 
of diverse technologies. 
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• The Arlanda track and trains – A high speed railway connection between Stockholm city 
with Arlanda airport. 

• The Bridge over Öresund (in Swedish Öresundsbron) – A major infrastructure project 
building a bridge (and tunnel) that connects Sweden and Denmark. Includes roads, 
railways and information- and control systems. 

• The construction of a state-of-the-art power plant 

The above examples of systems are all managed and created by use of project management and 
systems engineering, incorporating a lot of different technologies and sub-systems. Projects that 
also face major technical and organisational challenges, that need to be mastered to fulfil the 
project objectives, that of a well functioning large complex technical system. The time these 
systems are supposed to be in operation are in most cases very long. Therefore, maintenance 
issues are very important both from an systems design point of view and from a organisational 
perspective. 

2.2.4 SYSTEMS ENGINEERING 

Many systems of today are increasing in size and complexity, and therefore the discipline of 
Systems Engineering sees a growing interest. Stevens et al (1998) say that Systems Engineering is 
about creating effective solutions to problems, and managing the technical complexity of the 
resulting developments. Typically systems of today are built combining several different 
technologies such as electrical, mechanical and software. The size of the software part has 
increased tremendously the last couple of years. Systems engineering is however more than just a 
discipline for creating systems, it also takes into count the whole life-cycle for the systems, from 
defining and developing to disposing or replacing the systems. System engineering is very much 
concerned with integration and interoperability between and among the components making the 
system up. Regarding from traditional engineering design the lifecycle thinking is highly 
emphasised in systems engineering. The following some descriptions of systems engineering. 

Systems engineering is concerned with the overall process of defining, developing, verifying, operating, 
maintaining, and ultimately replacing systems in line with the needs of their different users and the 
expectations of their customers. Systems engineering places emphasis on the considerations of the 
interaction of each part of the system (and the 'whole system') with the environment within it will be 
developed, operated and retired (ESI 2000). 

Another definition that describes systems engineering is given by Finkelstein et al (1989): 

“Systems engineering is the technology of the design, operation and management of large and complex 
systems, typical systems of this kind are chemical plant, telecommunication and computing networks, 
and weapons systems. The methodology of systems engineering has thus been developed, primarily, to 
deal with problems of size, complexity, and opacity of systems.” (Finkelstein et. al. 1989) 

INCOSE (International Council of Systems Engineering) (www.incose.org 2004), describes 
Systems engineering as a discipline that considers the whole systems and it’s lifecycle. Under the 
tile “What is Systems Engineering” on their Web site (December 2004) they say; 

An interdisciplinary approach and means to enable the realization of successful systems. It focuses on 
defining customer needs and required functionality early in the development cycle, documenting 
requirements, then proceeding with design synthesis and system validation while considering the 
complete problem: 

Operations 
Performance 
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Test 
Manufacturing 
Cost & Schedule 
Training & Support  
Disposal  

Systems Engineering integrates all the disciplines and specialty groups into a team effort forming a 
structured development process that proceeds from concept to production to operation. Systems 
Engineering considers both the business and the technical needs of all customers with the goal of 
providing a quality product that meets the user needs. 

Systems engineering is a discipline that involve every thing from the concept phase to disposal of 
a whole system, and is mainly focusing on management of technical complexity. 

2.2.5 COMPLEXITY AND SYSTEM DESIGN 

While many project managers use the term complex projects, there is no clear definition about 
what is meant – beyond the general acceptance that it is something more than simply a ‘big’ 
project (Williams, 1999). It is generally agreed that increased complexity is the heart of the 
difficult problems facing today’s systems architects and engineers. A system must not be large or 
costly to be complex. The manufacture of a single mechanical part can require over 100 
interrelated steps. A $10 microchip can contain thousands, even millions, of interconnected 
active elements (Maier & Rechtin 2000).  

“The distinction between what is a large system and what is not is probably defined by what can be 
mastered by a single designer. Complexity is probably measured by degree to which the behaviour of a 
product can be understood from its configuration without a complete mathematical model.” 
(Finkelstein et. al. 1989) 

System design 

In the design phase of a complex technical system project many decisions must to be made that 
effect the functionality of the system. Many of these decisions are based on experience and 
knowledge gained and retained by the organisation responsible for the design. For many 
decisions there is however no really hard facts of what is the best to do. Nor are there resources 
for lengthy and costly investigations about what is actually best to do. Instead the design are 
based on what have been used before and that they have as far as known been functioning. 
Sometimes a proven design is used in a, to some extend new environment, but with only some 
minor analyze effort it can be assumed to function in it. The complexity and size of large systems 
makes it often necessary to simplify some stages of the detailed design phase. Already proven 
components and sub-systems are therefore used as much as possible. This is also giving the 
system designers time to devote efforts to the complex system integration questions that arises 
when a large complex technical system is created. The system complexity is addressed in the 
following quotation (Flood & Carson 1993); 

"Complexity in a system is due to many and often unknown components that have many and often 
unknown dependencies and interdependencies between the components in the system"  

A complex technical system has numerous degrees of freedom. Initially the system designers 
know some of the dependencies between the components and sub-systems to be used. Other 
dependencies are to be known in the detailed design phase or even at later stages. What is known 
is that all parts of the system must interact and work together in order to fulfil the expected 
system functionality.  
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2.2.6 SYSTEM INTEGRATION 

Products and systems of today are getting more and more complex as earlier addressed. It is not 
only first-class quality in particular components that give a competitive edge, above all it is the 
quality and functionality of the systems that matters. The system is not better then the worst part 
of it. This creates a need for a broad understanding of the functionality of the total system and 
the components to include in it, the operational environment and the interaction needed by 
components within it. Also the life cycle is important to consider in a system procurement 
project. Maintenance has an important role when it comes to tending capital intensive systems. A 
large investment must be taken care of in best possible way, and often the condition for 
successful operation and maintenance of a system is established in the procurement and assembly 
of it. 

Either a system can be created component by component that is bought and integrated under the 
supervision of the client’s organisation. In such a case it is the client that adds value to the 
components. The client organisation is taking on a role imposing great responsibility for the 
functionality of the system. Another option is that the client focus on the functionality of the 
system, generates functional requirements, and based on them hand over the responsibility for 
selecting and integrating components to some one else. Most important for a buyer of a system is 
however that someone is taking on the responsibility for the whole, for the system and it’s 
interaction with other systems. The strategically decisions that must be made in a procurement 
project is who that should be. Which entity of the ones possible is best suited for taking on the 
functionality responsibility?  Who has that capacity, knowledge, skill and experience to do that 
best and most efficient.  

That a system is more than it components are illustrated in the book “Strategy Safari” by 
Mintzberg et.al (1998): 

“We certainly do not get an elephant by adding up it’s parts. An Elephant is more 
than that. Yet to comprehend the whole we need to understand the parts” 

Mintzberg et. al are referring to business strategy, but in my mindset the same is valid when it 
comes to creation of  technical complex systems. The sum of  the parts is more than the parts 
alone. Still there is a need of  understanding the parts in order to create good and efficient 
systems. Down to what level of  detail an understanding must exist and where it must exist is 
different from case to case.  It is in the contract and by the strategy the responsibility for 
understanding the details is allocated. In most cases when creating complex technical systems it is 
systems that are combined into even larger systems. The sub-systems are often by them self  
considered as complex and technically advanced. The integration and interoperability of  systems 
therefore is an important issue. 

According to Kerzner (2001) Kenneth Boulding identified the communication problem that can 
occur during systems integration. Concern was especially expressed that subsystems specialist 
have their own language such as economists, physicist, sociologists, etc. Boulding advocated that 
that in order for success to take place all subsystems specialist must speak a common language in 
order to minimize misunderstandings. The use of standards are an attempt to deal with this 
problem, there exists Systems Engineering’s Handbooks and in the project management field the 
most widespread attempt is the PMBOK.  

2.3 PROJECT MANAGEMENT AND SYSTEMS ENGINEERING  
From a management perspective a procurement of a complex technical system means that a long 
chain of challenging tasks need to be mastered. The creation of a complex technical system is not 
only a question of technical challenges for engineers, it is more organisation of practical 
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arrangements to deal with the complex tasks in an efficient manner to meet the objectives of the 
client. 

An investment, for example in the pulp- and paper industry, need co-operation between and 
access to a wide range of different competencies from both individuals and organisations. To 
manage this complexity at least two related disciplines are needed, Systems Engineering (SE) and 
Project Management (PM). Both this disciplines have their origin in the handling of complexity, 
and have for that developed methodology, each discipline with its own focus.  

Most often procurements are organised as projects with the goal to create a new or improve an 
old system. In order to manage these projects there is a need for co-ordination and priority 
between the tasks that are needed for fulfilment. According to Christensen and Kreiner (1991) a 
project is created to handle "exceptions" that not belong in the daily routine for the line 
organisation. Project Management is a discipline that has developed theories and methods for 
managing and co-ordinating the activities to perform in a project. 

Systems Engineering is a discipline with methods and tools for development of technical systems. 
According to Stevens et.al. (1998) systems engineering is about creating effective solutions to 
problems, and managing the technical complexity of the resulting development. Within the 
system engineering discipline there are several different standards established. Standards that 
make it possible for an organisation to follow a common and know methodology for 
development. It also makes it easier for the client to monitor and recognise the actions done by 
the supplier/contractor when a SE standard is used in the work process. 

 

 Figure 6:  The relation between Project Management and Systems Engineering 

The relation between Project management and Systems Engineering is not clearly defined. It is 
depending on the view which discipline that is including which. Systems Engineering has more of 
an engineering than a management focus. Further, Systems Engineering has a very quantitative 
approach, involving trade-off, optimization, selection, and integration of the products of many 
engineering disciplines (INCOSE 2000).  

2.4 COMPLEXITY IN PROCUREMENTS OF COMPLEX TECHNICAL 
SYSTEMS 

As presented previous complexity is often found where uncertainty exist. In a procurement 
project the uncertainty often is divided into technical and organisational uncertainty. The 
technical complexity must be mastered by engineering team’s that runs into them when trying to 
create a functional technical system according to the requirements. The organisational complexity 
mainly occurs as a result of the amount of coordination activities needed to be fulfilled during the 
system creation process. Generally large projects with the purpose to acquire production 

Project Management 

Systems Engineering 
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equipment as for example paper production machines, power plants or support systems are 
viewed as complex, in most cases without reflection.  

One way to describe complexity in a procurement project is by using a structural perspective. The 
perspective can be dived into product (technical) and project (organisational) structural 
complexity. In a procurement project the technical system is made up by different elements that 
together makes up the system, that can be separated (differentiation) but they are also dependable 
on each other (interdependent). Also the project organisation is made up by elements that are 
separated but also dependable on each other. 

Organisational complexity can be descended from the management of interfaces, both internal and 
external. A system is made up by several different subsystems and between these there are 
interfaces. Most often it is these interfaces that cause difficulties and trouble within systems. The 
subsystems are often created by different organisations, something that demands for well-
specified interfaces and system requirements. When something goes wrong it is often the 
information exchange between the organisations that has failed, it may have been of to low 
intensity or perhaps had the wrong focus. It is normally in the client's interest to keep the number 
of interfaces low and to keep them simple and well defined. Increased number of interfaces in 
most cases leads to increased organisational complexity. The management of interfaces is the 
core problem in Transaction Cost Economy (TCE) theory, discussed further on.  

Complexity in technology often descends from the uncertainty in the state of the technology to use 
and the implementation of it. Most complex technical systems to be created includes technology 
not to well known. There is often a desire to use the latest technological innovations in the 
system design. The higher degree of innovation, the higher the technological uncertainty will be 
in the project. Technological complexity can also arise from the pure number of different 
technological areas that need to be combined and interact in the system. The design of the 
different elements is most often depending on each other and must therefore be developed and 
constructed in symbiosis and simultaneously. The discipline of Systems Engineering is dealing 
with problems related to this. 

The interdependence makes the design of individual components and sub-systems dependent of 
the functions and performance of the other components and sub-systems included. A change in 
one components or sub-systems may effect the other components and sub-systems which may 
lead to a change of the functionality of the total system. This dependency implies that many 
design problems not can be locally as a component or sub-system problem to be solved, instead 
the needed changes must be analysed from a total system perspective, such as the total system 
architecture and the total system functionality. This fact puts demands on how the entire project 
is organised and managed, that the project organisation has routines for change management in 
place and that total systems performance and optimisation problems can be dealt with swiftly.  

The product related structural complexity can also be related to the organisational complexity. 
The relation between the involved actors are in most cases settled by a formal contract between 
the parts that describes the responsibilities and tasks for each part. Every change that not is 
foreseen in the contract must therefore be settled by new negotiations, meaning that any change 
to the original technical design to one sub-system that influence other sub-systems, may lead to 
cost increases and delays. 

2.4.1 UNCERTAINTY 

An important source of complexity is various forms of uncertainty. Examples of this uncertainty 
are.  

• Uncertainty concerned methods. This implies that there exists uncertainty concerned 
what methods or tools to use developing the system. Lack of earlier experiences or 
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possibilities and limitations in methods or tools are typical sources to this kind of 
uncertainty which lead to increased complexity in the project. 

• Uncertainty concerned goals. This implies that the overarching requirements and goals 
that is to define the scope of work is not clearly defined. This can have it’s reason in the 
uncertainty in the original customer requirements, changes of requirements, unclear 
project scope, etc. Uncertainty in requirements and changes mean that activities already 
performed in the development process must be done again, which can lead to design 
changes of the system of which the consequences cannot be foreseen. The structural 
complexity of the system increases. 

 

Uncertainty

Structural 
complexity

Number of elements

Interdependece of elements

Uncertainty in methods

Uncertainty in goals
 

 Figure 7: Procurement project complexity and uncertainty 

The relation between the actors involved in a project is a source of uncertainty. The relation 
between two organisations, for example between a client and a supplier, is mostly regulated by a 
formal contract, where the rights and obligations are stipulated. According to Stinchcombe et al 
(1985) the uncertainties that occur in a client-supplier relationship can be treat under three broad 
categories. 

Uncertainties of specifications, origins from the difficulties for the client to in advance specify 
what the suppliers are supposed to do. Three types of uncertainties in specification may be 
observed. 

• The project itself will lead to that the client gain more knowledge during the progress of the 
project about what solutions that are applicable 

• The client may want to adjust the job to changes in environment for example market 
conditions, regulations, or technical development. 

• The client may want to change the scope due to changes in the own organisation, insight of 
the possibilities the longer project goes on. 

Uncertainties of cost for both the client and the supplier, increased insight in the scope of 
work may lead to that either part may want change the size of the compensation or the redefine 
the scope of work.  

Uncertainties due to problems of performance evaluation, the client may experience 
problems to know whether the contract performances have been delivered or not. For example 
difficulties to observe different actors (suppliers) contribution to the “whole”. Also problems 
with observability may occur, that the client not may be able to tell if the supplier performance is 
up to the contract without continuous supervision. The clients service in return if the supplier 
lives up to the contract is to pay, something less ambiguous. 
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2.5 PROCUREMENT PROJECTS 
Procurement is a process in which an idea or need is realised into a delivery of a system or service 
produced and delivered by an external organisation. A procurement is used when an outside 
organisations need to be involved to fulfil the needs of an organisation. The procurement process 
includes all the process stages that a client goes through when something is going to be acquired. 
A typical process for procurement of a complex technical system is as seen in the figure below.  
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 Figure 8:  The different phases in a procurement project  

In the initial phase, there is a new idea or a need of something. It may also be an idea that 
improves an already existing system, making an investment more efficient and profitable.  

Second comes the "scanning" phase, usually a pre-study is accomplished, where the client search 
the market to find out what is offered and possible. The goals and the requirements for the 
procurement are determined. Different possibilities and their costs are investigated and 
estimated. In large procurements, the buyer usually produces a request for proposal expressing 
the needs. The request for proposal can be written in several different ways. It can be very 
specific in detail, if the buyer knows exactly what he wants and can specify that down to every 
single component i.e. screw and nut, or the request for proposal is on a higher conceptual level, 
describing the needed functionality and not specifying any technology to use at all.  

Based on the request, the suppliers’ present proposals and thereafter the client starts to evaluate 
and compare. It is challenging to arrange a selection process that fairly compares the different 
alternatives. How this evaluation is to be conducted the client should, and often do, include in 
the request for the proposal. This in order to give the suppliers a possibility to arrange there 
proposals in a way that hopefully makes it easier for the client to compare the different proposals. 
The criteria's to be compared and evaluated is different from procurement to procurement. The 
span is from the degree in innovation in the proposed technical solution, to the probability for 
the supplier organisations capability to finish the project on time and within budget.  

Evaluation criteria’s to consider: 

• Initial cost of the system 

• Functionality 

• Possibility for accomplishment of the suppliers project organisation 
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• Lifecycle cost for the offered system (maintainability, operational cost, lifecycle 
analyse) 

• Degree of innovation, technological level 

• Finical arrangement 

• Environmental impact of the offered system (LCA) 

• Energy consumption of the system (also included in the LCA and LCC) 

 

There are difficulties evaluating a system using LCC and LCA analysis. Especially when they are 
done by and presented by the contractors or the suppliers. Mostly because that no standard 
method exist at the moment for creating them. If a fair comparison is to be done some standard 
evaluation method is needed, otherwise two different systems can’t be compared accurately. The 
client also has a need assurances that the figures presented in a LCC or a LCA analyze can be 
meet if he is going to take them into count doing the deciding about the investment and choice 
of supplier. 

As commented previous a trend today is that client organisations are downsizing their 
organisations due to cost reduction and savings. They are focusing their efforts and can’t engage 
sufficient resources in the investment projects in order to manage and control them meticulously. 
Due to this there is today a trend towards procurement of more comprehensive system solutions 
that includes engineering, procurement, and construction services from contractors and suppliers. 
This means that the focus of the transaction, between the actors, is shifting from components to 
system or services, which imply major changes for all the involved actors.  

2.5.1 TRADITIONAL PROCUREMENT 

Historically there has been common with detailed and hands-on control. The clients have had 
large technical departments and a lot of knowledge about and experience gained from the 
technology used with in the organisations have been easily available. Procurements based on 
extensive in-house design processes have implied that the client is taking on liability for the 
overall performance and technical function of the constructed system. The client has also been 
the one responsible for managing the interfaces within the established project organisation. An 
interesting issue is whether an intense client involvement is good or bad in a system design phase.  

2.5.2 PROJECT INITIATION 

Typically projects are authorized as a result of one or more of the following demands (PMBOK 
2000): 

 

• A market demand 

• A business need 

• A customer request 

• A technology advance 

• A legal requirement 

• A social need 
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The demands for a project initiation can in other words be called problems, opportunities or 
business requirements (PMBOK 2000). 

The term feasibility studies comprises all the objective and subjective analyses, including 
economic and financial projections, legality of the proposed project, its environmental impact, 
including biological and social impacts, and all other aspects of the project’s life cycle, including 
its ultimate disposal or recycling, that impose on the decision that the project, as proposed, is 
feasible. A distinction between feasibility and desirability is made, as is the point that a purely 
feasible project may, can by its undesirability from asocial point of view, be made practically 
infeasible. 

Feasibility factors: 

• Technical feasibility 

• Organisational feasibility 

• Economical feasibility 

• Legal feasibility 

• Environmental feasibility 

2.5.3 THE INVESTMENT DECISION 

Considering an investment the rate-of-return on the capital is important for most organisations. 
The different options that are available need to be evaluated against both technical, functional 
and cost requirements. For most of the decisions to make, there are established methods to use 
such as Net Present Value calculations. For Life Cycle Considerations there are two well known 
methods, LCC and LCA. The LCC is used for Life Cycle Cost calculations and the LCA for Life 
Cycle Assessment considering environmental concerns associated with a product, process or 
activity. LCC and LCA will be further discussed later on. 

The investment need to fulfil some basic demands in order to even be considered. The rate of 
return for the project needs to be with in acceptable limits for the organisation. The life cycle 
cost need to be predictable and the project financing need to be arranged before the project 
starts. There are different types of investments when it comes to investment projects in the 
industry. Kinnander (1996) describes four main types, capacity, replacement, environment and 
rationalizations investments. The capacity investment is done to increase the own capacity. It is 
often compared to the cost to obtain the same product or service from someone else. The 
replacement investment is done when a system or part of a system is worn out. Often similar 
level of technology as the one replaced is sought. In most cases some technological advancement 
has been achieved and is possible to implement. The environment investment can be motivated 
for several reasons. It can be the physical ergonomically or work environment. It could also 
changes in the regulations for emissions and permissions obtained from authorities. This type of 
investments usually must be done what ever the investment calculation results in. 

For most systems usually a portion of the total replacements cost for the actual system is 
reinvested every year, in order to keep the system functional and keep up with the technological 
progress that is done. 

2.5.4 FINANCIAL ENGINEERING 

Financial engineering is an important field when it comes to large complex technical systems. It 
has, beside the technical aspects in large projects, become a major advantage in the selling 
process if also advantageous financing of the projects is offered. Both technical and economical 
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issues are commonly handled by the same supplier. An advantageous financial engineering 
solution is often rated very high when the different offers are compared and evaluated. 
Therefore, many systems suppliers also offer financial engineering as an integrated part of their 
competence and product portfolio. Many different solutions for how to finance projects exist. 

One common solution in the power generation business is that the suppliers build, own and 
operate the power plant for a stipulated number of years. For example say the first 5 to 10 years, 
which combined with a signed power contract that says that the client has to buy the power 
produced to a stipulated price. The client got what it wanted and the supplier was able to sell and 
build a power plant. One common reason for the existents of this solution is that the supplier as 
owner of the plant may be able to obtain a more advantageous financing for building the plant 
compared to the client. The reason why this sometimes is possible is that some system suppliers 
have higher renewal and better financial rating than their clients. 

The matter of financial engineering have not been studied to some larger extend in this thesis, 
but is important to be aware of when dealing with this kind of projects. 

2.5.5 THE LIFE CYCLE OF A SYSTEM 

As a buyer of a costly system, it is easy to put focus on the initial cost for acquiring the system 
and that the functionality is the one sought. Less attention is usually paid to the operational cost 
of the system or the Life Cycle Cost (LCC). This is on the other hand not surprising, when the 
initial investment is easy to calculate compared to the expected LCC. Not to be forgetting is that 
complex systems typically have a considerably high operational cost compared to the initial cost, 
the investment.  

As mentioned before figures for system LCC is usually difficult to obtain and intricate to 
interpret. Even if it is difficult to obtain reliable LCC figures a client must carefully consider the 
expected operational cost for the system. The operational cost is depending on the system design 
and the operational environment typically operational costs are made up by cost for maintenance, 
energy use, employees and raw materials. A common definition of LCC is the total cost for 
equipment over its lifetime from the time of installation to final decommissioning or disposal.  

LCC = the sum of (Cic + Cin + Ce + Co + Cm + Cs + Cenv + Cd ) 

where C = cost element 

ic = initial cost, purchase price of equipment. 

in = installation and commissioning cost (including training) 

e = energy costs (predicted cost for system operation) 

o = operating cost (labour cost of normal system supervision) 

m = maintenance and repair cost (routine and predicted repairs) 

s = down time cost (loss of production) 

env = environmental cost (contamination from equipment) 

d = decommissioning/disposal cost (including restoration of the local 

environment and disposal of auxiliary services) 

 Table 3: Example for calculating Life Cycle Costs (LCC) (www.lcc-guidelines.com) 

 

There is no absolutely certain method to calculate what the costs will be, unless that is exactly 
stated in a contract,. When that is made it is not considered a pure buy, but instead something 
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more like a lease agreement. Another consideration that must be made is that no contract is 
“waterproof”, a contract may always be the cause for dispute. 

2.5.6 THE DIFFERENCE BETWEEN BUYING A SYSTEM AND A “KIT OF PARTS” 

Buying a complete system or buying lots of parts and then put them together has different 
requirements of competencies and resources. The difference between buying a system or 
components is mainly found in the degree of detail in the requirements. Procuring a system the 
requirements should be focused on the system performance and the "product" produced by the 
system, such as quality and accessibility. The requirements if buying components can be very 
detailed, every screw and nut that together makes up the system may be specified. It is two 
diverse procurement strategies, and of course, in some cases it is applicable to combine these into 
some kind of hybrid. 

The two different strategies for getting a system, buy or create, distributes the responsibility for 
the activities, that need to be accomplished in the project, to different actors. A client choosing to 
adopt a strategy that means buying components should be aware of the responsibility for the 
overall system function that is included in this strategy. With the responsibility the client also 
takes on a larger risk in the project. The responsibility and risk is possible to sell to a contractor. 
Depending on the client's need of control in the project the construction of such a contract 
differs. It is possible for the client to decide what components to include in the system and then 
hand over the overall responsibility for the system functionality to a contractor. This is however 
not always a cost-effective strategy (Eriksson et al. 1999). Procurement strategies are further 
discussed in the next chapter. 

Risk management cost 

Clients tends to keep more control within the own organisation the more uncertainties there are 
to consider. This is a trade-off between risk taking and the cost of handing over the responsibility 
for the uncertainties to someone else. To keep the management of uncertainties within the own 
organisation does not always ad up to a major cost. Uncertainties begin to cost money when they 
start to cause problems, which not is certain that they will do in the beginning of the project. 
Therefore, risk management is very important in the initial phases of procurements. 

Procuring a system based on a functional requirement specification does have a demand for a 
more diversely skilled personnell than buying components. The evaluation of different system 
designs is more difficult to conduct than evaluating and comparing different components. The 
choice of the right evaluating criteria's for system solutions need to be based on the initial 
functional requirements. On the other hand the client project organisation can be much smaller 
when procuring larger blocks or systems. This is mainly due to the differences in amount of 
information to manage in projects depending on the number of components and interfaces to 
manage. The growing amount of information to manage depending on the number of 
components and sub-systems is illustrated in the figure below. 
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 Figure 9: Illustration of the increase in information amount to manage when systems are growing in size 

2.5.7 DEGREE OF UNCERTAINTY WHEN BUYING SYSTEMS (LARGER PARTS) 

Buying a system or larger parts from a supplier introduces initially a higher degree of uncertainty 
in the contract. This is due to the often lack of details in the contract, especially when buying a 
system where the request for proposal is based on functional requirements of the system, and 
where the contract between the client and supplier accordingly is based on functionality as well. 
Especially in a functional based contract much responsibility is handed over to the supplier. That 
is something that may introduce a higher degree of negotiations during the contractual time 
(Kadefors 1997). Mainly that is because of the incompleteness of the initial contract, since no 
contract can be perfect. For example lack of details on how to construct and what components 
to use in the system can introduce tensions between the client and the supplier during the 
project. It is consequently very important that both parties are aware of this and how this kind of 
situations should be managed throughout the project.  

2.5.8 ACTORS IN A PROCUREMENT PROJECT 

A procurement project involves many different actors, both individual people and organisations, 
and their relationship and ability to cooperate is important for making a project successful.  

 

Client

Integrator / 
Contarctor Supplier

Main actors in a procurement project

AuthoritiesConsultants

 

 Figure 10:  Actors (stakeholders) in a procurement project  
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The Client (owner, buyer) is the one that has a need, whether it is for production of a product or a 
support system for his main operation. 

The Integrator/Contractor is the organisation or person responsible for co-ordination within the 
project. This role does not have a specific definition and the job description and responsibility is 
shifting depending on the procurement strategy of the client.  

The supplier is in this paper described as the supplier of components. 

Consultants are in most projects used as experts or outside resources for work to be done. There is 
also a possibility that a consultant firm can act as an integrator within a project. 

Authorities set boundaries for the project such as laws and regulations concerning environmental 
concessions, etc. 

Between the involved actors the responsibility and risk is distributed, depending upon their 
involvement in the different phases of the project and their capabilities. 

2.5.9 ORGANISATIONAL INTERFACES IN PROCUREMENT PROJECTS 

In a project, many organisational interfaces need to be managed, both internal and external. Both 
the client and supplier organisations have numerous internal interfaces and then there are the 
external interfaces between the client and the supplier or suppliers. 

Internal client interfaces 

 

Director

Maintenance Production line 1 Production line 2
Marketing and 

customer 
relations

Technical 
department

Administration

 

 Figure 11:  Typical organisation of a client involved in production 

A client is in most cases already an owner and operator of a similar technical system that is to be 
procured. There is an organisation whose assignment is to operate and maintain this system. A 
typical organisation is divided into several different sub-organisations, each one with a manager 
and budget. The managers have responsibility for the personnel and the budget. This can lead to 
conflicts when each manger will try to protect their own part of the organisation. It is not 
uncommon that conflicts occur about what is best for the organisation in large and what is best 
for the different sub-organisation specifically. 

Client-supplier interfaces 

The client-supplier interface can take many different forms as illustrated below in the following. 
The client can either have direct contact with all involved suppliers. In that position the client is 
responsible for coordinating their activities and distribution of information. Either every piece of 
information and coordination is passing through the client or another possibility is that the client 
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makes schema of which information is to go to which entity, and how that needs to coordinate 
with how in the project.  

 

 

Client

Supplier A Supplier B Supplier DSupplier C

 

 Figure 12:  External interfaces when the client act as integrator 

Another possibility is to use a “middle hand” that act as the integrator between the client and the 
suppliers. The responsibility and the amount of information to be handled by the client’s projects 
organisation decreases considerably compared to the above organisation. The client can instead 
focus on more strategically important issues, the main administration work is taken care of by 
another entity. Not being responsible for all information and coordination the client organisation 
may experience not being in control over the project. A climate of trust is therefore important to 
be established between the client and the system integrator.  

 

Supplier A Supplier B Supplier DSupplier C

System integrator /
Main contractor

Client

Single-point-
of- contact

 

 Figure 13:  External interfaces with single point of contact between the client and integrator 

Depending on who that chooses to take on the system integrator role the contract between the 
client, the system integrator and the suppliers may differ substantially. The system integrator 
could either be part of the client’s project organisation leaving the client with most of the 
responsibility and coordination responsibility within his organisation or the system integrator 
could be independent of the client. The system integrator could then either take on the 
responsibility himself or by use of different contractual constructions distribute the responsibility 
between him and the involved suppliers, for example by degree of involvement or risk exposure. 

According to Stinchcombe (1985) information authority and responsibility for the interdependent 
activities ought to be concentrated in the same person, the same firm or the same decision 
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making procedure to obtain an efficient organisation. Stinchcombe argues for that the decoupling 
principle should not be violated. Activities that depend on each other (are closely coupled) 
should be administrated together under the same responsibility, and that only when activities are 
decoupled should they be divided between different firms, or done under different contracts, or 
done by different departments within a firm (Stinchcombe 1985, Thompson 1967). This implies 
that if responsibility for activities is to be divided, the activities depending on each other ought to 
be thoroughly decoupled. 

2.6 COMPETENCE DISTRIBUTION IN PROCUREMENT PROJECTS 
According to the APM Body of Knowledge, procurement is the process of acquiring new 
services or products. Further that procurement covers the fields of finical appraisal of the options 
available, development of the procurement or acquisitions strategy, preparation of contract 
documentation, selection and acquisition of suppliers, pricing purchasing and administration of 
contracts.  The project manger in charge or the supporting team must have knowledge in or have 
access to knowledge from a large number of disciplines. Depending on the type of project and 
the specific needs, the importance of the disciplines is varying. 

 

PROCUREMENT
PROJECT

Project management

Technical knowledge

Systems engineering

OperationMaintenace

Financial engineering

Negotiation

 
 

 Figure 14: Procurement project competence disciplines 

 

Depending on the procurement strategy the competence need to be distributed differently 
between the actors in the project. Or the other way around, the competence distribution is the 
main thing to consider then making decisions about of strategy. 

 

Competence
distribution

Strategy  

 Figure 15: Competence distribution and strategy decision 

 

In 1996 a research team from the Construction Industry Institute (CII) completed a research 
project entitled Owner/Contractor Work Structure: A Process Approach (Sullivan et. al., 1996). 
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The purpose of the project was to define and investigate the competencies needed for 
Engineering, Procurement and Construction (EPC) processes and to recommend a process by 
which responsibility for these competencies could be allocated to either owner or contractor. In 
the following the total list of competencies identified by the research team from the Construction 
Industry Institute (CII) for EPC projects is found. 

 
Alliance/Partnering  Preliminary Design/Scope 
Benchmarking/Metrics Development 
Business Development Process/Conceptual Design 
Commissioning/Start-Up/Performance Testing Procurement 
Conceptual Cost Project Controls 
Estimating Constructability Project Management 
Construction Management Project Management Oversight 
Convert Research to Project/Scale-Up Project Planning/Scheduling 
Definitive Cost Estimating Detail Design Risk Management 
Environmental/Permits Safety 
Field Quality Control Setting Project Goals, Objectives, & Priorities 
Financial Approval Team Building 
Legal/Contract Administration Technical Expertise 
Lessons Learned Total Quality Management 
Maintenance and Operability  

 Table 4: Competencies identified for EPC projects 

In the research project a competence triangle was used identifying the different competencies 
needed by each actor. Only four competencies were identified as owner competencies. These 
were; Business development, Financial approval, Project management oversight, and Setting 
project goals, objectives and priorities. The only competency that was always recommended for 
the contractor is construction. The remaining competencies were described as being subject to 
“structural alignment” on a project by project basis. The allocation of competencies is depending 
on the procurement strategy. Some competencies are needed by all actors, while some are only 
necessary for one or a few to be in possession of. In area I competencies needed by both the 
client/owner and the contractor/integrator is placed, similar for area II and III. Area IV 
illustrates competencies needed by all involved actors. 
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 Figure 16:  Competence distribution triangle 

 

 

2.7 RISK AND CONTRACTUAL ISSUES IN PROCUREMENT 
PROJECTS 

In procurement projects, following successful negotiations, a contract is signed. The contract 
specifies the relation and what are to be performed by each part. It is difficult to write contracts 
that cover every thing that may be an issue in during a project, but a contract is a state of 
reference to start negotiations from. 

2.7.1 TRANSACTION COST ECONOMICS 

To find effective boundaries between organisations and when to decide whether an organisation 
is to produce something by itself or obtain it on the market transaction cost theory can be used 
(Williamsson 1985),. The relationship between actors can be explained in some sense with 
Transaction Cost Economics. The interaction between the actors (stakeholders) in a large 
procurement projects is in some sense governed by the market. The anticipated rational decisions 
are made by the actors based on their economical reality. As in any major investment the first 
question is a make or to buy one. Can the product that is to be produced by the considered 
system, be obtained from someone else cheaper? The question is accordingly also relevant when 
it comes to functions and service. Can some one else to it better and cheaper? 

Transaction cost of ex ante and ex post types are usefully distinguished (Williamson 1985). The 
ex ante are the cost of drafting, negotiating and safeguarding an agreement. The ex post can take 
several forms such as a) the cost originated from out of alignment in relation, b) the cost of 
haggling to correct misalignments c) the cost of setup and running the governance to which 
disputes are refereed d) the bonding cost of effecting secure commitments. According to Sako 
(1992) transaction costs consist of a variety of components, which may be itemised as bellow: 

Client/  
Owner 

Contractor/ 
Integrator Supplier 

I II

III

IV

V

VII VI
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(a) SEARCH COSTS associated with finding new trading partners; 

(b) NEGOTIATION COSTS involved in arriving at agreements over prices, 
quality, delivery and other terms and conditions of trade; 

(c) INVENTORY COSTS associated with managing the product flow from 
supplier to the buyer; 

(d) MONITORING COSTS associated with inducing compliance and mutual 
observation of contractual terms; 

(e) TRUST BUILDING COSTS which are for investment into creating 
convergent expectations about mutual competence, ethical codes and 
business norms; and 

(f) ADJUSTING COSTS associated with changing design, market conditions, 
etc.  

Trust 

Trust is a very vital element in a transaction between two parties. The more complex the more 
vital trust is. Mostly that is originating from the fact that the more complex the transaction is, the 
more difficult it will be to write every thing agreed upon in a univocal contract, and even more 
certain are that not every thing that needs to be agreed upon is in the contract. The parties need 
to have an ongoing decision process during the entire project. Therefore there is very little room 
for opportunism if the project is going to be successful. 

2.7.2 ALLOCATION OF RISK AND RESPONSIBILITY 

The allocation of risk and responsibility is closely connected to the cost of the total cost of the 
project. Recent research and industry experts have indicated that inappropriate risk allocation 
through disclaimer clauses in contracts is a significant reason for increasing the total cost of a 
project (Zaghloul 2003). If it is possible to allocate the responsibility for every task to the 
participant that is best suited to accomplish a good work, the total risk premium is to be the 
lowest possible for the project. 

A typical implication that can arise can be deduced to the extensive life cycles that the systems 
considered in this thesis have. Who is or will be responsible for possibilities to maintain and 
modernize the system in the future. Maintenance cost is a question that needs to be considered as 
well as the supply of spare parts during the system lifetime. These questions need to be 
considered and the responsibility for them needs to be allocated. 

Williamson (1979) presents an applicable model for how contracts should be formulated 
depending on what type of market a transaction takes place on. 

 

  Investment characteristic 

  Non-specific Mixed Idiosyncratic 

Occasional Contracting with Arbitration 
Frequency 

Recurrent 

Open Markets 
Partnership/ 

Alliances 
Vertical 

Integration 

 Figure 17: Williamson’s governance structure assignments 
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Williamson (1979) concludes that non-specific transactions are efficiently organised by markets, 
while recurrent transaction-specific exchanges are more efficiently governed internally. 

2.7.3 TO HANDLE RISKS 

Managing risks is a cyclic process consisting of three phases, identifying, assessing and taking 
action (Raftery 1994). Also in PMBOK (2000) a similar management process for handling project 
risk is described. In the identification phase risks that might affect the project are identified and 
along with their characteristics. Usually a group of project team members and stakeholders are 
gathered to identify the risks. A long list of tolls and techniques are available such as 
brainstorming and Delphi technique, se PMBOK (2000) for more examples. In the assessment 
phase the impact and probability of the risks are analysed. A common technique is to grade the 
risks according to a scale for both impact and probability, to identify which risks that should be 
managed more aggressively. The risk probability scale could for instance be between 0 (no 
probability) and 1 (certainty). In the third and last phase options and actions are identified and 
used to reduce threats to the projects objectives. Identification and assignment of individuals (or 
groups) to take responsibility for each the risk response must also be done. 

Risks also relates to each others. For example introduces a technical risk introduces a cost risk 
and also a schedule risk. To manage risks efficiently these relations must be understood so it is 
the main source introducing a risk that is managed, and not the risk of it that is a consequence of 
the first risk. The consequence of every risk identified and considered menacing to the project 
must of course be managed and monitored adequately.  
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 Figure 18: Major relations among four risk categories (INCOSE 2000) 

Technical risk is the possibility that a technical requirement of the system may not be achieved 
in the system cycle. 

Cost risk is the possibility that available budget will be exceeded. 

Schedule risk is the possibility that the program will fail to meet schedule milestones. 

Programmatic risk is produced by events which are beyond the control of the program 
(project) manager.  
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2.7.4 INTERNAL CONFLICTS AND RISK 

In projects considered in this thesis various perspectives on management of projects and 
procurements are regarded. For example are the projects viewed in the perspectives of the client, 
the project manager, the integrator, the supplier and the consultant. In each of these 
organisations or spheres of interests there are different levels of management. Every 
organisational level has its own budget, loyalties and drive for continuing to do successful 
business. All this may create conflicts that can turn decision making in the projects into political 
discussions and loyalty conflicts. This fact is something important to identify and manage. How 
to manage this is however not to any larger extend dealt with in this thesis, due to the 
problematic nature of this phenomena and the difficulties doing research on the subject. 
However, the importance and the influence this have on projects cannot be enough stressed. 

A procurement strategy should nevertheless allude to manage any internal conflicts of interests 
that may occur as good as possible.  A strategy ought to minimize the impact from conflicts on 
the procurement, if it is expected to cause any trouble for the procurement project. Beside an 
appropriate procurement strategy, the project manager in charge must be given the support and 
authority needed to deal with this. The conflicting interest that may occur has it origin in the 
relation to the ongoing business. The procurement project is an activity that is competing with 
other activities, often being an organisation of its own, but the procurement project is not a stand 
alone endeavour that has its own life. 

2.7.5 BUSINESS RISK 

The risk management process for a project can be quite straight forward dealing mainly with 
technical, cost and schedule risk. Even though projects have been getting a more business 
oriented scope definition, the main business responsibility is outside the project itself. For 
example is the business risk and opportunity considered before a project is started and 
continuously re-evaluated under the projects life.  
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 Figure 19: The relation between project and business environment  
that need to be considered in a procurement project. 

2.7.6 COMMON TYPES OF CONTRACTS 

Within many businesses it is common to use standard contracts based on what is the "business 
area standards". Often it is a trade association that has established it. For example the Swedish 
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Pulp and Paper Industry is using the SSG standard contracts. The standard is established in order 
to make it easier for the client and contractor to agree on "who should do what" in the deal. The 
SSG provide a base contract to start from. Many details in a contract is the same from deal to 
deal, and in any particular deal the two parts goes through the contact, negotiates, and add or 
remove parts that is missing or not applicable at the moment. 

No single contract fits every situation or project (Kerzner 2001, PMBOK 2000). Therefore, work 
is normally performed under a wide variety of contractual arrangements. PMBOK (2000) divides 
the contacts into three broad general categories, fixed-price or lump-sum contracts, cost-
reimbursable contracts and time and material contracts. Further, contracts exist that include 
different types of incentives fees and cost sharing. Also joint ventures are used with in projects. 
For more examples on different contracts and there application see Kerzner (2000), Morris 
(1987), PMBOK (2000).  

However, some the most common types of contract pricing are fixed price, unit price, target 
price, reimbursable with incentive fees and reimbursable with fixed or percentage fees. These 
types of contracts can be used on its own or they could be combined, depending what the project 
requires. In the following a short introduction to each type and some elaboration about 
advantage and disadvantage is presented. 

The fixed price contact is when the seller and the buyer agree upon a product delivery or services for 
one agreed-upon cost. Some important issues must be considered before choosing this type of 
contract. The scope and definition of the work must be complete and accurate. The technical 
requirements must be explicitly defined. The project schedule must be fixed. If change requests 
occurs during the project the fixed price might have to be renegotiated, which in many cases will 
have a negative impact on the projects schedule. 

The unit price contact is based on an agreed-upon price per unit, but not the number of units needed 
for concluding the project. It is suitable to use when the units of work can be well defined, but 
the number of units but the total number of needed are uncertain. Unit price and cost-
reimbursable work should not be combined in a contract. It is also necessary to have a system of 
reporting completed number of work units. 

The target price contract is based on an agreement that the buyer and the seller will share both cost 
savings and cost overruns. Thus, the target price is not fixed since the seller does not assume all 
the risks in the project associated with performing the defined work. Therefore the target price is 
suitable when there is a high level of uncertainty in the scope and definition of the project. A 
certain amount of level of the scope is although necessary, so that the estimated target price will 
be set somewhere close to the final price. 

The reimbursable contract can be with incentives fee, with fixed or percentage fee. In the 
reimbursable contract with incentive fee the seller commits to provide services and goods 
specified by the buyer for the seller’s actual costs plus a fee based on the performance. The 
incentive fee is normally for cost, quality and schedule objectives. An incentive contract can be 
used to motivate an exceptional technical or schedule performance or to control costs. The 
incentive based contract hence is suitable to promote win-win project outcomes for the client 
and the seller. However, it is important to choose the proper contractual incentives in order to 
minimise the problems within the project such as cost overruns, schedule delays and failure to 
achieve the expected outcome. The reimbursable contract with fixed or percentage fee is used 
when the seller commits to provide the products and services requested by a buyer for the actual 
cost plus a fee. It is suitable to use a fixed fee when the value of the service and/or products is 
rough estimated. The percentage fee could be used when the value products and/or services is 
more difficult to estimate. This type of contract however requires and extensive involvement by 
the buyer in controlling the contract costs.  
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 Figure 20:  Owner – Contractor risk contracting relationship (Thompson 1981) 

 

Different types of contact influences on the flexibility of the client (owner) and on the incentives 
for the contractor (supplier), also the risk for the owner and the contactor is defined by the 
contract (Thompson 1981). A cost reimbursable contract gives the client maximum flexibility, 
when the work to be done is fully stated by the client. Thus, the client takes on a higher risk. 
Using a lump sum contract the clients risk is lowered, but also the possibility to influence. Using 
a lump sum contract means that the client to a higher degree must trust on the contractors ability 
to fulfil the contract. The contractors risk is high in lump sum contracts so before agreeing using  
such a contract, the contractor may want to feel confident to be able to live up to the 
expectation.  
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3  

STRATEGY IN PROCUREMENT PROJECTS 

In the beginning of a procurement project important decisions must be made regarding the 
procurement strategy. The strategy must address and foresee the needs of the project and be 
based on its prerequisites. If large investments seldom are done in an organisation, it is normal to 
organise a project to handle one. If, however, large investment projects are something done 
regularly, the organisation accumulates experience and knowledge about how to manage, and 
therefore it is accordingly not something unfamiliar and extraordinary for the organisation. It is 
the size and complexity of a procurement that decide whether it is a common or rare occurrence 
for the organisation, and this affects the strategy to adopt. This chapter have some parts in 
common with Paper D. 

3.1 THE NEED FOR PROCUREMENT STRATEGY 
In major construction projects it is important, sometimes even crucial, that the client in an early 
stage decides upon the strategy for how the different parts are to be procured (Selin 1994). 
Further according to Selin (1994) the strategy is decided based on the type of construction and 
its’ degree of complexity, the own organisations competence, experience and resources, and the 
possible contractor’s competence, experience, resources and the overall market conditions. 

Narrowly defined strategy means “the art of the general” (Encyclopedia Britannica 2003). In the 
Sun-Tzu the following very well phrased words can be found; “Know the enemy and know 
yourself, and you can fight a hundred battles with no danger of defeat”. For a project manger 
responsible for a procurement the meaning of the words of Sun-Tzu are truly worth considering. 
Translated into the terms of a procurement project the meaning is evident. Even if a 
procurement project is not a war, still it sometimes mistakenly can be considered to be by some. 

After the first initial decisions and feasibility studies the strategy for fulfilling the project goals 
must be decided upon, and the first question that must be answered is how much of the work to 
be done can and should be done by the resources from the internal organisation. Involvement 
from the client organisation is crucial for success, but does not imply that every thing should be 
accomplished in-house. There should be a balanced and well-motivated mix of internal and 
external performed activities throughout the project.  

Secondly the stakeholders of the project must be identified. How should their different interests 
in the project be managed and balanced. If one particular group of stakeholders get to much 
influence on the project, the others will most certainly be unsatisfied. 

Thirdly there is the question of project control. Project control tools make it possible to keep 
overall control over the project. Managing a large engineering project there is a need for control 
mechanisms to validate that the project is on track. The use of project management and systems 
engineering tools is very valuable for this. Not already having this control tools in place means 
however that the costs will be high to obtain them. Which is in conflict with the project goal to 
keep within the budget. A justified question is how much money that should be spent on control 
in a single project. Depending on the procurement strategy the need of client control over the 
overall project will differ significantly. How much control ever established there is however no 
possible way to be absolutely sure that nothing are forgotten. For the client risk minimisation is 
the tool to use for that through the contract. 
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Fourth a very high degree of client involvement means that the client either must manage to do a 
large extend of the work them self or that the client project organisation must be manned being 
able to understand and give views on the documentation produced by the contractors and 
suppliers. Most clients aren’t very high-tech or capable of doing this, even if they want to 
consider themselves I that way. The resources needed for this is also very seldom available in a 
client organisation. 

3.1.1 WHAT IS PROCUREMENT STRATEGY 

A strategy should be formulated to help the client organisation manage the procurement project 
as efficient as possible under the circumstances. Further, the strategy should help the project 
manger to handle the stakeholders and the conflicting interest that may occur in the project. If 
feasible the strategy should allow as much flexibility as possible for the client when favourable, 
not putting the fulfilment of the requirements in danger. The procurement strategy should also 
assist in optimising the total system performance and reduce the cost of ownership. 

By taking a system approach as a client, the attention is on what the system produces rather if it is 
electricity, automobiles or information. The system approach keeps focus on the things close to 
the core business of the client, the business and the outcome from the system. A client can adopt 
the system approach by using functional requirements in the request for proposal and in addition 
have some qualitative measurements on the system delivered by the contractor. There is however 
some difficulties often put forward when a procurement is based on functional request are 
suggested. That is how the client can be sure that the delivered system really is up to the 
requirements. Then qualitative measurements often are harder to verify and more difficult to 
agree upon. Compared to traditional requirements that in most cases detailed describes every 
component in the system. If the component is found different from required the contractor has 
clearly not fulfilled what is stated in the contract. 

3.1.2 STRATEGY FOR INNOVATIVE PROJECT PROCUREMENT 

If the contract is so specific that it states every detail to be used, it can block innovative solutions 
that might have been possible to use in the system design. In many cases, in fear violating the 
contract, and not keen to take on the amount of work that comes with changing the design, the 
system design will remain as originally stated in the contract. 

This is a situation not beneficial to the client, if not absolutely sure that the original detailed 
design is the best one. Which it probably not is, most often there will be changes in the system 
design during the project. Using a flexible design there must exist an efficient process to handle 
the change requests and make sure that the changes made is reflected in design of the 
components interacting with the one that is changed, if necessary.  

An efficient way to keep control over the cost due to changes in the specification is to create a 
configuration control board responsible for changes to the original contract. Even if changes are 
something not sought after, the need for them will emerge during a complex system project. The 
project management team must therefore be ready to deal with them. 

3.1.3 FACTORS TO CONSIDER 

Before a procurement phase of the project is initiated a procurement strategy must be decided 
upon. The strategy ought to be based upon the pre-project conditions that are unique to every 
project. Factors to consider are such as available financial resources and time, but also such 
things as knowledge and competence that is available in the client organisation. The competence 
evaluation stage can be divided into two. First it is the project initiation, where the first ideas are 
formatted and decisions taken. It is in the initial phase where the project success and 
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management principles that are going to dominate the project are established. This is very much 
depending upon the decision on how that is going to be the project manager. It is the project 
manger, guided by his or her experience and knowledge that influence on how to manage the 
project. Thereafter, it is the responsibility of project manger to staff the project in order to be 
successful, and be able to proceed according to the project plan and guidelines. A first general 
short list of factors to consider is as follows; 

 

• Available resources  

− Money  

− Time 

• Competence assets available 

− Internal (client) 

− External (supplier, contractor, consultants) 

• Market conditions  

− Degree of competition, e.g. number of possible suppliers and contactors 

− Economic situation (e.g. economic recession or economic boom) 

• Impact on the core business 

− A central part, e.g. effects the end-product directly 

− A support system,  e.g. not critical for the quality of the end-product 

• Degree of innovation (technology) 

− Development 

− Delivery and assembly of COTS products 

 Table 5: Short list of factors to consider choosing a procurement strategy 

 

A more detailed list of factors to consider choosing a procurement strategy is originally derived 
from McConachy (1998). In this version it is modified and extended. A client about to decide 
upon a procurement strategy ought to consider the following: 
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Owner competence 

• Ability to assess alternative project deliveries 
• Ability to assess contractor competence 
• Personnel available with ability to handle selected 

delivery method 
 

Social objectives 

• Local hire and local purchase for design, 
development and construction 

• Meeting safety and environmental expectations 
• If the procurement be used as a possible 

competence boost for the organisation 

Project Factors 

• Size 
• Complexity, i.e., new technology involved in 

design or construction 
• Potential for innovative approaches in either 

scope or method 
• Degree of definition of scope (what is to be built) 
• Degree of diversity of scope (different types of 

work involved) 
 

Project Risks 

• Identified and appropriately allocated 
• Potential for concealed/unforeseen conditions 
• Potential for significant changes in the work 
• Impact of scheduling changes, contractor, and/or 

subcontractor failure 
 

Contractors/Suppliers 

• Level of industry activity 
• Sufficient number of contractors/suppliers with 

relevant experience to ensure competition 
• Number of possible  
• Level of trust with contractor/supplier 
 

 

 
 Table 6: Factors to consider choosing a procurement strategy 

 

3.2 PROCUREMENT STRATEGY INFLUENCE ON INNOVATION  
Lampel et.al (1996) discusses the impact of owner involvement on innovation in large projects. 
There is two theories presented that have a different view on degree of innovation and client 
involvement and responsibility for the different activities in a procurement project. The agency 
theory state that in-house expertise are more favourable towards innovation and that clients with 
less information are to put constraints on their agents (integrators) ability to implement 
innovative solutions. The organisational theory says that clients with internal capabilities are more 
likely to institutionalise past experiences in their thinking and practises. The clients with internal 
capabilities are therefore more likely to be more conservative towards innovations.  

Providers (suppliers) of capital intense equipments are often conservative and try to avoid risk 
taking, which can be traced back to the complexity and cost of the products they deliver. Most 
often when new innovative solutions are introduced on the market for this kind of products, it is 
made in close co-operation with a customer. The customer (the client) wants to have a good 
product and the supplier need to introduce a new product on the market. This is typically for the 
products or systems discussed here that need extensive field-testing in order to be able to be 
considered reliable. This problematic around introduction of new capital intense products or 
systems is difficult to solve, and need contractual arrangements that support and promotes use of 
innovative solutions in the systems provided. 
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When the decision is made that an investment is to be done, a project organisation is to be 
established. The project organisation is normally put together by the most highly trained and 
suitable professionals within the organisation. The project is often to be considered as "a seldom 
occurrence", especially if it is large enough and involves a large part of the organisation. The kind 
of technical systems considered in this thesis have in most cases a lifetime of about 15+ years. 
During the lifetime of the system smaller investments in upgrading of the system will be done, to 
but the major parts of the system will stay the same. This seldom occurrence is also often 
considered to be the most exciting and important that has happened for perhaps the last 10 years 
within the organisation. This means that the internal expertise is willing to put a lot of effort into 
the project. It is a risk that the effort not is leading in the project in the right direction. In many 
organisations with long traditions the degree of innovation is decreased with higher involvement 
from the client 

That internal capabilities lead too less innovative technical solutions is however not possible to 
generally say. Many client organisations have very highly skilled internal capabilities that in many 
areas are better than any contractors may have. What knowledge is to be found in the 
organisation of the client vs. the contractor?  

3.3 CONSTRAINTS IN A CLIENT STRATEGY DECISION 
There is a lot of factors that has an influence on the strategy decision. The client must consider 
how the project is to be managed and what factors that have an influence on it, both positive and 
negative. Factors that such as how projects traditionally have been managed must be considered, 
changing traditions and organisational cultures may prove to be an overwhelming task. If a strong 
tradition and culture exists, it may be more appropriate not trying to change it. However, for 
progress it may be necessary to do just that, and then it must be managed properly. Time and 
money is often the two major constraints in any procurement project.  

 

• Culture and traditions 

• Experience and knowledge 

• Finical resources 

• Time 

• Technological advancement  

• Existing of market for the system to be procured - level of competition 
among contractors and suppliers 

• Other external influences - authorities 

• Relation with contractors and suppliers - trust and risk 

 
 Table 7: Constraints in a procurement project 

3.4 REUSE OF EXPERIENCES AND KNOWLEDGE 
If an organisation is to be able to use available knowledge and reuse of experiences, the 
mechanism for how knowledge is gained and shared should be understood. Knowledge exists in 
several different forms. Nonaka and Takeuchi (1995) have divided knowledge into two types and 
have presented a model for how knowledge is transferred between the different settings.  
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Socialization

Tacit knowledge Explicit knowledge

TO

FROM

Internalization

Externalization

Combination

Tacit knowledge

Explicit knowledge

 

 Figure 21: Four modes of knowledge conversion (Nonaka & Takeuchi 1995) 

Tacit knowledge is in such form that is found inside individuals. It is hard to directly express it 
and is mainly gained trough in receipt of experiences. The explicit knowledge is more easily 
found such as in documents, text books and databases.  

“Tacit knowledge cannot be communicated or passed onto others easily, since it is acquired primarily 
through experiences and not easily expressed in words. Thus, the sharing of tacit knowledge among 
multiple individuals with different backgrounds, perspectives, and motivation becomes the critical step 
for organizational knowledge creation to take place” (Nonaka & Takeuchi 1995) 

Nonaka and Takeuchis model describes for processes for how knowledge is transferred between 
different forms. 

Socialization - A process where the experiences is transferred for example by observation or 
imitating some one. The key is to share practical experiences.  

Externalization - The knowledge transfer is done by using metaphors, analogies, hypothesis or 
models. By help of which a picture is tried to be created over what is meant.  

Internalization - An individual is creating his/hers own tacit knowledge by reuse of others 
experiences that they have been able to communicate explicit.  

Combination - The explicit knowledge is shared by documents, meetings, telephone, mail, etc, The 
knowledge is sorted, categorized and combined in different ways. 

Tacit knowledge is important to incorporate in the “organisations knowledge bank”, otherwise 
the organisation is to a very high degree depending on the individuals. The individuals in an 
organisation can never be replaced, but the dependency on one and each individual may be 
reduced a little by implementing a knowledge management process. For projects that is highly 
important. Even though it may be questioned that it is done, considering the high number of 
projects that are managed poorly, not meeting staying within budget or schedule. 

3.4.1 KNOWLEDGE MANAGEMENT IN PROJECTS 

Making a procurement means taking a lot of decisions. Those decisions will hopefully be made 
by some one possession knowledge about the area in particular or at least know where to gain 
that knowledge. The area of knowledge management has now for some time been of interest for 
the world of organisational research. Focus has been on how to create a knowledge company. 
Organisations knowledge assets are more closely monitored than ever before. Today it is more 
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important than ever for an organisation to keep track of and develop its knowledge capital. An 
organisation of today need to have a strategy of how to maintain and develop it’s intellectual 
capital. The competence inside the organisation is unique and needed to be successful. 

When starting a project the project sponsor and project manager need to carefully go over what 
competence is to be found inside the organisation and what competence is need to be brought in 
from the outside of the organisation, in the form of consultants or suppliers. Many projects seem 
to create their project organisation in a very hasty way. It seems to be more important to get 
something done, rather than doing best possible.  

Instead of carefully plan and evaluate possible options of how to create and run an effective 
project with the available resources (both quality and quantity) it is common to start right away 
with their sources at hand. What do to in projects is often very clear at a start. A project plan 
needs to be made and requirements on the needed equipment need to be extracted out of the 
organisation. How these requirements are extracted and how it is evaluated against possible and 
available technology differs however depending on how that is doing this work. 

A thoroughly examination of what competences needed for fulfilling the project can avoid many 
of the most common problems. An fairly simple evaluation of the competence available in the 
client organisation could and should also influence the strategy to be used in the procurement 
project.  The different procurement strategies have very different needs, in form of resources and 
competencies on the client side of the project. 
Björkegren (1999) have found some incentives and disincentives for knowledge transfer between 
projects on a individual level, on a mill level, and on a corporate level (se figure).  Björkegren 
have in her research studied knowledge transfer in two major investment projects within one 
large Swedish industrial organisation within pulp and paper industry (former STORA 
Corporation, today a part of Stora Enso). 

 

Different levels Incentives (+) and Disincentives (-)  
for knowledge transfer between projects 

Individual +  get some kind of structure and routines for how to organise and 
manage the project, get someone with experience to talk to and 
work together with 

-  the fun of inventing 

Mill +  time, cost, efficiency, not to fail 

-  to not get the whole honour if the project succeeds, difficult to 
find people with experience within the organisation, difficult to 
judge the quality of earlier experience, the mills are measured after 
how much they produce and not how much they help other mills 
to manage their projects 

Corporation +  time, cost, efficiency, a productive use of the firms resources 

-  the mills independence, the importance of decentralization 

 Figure 22: Incentives and disincentives for knowledge transfer on  
different levels within an organisation (from Björkegren 1999) 
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3.5 REQUIREMENTS SPECIFICATION STRATEGIES 
A procurement strategy is prescribing how the requirements specification is formed in the 
request for proposal. A specification can principally belong to one of three types. The three main 
types are: 

• Detailed specification 

• Functional specification 

• Semi-functional specification (blocks) 

 

Detailed specification 

A detailed specification states exactly what to be included in the delivery down to the last screw 
and nut. It becomes very easy to forget something that should have been included. The system 
functionality is largely depending on the one that has written the specification. Any uncertainties 
and technical difficulties must be handled by the entity that created the specification. 

Functional specification 

The functional specification is based o functional requirements, a higher level of abstraction of 
the system. The responsibility for what components, screws and nuts, to include in the system is 
handed over to the supplier. The interface between the client and the supplier is very 
uncomplicated, information is only exchanged between two entities. Any uncertainties or 
technical difficulties are managed by the supplier. 

Semi-functional specification 

The system is divided into a few larger blocks on which the client state functional requirements 
or in some cases more specific requirements on one or several of the blocks. The client initially 
ends up with the responsibility for the interfaces between the blocks, a responsibility that 
eventually can be handed over to some one else. The information amount to be managed and 
coordination activities needed in such an organisation is not to be underestimated. The 
responsibility for uncertainties and technical problems is divided  

How the requirements specification is written influences the activities to be performed in a 
procurement project. It decides for example how and by whom the project management and the 
systems engineering activities are to be carried out. Each strategy consequently has specific 
prerequisites that must exist. Thus, diverse organisational resources and technical skills are 
needed for each strategy if they are to be executed best possible. 

3.5.1 AN ILLUSTRATIVE EXAMPLE 

An illustrative example of the impact of requirements engineering to a system or product 
procurement can easily be made using a car as an example. If a customer only has functional 
requirements, such as maximum velocity needed, time constraints that it maximum should take to 
reach that speed, fuel consumption, number of seats, load capacity, maintenance cost and 
intervals, etc. The possibility to find a car that could meet a fairly limited number of such 
requirements is pretty good, and if such a car already exists, the cost to obtain it ought not to be 
exorbitant high.  

If the customer on the other hand has a lot of detailed requirements that altogether creates a very 
long list of specifications the chances of finding an already existing car is very limited. By 
pinpointing every component to be assembled into the car to be, the final cost will be very high. 
If the functionality of the components, that together is a system, should be satisfying good the 
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time needed for integration and testing will probably be very extensive. A system is as mentioned 
before, so much more than just components that have been put together. 

A car manufacturer would in the later example only act as an assembler of component, while in 
the former example the manufacturer also is providing knowledge and experience used in the 
system design phase of the car. The price for flexibility can be very high, and the huge cost 
difference that most probably would exist between the two cars above is hard to motivate.  The 
more expensive car would probably have some functions that are unique and requested, but the 
overall system functionality would probably be much better in the less expensive one. Mainly due 
to the difference in knowledge and experience used in the design, when the car manufacturer also 
is responsible for choosing the components to integrate into a system.  

3.5.2 TYPE OF SYSTEM 

In a procurement of a complex technical system it is important to identify the attributes of the 
systems to acquire. Thus, depending on the type of system and the characteristic of it, different 
procurement strategies are appropriate to use. One classification on characteristics of systems can 
done using a system of systems approach, in which one’s system is someone else’s subsystem. 
The complexity in the procurement project is depending on the type of system to acquire. 

 

Type of system: Sub systems Complex systems 
Complex systems 
that also includes 
complex logistics 

Example of system Robot, hard drive, generator, 
boiler, gas turbine, etc. 

Power plant, Paper- and pulp 
plant, etc 

Car manufacturing assembly 
line, computer assembly plant 

End product 
characteristic 

Often no specific end-product, 
focus on function 

Standardized end-products 
such as electricity, heat or pulp 
and paper 

Individually products like cars, 
trucks, computers 

Measurable 
Quality and functionality of 
the sub-system 

The reliability and efficiency of 
the process is in focus while 
creating the systems 

Logistics, end-product quality, 
efficiency and reliability in focus. 

System buyer 
characteristic (client) 

Most likely a client with a 
specific need, already in 
possession of a complex system 

End product market oriented, 
limited technical resources 
except for issues concerning the 
end-product 

Highly technical competent, 
often design and engineering 
responsibility for the end 
product 

  

 Figure 23: Degree complexity in system procurement projects 

3.6  OPERATION AND MAINTENANCE OF SYSTEMS 
After a system is acquired it needs an organisation to operate and maintain it. How the operation 
and maintenance is to be organised should be considered in the procurement strategy. Today it is 
common to talk about outsourcing of activities not considered part of the core activities of the 
business. This is also something that concerns operation and maintenance of complex technical 
systems. 

Degree of complexity in a 
procurement project  

Low High 
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3.6.1 THE OUTSOURCING CONCEPT 

Outsourcing is not anything new, the concept has been around for quite a while now. It has from 
time to time it has been more or less popular and the trend lately has been strong. New concepts 
are such as “offshore outsourcing” and “right sourcing”. Organisations are almost always 
interested in doing things more efficient and to a less cost, and outsourcing is a tool that can be 
helpful for that. By the means of outsourcing cost efficient production, operation and problem 
solving capacity are available. The drives for using outsourcing are on a general level the same as 
for the adoption of a more total system procurement approach for systems.  

Outsourcing is strategic use of outside resources to perform activities that traditionally have been 
handled by internal staff and resources. It is a management strategy by which an organisation 
delegates major, non-core functions to specialized and efficient service providers (Elmuti et. al. 
2000).  The concept of outsourcing is related to core competencies. It is the core competence of 
an organisation that should be in focus and refined. Thus it is the core competencies that should 
make the organisation profitable and competitive. A more focused organisation with few not 
diversified activities is often able to perform better.  

An increased focus on core competencies and outsourcing of other activities can in some cases 
also free capital resources. Capital that could be spent on more profitable activities, i.e. in core 
competence areas. Former fixed costs may also in some cases be accounted as variable costs by 
means of outsourcing. There are differences in the outsourcing concept when comparing for 
example a car manufacturer and with a paper plant. The difference is found in what type of 
services and capabilities that are sought and that accordingly depend on the type of business. 
Outsourcing for a car manufacture most often means that someone is supplying a component 
that are to be integrated into the car, but it can also be supporting functions such as facilities 
management and IT systems. 

In the process industry, for a example a pulp- and paper plant,  it can typically be the energy 
supply function including the operation of a power plant, that are outsourced to an external 
organisation that has energy as it’s core business. A typical contract for energy supply to a pulp- 
and paper plant could mean delivery of electricity and process steam for a time period of 10-15 
years. The price of the deliveries would typically be based on some applicable index price. The 
new owner or operator of the power plant can make money on the operation of the plant by 
reduction in the operational cost, cost for maintenance, efficiency increase etc. All enabled by 
using the core competencies of the company efficient. Deciding if activities should be out 
sourced or in sourced comes down to a classic make or buy decision and is related to the 
behaviour of the organisation (Loh et. al. 1992; Elfing et. al. 1994, Venkatraman et. al. 1994, 
Alpar et. al. 1995, Coase 1937, Williamson 1979, Carlson 1989, Hart 1995) and transaction cost 
economics (Williamson 1985, Benko 1993, Boon et. al. 1991, Grover et al. 1994, 1996, Nam et. 
al. 1996; Lacity et. al. 1993), and it is so the evolving literature on outsourcing treats the area 
(Kakabadse  et. al. 2000). 

When considering a partner for outsourcing, many things must be considered, such as the 
abilities of the partner, the stability, and that if the partner really will carry out the activity better 
than if to be outsourced would have remained internal in the firm. The organisation must identify 
the own firms core competencies correctly. An activity that might be trickier than it may seem. 
IBM has experience of just that, when the company in the 1980’s focusing on innovation and 
outsourcing hardware, software and distribution. IBM used the technological capabilities of 
Microsoft and Intel and was by that able to get products rapidly on the market. The strategy 
worked well at first and IBM gained a major part of the market, 41% in 1985, but IBM lost 
control of its innovations outsourcing so much to autonomous vendors. IBM compatible PC’s 
started to appear on the market and the partners, Microsoft and Intel, started directing the PC 
architecture IBM had created. Other companies could imitate what IBM did and gain market 
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shares, IBM’s market share was 7.3% in 1995. IBM realized that it needed to diversify from the 
competitors but had difficulties doing so lacking knowledge that had leaked out of the 
organisation, when the internal capabilities had been neglected in certain areas. (Source: IBM 
example adopted from Chesbrough et. al. 1996) 

A careful assessment of a firm’s assets and resources must precedes any outsourcing decision so 
that only those activities for which the firm do not have any special capabilities or those for 
which the firm do not have a strategic need are outsourced (Black et. al. 1994). The outsourcing 
concept is interesting in the scope of this thesis by that that it concerns what the client should do 
in-house and what external resources can be used for. The level of knowledge and competence of 
both internal and external resources are of interest, and how they should be measured and 
evaluated. One scenario is that suppliers of machinery and systems also take over responsibility 
for operation and maintenance in larger extend, they are the suppliers of spare parts and in some 
cases as constructors, in possession of greater knowledge about the systems and the components 
inside it. 

3.6.2 THE DRIVE FOR OUTSOURCING 

In a comprehensive study on British companies view on outsourcing Ying (2000) found these 
reasons and by the companies experienced benefits. 

 

Major reasons for outsourcing a 
particular activity 

Benefits from outsourcing 

Cost reductions  64% Cost reduction 64% 
Focus on core competencies 36%  Freed up internal resources 36% 
Quality (product or service) 29% Service level improvement 29% 
Lack of internal skills  29% Quality improvement 14% 
Entry barriers  29% Flexibility  7% 
Capacity 7%   

 

3.6.3 DISADVANTAGES OF OUTSOURCING 

Decline in moral and performance of the remaining workforce (Elumiti et. al. 2000) and 
problems concerning communication between organisations are common in literature. The main 
disadvantage of outsourcing however is the loss of critical skills and knowledge that can leak out 
of the organisation (Bettis et. al. 1992, Howe 1998). The main risk is that the organisations core 
competencies are not correctly identified before outsourcing of activities are done. There is a 
potential risk that important knowledge and competence is lost in the client organisation if the 
outsourcing not is carefully planned and organised. 

3.7  SOME EXAMPLES OF PROCUREMENT STRATEGIES 
Many different procurement strategies exist. Here two examples of in some way innovative 
procurement strategies are presented and also some experience from the outcome from them.  

3.7.1 THE ÖRESUND TUNNEL 

As an example on a constructive and innovative example of procurement strategy is the use 
design and build contract used on the Öresund tunnel and bridge.  In the paper “The Öresunds 
tunnel – Making s Success of Design and build) Chris Marshall explores the use of Design and 
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Build as a procurement method. The discussion in the paper is developed by considering the case 
of the Öresunds tunnel, a part of the Öresunds link between Sweden and Denmark. The paper 
gives several different examples of how design and build permitted innovations both in 
construction and in work design. Also demonstrated is that under the right circumstances this 
procurement method can lead to lower costs, faster construction and improved build quality. 

How this is accomplished, according to Marshall, is here following in short form described. The 
design and build procurement enables close interaction between the contractor and designer in 
order to maximise the benefits of the contract.  

The most common reason choosing design and build is to reduce construction cost by releasing 
the contractor from unnecessary constraints. Other reasons given is as follows 

• Design and build places detailed design responsibility with the contractor 

• Preparing a design and build contract imposes a discipline on the owner to identify the 
underlying objective of the project. 

• Design and build allows for continues adjustment of the design during construction 

The benefits are significant, but as always there are no guarantees. For many projects the design 
and build contact is not beneficial. Marshall gives example of some conditions that need to be 
considered carefully before using the design and build procurement method 

• Design complexity and scope for innovation 

• The promoter’s approach to procurement 

• Risk relating to third party actions 

• The contractors approach to design 

The tender stage is a critical part of the design and build project, since this is when the biggest 
opportunity exists to explore conceptual design possibilities. 

3.7.2 TOTAL PACKAGE PROCUREMENT STRATEGY 

An interesting approach applied on large scale procurement projects was implemented in the 
sixties. Secretary of Defense (in the United States of America), Robert McNamara, brought in the 
first-ever system for discovering the true cost of weapons and systems thus assessing whether 
they were worth the budget. What he introduced was the Total Package Procurement System 
(TPPS) which assigned to a single contractor the responsibility for the complete operating 
systems. Along side with the TPP (Equipment and Lifetime support), the use of many other 
innovative concepts were introduced, such as Best Value selection methodology, Commercial 
Off-the-Shelf (COTS) procurement, performance based support (Availability>90 percent), 
compensation program (incentive and disincentive), Past Customer Performance evaluation and 
the use of new IT tools for the evaluation process. 

The TPPS initiative for systems, stretched from research, to development, testing, evaluation and 
production - under a single fixed-price contract with negotiated incentives. The C-5 project was 
one of first two contracts that used TPPS, and it resulted in what the media regarded as the most 
scandalous (up until then) examples of wasting tax dollars by what it called “the 
military/industrial complex”, a kind of underground mafia dedicated to milking unsuspecting and 
unconcern citizens.  

The TPPS did not work as intended, the C-5 program experienced huge overruns and the plane 
did not perform to expectations. As a result Lockhead, that had been the contactor, almost went 
bankrupt, but was saved only by extensive modifications to the contract and a loan from the 
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government. The other program that used TPPS, the General Dynamics F-111, was running into 
in the same problems as the C5. However, in the following studies of the projects, almost 
everyone over looked the important fact the both these aircraft enhanced the defense capability 
of the United States and both did things up until then that had been impossible. 
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4  

RESEARCH APPROACH AND METHODOLOGY 

Research is initiated to in some sense expand our knowledge base. Usually an answer is sought to 
a question and depending on the question, a research methodology that is suitable must be 
chosen being able to answer the question. The methods that are available and possible to use are 
many and varied, and they are different in how they accumulate and analyze data. The research 
approach and the way I have conducted my research have been influenced by the tradition at my 
department. This chapter describes the research methods considered and used throughout the in 
this thesis presented work. The chapter starts with a short introduction to research in general and 
thereafter the methodology used is more described in detail. 

4.1 RESEARCH 
Research is about creation of new knowledge, for example by investigation or experimentation 
aimed at the finding and interpretation of facts, revision of accepted theories or laws in the light 
of new facts, or practical application of such new or revised theories or laws. Research can be 
complex when the entity under study consists of numerous dimensions of freedom and possible 
ways of how to achieve the goals of the research. For example when the theme of research 
involves a combination of technology, organisations and their respective stakeholders. 

One way to study the combined field of technology, organisations and stakeholders is by using 
interdisciplinary research, making it to a broad study, with its weaknesses and strengths. 
Interdisciplinary studies have become interesting for researchers when complex problems have 
arisen from the advances in knowledge and an increased awareness of the complexity of the 
modern society. Many problems of today are so complex that they can no longer be resolved 
from the vantage point of a single academic discipline. 

Research methods can be classified in numerous of ways. One of the most common distinctions 
is between qualitative and quantitative methods. Qualitative methods were originally developed in 
the social sciences to enable researchers to study social and cultural phenomena. Some examples 
of qualitative methods are action research, case study research and ethnography. Qualitative 
research design is mainly used when the purpose is to understand the meaning of a particular 
phenomenon or experience. Qualitative methods are also good at discovery, exploring a new area 
and developing hypotheses (Miles 1984). Quantitative studies emphasize the measurement and 
analysis of causal relationships between variables, not processes. A quantitative research design is 
used to understand the components making up the studied object (Merriam 1994). 

A distinction in philosophical paradigm present in research in general is that of positivism versus 
hermeneutics. The paradigm of positivism implies observing the reality in an objective way. The 
hermeneutics viewpoint is that one cannot observe the reality objectively, meaning that all 
observations are subject to interpretation. The quality research based on case study methodology 
that is done in this work is based on the hermeneutics paradigm, more specifically on the 
interpretation of the real world with focus on the understanding.  

Generally visualized, a scientist is working in a laboratory setting, performing an experiment 
under strict controlled conditions. The scientist is responsible for, and is also in control of, the 
environment where the experiment is taking place. Doing research outside a controlled 
environment, as a laboratory, in most cases imply that none or very little control over the 
environment is usually obtained, but still the research made is required to be replicable and 
understandable, as if it was performed in a controlled environment. Research made outside the 
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controlled environment of a laboratory naturally therefore has other difficulties compared to the 
research made inside a laboratory environment. 

To be able to study complex decision situations, a researcher needs to understand the situation, 
and it’s context. Real life situations are often distinguished of complexity and numerous degrees 
of freedom that is almost always impossible to grasp. The focus in the research therefore often is 
on understanding. Why people act as they do? What are their motives? What underlying factors 
are behind their motives? Constructing a research methodology suited for that purpose several 
different questions that need to be answered.  According to Yin (1994) each research strategy has 
peculiar advantages and disadvantages, depending upon three conditions: 

(a) the type of research question 

(b) the control an investigator has over the actual behavioural events, and 

(c) the focus on contemporary as opposed to historical phenomena.  

In general, Yin continuous, case studies are the preferred strategy when “how” and “why” 
questions are being posed, when the investigator had little control over the events, and when the 
focus is on contemporary phenomenon within some real-life context. 

4.2 THE CASE STUDY APPROACH 
Case studies can be applied in order to accomplish various aims, such as providing description, 
testing or generate a theory (Eisenhardt 1989). The case study approach is a research strategy 
which focuses on understanding the dynamics present within single settings (Eisenhardt 1989). 
Some famous examples of case study research is Selnick’s (1949) description of TVA, Pettigrew’s 
(1973) research on decision making British retailer, Allison’s (1971) study of the Cuban missile 
crisis one of the more famous explanatory case studies, and Whytes (1943/1955) “Street Corner 
Society”, a classical example of a descriptive case study. A case study should according to Yin 
(1994) be used when the researcher wants to investigate a contemporary set of events over which 
he or she has little or no control. Case studies can involve either single or multiple cases, and 
numerous levels of analysis (Yin 1994). 

There are many different research strategies when it comes to case studies, everyone representing 
different ways of collecting and analyzing empirical data. Case studies are generally divided into 
three main categories; exploratory, descriptive and explanatory case studies. The exploratory case 
study aim at investigating poorly known phenomena and thereby find new information, generate 
theory and in the end formulate hypotheses to be tested in further studies. The descriptive case 
focuses on phenomena within a particular domain aiming at describing which parameters that 
affect certain events. The goal is a little bit higher than in exploratory studies. The explanatory 
case study aim at testing theories by verifying or negate relations between parameters and thereby 
explain causality of events in an attempt to gain knowledge of a phenomenon and showing how 
or why a specific event led to another.  

Other categories of case studies eventually used by researchers are; the normative, the evaluative 
and the diagnostic case studies. The diagnostic case studies try to diagnosis how certain 
phenomena or situations have arisen and the underlying reasons for them. Compared to 
explanatory case studies the diagnostic case studies are more focused on the reasons behind 
phenomena than on causality and causal links. The evaluative case studies focus on what the 
outcomes and results are. The essential part in this type of case study is that a certain condition 
has occurred and one wants to evaluate the consequences. The normative case studies are aiming 
at providing guidance and rules on how to behave in certain situations. It is then conducted in 
order to find applicable rules and frameworks that could be applicable. 
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To sum up, the case study approach is appropriate to use when studying phenomenon answered 
by asking questions how and why and when the researcher does not have control over the 
studied events. The research in this thesis is of that nature. 

4.2.1 DESIRED SKILLS OF A CASE STUDY INVESTIGATOR:  

The preparation for doing a case study includes the prior skills of the investigator, the training 
and preparation for the specific case study, the development of a case study protocol, and the 
conduct of a pilot case study (Yin 1994). Further many incorrectly believe according to Yin, that 
they are sufficiently skilled to do case studies because they wrongly think the method is easy to 
use. Case study research must therefore not be underestimated. In fact, Yin (1994) continues, that 
case study research is among the hardest types of research to do. The demands of a case study on 
a person’s intellect, ego, and emotions are far greater than on any other research strategy (Yin 
1994). This is because the data collection procedures are not routinized. The case study 
investigator must therefore be focused, careful and flexible. Yin (1994) further says that a well 
trained and experienced investigator is needed to conduct a high-quality case study because of the 
continuous interaction between the theoretical issues being studied and the data being collected. 
As a case study investigator a feeling for the methodology is developed during the work, and test 
case is a helpful instrument to fine tune the methodology and the skills of the investigator. 

A basic list of commonly required skills is as follows (Yin 1994); 

• A person should be able to ask good questions – and to interpret the answers. 
• A person should be a good “listener” and not be trapped by his or her own ideologies or 

preconceptions. 
• A person should be adaptive and flexible, so that newly encountered situations can be seen 

as opportunities, not threats. 
• A person must have a firm grasp of the issue being studied, whether this is a theoretical or policy 

orientation, even in an exploratory mode. Such a grasp focused the relevant events and 
information to be sought to manageable proportions. 

• A person should be unbiased by preconceived notions, including those derived from theory. 
Thus a person should be sensitive and responsive to contradictory evidence. 

The above list has been used during the work as a guide for ensuring as good research quality as 
possible when it comes to the understanding on the influence I as an investigator has on the 
research result. 

4.2.2 COMPONENTS OF AND OUTCOME FROM CASE STUDIES 

A research design is made up from several components that combined and together creates a 
valid outline for the research to be done. A case study should according to Yin (1994) include the 
following five components,  

1. A study's question 

2. Its propositions, if any 

3. Its unit(s) of analysis, 

4. The logical linking the data to the propositions, and 

5. The criteria for interpreting the findings  

The above components are considered especially important constructing the research design, but 
may be complemented with other components if necessary. 
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The result coming out from a case study can be used differently. It may just confirm a theory or 
answer a specific question, but it may also be used for creating new theories about the studied 
phenomenon. Eisenhardt (1989) sets out a process for building theories from case studies that 
involves eight steps: 

1. Getting started – definition of research question 

2. Selecting cases 

3. Crafting Instruments and Protocols – designing research tools 

4. Entering the field – collecting data 

5. Analyzing data 

6. Shaping hypotheses 

7. Enfolding literature – comparison with conflicting literature and similar literature 

8. Reaching closure – theoretical saturation when possible 

Among others Eisenhardt has in her work about creating theories out of case studies relied on 
the work of Glasner and Strauss (1967), Strauss (1987), Yin (1981, 1984), Miles and Huberman 
(1984), Gersick (1988), Leonard-Barton (1988), Harris and Sutton (1986), Van-Mannen (1988), 
Jick (1979) and Mintzberg (1979). 

“There is a temptation to build theory that tries to capture everything. The result can be theory which 
is very rich in detail, but lacks the simplicity of overall perspective” (Eisenhardt 1989). 

The beauty is often found in the simplicity. A theory that tries to explain everything is probably 
to complex to use when it comes to process the parameters needed to explain the studied 
phenomena. Also the chair numbers of parameters needed as input and degrees of freedom of 
them may be insurmountable obstacles to handle if the theory is to complex. 

4.3 THE RESEARCH JOURNEY 
The research journey resulting in this thesis have primarily been explorative to it’s character in 
order to develop an good understanding for the multifaceted phenomena’s appearing in context 
of procurements of complex technical systems. The research was designed enabling the 
development of an understanding for the complex environment in which a procurement project 
takes place. The research was designed to be a broad explorative study, trying to identify core 
questions in the early phases, that some to be answered in the later phases, some to subjects for 
further research. This without loosing the understanding that the whole is more than the sum of 
the small pieces, e.g. small questions. The research question in this thesis is suitable for using case 
study methodology. The researcher has no control over the events, it is a real-life context and the 
main question is based on a “how” statement. 

The research has been performed on projects already completed, or in some case the study 
started when the project was almost completed, trying to understand why things have been 
conducted as they have. Therefore as a researcher I have had no relation to action research, 
where the researcher self, to some extent, can influence the course of events. Using Yin’s criteria 
for judging the type of research methodology most applicable to the research, the research 
strategy was designed using the components suggested by Yin and questions formulated.  

Example of some of the general questions asked in the case studies, supporting the main research 
questions; 

• How were the requirements formulated? Why was the requirements formulate like that? 
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•  Who was responsible for the coordination between the different suppliers in the project? Why did you 
choose to organize it like that? 

In the case studies the data collection is based on structured interviews (Taylor 1998) and 
gathering of both official and unofficial documentation Beside the empirical case studies, 
theoretical studies have been made during the work as well supporting the case studies and to 
develop an understanding of the issues studied. In figure 23 an overview of the research is found.  
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 Figure 24: Research overview 

4.4 RESEARCH QUALITY  
Ensuring the quality of research can be challenging. It is necessary to have a sense for what 
quality is, and that sense is very much depending upon the knowledge and experience of the 
observer. The experienced quality is also very much depending upon the expectations of the 
observer. One way to look at quality in research is to take a view point from the methods used 
and se how well they are applied. Another way is to examine the research result and consider 
their applicability. A third common way is to measure the customer satisfaction. In research that 
could be compared with if the stakeholders, who they may be, finds the research findings useful 
and meaningful. In research, however, the most important quality measurement traditionally is 
considering the research design.  

Research process quality is often measured in reliability and validity. Validity can further be 
divided into construction, internal and external (Yin 1994). A case study investigator must 
maximize these four aspects of the quality. Different types of empirical material should be 
collected in order to ensure methodological triangulation (Denzin 1989). The use of multiple 
sources of evidence can help a researcher to overcome potential problems regarding construct 
validity and reliability of the study Yin (1988). 

4.4.1 VALIDITY 

In case studies, qualitative research, it is important to avoid bias and subjective reasoning. Validity 
is therefore of highest concern. Yin (1994) divides validity into three categories.  
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Construct validity is about establishing correct measures for the study. For verification of the 
collected data triangulation may be appropriate to use.  

Internal validity (applicable for explanatory case studies only) is shown by establishing a causal 
relationship, by which certain conditions are shown to lead to other conditions.  The problem is 
mainly concerned about coming to conclusions, data analysis. Tactics for dealing with this are 
pattern matching, explanation building and time series analysis (Yin 1994). 

External validity is about establishing the domain to which a study’s finding can be generalized. 
Case studies rely on analytical generalizations, in which the investigator is striving to generalize a 
particular set of results to some broader theory (Yin 1994). A theory should be tested through 
replication of the findings on different cases where the theory has specified that the same results 
should occur. The use of multiple case design is closely connected this. 

During the case studies the validity of the research has been of greatest concern. Data 
triangulation, pattern matching and multiple case studies have been used in order to verify data 
and conclusions. Further the field of studies, i.e. type of projects and systems, has been limited in 
order to enhance the possibility for generalization. 

4.4.2 RELIABILITY 

The reliability of a study is decided upon its possibility to be repeated. There are two main tactics 
to demonstrate reliability, the use of a case study protocol and the development of a case study 
database (Yin 1994). Another case study investigator should be able to do the case study all over 
again and arrive at the same conclusion. The goal of reliability is to minimize errors and biases in 
a study (Yin 1994). High reliability is achieved through careful documentation of collected data 
and performed analysis. 

The reliability of the completed studies has been assured by the use of case study protocols and 
documentation. Eventually the analysis of collected data has been made very carefully and full 
awareness has existed for the possibilities of mistakes. The complexity in the case studies may be 
regarded as fairly high, when many factors affect the outcome. 

The research carried out, leading to this thesis, has relied on case study methodology where 
relevant data to be collected and analyzed. The research approach has provided an opportunity to 
gain deeper insights in the field of study. The reliability of findings may to some extent be 
difficult to justify, but case studies have great value for refining theories and suggesting initial 
limitations for further investigations by the gained insight. 

Additional, case studies help to establish the limits of generalizability and generate a broader 
understanding. Eventually case studies are compelled to rely upon analytical generalization (Yin 
1989).  
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5  

SUMMARY OF CASE STUDIES 

Procurements projects have been studied in view of theories from several disciplines. Technical, 
organisational and economical issues have been of interest in this multidisciplinary research. In 
this chapter, five projects are presented to give the reader an insight into the empirical base for 
present research. Two of the projects are procurements of power plants, two are procurement 
projects in the pulp- and paper industry and one project is a complex development and delivery 
project within a major supplier organisation. Some of the projects are made anonymous as a wish 
of the in the procurements participating organisations.  

In addition to the procurement projects presented here, studies have been made on projects 
concerning procurement of maintenance services. In some of the cases it has been outsourcing of 
the maintenance responsibility and organisation for complex technical systems within the 
organisations. 

The cases are presented as follows: 

Case 1 -  A new power plant 

Case 2 -  A new power plant 

Case 3 -  A major project at a pulp and paper  mill, 
renewal of the power supply system 

Case 4 -  A major project at a pulp and paper mill, 
a new wood handling plant 

Case 1 to 4 is procurement projects 
studied from a client perspective. 

Case 5 -  A complex development and delivery 
project at a major supplier, a substation 
automation platform 

Case 5 is a project studied from a 
supplier perspective. This case has a 
complementary perspective in relation to 
the above case studies. 

 Table 8: Overview of the case studies presented in this chapter 

 

The case studies appear in or have been the main source of information for the papers in Part 4 
of this thesis as follows; 

 Case 
 1 2 3 4 5 

Paper A X  X   

Paper B     X 

Paper C X X X X X 

Paper D X X X X X 

Paper E X X X X X 

 Table 9: Appearance of the case studies in the papers 
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In addition to the case studies performed on the projects presented here other research activities 
have been performed, adding information and knowledge about the field of study. The activities 
include a survey made on a major convention for the pulp and paper industry. Also, in the 
preparation of the case studies, interviews were carried out with clients, suppliers and consultants 
in view of the competence distribution among the actors within procurement projects of the 
category dealt with in this thesis. 

In this chapter five projects are first objectively described. Thereafter a summary and a general 
comparison of the projects are presented. 

5.1 CASE 1 
The case consider the procurement of a new complete power plant for heat and power 
production unit including equipment such as boiler, turbine, generator, flue-gas cleaning, control 
and electrical systems. The aim of the project was to replace an old unit in order to increase and 
secure the capacity of heat and power production in the area. 

The need to eventually invest in a new unit had been known for a long time. Therefore the 
conditions for an investment been investigated and analyzed for a long period of time. A number 
of pre-studies had been made and due to that, the background material for the project was 
comprehensive. The number of pre-studies in combination with the extensive time period under 
which the project had been subject for discussion had established a common view of what was 
needed in the client’s organisation. 

5.1.1 THE PROCUREMENT STRATEGY 

The client had extensive experience from operation and maintenance of a similar plant as the one 
considered investing in. Considering project management capability and hands on experience 
from procurements of the same magnitude the client was less knowledgeable. The client had 
recently carried out a few minor procurements of similar equipment but nothing as big as this 
one. The procurement project studied was considered to be a very rare event for the client. 

Considering the early analysis and feasibility studies done in the project the board of directors of 
the client organisation decided to adopt a procurement strategy using a single point of contact 
and responsibility allocation. This was done assuming that it would minimize risk exposure of the 
organisation in a project of this magnitude. A functional requirement oriented specification was 
sent to potential contractors that had indicated interest in the project. Nine contractors was 
initially engaged in the early stages of the procurement and out of them, six finally offered turn-
key solutions. When evaluating the proposal, the client found that the total cost for the project 
was much higher than the preliminary cost calculations had indicated. The price range between 
the lowest and highest bid was also immense, the difference was as high as 50% between the 
lowest and highest bid. From a technical functional point of view the systems offered where 
comparable and the differences in the offered system design concepts and technical solutions 
could not alone fully justify the remarkable price differences. This was the evaluation made by the 
client’s project team. Therefore, the client became doubtful that the contactors did know what to 
exactly include in their system solutions. The client also found it difficult to evaluate and analyze 
the proposals and to compare them correct. Furthermore, the client found it difficult to compare 
the components included in the different offered system solutions. Due to the difficulties to 
compare the systems design solutions and to decide which one that was the best, the client 
hesitated in choosing a contactor.  

Conveniently for the client’s project team, external factors halted the project at this time by six 
months, giving the project organisation of the client valuable time. The extra time was used to 
come up with a new specification with which they approached the contactors again. Instead of a 



SUMMARY OF CASE STUDIES 

 

65 

turn key request, the power plant was divided into ten major subsystems. The aim of this split 
was to achieve more comprehensive information regarding the sub-systems in order to 
investigate the quality of the offered system designs and to identify where costs were hidden in 
the former turn-key proposals from the contractors. Even if doing a requirements specification 
divided into ten parts, the clients intention was still to end-up with a turn-key contract with one 
contractor taking on the overall responsibility for co-ordination and integration of the project. 
The client therefore included a request for project and engineering services in the second Request 
For Proposal. After evaluation and some negotiations the second round of bids gave three 
competing offers.  

Alternative (A). A turn-key delivery characterised by single point of responsibility. Thus, the 
responsible contractor decides what subsystems to include in the system design. It is also the 
contractor that provides engineering services in order to integrate the subsystems into a well-
functioning system. Furthermore, the contractor is responsible for project management issues 
such as co-ordination of all the involved stakeholders.  

Alternative (B). A procurement alternative characterised by single point of responsibility. However, 
the client keeps the right to choose what sub-systems to use in the system design. One contractor 
would thereafter be responsible for system integration activities and project management.  

Alternative (C). A divided procurement in which the client decides what subsystems to include in 
the system design. The client would also be responsible for the system integration activities and 
project management services using either in-house resources or with hired consultants working as 
client representatives in the project. 

After evaluation of the three alternatives, the client decided upon the turn-key alternative (A), 
which was offered by a consortium that consisted of two major suppliers trusted by the client. 
The final contract sum of the accepted turn-key offer was lowered 25% compared to the first 
round of offers with only minor changes made on the included subsystems. Compared to the 
other alternatives, the turn key alternative transferred to a larger extent the overall responsibility 
and risk to the contractor. The contract was in a high extent based on functional requirements. 
The client had knowledge and competence regarding most of the technology to be implemented 
in the system, but the in-house engineering resources and capability did not allow the client to 
take on any major responsibility for the system engineering activities. Consultants were used 
when evaluating the offers, when the client’s in-house competence was not sufficient. 

The objectives of the project were achieved almost within the limit of the budget and on time. 
The project had some additional cost due to that some additional auxiliary equipment (water 
treatment) had to be procured not foreseen at the start of the project. 

5.2 CASE 2 
This case is a study made upon a procurement of a power plant, that was built with the financial 
and owner responsibility divided between two municipalities. At the same time as building the 
power plant their already existing district heating systems was to be connected to each other, 
creating a large and more flexible system. The project was a part of a major restoration of how 
heat was to be produced and distributed in these two communities. 

The project background can be found in decisions made concerning the overall Swedish energy 
politics. In 1985 it was decided that the Swedish nuclear power plants were to be to be 
decommissioned, starting from year 1995. That particular decision initiated a number of 
investigations of how to secure the future energy supply. In 1991 the Swedish parliament 
eventually decided to postpone the start for decommissioning of the nuclear power plants. 1995 
was no longer the year that was to be the starting point of the nuclear power decommissioning. 
Thereby many of the driving factors for many projects that had been investigated and planned 
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for disappeared. One project that however was considered still to be economically justified, even 
without a decommissioning of the power plants, was the project in this case study, the 
coordination of the energy production in these two communities in Stockholm. The goal of this 
project was to build a new jointly owned and operated power plant. 

The pre-study investigated the technical, environmental and economical feasibilities of the 
project. Responsible for the study were the vice presidents of the two communities’ energy 
companies’. The actual work was mainly done by two hired consultants. The consultants in 
cooperation with the two involved client organisations proposed a technical system solution for 
the power plant to be. It was a heat and power plant that was suggested, using the best viable 
technical solution to compensate for a future decommissioning of the nuclear power and to 
replace the existing fossil energy production plants used in the district heating network. Also the 
already existing heat pumps could also be used efficiently together with a new heat and power 
plant. 

The pre-study also come to the conclusion that biomass fuel was the best option, more precisely 
wood chips. It was however decided to design and build the power plant so that a future 
conversion to the use of coal or oil as fuel would be possible, if either of these fuels in the future 
would be more cost-effective to use than wood chips. Which fuel that is most cost efficient is 
mainly decided by the government and the taxes that are applied on different fuels, also 
environmental aspects of course also have to be considered carefully before any future 
conversion is to be made. 

The decision to build the power plant was made in June, without a final and approved financial 
plan for the project. The project started however immediately. Equipment procured during the 
summer and autumn were conditionally agreed to be fully financed in December. The financing 
was also according to the involved parties the single most important issue in the project. Since 
additional financial support for the project from the owners was out of the question the project 
simply had to stay within the approved budget. 

5.2.1 THE PROCUREMENT STRATEGY 

The procurement strategy was based on several arguments that clearly advocated a divided 
procurement in front of a turn-key: 

• Greater flexibility for the client. It would be possible to adjust the choice of technology 
and system design while the project was under way. 

• Technological development accomplished during the project life could be used when the 
system design in many cases could be changed. In some cases all the way to the very end. 

• The client organisation considered them self to have a strong apprehension on what 
components they wanted to include in the system, mainly based upon their experience 
and knowledge. 

• A divided procurement was considered to be less expensive compared to a turn-key. 

• The client organisation had enough competence to manage the project with a divided 
procurement. Consultants were used for assisting the in-house engineering staff. 

The system was divided into blocks and therefore a number of different procurements needed to 
be carried out. This  influenced the client organisation as follows. 

• The amount of administration work for the client in the project was large, due to the 
number of suppliers and contractors that needed to be managed.  
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• The need for technical competence was large in the client organisation, especially to if a 
turn-key procurement would have been performed. (Not to be mistaken for that the level 
of technical competence needed to be higher, just that the work amount needed to be 
performed by technical skilled personnel was larger in quantity. The level of the 
competence is determined by other factors, such as the complexity and the technical 
solutions to be implemented).  

The divided procurement increased the risk exposure for the client in the project due to the in-
house responsibility for integration and co-ordination. If a turn-key procurement had been used, 
the responsibility for those actions had instead been bought from a contractor, something that 
partly justifies the price difference between a divided and a turn-key procurement. The client’s 
project organisation was, even if a major part of the responsibility was kept in-house, quite small. 
Hence, to large extend the project was manned with technically skilled consultants, mainly acting 
as subproject managers. The overall project manger was employed by the owners of the power 
plant.  

5.3 CASE 3 
This project concerns a complete renewal of the power supply system in a pulp and paper mill. 
The power supply system is a vital auxiliary system, absolutely necessary for operation and vital 
for maintaining high reliability in operation and availability of the mill. An upgrade was to be 
done on the complete power system at once and without disturbing the on-going production of 
the mill. The old existing power system originated from the 1960’s and had only been upgraded 
in conjunction to failures and malfunctions, and due to a lack of long-term investment strategy, 
these upgrades were done without considering the overall function of the power supply system. 

Throughout the autumn, the client, with help of a consultant firm, formulated a strategic plan for 
the upgrading of the power supply system. Initially the renewal of the power supply system was 
planned to be carried out two years after the initial study, at the same time as the recovery boiler 
of the mill was to be upgraded. Due to two unscheduled production stoppages caused by the 
recovery boiler, the upgrading of the boiler was advanced and rescheduled to be carried out 
earlier, during the following year. This change of plans also implied changes to the time plan for 
the power supply project, and around Christmas time it’s financing was approved. The power 
supply project was advanced in time, it was now to be finished a year later. The duration of the 
project was only eleven months, which was considered to be a considerable short period of time 
for this kind of project. 

5.3.1 THE PROCUREMENT STRATEGY 

The client had traditionally used detailed hands-on control in procurements. However, during the 
last years the client had rationalised the organisation, and therefore considered it difficult to carry 
out this complex project in parallel with its day to day operations. The trimmed organisation in 
combination with the short time frame, the client believed that their traditional way of doing 
procurements where no longer applicable. The management therefore decided to attempt a 
system-based procurement approach where the contactor would have to provide both 
engineering and project management services.  

The management did first a market survey identifying a number of possible contractors, this to 
ensure that there would be competition for the contract based on a system-approach 
specification.  The projects steering committee found this approach appropriate and possible, and 
therefore decided to continue with such a strategy. They also stressed two important 
requirements; keep the time plan, and stay within the budget limit. Due to the tight schedule, the 
client worked out a functional based specification rapidly. The functional specification gave 
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contractors great freedom to design the system and to choose what components to use. Finally 
four contractors handed in proposals of which two was chosen for further negotiations. Their 
system solutions were evaluated and compared. The quality of the components showed to be 
fairly equal, but a significant price-gap was identified due to differences in the system designs. 
The more expensive solution offered higher availability compared to the other thanks to the use 
of redundant circuit breakers. 

With the two offered system solutions as the baseline, an intensive dialogue started between the 
contractors and the client. The aim of this dialogue was to improve the system solutions in order 
to find a cost-effective power supply system meeting the client's objective. This was a demanding 
process with tough negotiations. Due to the short timeframe of the project, the contractors’ 
organisational resources and capabilities to fulfil the project greatly influenced the final selection. 
The contract signed between the client and the chosen contractor, was based on the design 
worked out during the contracting phase. The contractor's project manager had been involved in 
the negotiation, not as an active negotiator, but as a resource ready to support the sales team of 
the supplier. Thanks to that, the project manager was well informed about the problem context 
and the client's objectives. The contractor could therefore immediately start to work with the 
detailed system design after the contract was signed.  

According to the project manager of the contactor, the project was characterised by mutual trust 
and a good working atmosphere despite the sometimes tough negotiations during the contracting 
phase. Frequent meetings between the client and contactors and early technical clearance of the 
system design, was the key to establish that atmosphere. During these meetings the undertakings 
of the client and the contractor were defined and responsibilities assigned. According to the 
client this is the best project they have ever accomplished so far. Their objectives on the new 
power supply system were met within budget limits and on time even if the schedule was tight. 

5.4 CASE 4 
The project was an investment in a new wood handling plant, including debarking and chip 
storage. The project can be seen as a fairly complicated one, a system procurement of sub-
systems and components including many different technical disciplines. The number of interfaces 
in the project, both organisational and technical, was large. The old existing wood handling plant 
was built in the 1960’s and was by the time of renewal one of the oldest plants still in operation. 
Discussions and plans to renew the plant had existed since the middle of 1980’s, but different 
circumstances such as change of owners, had not provided the needed stability in the ownership 
and management to go forward and fulfil any of the plans. In total, there were four changes of 
owners in a short timeframe that made it difficult for any investment plan suggested from the 
local mill management to be approved. However, in the last change of ownership, that took place 
shortly before the investment finally was approved, it was settled in the contract that funds were 
to be allocated for an upgrade of the old wood handling plant. Something that at that point was 
absolutely necessary for the survival of the whole mill and its operation.  

An investment plan was presented for the top management of the new owner group and was 
finally approved. The investment plan and the requirements for the technical system was worked 
out by the mills own personnel in close cooperation with a supplier of complete wood handling 
plants and of equipment to them. The supplier that became involved in the pre-study had been a 
speaking partner occasionally for several years to the mill along with the development of the 
different plans for upgrading the old existing wood handling plant. The supplier had, among 
other activities, visited the mill to give a presentation on what was at the time technological 
feasible to accomplish and what a modern wood handling plant could look like. The new 
technology that was available to use was quite different compared to the one in use in the old 
plant. Especially the working environment for the personnel could be dramatically improved. 
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5.4.1 THE PROCUREMENT STRATEGY 

Initially the client organisation considered several possible procurement strategies. They had just 
prior to the start of this project accomplished a project at the same mill and there used a strategy 
based on functional responsibility taken on by a single supplier. That strategy was however never 
really considered to be an option in this project. Early in the project the client had discussions 
with several potential suppliers, and found out that it would be very difficult to find a supplier 
interested to take on such a responsibility in this sort of project. Mainly it was the size, the 
financial risk, of the project that was considered to be too large and therefore the risk was 
considered to high. The client had indications that it was the construction of the building that 
was the main concern for the suppliers of machinery equipment for not taking on a total 
functional responsibility, and the building constructors had no experience of the equipment and 
machinery to be installed, and therefore did they have no interest in offering a total solution 
delivery. 

Beside the difficulties to find someone willing to take on a functional responsibility for the wood 
handling plant project, to a reasonable cost, the client also wanted to have some freedom in the 
choice of equipment to install. Another motive for the fact that no supplier of equipment was 
prepared to take on a functional responsibility for the total system package was motivated with 
that they had no hands on experience of doing that. At that moment they did not have nor 
competence or resources to handle such an obligation.  

However, realizing that the initial strategy would not be able to execute the client in the end 
wanted to divide the system into as few parts as possible, and also have some freedom choosing 
what equipment to be installed. The procurement strategy finally decided upon was to procure 
the wood handling plant in a few large blocks. The suppliers of each block would be responsible 
for the function of it and the client’s internal project organisation would be responsible for the 
coordination between the blocks and the integration of the total system. However, the original 
procurements of a few large blocks had to be complimented in a late stage in the project, adding 
several minor suppliers of equipment to the few original ones. The coordination of the suppliers 
therefore became a major undertaking in the project for the client’s project organisation. The 
project organisation of the client became for that reason much larger than originally planned.  

In this particular project time was not the main constrain. The procurement of the different 
major blocks could therefore be made sequentially. That was a very time consuming approach, 
stretching out the project in time and in this case, circumstances that allowed that existed. As a 
result of this, it was possible to use the specifications from the earlier procured blocks in the 
requirements specification of the later procured blocks. For example could the electrical 
installation be procured using specifications from both the building contractor and the suppliers 
of machinery and equipment. The suppliers of the early procured blocks consequently became 
responsible for providing specification to the request for proposal for the procurements that 
came later. 

By carrying out the procurement like this the client’s expectation and intention was that nothing 
would be forgotten or missed in the interfaces between the blocks. Thus, after the blocks where 
procured and the construction phase of the project was started some unclearness still was 
discovered and some components needed where completely missing, especially in the interfaces. 
This was mainly the reason for the extended number of suppliers finally involved in the project 
compared to the original procurement plan. 

In the request for proposal the client included suggestions for the layout of the wood handling 
plant and examples on technical solutions. The client was however very clear that they were open 
for discussions of alternative solutions if any supplier suggested such. The suppliers where 
however surprised that the client choose to divide the main machinery needed in the plant into 
two blocks. According to the suppliers, that was something not very common. The client had 
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early come to the conclusion that not only one supplier would be chosen for the delivery of the 
main machinery equipment, even if they would consider an offer of a total package for that. In 
their offers suppliers usually tries to include their standard solutions to an as large extend as 
possible in order to keep the price as competitive as possible. If the client asks for something 
special, that is usually priced separately so that the cost and performance differences between the 
alternatives easily can be compared. For a client it is always a trade of between cost and 
performance of the equipment to be procured. 

The sequential procurement approach is an unusual way of procuring a plant or complex system 
and some specific conditions must exist. Most important for doing like this is time. An 
accordingly in this project time was not a resource that limited the project. The project time was 
in this project 24-30 months compared to the 12-15 months similar projects normally take. It was 
this long timeframe that allowed the use of sequential procurement. The client saved doing like 
this a lot of work on the specifications, that would have been necessary to do if everything would 
have been procured at the same time.  

The supplier’s apprehension of the requirements specification worked out by the client was good. 
It was not more details than necessary and the requirements where mainly functional oriented. 
The long time period that a renewal of the wood handling plant had been considered clearly had 
an impact on the maturity of the request for proposal according to several of the involved 
suppliers. For example, the client was considered to be well informed about technical 
possibilities. 

The parameters tat was most important to consider in the evaluation of the offers from the 
suppliers, where quality of the wood chips, total loss of wood and dryness. No LCC calculations 
where presented to or asked for by the client according to the suppliers. The client relied to a 
large extend on internal organisational capabilities in this project. The decision to divide the 
project into several blocks was mainly done based on internal experience and knowledge. In this 
project the client took on a large responsibility for coordination and information distribution 
between the suppliers. An opinion presented by the suppliers was that it takes a strong client to 
handle a project like this efficiently. It is a complex task that not should be underestimated in 
complexity and demand. However, some of the suppliers claimed that it sometimes had been 
difficult to get hold of the right information in time. The experience was that the communication 
in the project was a little slow when everything was supposed to go through the client’s project 
organisation, instead of letting the different suppliers communicate directly. The client wanted 
that all communication should go by them, as they where afraid that the control of the project 
otherwise would be at stake and that details would be changed without that they would get to 
know it. 

In this project the involvement of the client’s organisation was fairly large. Internally, study 
groups were used to inform and gather knowledge from the employees of the client. The user 
involvement and commitment to the project from the client organisation was experienced as 
good by the suppliers. Many of the contracted suppliers had quite a long history in working with 
the mill. Many of them had been involved in former projects and some had even participated in 
the pre-study phase of this project. With many of the suppliers the client therefore already had an 
established and trustful relationship. 

Both the final two chosen main machinery suppliers initially tried to get a contract for delivery of 
all main machinery to the wood handling plant, but both the client and the suppliers agreed 
afterwards that none of them had wanted or could have taken on a functional contract including 
the building for the wood handling plant. From a project management point of view the project 
could have been easier to manage if the main machinery had been procured from a single 
supplier. One disadvantage with the divided system procurement was that every supplier needed 
its own project organisation. The overhead cost in the project therefore became higher than 
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necessary, according to one supplier.  This fact was something that never was questioned by the 
client in the negotiations in the procurements. The cost for the project could have been different 
if for example the main machinery had been supplied by one supplier as instead of two as now 
became the case. This mainly because that the project overhead cost also include the cost for the 
administration of the interface between the two main parts of the machinery. A disadvantage 
with such as deal would have been the freedom of choice of equipment for the client. 

5.5 CASE 5 
This project is described from a different point of view compared the prior four. It is a 
development and delivery project performed within one major system supplier. The focus in this 
study was communication within the project and the need for project management control and 
tools in the project. 

The aim, as well as the challenge, in the project was to quickly develop a common substation 
automation (SA) platform and deliver one system to a customer. The nature of the products is 
that any lack of quality can easily cause damage to both personnel and material. The project 
included development of a new platform with a number of hardware and software products, such 
as control and protection terminal units for medium and high voltage (HV), communication, 
intelligent gas insulated sensors (GIS), substation automation monitoring system, engineering 
tools, etc. Also a number of new functions were added to the existing products as a part of the 
project, such as new functions for medium voltage feeder and motor protection, new functions in 
HV protections, support for intelligent GIS in HV products etc. For ABB one of the most 
important objectives of the project was to reduce engineering time and complexity. 

The delivery of a pilot system to a customer was included in the project. The interconnection of 
two power grids required that the system was delivered on time and was essential to the client. 
During the project the customer followed its progress closely, at some points clearly expressing 
doubt about the project being finished on time.  

The products within the SA system were developed at the following locations: Sweden, 
Switzerland, Finland, Germany, Italy and USA. Development of the products was dispersed 
according to the location of the core competence. At an early stage of the project, it became clear 
that requirement engineering needed to be more synchronised. Product managers in each 
company were appointed as responsible persons for defining market requirement specifications 
for standalone products as flexible components in a substation automation system for power 
transmission. However, time constraints forced early start of the implementation in order to 
deliver the system to the end customer included in the project according to the requirements. 
Therefore, a function list to be included in products was created without any technical details. 
Also, a priority and importance value was assigned to each function. During the execution phase 
of the project, focus was strongly kept on the customer delivery time.  

5.5.1 PROJECT ORGANISATION 

The overall project consisted of several minor projects located in different countries. Each 
project consisted of subprojects according to figure 25. When activity was at its peak about 150-
200 people were involved in the project. The release manager headed the project organisation 
together with an overall project team that included a system specification group with 
responsibility for system specification requirements and the validation of developed products, as 
well as delivery to the end customer. The Steering Committee of the project (STECO) included 
segment managers and other managers from top of Group management. STECO made general 
decisions e.g. when the interests of the project and local companies were in conflict in terms of 
global market strategy.  
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 Figure 25: Project organisation 

It soon became obvious that a number of technical and more urgent issues had to be solved as 
well. For that purpose The Configuration Change Board (CCB) consisting of key persons, line, 
project, and product managers was formed. The CCB could meet when required and could make 
operative and urgent decisions in terms of, for example, development priority and functionality 
of single products. 

The main idea with the team building was that each team could work as independently from each 
other as possible. Each subproject team focused on a single product and had its own project 
manager. Main focus was on the delivery date to the customer and on achieving the system 
functions the customer required. Other functions of importance for completing the product 
platform, but not important to the customer, did not have high priority in this project. Thus, 
what the overall project management focused on was what was accomplished at the end of the 
project. 

5.5.2 COMMUNICATION WITHIN THE PROJECT 

In a project where project members are geographically dispersed, it is extremely important to 
exchange information efficiently. In this project several means for communication were used 
such as; release meetings, steering committee, configuration change board, information meetings, 
video and telephone conferences, project database and e-mail. 

Release meetings 
The purpose of the regular release meetings was:  

• to get all the project members to accept the same goal  
• to organise the project and co-ordinate interfaces among organisations  
• to identify the dependency among project 
• to assure a common understanding of work moving towards common goals 
• to address important issues.  
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Release meetings were an excellent opportunity to make sure that all project teams and key 
persons possessed commitment. When such complex technology is being used, it is natural that 
problems in development occur. 

Steering Committee (STECO) 
Steering Committee meetings gave good support from top management to the project. Also, it 
was a way to remind involved local companies about importance of keeping focus on global 
strategy. 

Configuration Change Board (CCB) 
CCB meetings assured that acceptance of information about unsolved issues was confirmed, 
decisions on problems made and all members of CCB were committed to new decisions. In a 
project without formal contract that regulates co-operation is extremely important to assure that 
any of involved parties can not claim “We didn’t receive information about new decisions” or 
“We were not involved in decision process”. 

Information Meetings 
Information meetings were a way to inform project members at local organisations about 
project’s status in local organisation and in other organisations. These meetings were also used 
for less formal activities to motivate the local team.  

Video and Phone Conferences 
It was considered to be important to have a good infrastructure to support communication over 
geographical distances. Videoconferences are considered a cost saving alternative compared with 
face-to-face meetings. The investment in compatible required equipment was not part of this 
project; rather it was a part of the Group’s global strategy. The video conference system was 
considered very helpful in the project. 

Project Database 
A special database dedicated to the project was created. All project relevant information, such as 
functional design specifications, delivery plans, time schedules, notes from meetings, project 
related decisions, project diaries, project weekly reports, were stored in a database, and everyone 
having any connection with the project within ABB had granted read access right to it. The 
database was created in Lotus Notes.  

The purpose of a project database has several facets. The first is to ensure that the project goal is 
known to every project member and line management, and that all eventual changes are easy 
accessible and always available. The second is to have one place where all questions are collected. 
One of the categories in the database view was "decision" where proposals for problem solving 
could also be suggested. Whenever a question appeared in any of the subprojects where an 
agreement or decision was required, it was notified in the database.  

Database was a very good way of getting around the different styles of management in the 
different companies that were involved and created a free information flow within the project. 
Everyone involved in the project had access to the same information.  

E-mail 
E-mail is used frequently and is considered the best form of quick information exchange. For 
information distribution, it can have its disadvantages in comparison to database because in a 
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project of this size, project members were constantly changing, and it took considerable 
administrative effort to collect all e-mail lists at each project member location. 

5.5.3 THE PROJECT CONTROL SYSTEM 

As the subprojects were autonomous, the subproject managers and personnel were approved 
with none or very little involvement from the overall project management. The local 
organisations were responsible for planning the resources in the subprojects. At the beginning of 
the project it was considered important that people meet and establish a personal relationship 
with each other. Of course, in a project as big as this one, it was impossible to gather together all 
the project members at the same time, but it was felt that at least all project managers and key 
personnel should meet. At the first release meetings, a plan of dependencies was defined. As a 
base for the overall project time schedule and internal delivery, a dependency plan for subproject 
deliveries was used. 
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 Figure 26: Dependency diagram 

This dependency plan served to make visible the impact on a delay or the lack of internal project 
deliveries’ quality would have on the end customer. Besides showing very clearly expected input 
and output of every subproject, the dependency diagram was also a good tool for defining 
common language, i.e. common understanding of “alpha” and “beta” status of a product. 

Early in the project, the need for a mutual interaction handling and solving of technical issues 
regarding the integration of the system components was discovered. The steering committee, 
consisting of top managers from the involved companies, was found to be ineffective in handling 
these issues. Instead the CCB was created, which could response more rapidly to the control 
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needs that occurred in the overall project. Project progress was reported to the STECO monthly. 
Project status information included key issues, critical issues, and major milestones high-lighted 
additionally by colours according to the present status situation: green for issues running 
according to schedule, yellow for issues with high risk to be late, and red for issues running 
behind schedule. This report was very well structured and presented a clear overview of all issues 
in need of immediate action and support from top management. 

In this project the need of the client was quite easy to understand and communicate internally in 
the supplier organisation. As written earlier, the client expressed at some times concerns if the 
supplier would be able to deliver in time. It may be difficult for client’s to find out project status 
when the suppliers project included more than what to include in the delivery to the first specific 
customer. This was something that the supplier also soon became aware of and then started to 
prioritize the development of functions that where to be included in the first delivery. 

5.6 SUMMARY AND COMPARISON OF THE CASES 
The five projects described in this chapter give a view of how projects within the studied context 
may be managed. In table 10 four of the projects are compared and some of the believed most 
vital concerns are presented and how they are handled in each project. Case 5 is not included in 
the comparison when it is a study of a project on the supplier side and therefore not directly 
comparable with the other four. 

 
 Case 1 Case 2 Case 3 Case 4 

Organisation 

-client 
resources vs. 
suppliers and 
consultants 

Limited client 
resources. 
Consultants used 
as sub-project 
managers. 

Limited client 
resources. 
Consultants used 
as experts. 

Very limited client 
resources. 
Consultant used as 
project manager. 

Limited client 
resources. 
Consultants used 
as experts also 
supplier involved 
at an early stage. 

Competence 
allocation 

The client had 
system operation 
experience, less 
design and 
construction. 
Some experience 
of procurements. 

The client had 
some experience 
of design and 
construction, some 
experience of 
procurement. 

The client had 
system operation 
experience, less 
design and 
construction. 
Some experience 
of procurements. 

The client had 
system operation 
experience, less 
design and 
construction. 
Some experience 
of procurements. 

Technology 

-level of 
maturity and 
innovation 

State of the 
practice. 

State of the 
practice. 

State of the 
practice. 

State of the 
practice. 

Freedom in 
system design 
for clients. 
Equipment to 
include. 

Limited, 
procurement in 
larger blocks. 

Almost totally 
freedom in system 
design. 

Very limited, used 
a system 
functionality 
approach in 
procurement. 

Limited, 
procurement in 
larger blocks. 

Contract 

- the 
responsibility 
and risk 
allocation 

-incentives 

Main responsibility 
on contractors, the 
client responsible 
for a few 
interfaces.  

Main responsibility 
mainly on client. 

Responsibility 
mainly on 
contractor. 

Responsibility on 
contractors and 
client. The client 
failed to hand over 
the responsibility 
to the contractors. 



PROCUREMENT OF COMPLEX TECHNICAL SYSTEMS 

 

76 

Evaluation 
criteria’s of the 
offers 

Functionality and 
capabilities. 

Equipment and 
components. 

Capability Equipment and 
capability. 

Reuse of 
knowledge and 
experiences 

 

Reuse of 
knowledge 
concerning the 
technical parts, less 
about project 
management. 

Reuse of 
knowledge and 
experiences of 
both technical and 
project 
management 
issues. 

The work done in 
the project mainly 
performed by 
actors that could 
reuse their former 
experiences. 

Reuse of 
knowledge 
concerning the 
technical parts, less 
about project 
management. 

Competence 

 

 

Good process 
knowledge, less 
experienced from 
major 
procurement 
projects. 

The established 
organisation had 
experiences from 
similar projects, 
used experienced 
individuals as sub-
project leaders. 

Good process 
knowledge, less 
experience from 
procurement 
projects of this 
size and 
complexity. 

Good process 
knowledge, less 
experience from 
procurement 
projects of this 
size and 
complexity. 

Main project 
limitations 

-time 

-resources 

-etc. 

The budget was 
the main concern 
in this project. 

The project budget 
was the main 
concern. 

Time was most 
critical. 

No special 
limitations in time 
or budget. 

 Table 10: Overview of project concerns 

 

In the case studies some general difficulties and weaknesses were often identified that related to 
the client organisations.  

Typically; 

• The client organisation often lacked knowledge about and usability of the latest 
technological advances. 

• The members of the client organisation, facing a major procurement project, discover a 
lot of new technology and want to use it. Often too many possibilities were optional for 
the project and co-workers, engineers, like to implement new technology, “gadgets”. 

• The client organisation had their technological reference frame created by their existing 
system. Obstacle to think “out-of–the-box”. 

• The complexity of the systems is rapidly increasing, making it difficult for the clients to 
keep up with the development, especially when major procurements seldom are done. 
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INTRODUCTION TO THE PAPERS 

6.1 PAPER A 
"TOWARDS A COST EFFECTIVE PROCUREMENT PROCESS – IN SEARCH OF 
NEW STRATEGIES" 

In the proceedings of the 6th International Conference on New Available Technologies, 
SPCI, Stockholm, June 1-4, 1999 

The paper summarises procurement strategies used by clients in the pulp and paper industry 
when investing in new or improved production capacity have been explored. Traditionally, clients 
have adopted strategies based on detailed and hands-on control, which have implied client 
liability for overall performance and technical function of the designed system. Thus, the focus of 
the specification has been on technology solutions rather than functional descriptions of the 
needed system.  

With detailed and hands on control by the clients, contractors’ and suppliers’ knowledge and 
experiences from previous projects have been omitted as they are limited by the client's technical 
specifications. In the paper, a procurement approach based on knowledge sharing and re-use of 
previous experiences made by both the client organisation and the contractors is explored.  

6.2 PAPER B 
"HOW TO MANAGE COMPLEX, MULTINATIONAL R&D PROJECTS 
SUCCESSFULLY" 

Published in the Engineering Management Journal Vol. 14 No. 2, pp. 53-60, June, 2002 

The globalization of markets, mergers of international companies, and integration of managerial 
and business processes in global corporations are changing the project management 
fundamentals. A clearly recognizable trend in multinational companies since the mid-1980s has 
been globalization of R&D and competence portfolios. 

Applied development is usually conducted in the form of a distributed project organisation. A 
project team is formed across geographical, organisational, and cultural boundaries, engaging in a 
project with a global focus. Although a multinational project organisation has great potential in 
many dimensions, there is no doubt that the execution of a distributed high technological project 
is still a great challenge. 

The paper identifies success factors in the management of distributed projects with global goals. 
Focus is on the practical experiences of the execution of complex multinational projects in the 
area of applied system development for power industry. 

6.3 PAPER C 
"PROJECT MANAGEMENT COMPETENCE REQUIREMENTS WHEN 
PROCURING COMPLEX SYSTEMS" 

In the proceedings of IEEE International Engineering Management Conference 2002, 
Cambridge, UK, August 18-21, 2002 
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The paper addresses the question on how the client organisation (the buyer) should manage its 
resources when procuring a large technical system, referred to as a complex system. This issue is 
interesting due to the ever-increased competition, leading to the downsizing of client 
organisations, and also the search for higher organisational effectiveness  

The projects included in the research have been studied from an organisational competence 
perspective.  Finding out “who” is most suitable to do “what” according to different initial 
conditions in the projects studied. The paper addresses those aspects of management that are 
critical for successful completion of projects in this field. 

6.4 PAPER D 
”HOW TO FORMULATE A STRATEGY WHEN PROCURING A LARGE 
TECHNICAL COMPLEX SYSTEM”  

In the proceedings of the IAMOT 2003, 12th International Conference on Management of 
Technology, Nancy, France, May 13-15, 2003 

In the paper is described what a client needs to think about and how a strategy should be 
formulate when procuring a large complex technical system, considering the knowledge, 
competence and technical know-how in the organisations to be involved in the project. 
Depending on the initial conditions it is important to find out “who” is most suitable to do 
“what” in the different phases of the project, in order to fulfil the goals of the project or even 
succeed them. To succeed the goals use of incentives in the contract can play an important role. 

A trend is apparent as a growing interest to procure more comprehensive system solutions 
including engineering services from system suppliers, therefore the projects need to be managed 
accordingly. Today the most efficient procurement strategy is seldom identified and 
implemented. To many organisations initiates a large procurement project, not having identified 
how to best use the available resources to carry out the project. Further, a well-formulated 
strategy that efficient makes use of of the competence and knowledge in the client organisation 
seldom exists. The topic of this paper is interesting due to the organisational downsizing trend in 
client organisations depending on technical complex systems for their existence, the global 
competition among system suppliers and the ongoing search for higher organisational 
effectiveness. 

The paper addresses management aspects critical for successful conclusion of projects in this 
field. The paper comprises the outcome from a research project carried out at the Department of 
Industrial and Control Systems at the Royal Institute of Technology in Sweden. The result is 
derived from case studies and interviews, conducted in close co-operation with major clients, 
vendors and consultants in major Swedish companies. 

 

6.5 PAPER E 
”PROCUREMENT OF COMPLEX TECHNICAL SYSTEMS”  

In the proceedings of the IAMOT 2005, 14th International Conference on Management of 
Technology, Vienna, Austria, May 22-26, 2005 

The paper addresses procurement strategies for of complex technical systems. A strategy in this 
context must consider the interaction between organisational, technical and contractual issues. The 
importance of a thoroughly initial assessment of the project conditions is stressed, on which the 
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strategy should be based upon. The strategy decision should, among several things, be based on 
available competencies and their distribution. The competencies and skills needed in different 
phases of a project can be fairly good predicted. Depending on the strategy decided upon, the 
content and amount of work to be done in the different stages are distributed among actors to be 
involved. This also means that the risks in the project are allocated among the actors 

Case studies have been made on investments projects in the pulp and paper and in the power 
industry in Sweden. There procurement projects, for complex technical systems, have 
traditionally been managed and controlled to a large extend by the client, the buyer, something 
that is changing. Now suppliers and contractors assume larger responsibility for the overall 
management of the projects, including engineering. The distribution of responsibility in a 
procurement project can however shift throughout its lifetime. Hence, the risk should be 
managed by the organisation most suited to handle it. In these projects mainly two different types 
of complexity are present, organisational and technological. 
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SUMMARY OF RESULTS 

In the process of procuring a complex technical system many difficult tasks need to be managed. 
Too often the clients fail to make the best and most correct decisions when looking at 
procurements in retro perspective. Typically this is true when it comes to formulation of 
adequate requirements and allocation of risks and responsibilities, all important components of 
the procurement strategy. Making the best and most correct decisions every time is almost 
impossible. Decisions made in the initial phases of a procurement project are often based on 
many assumptions. The alternative of not making any decisions at all, before more and/or better 
information is available, is not a feasible option. Therefore it is at this stage of the procurement 
that there is a need for methods and techniques to handle the uncertainties that exists. Decisions 
have to be made, thus it is important that they do not lock the rest of the project in to a too 
narrow path until a more profound understanding of the project’s objectives and limitations is 
reached. 

Decisions made in the initial phases must allow flexibility for the later stages to come. A typical 
example of locking a project at an early stage is when the client organisation prepares a request 
for proposal and asks for the prices of components. In this example, when preparing the offer, all 
the contractors need to do is to look in their product catalogues and write down the price, 
without considering any of the alternative components that might have been more appropriate. 
The same functionality might have been accomplished otherwise, but more efficiently and at less 
cost to the client. This example shows how the client makes very little use of a contractor’s 
problem solving capabilities. The example shows that there exists opportunities if an open mind 
is used when it comes to decisions of how to make best use of problem solving capabilities that 
possibly is available. 

7.1 ADDRESSING THE RESEARCH QUESTIONS 
The research questions presented in chapter 1 are summarized here and addressed. 

Q: How is the best and most suitable system obtained, at the right cost? 

Q1: Is there a best practise, from a client point of view, when organising a procurement project? 
Q2: How does the competence distribution affect complex technical procurement projects? 
Q3: How should requirements be formulated in order to best utilize available competence and resources? 
Q4: How important is the choice of the procurement strategy? 
 
Q: The main question as formulated in chapter 1 cannot be answered so that it is valid for every 
complex system procurement project. The procurement and creation of a complex technical 
system is mainly a repetitive assignment. In procurements the almost exact same technical system 
may be used, but the implementation of it into another organisation results in a totally different 
project. Experiences from former projects can doubtlessly be pertinent, but many details must be 
done differently.  

When facing a procurement project the initial project conditions must be carefully assessed. Then 
an appropriate procurement strategy must be formulated. In Paper E a procurement process, 
divided into 1+4 stages, is presented, that step by step goes through the stages of a procurement 
project. The procurement process has been condensed, both the empirically and the theoretically, 
from the studied procurement projects. 
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How the contract should be formulated is a question that needs to be thought through. Projects 
might benefit from a contract that includes incentives. Effectively introduced, incentives might 
help the project be given priority and that extra attention that is needed for it to be successful.  

Focus should be on the quality of the end product or function, not only on the initial price for 
acquiring the system. Also, the client should focus on quality attributes such as system availability 
(down time), maintenance need, cost, and upgradeability. Furthermore, the capabilities of the 
supplier should be considered carefully. It is also important to consider if the relationship with 
the supplier is supposed to be short term or long term. 

The responsibility for the interfaces must therefore be allocated properly to the actor that has 
best capability to manage them. This is the role of the system integrator, but everyone involved in 
the project must be aware of the set of problems the interfaces within the system might cause. 
Previous experience is essential. Many individuals and organisations have much prior experience 
that is applicable to any given project, but too often the knowledge and experience of the 
suppliers and contractors are not utilized due to the inappropriate form of communication 
between the client and other actors. Communication between client and suppliers, contractors 
and consultants must favor the best possible utilization of all available problem solving 
capabilities. The procurement strategy should guide how this vital communication should be 
carried out. 

Q1: Is there a best practise, from a client point of view, when organising a procurement project? 
 With limited resources, often due to strong focus on core business, clients seldom have enough 
in-house resources available to staff projects. Client organisations cannot carry out projects such 
as procurements of complex technical systems without resources from external organisations. 
Procurements in industry are highly influenced by traditions, incorporating years of experience. 
Traditions are important in governing the way things are managed and done in organisations (Paper 
C). Traditionally, procurement projects have been focused on components, but when procuring more 
extensive system solutions or an external system integrator, the evaluation and focus needs to shift to 
the capabilities of the suppliers and contractors. 
Q2: How does the competence distribution affect complex technical procurement projects? 
Depending on the competence distribution among the involved actors, the procurement strategy 
must be adjusted. “Who that should do what” is an important decision that must be based on 
who does what best (Paper C). Due to ever-increasing competition, clients must rethink how to best 
utilize their organisational resources, also in procurement processes. Therefore there is a growing 
interest for procuring more comprehensive system solutions. Thus, the roles for many of the 
traditional actors in procurement projects are changing. The studies indicate that a new more 
apparent role is under development: a system integrator. However, the system integrator role has 
always existed in one form or another, and has traditionally been the client. Now, it is evolving to be 
more an external resource such as a major supplier, or a consultant.  Studies indicate that the system 
integrator should be involved at the very early stages of the procurement process in order to achieve 
the proper focus from the beginning. 
Many suppliers see themselves as possible system integrators. For the clients this not always a 
satisfying situation since the suppliers tend to promote their own system components, which is not 
always best for the system. Therefore, the system integrator, in most cases, should be a third party, as 
for example in construction projects, where there usually is an architect independently procured from 
the constructor, and hired by the client to help design a solution from the requirements of the client. 

In order for suppliers to make the shift from stand-alone product delivery to a total system 
solution, the suppliers’ internal requirements engineering and product management must be 
efficient, due to the system integration responsibility (Paper B). Essential is to create qualitative 
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requirements specifications before starting the execution phase of the project to reduce costs and 
minimize risk for misunderstandings.  

Normally, issues not defined in the suppliers’ internal requirement specifications can be discussed 
within the project organisation. However, because project members are often globally dispersed, 
in a major system delivery, and therefore seldom meet or do not meet at all, poor requirement 
specifications either slow down the project’s process or cause unnecessary costs. 

Q3: How should requirements be formulated in order to best utilize available competence and resources? 
There is a difference in procuring a complex system based on functional requirements compared 
to procuring a complex system based on detailed requirements; the resources and competence 
needed by the client is highly different depending on the procurement strategy. It is also important 
that the client has a clear understanding of what to procure, based on requirements that originate 
from the business goals. Otherwise, the client will end up very much in the hands of the suppliers, not 
really knowing what to expect at the end of the project. The cost of the system to be procured might 
also be affected by how the requirements are formulated (Paper A). If requirements are formulated in 
a way that gives suppliers the advantage of being able to utilise former experiences and standard 
equipment, the total cost often can be reduced. 
Q4: How important is the choice of the procurement strategy? 
 When facing a procurement project many decisions must be made; one of the more influential 
ones is the choice of procurement strategy (Paper D). The procurement strategy decision is 
important for success. The client’s project organisation must be differently staffed depending on 
the strategy. The availability and distribution of competencies and resources is the basic 
foundation of the choice. Also the risk exposure is dependent on the strategy.  

7.2 CONCLUDING REMARKS 
Some thoughts not directly coupled to the research questions have emerged during the research. 
This includes how procurement projects are organised and how these are always changing, not 
only because of available resources and competencies at the moment, but also because of the 
more general trends in the world of business. 

The trends and the market are in symbiosis and therefore the allocation of competencies and 
resources depends on these. The market, for the type of projects considered in this thesis, has 
changed over the last decades. Clients have gone from having large in-house engineering 
capabilities themselves, to not having anything but the most necessary. Projects still have the 
same needs, but in terms of the allocation of responsibility and the activity point of view, they 
have changed, as illustrated in the figure below. 
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 Figure 27: Responsibility and activity in projects 

7.2.1 THE PROCUREMENT AS A COMPETENCE BOOST 

Investment in new equipment can be a competence boost for the client organisation, forcing the 
staff to learn and develop new skills. This learning can be on several organisational levels. The 
operators have to learn how to run new systems, and the technical-oriented staff can be required 
to discover new technological fields. By giving the internal client organisation the overall project 
responsibility, and the right support, the organisation may grow in self-confidence and develop 
its internal competence and capability. As many have expressed in the studied cases: "a large 
investment like this is the most exciting thing that has happened in years within this company." 
Not involving the company’s personnel can result in a workforce that is not committed to the 
new system and the operation of the equipment. This situation is not sought, the personnel are 
often considered to be the most valuable resource in a company. 

Thus, if the needed competence and the resources are not available internally, the client 
organisation must adopt a strategy that handles this situation. It is vital not to fully exclude the 
internal organisation from the project, as the client organisation involvement is crucial for 
success. 

 

 

 



REFERENCES 

85 

8  

REFERENCES 

Adler, N. (1999), ”Managing Complex Product Development –Three Approaches”, Stockholm 
School of Business, ISBN 91-7258-524-2 

Allison, G. (1971), “Essence of decision”, Boston: Little, Browne, ISBN 0-682-47704-4 

Alpar, P. and Saharia, A.N. (1995), ``Outsourcing information systems functions: an 
organizational economic perspective'', Journal of Organizational Computing, Vol. 5, No. 3, p. 
197-217 

Backhaus, K. (1995), “Investitionsgütermarketing”, 4th edn. Vahlen, München 

Benko, C. (1993), ``Outsourcing evaluation: a profitable process'', Information Systems 
Management, Vol. 10, No. 1, Spring, p. 45-50 

Björkegren, C. (1999), ”Learning for the next project – Bearers and barriers in knowledge transfer 
within an organization”, Thesis No. 787, Linköpings Universitet 

Black J.A. and Boal K.B. (1994), “Strategic resources: traits, configurations and paths to 
sustainable competitive advantage” Strategic management journal, Special issue, 15, Summer 

Boon, C. and Verberk, A. (1991), ``Strategic management and vertical disintegration: a  
transaction cost approach'', in Thepot, J. and Thietart, R.A. (Eds), Microeconomics 
Contributions to Strategic Management, Elsevier Science Publishers, North-Holland, p. 185-205 

Carlson, B. (1989), ``Flexibility and theory of the firm'', International Journal of Industrial 
Organization, Vol. 7, No. 1, p. 179-203 

Chesbrough, H. W., Teece, D. J. (1996), “Organizing for Innovation: When is Virtual Virtuous?”, 
Harvard Business Review, Jan-Feb 

Christensen, S., Kreiner, K. (1991), "Projektledning - Att leda och lära i en ofullkomlig värld", 
ISBN 91-973200-0-5 

Cleland, David I., Ireland, Lewis R. (2002), “Project Management: Strategic design and 
implementation”, 4th edition, McGraw-Hill, ISBN 0-07-139310-2 

Coase, R. (1937), ``The nature of the firm'', Economica, Issue 4, November, p. 386-405 

Denzin N. K. (1989), “The Research Act: a theoretical introduction to sociological methods”, 3 
ed., Prentice Hall, ISBN  0-13-774381-5 

de Ruvo, A. (1999) "Is the Future More of the Past?", 6th International Conference on New 
Available Technologies, SPCI, Stockholm, June 1-4, 1999 

Eisenhardt, K. M. (1989), “Building Theories from Case Study Research”, The Academy of 
Management Review, volume 14, Issue 4, pp. 532-550 

Elfing, T. and Baven, G. (1994), ``Outsourcing technical services: stages of development'', Long 
Range Planning, Vol. 27, No. 5, p. 42-51 

Elmuti, D., Kathawala, Y. (2000), “The Effects of Global Outsourcing Strategies on Participants 
Attitudes and Organizational Effectiveness”, International Journal of Manpower, Vol. 21, No. 2, 
p. 112-128 

Engwall, M. (1995), “Jakten på det effektiva projektet” (In Swedish), Stockholm, Nerius & 
Santérus, Sweden, ISBN 91-88384-29-2 



PROCUREMENT OF COMPLEX TECHNICAL SYSTEMS 

 

86 

Engwall, M., Steinthorsson, R. and Söderholm, A. (2003) “Temporary organizing – a Viking 
approach to project management research”, in “The Northern Lights - Organization theory in 
Scandinavian”, Czarniawska, B. and Sevón G.(eds), ISBN 91-47-06557-5 

Eriksson M., Haglind M., Helander J., Lilliesköld J. (1999), "Towards a Cost Effective 
Procurement Process – In Search of New Strategies", 6th International Conference on New 
Available Technologies, SPCI, Stockholm, June 1-4 

Finkelstein, L., Land, F., Carson, E.R., Westscott, J.H. (1988), “System theory and systems 
engineering”, IEE Proceedings, Vol. 135, Pt. A, No. 6, July 

Finkelstein, L. et. al. (1989), “The inter-relationship between systems engineering and engineering 
design”, IEE Proceedings Vol. 136, No. 3, May 

Flood R. L., Carson E.R., (1993) “Dealing with Complexity – An introduction to the theory and 
application of systems science”, New York, Pleneum Press 

Gaddis, P.O. (1959), ”The Project Manager”, Harvard Business Review, May-June, p. 89-97 

Goldstein, M. (2001), “Knowing right from wrong: What research tells us about ways to increase 
the chances for project success”, Proceedings of the Project Management Institute Annual 
Seminars & Symposium, November 1-10, Nashville, Tennessee, USA  

Grover, V., Cheon, M.J. and Teng, J.T.C. (1994), ``A descriptive study on the outsourcing of 
information systems functions'', Information and Management, Vol. 27, No. 1 

Grover, V., Cheon, M.J. and Teng, J.T.C. (1996), ``The effect of service quality and partnership 
on the outsourcing of information systems functions'', Journal of Management Information 
Systems, Vol. 28, No. 2, p. 397-425 

Günter, B., Bonaccorsi, A., (Editors), (1996), “Special issue: Project marketing and system 
selling”, International Business Review, Volume 5, Number 6 

Hart, O. (1995), Firms, Contracts and Financial Structure, Clarendon Press, Oxford. 

INCOSE (2000), “Systems Engineering Handbook, A “How to” Guide for All Engineers”, 
Version 2.0, International Council On Systems Engineering 

Kadefors, A., (1997), ”Beställar –entreprenörrelationer I byggandet –samarbete, konflikt och 
social påverkan”, Doctoral Thesis, Report nr 52, Sektionen för teknikens ekonomi och 
organisation, Institutionen för byggnadsekonomi och byggnadsorganisation, Chalmers Tekniska 
Högskola 

Kerzner, H. (2001), Project Management: a systems approach to planning, scheduling, and 
control”, 7th ed., John Wiley & Sons, ISBN 0-471-39342-8 

Kinnander, A. (1996), “Konsten att driva investeringsprojekt”, Sveriges Verkstadsindustrier, 
Förlags AB Industrilitteratur, ISBN 91-7548-394-7 

Lacity, M.C. and Hirschheim, R. (1993), ``The information system outsourcing bandwagon'',  
Sloan Management Review, Vol. 34, No. 3, Fall, p. 73-86 

Laestadius, S. (1996), “Vid ’lågteknologins’ frontlinjer: konsten att tillverka 14000m2 papper per 
minut och tekniken bakom den”, Research report (in Swedish), Department of Industrial 
Economics and Management, Royal Institute of Technology, Stockholm, Sweden 

Lagerström, H. (2001), “Transnational Projects within Multinational Corporations”, Doctorial 
thesis, Department of Business Studies, Uppsala University, Sweden 



REFERENCES 

 

87 

Lampel, J., Miller, R., Floricel, S. (1996), “Impact of Owner Involvement on Innovations in Large 
Projects: Lessons from Power Plants Construction”, International Business Review, Volume 5, 
Number 6, 1996, Special Issue - Project Marketing and Systems Selling, Pergamon 

Loh, L. and Venkatraman, N. (1992), ``Determinants of information technology outsourcing: a 
cross-sectional analysis'', Journal of Management Information Systems, Vol. 9, No.1, p. 7-24 

Maier, M. & Rechtin, E. (2000), “The art of systems architecting”, CRC Press LLC, Boca Raton, 
Florida, ISBN 0-8493-0440-7 

McConachy, B. R. (1998), “A Decision Process For Project Delivery Options”, Proceedings of 
the 29th Annual Project Management Institute 1998 Seminars & Symposium, Long Beach, CA, 
USA 

Merriam, Sharan B. (1994), “Fallstudien som forskningsmetodik”, Studentlitteratur , ISBN 91-44-
39071-8 

Miles, Matthew B. (1984), ”Qualitative Data Analysis”, Sage Publication, ISBN 0-8039-2274-4 

Mintzberg H., Ahlstrand B., Lampel, J. (1998), “Strategy Safari – A Guided Tour Through the 
Wilds of Strategic Management”, The Free Press, New York. 

Morris, Peter W. G. (1994), “The management of projects”, Thomas Telford Ltd., London, ISBN: 0 
7277 2593 9 

Morris, Peter W. G. & Hough, George H. (1987) “The anatomy of major projects: a study of the 
reality of project management”, Major Projects Association, Templeton College, Oxford, John Wiley 
& Sons, ISBN 0-471-91551-3 

Nam, K., Rajagopalan, S., Rao, H.R. and Chaudhury, A. (1996), ``A two-level investigation of 
information systems outsourcing'', Communications of the ACM, Vol. 39, No. 7, July, p. 36-44 

Nonaka, I. & Takeuchi, H. (1995), “The knowledge creating company”, Oxford Press Inc., New 
York, USA 

Olsen, David L. (2001), “Introduction to Information Systems Project Management”, McGraw-
Hill, ISBN 0-07-229498-1 

Paul, Arthur S., (1997) “Defining “System” – an Engineering Point of View”, In the Proceedings 
of the 7th Annual International Symposium of INCOSE. 

Pettigrew, A.. (1973), “The politics of organizational decision making”, London, ISBN 0-422-
74120-5 

Pinto, J., Slevin D., (1987), “Critical Factors in Successful Project Implementation”, IEEE 
Transactions on Engineering Management, February 

Pinto, J., Slevin, D.P. (1988), “Critical Success Factors in Effective Project Implementation”, in 
Cleland, D. & King, W. (red.), Project Management Handbook, Van Nostrand Reinhold, ISBN 
0-442-22114-2 

Pinto, J., Slevin D. (1988b), “Project Success: Definitions and Measurement Techniques”, Project 
Management Journal, February 

Pinto, J., and Slevin D. (1988c), “Critical Success Factors Across The Project Life Cycle”, Project 
Management Journal, June 

PMBOK (2000), “A Guide to the Project Management Body of Knowledge”, 2000 Edition, 
Project Management Institute (PMI), Pennsylvania, USA, ISBN 1-880410-25-7 

PMBOK (2004), Draft of “A Guide to the Project Management Body of Knowledge”, 2004 
Edition, Project Management Institute (PMI), Pennsylvania, USA 



PROCUREMENT OF COMPLEX TECHNICAL SYSTEMS 

 

88 

Raftery, J. (1994), “Risk Analysis in Project Management”, E & FN Spon, London, ISBN 0-419-
18420-1 

Sako, M. (1992), ”Price, quality and trust, Inter-firm relations in Britain and Japan”, Cambridge 
University Press, ISBN 0-521-41386-9 

Selin, G. (1994), Praktisk Projektledning, 3d edition., ISBN 91-7284-117-6 

Selnick, P. (1949), “TVA and the grass roots”, Berkeley, CA, University of California Press 

Stake, R. E. (1994), “Case Studies” in “Handbook of Qualitative Research”; Editor Denzin 
Lincoln, SAGE Publication, ISBN 0-8039-4679-1  

Stevens, R., Brook, P., Jackson, K., Arnold, S. (1998), "Systems Engineering -Coping with 
complexity", Prentice Hall Europe, ISBN 0-13-095085-8 

Stinchcombe, A. L. (1985),  “Contracts as Hierarchical Documents” in Stinchcombe, A. L. and 
Heimer C. A. (1985), Organization Theory and Project Management, Administering Uncertainty 
in Norwegian Offshore Oil”, Norwegian University Press, ISBN 82-00-07600-8 

Sullivan, G., Miguel R., Yupari, A. and Anderson S., “Owner/Contractor Work Structure: A 
Process Approach”, Research Report 111-11, A Report to the Construction Industry Institute, 
CII 1996b, The University of Texas at Austin, December 1996 

Taylor S., Bogdan R. (1998), “Introduction to Qualitative Research Methods”, John Wiley & 
Sons, ISBN 0-471-16868-8 

Thamhain, H. J. (1984), “Engineering Program Management”, John Wiley & Sons, ISBN 0-471-
05979-X 

The Standish Group (2003), “What are your requirements? 2003 

Thompson, J. D. (1967), “Organizations in action”, McGraw-Hill 

Thompson, P. A. (1981), “Organization and economics of construction”, McGraw-Hill, London 

Venkatraman, N. and Loh, L. (1994), ``The shifting logic of the IS organization: from technical 
portfolio to relationship portfolio'', Information Strategy, Vol. 10, No. 2, p. 5-11 

Whyte, W. F. (1943), “Street Corner Society: The social structure of an Italian slum”, University 
of Chicago Press 

Williams T.M. (1999), “The need for new paradigms for complex projects”, International Journal of 
Project Management, Vol. 17, No 5, 1999, pp. 269-273 

Williamson, O. E. (1979), “Transaction-Cost Economics: The Governance of Contractual 
Relations”, Journal of Law and Economics, Vol. 22, p.233-261 

Williamson, O. E. (1985), “The Economics Institutions of Capitalism –Firms, Markets, Relational 
Contarcting”, The Free Press, ISBN 0-02-934820 

Yin, Robert K. (1994) “Case Study Research: design and methods”, 2nd edition, SAGE 
Publications Inc., ISBN 0-8039-5662-2 

Youkner, R. (1999), “The Differences Between Different Type of Projects”, Proceedings of the 
30th Annual Project Management Institute 1999 Seminars & Symposium, Philadelphia, 
Pennsylvania, USA, 10-16 October 

Zaghloul, R., Hartman, F. (2003), “Construction contracts: the cost of mistrust”, International 
Journal of Project Management 21, p. 419-424, Elsevier Science 



REFERENCES 

 

89 

Zaring, Olof (1999), “Investment Descions and The Environment – A study of strategies for 
project planning”, Ph. D Thesis, Handelshögskolan vid Göteborgs Universitet. ISBN 91-7246-
158-6 

Zhang, H., Flynn, P. (2003), ”Effectiveness of Alliances Between Operating Companies and 
Engineering Companies”, Project Management Journal, Vol 34, Number 3 

 

 

Internet references 

ESI (2000), http://www.esi.es/projects/Systems/overview.html, 2000-02-17 

LCC (2003), http://www.lcc-guidelines.com/public/default_frame.htm, 2003-08-01 

 





THE PAPERS 

91 

9  

THE PAPERS 

Paper A 
Eriksson M., Haglind M., Helander J., Lilliesköld J., "Towards a Cost Effective Procurement 
Process – In Search of New Strategies", In the proceedings of the 6th International Conference 
on New Available Technologies, SPCI, Stockholm, June 1-4, 1999 

Paper B  
Eriksson, M. and J. Lilliesköld, N. Jonsson, D. Novosel, "How to manage complex, multinational 
R&D projects successfully", Engineering Management Journal Vol. 14 No. 2, pp. 53-60, June, 
2002 

Paper C 
Eriksson, M. and J. Lilliesköld, "Project management competence requirements when procuring 
complex systems". In the proceedings of IEEE International Engineering Management 
Conference 2002, Cambridge, UK, August 18-21, 2002 

Paper D 
Eriksson, M., ”How to formulate a strategy when procuring a large technical complex system”, In 
the proceedings of the IAMOT 2003, 12th International Conference on Management of 
Technology, Nancy, France, May 13-15, 2003 

Paper E 
Eriksson, M., ”Procurement of complex technical systems”, In the proceedings of the IAMOT 
2005, 14th International Conference on Management of Technology, Vienna, Austria, May 22-26, 
2005 



PROCUREMENT OF COMPLEX TECHNICAL SYSTEMS 

 

92 




