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within the supply chain are extreme. This stresses the contractual governance in these pro-
jects but as it will be evident from the case study the main driver for project success is the 
relational governance practices evident in the case under study. The ultimate complexity of 
the processes performed will leave any contract by definition incomplete and the source of 
success arises from the inter-personal and inter-organizational management practices that 
are characterized with high levels of trust. 
 The management of the supplier relationships at ABB Transformers is performed by 
the R&D function which in general is responsible over all the subsea endeavors at ABB 
Transformers. The business is focused around the key personnel of the R&D team who have 
for years been collaborating closely with the key personnel of the subsea suppliers. These 
long lasting relationships have seeded the flourishing inter-organizational relationships that 
play a significant role in the successful supplier management practices witnessed in the case. 

Keywords: Complex Performance, Supplier 
Management, Supplier Procurement, Collab-
orative Product Development, Supplier In-
volvement 

Publishing language: English 



AALTO-YLIOPISTO PERUSTIETEIDEN KORKEAKOULU   DIPLOMITYÖN  
Tuotantotalouden koulutusohjelma        TIIVISTELMÄ 

iii 
 

Tekijä: Karli Kalpala 
                                                                                                 
Työn nimi: Kompleksisuuden muuntaminen johtamiskäytännöiksi: katsaus toimittajien joh-
tamisesta kompleksisissa projektiympäristöissä 
 
Sivumäärä: 92 
 

Päiväys: 12.2.2015 
 

Työn sijainti:  
TU-kirjasto 

Professuuri: Teollisuustalous 
 

Koodi:  
TU-22 

Työn valvoja: Karlos Artto 
 
Työn ohjaaja: Tuomas Ahola ja Mervi Vuori 
  
Pohjanmeren sydämessä sijaitsevalla Åsgardin maakaasuesiintymällä suoritettavat toimin-
not johtivat diplomityössä käsiteltävän monimutkaisen hankkeen aloitukseen. Hanke jonka 
tarkoituksena oli kehittää, testata ja valmistaa joukko ainutkertaisia laitteita toimintoihin 
merenpinnan alapuolella koosti yhteen kymmenittäin eri toimijoita. Laitteiden huoltova-
paaksi toiminta-ajaksi tavoiteltiin kymmeniä vuosia. Tämä diplomityö keskittyy käsittele-
mään projektinosana tuotettuja merenalaisia taajuusmuuntajia. 
 Yksinään merenalaisen muuntajan valmistukseen osallistui kaksitoista toimijaa, jot-
ka kehittivät, valmistivat, koordinoivat ja kokoonpanivat laajan alikomponenttien kirjon jota 
muuntajan valmistamiseen tarvittiin. Tämä prosessi ajoi mukana olleet toimijat toimimaan 
monimutkaisten suoritusvaatimusten, materiaalien käsittely käytäntöjen ja tuotekehityspon-
nistusten parissa. 
 Tarvittava ydinosaaminen merenalaisten taajuusmuuntajien valmistukseen kehitet-
tiin ABB Transformersin toimesta jo vuosia ennen Åsgardin hanketta. Nämä kyvykkyydet 
olivat tulosta yhteistyössä tehdyistä tuotekehitysponnistuksista, jotka ABB Transformers 
suoritti yhdessä muutamien ydintoimittajiensa kanssa.  
 Åsgard hankkeen loppuasiakas eli öljy- ja kaasutoimiala, vaatii erityistä laatua ja 
kestävyyttä valmistettavilta laitteilta. Nämä vaatimukset korostavat korkeiden jäljitettävyys-
vaatimuksien ohella sopimusjohtamista projektin hallinnassa. Diplomityön tapaustutkimuk-
sen perusteella voidaan argumentoida, että ratkaiseva menestystekijä on kuitenkin relaa-
tiojohtaminen jota ABB Transformers harjoitti. Hankkeen äärimmäinen monimutkaisuus saa 
aikaan minkä tahansa sopimuksen määritelmänmukaisen keskeneräisyyden. Projektin onnis-
tuminen pohjautuukin ihmistenvälisiin ja organisaatioidenvälisiin johtamiskäytäntöihin, joi-
ta kuvaa korkea luottamus. 
 Tapaustutkimuksessa ABB Transformersin toimittajienjohtaminen pohjautuu tuote-
kehitysosaston toimintaan, sillä he vastaavat merenalaisten muuntajien toimittamisesta ko-
konaisuudessaan. Tämä liiketoiminta on keskittynyt tuotekehityksenydinhenkilöstön ympä-
rille, jotka jo vuosien ajan ovat toimineet läheisessä yhteistyössä avaintoimittajien henkilös-
tön kanssa. Nämä pitkäaikaiset suhteet muodostavat pohjan hyvin toimiville organisaatioi-
denvälisille suhteille, jotka välittävät tapaustutkimuksen menestyksen. 
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toimittajien johtaminen, toimittajien hankin-
ta, yhteistyötuotekehitys, toimittajien osallis-
taminen  
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Introduction 
The ever growing need for increasing the productivity and performance of businesses 
have led the world of business to become more complex and compartmentalized. The 
competitive advantage does not lie anymore in the ability to produce products but the 
business comes from adding value to the value chain of actors. All over the developed 
world an effort to focus on the core competences one possesses is taking place with posi-
tive effects on the productivity of companies. Though increasing the efficiency of a sin-
gle company the complex projects and schemes involve an ever increasing number of 
actors due to the narrow sectors of core competences.  

This changing attitude towards the scope of one’s responsibility place increasing 
requirements for the management of the multiple actors involved within the value chain. 
The non-core capabilities are sought from a field of specialized suppliers and the respon-
sibility of the downstream of the value chain is to coordinate the magnitude of special-
ized actors constituting it.  

This orientation of the business world is evident also in the case this master’s 
thesis is addressing. The extremely complex end product that is delivered in the case 
study is a constituent of several dozens of actors within it. To ensure an operable entity 
from subassembly equipment that involves a significant amount of research and devel-
opment activities is the essence of the project under study.  

The principles of managing projects with multiple actors and which span over 
several years is only recently inspired researchers. Starting from 2009 the research of 
Procuring Complex Performance (PCP) is addressing the requirements that are needed 
from the supply chain management practices to ensure a successful consummation of 
large scale projects.  

In this master’s thesis the objective is to understand the practices encompassed in 
a project where multiple levels of system integrators, manufacturers and suppliers inter-
act together to produce a one-of-its-kind assortment of specially engineered machines 
that operate interconnected to each other’s in extreme environments. Not only the ex-
quisite technologies researched and developed for the project but also the management 
of extreme complexity is present in the case project. 

Research Objectives and Question 
The master’s thesis research concerns several generic research streams of industrial 
management. First, the literature of New Product Development (NPD), which is a sub-
stream of Project-Based Management (PBM), is of key importance as the project to be 
studied was a large scale industrial project with significant amount of product develop-
ment involved. The NPD literature can offer the frame for the academic conversation but 
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it is not sufficient enough. To position our thought for the case study we have to exam-
ine a set of interrelated but still separate branches of research. These literatures are Col-
laborative Product Development (CPD), Supplier Involvement (SI) and Procurement of 
Complex Performance (PCP) which all fall under the broader scope of supply-chain 
management. 

These literatures set the stage and the scope for the research of the project to be 
studied. The interest of the research is to understand how the end product is born and 
completed in a setting of multiple customers and suppliers. The focal company acts both 
as a coordinator of collaborative product development with its suppliers as well as a 
supplier of complex performance to its customers. This multidimensional scene offers a 
unique set-up where several different but interrelated research streams coalesce.  

The situation described above offers numerous different research perspectives. 
This master’s thesis, though, is concentrated over the following research question and 
sub-questions.  
 

How collaboration between actors occurs in R&D projects where suppliers in-
corporate a significant amount of the total know-how? 
 
In this frame the supplier can refer to the material and subassembly suppliers of 

the focal company but also to the complex performance that is supplied and which in-
creases down the supply stream.  

This question confine the research effort to concentrate on the how perspective 
instead of what or why perspective. The interest is to explore how the actual project oc-
curred. A set of supporting questions specifies the interest of the research even more. 

 

1. How these suppliers are procured and how does this differ when moving 
along the supply stream? 

2. How are the different suppliers with different characters managed? 
3. How do these actions affect the end results of the R&D project? 

 
These sub-questions are aimed to infiltrate into both directions of upstream and 

downstream. In other words, the interest is to understand how ABB was chosen to be the 
supplier of the transformer technology observed and how the relationship was managed 
as well as how ABB itself chooses and manages its suppliers.  

The research objectives reflect the questions chosen to focus the research. First 
of all, the objective is to identify which practices and actions are utilized in the selection 
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and procurement processes under study. To address this objective both knowledge of 
previous research and understanding about the project at hand and its phases are im-
portant. From the literature a set of constructs and concepts is to be obtained so that the 
actual analyze of the project and its phases is possible and understandable.  

The second sub research question is supported with objectives that relate to the 
existing management practices. Yet again, the literature of supplier involvement and col-
laborative product development is presented, with key concepts and constructs. This in-
formation is utilized closely to analyze the actual actions taken in the project and their 
interrelatedness to the literature.  

Finally, the actual understanding of how the transformer entity was created in the 
collaboration of the organization-network at hand will be the sum of the actions ob-
served and their interplay.  

Technical Background 
The case study of the master’s thesis will concentrate on a large scale product develop-
ment project of an underwater transformer entity. The end customer, namely Statoil, or-
dered a frequency transformer that can work with exceptional reliability in underwater 
conditions. The end product of the development process would find its place in the 
Åsgard offshore natural gas platform and link the high voltage transport current to the 
low voltage equipment located on the site.  

Åsgard natural gas deposit is located some several hundred kilometers from the 
Norwegian cost in the hearth of the North Sea, picture 1. At this location two different 
platforms exists, namely Åsgard A and Åsgard B. Åsgard A is a platform used to collect 
oil from the Åsgard deposit, whereas, Åsgard B is concentrated on natural gas collec-
tion. The equipment that was developed in the project under study will be located next to 
the natural gas deposit into the seabed. From there the equipment will boost the produc-
tion rates of the deposit.  

Normally a natural gas or oil deposit contains significant over pressure when first 
drilled into. This overpressure is caused by the earth’s crust pressing down on the depos-
it. This earth’s-crust-induced pressure will keep the gas or oil flowing without external 
work deployed. The naturally occurring pressure will though decrease when the deposit 
deflates and the crust is settling towards equilibrium. At this point external work will be 
needed to extend the gas production from the deposit. 

The deposit contains still a substantial amount of the particular resource which 
will not be exploited without deploying artificial pressure. This pressure is normally de-
livered by injecting a gas or a liquid with the power of man-maid pumps to the deposit. 
At Åsgard deposit this artificial pressure will be delivered from equipment that are ar-
rangement.  
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Picture 1: Åsgard deposit site shown on a map of the North Sea. 

 
 

To solve the space constraint the equipment were chosen to be located to the 
seabed and the power transported from a FPSO (Floating Production, Storage and Of-
fload unit), located 31 km from the deposit, Åsgard A in picture 2. Due to the long 
transmission distance the electricity produced at the FPSO need to be transformed into a 
high voltage currency to minimize the transmission losses. The laws of physics deter-
mine that the power losses in transmission decrease as the voltage of the transmission 
currency increases. To perform this step-up transformation a topside transformer was 
procured from ABB Transformers. 

When the high voltage, around 200kV, currency arrives to the Åsgard deposit it 
needs to be decreased to an appropriate level for the compressor and pump units located 
in the compressor station, picture 2. For this reason a step-down transformer is needed 
and these particular step-down transformers are referred as the subsea transformers, as 
they are part of the transmission substation located in the seabed. 

The gas collected from the deposit is transported to the Åsgard B platform where 
it will be stored with the rest of the Åsgard B production. The Åsgard project is intro-
duced in the next chapter. 
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Picture 2: An illustrative picture of the Åsgard site and its infrastructure. 

 
 

Case Description 
Year 2007 ABB Transformers started to create a subsea transformer design for a tech-
nical testing and prototyping project initiated by the Norwegian Oil and Gas giant 
Statoil. The first project was about to test the technologies and their interconnectedness 
aimed to power the natural gas production at Åsgard gas-field. This first prototyping 
took place at Statoil owned testing facility, K-lab, located near Kårstø Norway. 

Already before this project a R&D process to create the suitable transformer 
technologies to operate in the extreme conditions found beneath the sea-level had started 
at ABB Transformers. In close collaboration with several key suppliers ABB Trans-
formers researched, developed and prototyped several subassembly designs critical for 
the transformers entity to work. Some of the suppliers were introduced to new tech-
niques such as welding techniques, whereas, some of the suppliers had to work in less 
familiar steal alloys and more. This design and prototyping loop took up several years 
before the first functional transformers prototype was created. 

The research project involved different type of suppliers. Some of them partici-
pated in close collaborative research where supplier involvement was dominant. Some 
of the suppliers on their part acted in a more operational responsibility providing testing 
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instruments and research services to test and guarantee the functionality of the subas-
semblies.  

After the technical assessment and prototyping project an actual order of subsea 
transformers become reality during the summer of 2011. After this point the transform-
ers project turned from a research and development project into an equipment delivery 
project. The end customer Statoil had procured the management of the project from a 
system integrator, Aker Solutions. Further, Aker Solutions sought the technical 
knowledge to provide electrical systems from ABB Norway which eventually led to the 
procurement of the subsea transformers from ABB Transformers.  

The subsea station that Aker Solutions delivers contains a number of intercon-
nected equipment from pumps to compressors. The interconnectedness of the different 
subsea technologies came to dominate the conceptualization phase. In close collabora-
tion with the customers, ABB Transformers sought after a suitable design for the subsea 
transformer. In these conversations ABB Transformers represented its entire supplier 
network. The technological knowledge required rooted from the earlier R&D project 
performed in close collaboration with ABB Transformers’ suppliers.  

The final project, even though operating with existing knowledge from the past 
research has such a complex design and manufacturing requirements that it also was al-
located as a R&D project. This project involved the most experienced designers from 
ABB Transformers and the project team organized itself around the key personnel. This 
allocation to process the project through the R&D pipeline guaranteed a successful end 
product but also caused some extra managerial effort. 

The Åsgard-project provided Statoil what they ordered in the first place and in 
this sense the project can be seen as a success. Though, when concerning the timetable 
of the project the delay of almost 18 months, or twice as long as the original project 
plans, displays that some challenges still existed. In a broader picture the project as a 
whole improved and cultivated the existing byer-supplier relationships with some seri-
ous investments of resources and non-financial assets to the project on both sides of the 
relationships.  

Unit of Analysis 
The unit under analysis consists of four different actor groups. As seen in the figure 1 
the focal company is in the middle of the actor’s network. This focal company is ABB 
Transformers and there are two streams of actors connected to it. First stream we address 
is the customers. The second stream located upstream from ABB Transformers is sup-
pliers. To the suppliers’ are included one external stakeholder the partner university. 
 The customers consist of three actors. First is the end customer Statoil who initi-
ated the whole project and who will be the operator of the final product. Second custom-
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er is Aker Solutions who operates as a system integrator for Statoil and who is responsi-
ble to procure and assemble the final product. Finally, the third customer in the case 
study is ABB Norway which is the local office of ABB Corporation at Norway. ABB 
Norway supplied electrical systems to Aker Solutions out of which the subsea trans-
formers were one sub-entity. 

 

Figure 1: The unit of analysis. 

 
The supplier network consists from eight actors, Supplier A, Supplier B, Supplier 

D, Supplier C, Supplier E, Supplier F, Supplier G’s and the partner university. Supplier 
A and Supplier B, manufactures the transformer containers as well as assembles subas-
sembly parts from other suppliers. These subassembly suppliers are Supplier F, a small 
forge that provides machinery, Supplier C who is the producer and innovator of the met-
al bellow design as well as Supplier D who provides the rubber parts for the bellow de-
signs. In addition to these suppliers, Supplier E provides pressure accumulators for the 
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pressure compensation structure and Supplier Gs is responsible over the helium tests 
used to test container tightness against leaking. 

Besides the direct suppliers also other stakeholders were present and interviewed. 
The partner university provided testing and measurement services for the subassembly 
designs in extreme pressure conditions. They operate closely with ABB Transformers 
and the relevant suppliers to test the technologies but don’t have responsibilities over 
deliveries in the project under study. For this reason they are considered as external 
stakeholder in this thesis. 

The study concentrates to the entire network of actors that took part in the deliv-
ery of the subsea transformers. The unit of analysis therefor is the network of actors, 
each operating towards a common goal. This set of unit of analysis provides a unique 
opportunity to analyze a complex but interrelated set of actors.  

Design of the Subsea Transformer 
A subsea transformer consists of the active transformer part, a container, pressure com-
pensation units and a set of inlets and interfaces. The active part of the transformer is 
more or less standard line production where the parameters are determined by the elec-
trical requirements of the transformer. The container structure is designed both to shield 
the active part and to isolate it from the surrounding seawater. This enables the operabil-
ity of the active part to be secured. The pressure compensation units consist from a metal 
plus rubber bellow construct and a pressure accumulator. These units are designed to 
reduce the strain that the container will face beneath the sea-level. The inlets and inter-
faces attach the transformer to the surrounding equipment. 

The Active Part 
The active part of the transformer consists of a coil and a magnetic core. These objects 
are manufactured at ABB Transformers factory. The magnetic core is produced out of 
ferromagnetic core sheets which are placed so that the magnetic properties pursued are 
achieved. The coils are reeled around the core to obtain the right operating parameters.  
 The manufacture of the active parts occurred through the normal engineering and 
manufacturing processes of ABB Transformers. In this thesis they won’t be assessed in 
more detail as the thesis concentrates on the operations of the R&D department as well 
as the supplier management practices. 

The Container 
The container structure contains the actual frame that connects the subsea-transformer to 
the other equipment it is designed to operate with. In picture 3 one can see a subsea 
transformer. The yellow frame in the picture is referred as the container. The container is 
one of the main components under customization in the Åsgard-project and is the main 
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reason why this project is referred as a R&D project. Very close collaboration with the 
customers took place when the design of the container structure was developed. The 
container provides the frame within which the other equipment of the subsea transformer 
can and need to operate.  

The initial subsea prototypes were manufactured by ABB Transformers, back in 
the 1990’s. During the design-prototype loops performed, the material of choice became 
a special high quality steel alloy. This steel has a number of important characteristics for 
the success of the entire Åsgard-project, which will be evident later in the thesis. For 
now it is important to notice that to machine the steel alloy is extremely demanding and 
it is the top requirement when selecting suppliers.  

Picture 3: Subsea transformer layout picture. 

 
 

So the container structure drives these subsea-transformer projects to the R&D 
funnel at ABB Transformers. The reason behind this is both the level of variations be-
tween projects and the machinery demand that the raw-material possesses. Each project 
has its own layout demands which needs close collaboration between the customers and 
ABB Transformers as well as comprehensive understanding about the technologies and 
materials machined by the suppliers.  



Chapter 1: Introduction  
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    10 
 

The actual assembly of the container structures in the Åsgard project was done 
by two separate suppliers. The original container supplier, Supplier B, manufactured the 
two biggest designs. The smallest design was manufactured by a new-comer Supplier A, 
located some ten kilometers from ABB Transformers. 

Pressure Compensator Unit 
The pressure compensator component can be seen in the picture 4 as the black boxes lo-
cated both in the front and back of the transformer container. The compensator technol-
ogy consists of a pressure accumulator as well as bellows made out of steel and rubber. 
Both structures help to compensate the pressure-levels between the interior of the trans-
former in relation to surrounding environment. These two pressure compensation de-
signs enable the pressure levels inside the transformers to be compensated to match the 
pressure of the environment. The number of these pressure compensation units needed 
depend on the size of the container. In the picture 4 four pressure compensation units 
exist. 
 

Picture 4: Pressure compensator design. Consists of a black rubber bellow and a metal bel-
low inside of it. In addition to these a pressure accumulator also exists. 

 
 

Bellow Design 
The bellow design used in the subsea transformers consists of a double barrier construct. 
The inner construct is made out of a metal bellow that is manufactured out of the same 
high quality steel alloy as the containers. On top of this construct there is a bellow manu-
factured out of nitrite rubber. The gap between these two layers is filled with special oil 
that helps to compensate the pressure between the two layers. In normal operation the oil 
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between the layers is neither in contact with the oil inside the container nor the surround-
ing seawater. 

Normally bellows are used to connect two separate machines, for example, in 
pipeline installations. The role of the bellow is to both act as the connector but also to 
damp and block the vibration from one machine to the other. In picture 5 a classic design 
of a metal bellow can be seen on the left.  

In the subsea-transformers the bellow has though a totally different function as it 
operates in the pressure compensation and not for vibrations dampening. The bellow 
structure enables a passive expansion of the container structure through which the pres-
sure compensation partly occurs.  

Picture 5: An example of a bellow that is used in vibration damping (on left) and a rubber 
bellow construct used in the subsea transformer on the right. 

 

 
 

Especially the steel alloy places demands for the supplier’s ability to machine 
and operate with materials. Supplier C who is manufacturing the metal bellows has 
worked in close collaboration with ABB Transformers right from the beginning and they 
have developed together skills and abilities to operate with the required materials and 
designs.  

The original rubber bellow design was created parallel to the first metal bellow 
designs. The interplay of the metal core and rubber shell enables the pressure compensa-
tion abilities required in the subsea environment. The rubber bellow that is manufactured 
out of nitrite rubber is developed in collaboration with ABB Transformers and Supplier 
D.  

The rubber bellow needs to act as a substitute for the metal bellow as they form 
together a double barrier construct. This means that if the inner bellow made out of met-
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al would break while in operation the rubber bellow would act as the active pressure 
compensator. This would enable the transformers to operate normally even though the 
metal bellow would be useless. The same substitute effect is though true with the metal 
bellow as if the rubber would break the metal bellow would still keep the transformer 
fully operational. 

A picture of the rubber bellow can be seen in picture 5. It is notable that both the 
rubber and the metal bellow need to be flexible enough to move in vertical direction to 
enable the compensation. This though needs to occur in such a way that the two bellow-
constructs are not allowed to touch each other within the process. In practice this means 
that the rubber needs to be flexible enough to enable the vertical movement but still stiff 
enough in the horizontal direction to be able to avoid the contact.  

Pressure Accumulator 
The pressure accumulator technology is part of the pressure compensation apparatus and 
is the second main driver for the compensation. For the Åsgard-project the pressure ac-
cumulators were delivered by Supplier E in Finland but manufactured in England by a 
subsidiary of Supplier E’s.   
 

 

Figure 2: An illustration of the pressure accumulator design used in the subsea transform-
ers. 

The original design of the pressure accumulator used in the subsea transformers 
was made by the subsea-transformer pioneers at ABB Transformers back in the 1990’s. 
The basic operability of the accumulator is founded on a double structure consisting of a 
rubber bag and a surrounding steel container. The idea is that the rubber bag is filled 
with water on the surface. When the transformer is lowered to the seabed the increase in 
surrounding pressures will press the water out from the bag due to the laws of physics, 
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as water does not compress significantly. To compensate the extra volume that is created 
into the container oil is pumped into the free space. An illustration of the pressure accu-
mulator can be seen in the figure 2. 

Connector and Free-issued Items 
The connector designs are shown in picture 6. The designs of the inlets of the containers, 
which are the yellow tubes in the picture 6, were part of the container design. During the 
conceptualization phase lengthened discussions about the direction of these inlets took 
place. The reason behind these discussions originates in the arrangement that the con-
nector parts in the bottom of the picture, starting from the black rubber parts, were to be 
free-issued. A free-issued item is something that is part of the subsea transformer but 
which is procured by the customer from an external supplier. 
 

Picture 6: Power inlet and connector design. 

 
 

The free-issued items were not part of the ABB Transformers delivery even 
though they were connected and assembled to the transformers at ABB Transformers 
facility. The basic operability of them guarantees the connectivity of the transformer to 
the surrounding equipment. 
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Literature Review 
The literature review is based on three separate but interconnected lines of research. The 
research of New Product Development (NPD) is used to build a theoretical stronghold 
and is presented to anchor the thesis work in conceptual means. This literature is touched 
though for reasons that help to clarify the context of the thesis and the case project that is 
to be analyzed.  

To dive deeper in the academic context of this study the literature of Procuring 
Complex Performance and Supplier Involvement/Collaborative Product Development 
are taken into consideration. These literatures are about to explain the role of supplier in 
the product development process and discuss in more detail the management practices 
related to supplier procurement and buyer-supplier relationship management. Especially 
the Supplier Involvement literature considers also aspects that do connect to New Prod-
uct Development practices and thus the literature is touched only from those viewpoints 
which consider explicitly product development practices.  
 

 

Figure 3: A hierarchy between the research branches. 

 
A hierarchy tree of these research lines, or braches as later referred, are presented 

in figure 3. This figure represents the interrelatedness of these research subjects as well 
as the hierarchy by which they relate to each other. Also a Venn-diagram where the top-
ic of the thesis is located is presented in figure 4 to clarify the interrelatedness of the lit-
erature to the empirical scope of the thesis. 
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Figure 4: Venn-diagram of the project scope. 

 
Topics those are important to be able to understand the project as a whole range 

from, what is product development, the project team structure, different project phases 
involved, collaboration with suppliers, how to procure the performance required in com-
plex project environments and how to involve the suppliers into the project.  

The literature review will first present the literature on Procuring Complex Per-
formance (PCP) as it is in the essence of the thesis. The relation between different pro-
ject actors and how the system integrators should come about to choose their suppliers is 
of great importance in complex project settings. From the procuring and contracting 
practices the focus will shift towards Supplier Involvement (SI) and Collaborative Prod-
uct Development (CPD) which concentrate on the management practices and how the 
buyer-supplier relationship should be organized. Finally the literature review will pre-
sent some important constructs from the field of New Product Development (NPD). This 
broad research topic will be only dealt to lay some useful constructs especially for pro-
ject team structure and product development process. 

The Relation of Contractual and Relational Supplier Governance  
Procuring Complex Performance (PCP) is a relatively new research branch which has 
been defined by Roehrich and Lewis (2014) as a project of large number of technologi-
cal and transactional variables, multiplied by the uncertainty of extended timeframes. 
Lewis and Roehrich (2009) on their part describe it as inter-organizational arrangements 
involving significant levels of performance complexity and infrastructural complexity. 
Performance complexity refers to the number of inter-related knowledge-intensive activ-
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ities and infrastructural complexity on its part to the number of inter-related assets of an 
infrastructure system. Lewis and Roehrich (2009) present a procurement complexity 
space matrix that can be seen in the figure 5, whereas, each category is explained in 
more detail in table 1. 
 
 

 

Figure 5: The procurement complexity space. (Lewis and Roehrich, 2009) 

 
The PCP literature concentrates on the buyer’s perspective and examines the de-

cisions that the organization has to take while involving suppliers to its production. 
Caldwell et al. (2009) defines the need for procuring complex performance as a need of 
a buyer to purchase “in use value” instead of simple discrete components utilized in 
manufacturing. Further, Caldwell et al. (2009) noted that an important difference be-
tween traditional and complex performance procurement is the absence of market prices. 
In PCP settings the buyer is seeking first of all to buy performance from its suppliers 
instead of products and single standalone services (Hartmann et al., 2014). In contrast to 
servitization literature where the main role in integration of products and services is as-
cribed to the supplier, the PCP literature locates the buyer as the main driver behind the 
transition process (Hartmann et al., 2014). It is self-evident though that the co-creation 
factor that is sought after in these setups needs the input of both supplier and buyer to 
function at its full potential.  

The conceptual background for procuring complex performance in many studies 
– e.g. Caldwell et al. (2009), Roehrich and Lewis (2014), and Spring and Araujo (2014) 
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– is drawn as a combination of Complex Products and Systems (CoPS) literature and the 
literature of supply relationship management and contracting. This later literature is es-
pecially interesting due to the effects of the formal and informal governance and control 
measures, such as contractual and relational governance. Some key concepts are com-
plexity, contractual and relational exchange governance, complex contract procedures, 
trust, inter-personal and inter-organizational trust as well as inter-personal and inter-
organizational relationships. 

 

Table 1: Different categories of performance complexity (Lewis and Roehrich, 2009). 

 
 

However, the concept of complexity has been incompletely defined, as different 
interpretations exist. Caldwell et al. (2009) defines it as something that prevents the buy-
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er from simply buying discrete components (including service systems) and combining 
them together, whereas, Spring and Araujo (2014) take a stricter view of complexity and 
build their conceptualization on complexity theory, which emphasizes non-linearity, the 
large amount of parts interacting in non-simple ways, and connections whose signifi-
cance is difficult to comprehend.  

Despite that the exact definition of complexity is missing, the dynamics of con-
tractual and relational governance is often seen crucial to managing the complex inter-
organizational systems (Zheng et al., 2008; Caldwell et al., 2009; Roehrich and Lewis, 
2010; Roehrich and Lewis, 2014, Hartmann et al., 2014). Especially the importance of 
relational governance is highlighted. Caldwell et al. (2009) concluded that “non-
contractual specified collaboration will be required and pragmatically is anticipated by 
both parties whatever the completeness level of the written contract”, whereas, Roehrich 
and Lewis (2010) point out that contractual governance should be seen as crucial but not 
sufficient ‘qualifier’ for effective product-service exchange.  

Relational Governance 
Relational governance refers to those inter-organizational governance mechanisms, such 
as inter-personal and inter-organizational trust and boundary spanning activities, which 
are not sanctioned through formal contractual positions (Roehrich and Lewis, 2010). The 
key of relational governance is to emphasize the social elements and practices that are 
vital in PCP arrangements, instead of merely building a system of rules by establishing 
complex contractual governance (Roehrich and Lewis, 2014). The social elements of 
relational governance are highlighted, as they establish feedback channels and increase 
team familiarity, which leads to increased performance outcomes (Roehrich and Lewis, 
2014). These relational governance practices increase the exchange of relevant and 
trustworthy information flow, which will enhance the performance in both the short term 
and long term (Roehrich and Lewis, 2010). 

Earlier research on relational governance links relational governance to better 
performance outcomes (Ferguson et al., 2005), competitive advantage (Zinkah, 2002; 
Zaheer et al., 1998), managing technological uncertainty (Poppo and Zenger, 2002; 
Crocker and Masten, 1991) and lower negotiation costs (Zaheer et al., 1998). These 
positive effects are achieved through two types of practices. Firstly, institutionalized 
practices and routines to deal with partnering organization (Zaheer et al., 1998) and, 
secondly, through boundary spanning activities (Ferguson et al., 2005). 

Relational governance practices seem to be more commonplace in established 
exchanges than in new partnerships (Ferguson et al., 2005). This is explained by Poppo 
and Zenger (2002) by the need of familiarity based on years of personal relationships as 
necessity for well-established relational governance. Though, they further illustrates that 



Chapter 2: Literature Review  
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    19 
 

only years of relational governance practices can guarantee the intent of mutuality, bilat-
eralism and continuance, which are key elements of long-term partnerships. All this 
points to the fact that relational governance practices are vital but not trivial part of inter-
organizational management. 

Inter-personal and inter-organizational trust is highlighted to be important for the 
management of inter-organizational exchange, but their interrelated relationship is a top-
ic of discussion. According to Zaheer et al. (1998), the inter-organizational trust has sig-
nificant positive effects on the relationship of partnering companies whereas no straight 
positive effect could be found for inter-personal relationships. They argue that the effect 
of boundary spanners, who rely on inter-personal trust, can be transcended by institu-
tionalized practices, namely inter-organizational trust. Still the role of inter-personal 
trust is important to establish the inter-organizational practices and norms that bring the 
fruitful results (Zaheer et al., 1998; Roehrich and Lewis, 2014). Inter-personal relation-
ship seems to be a factor that helps to establish good inter-organizational relationships, 
but during the years especially boundary spanners come and go (Zaheer et al., 1994) and 
only the established inter-organizational procedures can form a real basis for long-term 
inter-organizational relationships. 

The inter-personal trust has also some quite unexpected effects for the relation-
ship. For example, the costs of negotiation process have a reverser-u shaped dependence 
to inter-personal trust (Zaheer et al., 1998). This means that when the inter-personal trust 
is located in the extremes, namely is low or high, the negotiation costs are low, but when 
an inter-organizational relationship experiences medium levels of inter-personal trust the 
negotiation costs are at its highest. Zaheer et al. (1998) observed this phenomenon but 
also showed that high levels of inter-organizational trust can compensate this effect. The 
phenomenon indicates that by no means is inter-personal trust sufficient enough to lower 
the negotiation costs (Zaheer et al., 1998) and formal processes to translate the inter-
personal trust of boundary spanners into inter-organizational trust are important 
(Roehrich and Lewis, 2014). 

Despite the importance of relational governance practices as a management tool, 
they also affect the interpretation of contractual governance methods (Zheng et al., 2008; 
and Roehrich and Lewis, 2014). Zheng et al. (2008) discusses how the relational as-
sumptions, experiences and intentions of all parties will affect their perception of the 
contract and contracting process either as a sign of distrust or as a written manifestation 
of commitment. Whereas, Roehrich and Lewis (2014) found that higher levels of flexi-
bility in the contract interpretation processes could be achieved when relational govern-
ance structures, such as inter-personal relationships are built up in the early phases of the 
relationship. 
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The relational governance and PCP literature brings a new viewpoint to how a 
company should react to complexity. For example, Klein et al. (1978) wrote about com-
plexity, that the growing complexity in relationships has a tendency to increase the com-
plexity of the contractual arrangements associated with the relationship. Whereas, in 
PCP literature the investment of time and resources to write ‘complete’ contracts upfront 
are seen ineffective as it is a natural tendency to check and recheck the contracts while 
the relationship evolves (Roehrich and Lewis, 2014). Roehrich and Lewis (2014) also 
point out that no matter how many resources the parties invest to the contracting process, 
any contract in such a complex exchange remains, by definition, incomplete.  

The core message of the PCP literature and its relational governance aspect 
seems to be that the key to managing inter-organizational relationships is the trust that 
will and need to be built between the actors. The natural way this is done is to first imply 
inter-personal trust among individuals from different actors involved. This inter-personal 
trust is the seed for flourishing collaboration between the actors but the long term bene-
fits are achieved only after the trust between individuals are translated into practices 
with high trust between the organizations. This inter-organizational trust that is a mani-
festation of the trust between organizations and not individuals is the source of longevity 
in the relationships as the persons and their trust will come and go within the years but 
the relationships that are built between organizations will last. 

Even though the PCP literature underlines the positive impacts of relational gov-
ernance practices it also stress the fact that neither the relational nor the contractual gov-
ernance is sufficient enough when implemented alone. It is emphasized that these two 
practices are complementary, not substitutes, to each other (Zheng et al., 2008; Roehrich 
and Lewis, 2014), or as Roehrich and Lewis (2010) put it: “it was clear that they (rela-
tional and contractual governance) are actually distinct but inseparable parts of a gov-
ernance continuum”.  

Contractual Governance 
Contractual governance refers to the formal written-down procedures that are utilized to 
control the partner’s opportunistic behavior. Further, the contractual governance can 
take forms that either penalizes the contracting partner or to build safeguards and back-
doors for specific actions if the terms are broken.  

The contractual governance practices can affect the inter-organizational relation-
ship in a variety of ways. Firstly, the contracting process can help to clarify the expecta-
tions and obligations and serve as a foundation for the relationship (Cannon et al., 2000). 
Secondly, in the early parts of the relationship a contract can set a mutually understood 
performance level to be pursued (Cannon et al., 2000). Thirdly, the negotiation process 
can help parties to work through problems, such as definition of domains, resource 
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commitments and divisions and functions (Cannon et al., 2000). Finally, customized 
contracts can be used to specify contingencies, adaptive processes and to mitigate oppor-
tunism (Poppo and Zenger, 2002). But on the other hand, for example, the role of oppor-
tunity mitigation has been speculated in the literature (Achrol and Gundlach, 1999).  

This relationship between complexity and contractual arrangements seems to be 
still under research but Poppo and Zenger (2002) has showed that contractual complexi-
ty is increased when asset specificity increases or the performance measures gets more 
difficult. They continue that the effect of asset specificity can be rationalized by the fact 
that higher asset specificity ties higher financial risks in the relationship due to upfront 
investments in assets and these investments are safeguarded in the contracts.  

Even though there is evidence that relational governance or the combination of 
relational governance and contractual governance lead to better inter-organizational rela-
tionships, contractual governance and contracts itself are found to be prioritized by com-
panies as a key mechanism to protect the relationship against opportunistic behavior 
(Roehrich et al., 2014). This might be true but it is not purely a managerial choice as 
Roehrich et al., (2014) accentuates by explaining that the complex procurement laws 
might be perceived to leave little room for relational contracting methods such as com-
mon goals or agreed risk-sharing. Though, strict contractual governance offers some 
managerial ease the real benefit might lay in the incompleteness of the contracts, as 
Roehrich and Lewis (2014) empirical study suggests. They argue that the attempts to 
resolve incompleteness in the contracts actually provided the basis for fostering inter-
organizational relationships. 

The seeds of flourishing inter-organizational relationships are in the pioneering 
efforts that build trust between individuals. This trust is turned into inter-organizational 
trust through formal processes and procedures that are proactive but also through reac-
tive negotiations that occur within the relationships. Among the strongest events that 
merge the organizations together in the collaboration are the negotiations where the in-
completeness of the contracts is resolved. A system intelligent actor might recognize that 
leaving the contracts incomplete will lead inevitably to negotiations that should be seen 
as an opportunity to strengthen the relationships between the organizations instead of a 
unwanted event of additional costs. 

CoPS – Complex Products and Systems 
The management practices that are discussed in PCP literature, namely relational and 
contractual governance practices are described to suit best in te invironment of complex 
products and systems. This literature stem back to the pioneering research performed by 
Hobday during the change of the millennium. The CoPS are described as follows. 
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In the literature there has been recognition of a specific type of product- and sys-
tem-class called the CoPS or Complex products and systems. With CoPS we refer to 
Hobday’s (2000) notion of high-technology and high cost business-to-business capital 
goods. Or in short: complex, high value, engineering-intensive capital goods and pro-
jects (Ren and Yeo, 2006). The CoPSs often consists of interconnected parts where 
small changes in one part may cause large alternations in other parts of the prod-
uct/process (Hobday, 2000). Further, this requires sophisticated control systems, new 
materials and novel design approaches during and after the design and manufacturing 
process. Hobday (2000) adds that a CoPS often evolves during the design process due to 
changing customer specifications and afterwards as users start to operate the system. 

A CoPS product/process has numerous characteristics. First the CoPS projects 
consist of high levels of customization in contrast to traditional manufacturing goods 
(Hobday, 2000). Secondly, the design often occurs in chronological or hierarchical man-
ner where, often quite complex, sub-systems are built separately (Hobday, 2000). Third-
ly, CoPS setups tend to be temporary structures involving numerous companies, intro-
ducing many network coordination issues that challenge the traditional transaction-based 
approaches to purchasing and supply (Caldwell et al., 2009). These attributes of a CoPS 
means that they are usually produced in projects or small batches (Hobday, 1998).  

CoPS projects can occur mostly in the managerial span of a single company but 
often times a whole set of actors such as prime contractors, systems integrators, users, 
buyers, other suppliers and SMEs (Small and Medium size Enterprises) exists. Hobday 
(2000) notes that these so called “innovation actors” collaborate closely together and 
sometimes even suppliers and users can engage in close co-creation throughout the pro-
duction process. The temporary multi-firm/user alliance is managed by the prime con-
tractors or systems integrators who have the responsibility to coordinate the (extreme) 
task complexity (Hobday, 2000). It is suggested that the communication is organized in 
the form of weekly meetings to ensure that a minimal number of redesign loops are 
needed to meet the performance, technical and physical specifications (Oshri and New-
ell, 2005). 

The large prime contractors are typically specialized in project management 
whereas the sub-contractors supply tailored components, software or services (Hobday, 
2000). The high level of complexity and wide range of participants causes that the man-
agers has to proceed through the production stages, relying on incomplete or partial in-
formation from suppliers and other project members (Hobday, 2000). The suppliers on 
their part are not typically able to plan in advance the introduction of new products be-
cause CoPS projects are launched as a reaction to a secured order (Davies and Brady, 
2000).  
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Challenges that companies involved in CoPS activities faces are related to over-
all business, process management, organization structures, technological uncertainties 
and specifications, and external environmental factors (Ren and Yeo, 2006). These in-
volve alignment of project and strategic objectives (Ren and Yeo, 2006), difficulties to 
plan product roadmaps (Oshri and Newell, 2005), high variation in layout of design 
(Oshri and Newell, 2005), organizational learning and knowledge management (Ren and 
Yeo, 2006), discontinuous product introduction of the same product family, and low lev-
el of reuse in new technology and high costs associated with experimenting new tech-
nologies (Oshri and Newell, 2005). This indicates that success in the global CoPS mar-
ket cannot be achieved by developing only one set of capabilities in isolation (Davies 
and Brady, 2000), but requires the mobilization and management of a wide range of ca-
pabilities (Gann and Salter, 2000). “Rarely are these found within the sphere of control 
or ownership of a single enterprise”, Gann and Salter (2000). 

The CoPS products highlight the difference between traditional customer orient-
ed mass production and business-to-business type of complex projects. Whereas mass-
production allows among other things the effects of economies-of-scale to be leveraged 
the winning formula in production of CoPS products is totally different. Due to the dif-
ferent criteria of success the governance structure in the CoPS projects should elaborate 
managing of increasing product complexity, fast changing markets, shortening time to 
market windows, cross-functional business expertise, customer-focused innovation and 
technical uncertainty (Pinto and Kharbanda, 1995).  

Research on Involving Suppliers to Collaborative Product Development 
In most of the cases new product development efforts involve external service or com-
ponent providers due to the immense complexity of the projects and the large knowledge 
base required. No single company is likely to be a master of all relevant technologies in 
such industries (Ragatz, 1997). Koufteros et al. (2005) sums the thoughts as follows: 
“once suppliers are charged with developing entire subassemblies or even certain parts 
for their customers products, customers may find it most conductive to also integrate 
suppliers in the customer’s internal product development processes in order to gain a 
better understanding of the scope and nature of the project but also to contribute their 
own knowledge and expertise.” 

Johnsen (2009) conducted a study about the academic literature concerning col-
laborative product development efforts. He found in general that the literature, though 
involving some contradictory results, especially when high technological uncertainty 
exists, present overwhelming evidence to support early and extensive supplier involve-
ment. Johnsen’s (2009) study strongly indicates that investments in the collaborative 
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product development can provide superior NPD results in terms of cost, quality and time 
to market.  

The success of integrating suppliers into NPD processes starts from the careful 
and detailed evaluation and selection of potential suppliers (Hartley et al., 1997; Pe-
tersen et al., 2003; Johnsen, 2009). Petersen et al. (2003) sees that the screening should 
be done prior to the consideration of involvement and only trusted suppliers with proven 
track record should be approached. Hartley et al. (1997) suggest that by weighting tech-
nical skills more during the evaluation and selection process of suppliers, on-time com-
pletion of NPD activities are more likely to occur. They though reported that only 11 % 
of the respondents in their study considered supplier evaluation as the most important 
criterion while selecting suppliers. From these results Hartley et al. (1997) suggest that 
only few buyers place enough weight on the supplier’s technical capabilities during the 
selection process. 

No matter which idea to follow it seems important to capture the technical capa-
bilities from the supplier market but the way this is done remains somewhat unclear.  
Ragatz et al. (1997) found that formalized processes to select suppliers can’t be seen as a 
significant differentiator between the most and the least successful supplier integration 
efforts. They rather put the weight on the management of the relationship and explain 
that in their study the selection practices, though present, where somewhat the same in 
successful and unsuccessful cases.  

After the suppliers selection the chronological next step is to determine when to 
involve the supplier to the process. Early supplier involvement (ESI) is considered to be 
important when the technological expertise lies on the suppliers side (Petersen et al., 
2003), or when design for manufacturability is seen important (Wasti and Liker, 1997). 
Monczka et al. (1993) found out that early supplier involvement can generate more cost 
efficient design choices by helping to choose the best suitable components and technol-
ogies. Petersen et al. (2003) suggested on the basis of their field studies that the phase of 
supplier involvement is mainly depended on how the outsourced technology affected 
other components or subsystems. For example in the cases where the supplier possessed 
high level of expertise they were integrated very early. These expert suppliers worked 
very closely with the customers design engineers on subjects related to manufacturabil-
ity, integration of the technology, cost reduction and product performance.  

In contradiction to these results, at least when talking about project delays, Hart-
ley et al. (1997) stated that early supplier involvement didn’t have any effect on the 
amount of production and design delays. In fact their study neglected the ability of all 
management practices done in the supplier-customer interface, to reduce production and 
design delays.  
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The phase of supplier involvement has tempted many empirical researchers to 
determine the exact success factors in different types of product development projects. 
As demonstrated earlier these results remain somewhat contradictory and no clear best 
practice for neither the method of integration nor the phase of integration can’t be found 
(Petersen et al., 2003). Petersen et al. (2003) states that the method and phase of integra-
tion: “clearly is dependent on the level of technology uncertainty present”.  

Success Factors of Collaborative Product Development 
Even though there is some contradiction on the best practice models for supplier integra-
tion Ragatz et al. (1997) pierced in their study deeper to the actual success factors of col-
laborative product development. In their study they take stock of the internal NPD suc-
cess factors of e.g. cross-functional teams and extend the unit of analysis to the dyadic 
relationship between customer and supplier. The study (Ragatz et al., 1997) recognizes 
supplier membership/participation on buying company’s NPD project team as the 
“greatest differentiator” between most and last successful integration efforts. Among the 
top five management practices were also direct cross-functional and intercompany 
communication, shared education and training and co-location of buyer/seller personnel. 
These results put weight on the human related factors, whereas factors such as technolo-
gy sharing, shared physical assets and formalized risk/reward sharing are found to be 
less important success factors.  

Ragatz et al. (1997) also studied the environmental factors affecting the NPD 
project success. Here the familiarity with supplier’s capabilities prior of integration, 
strength of both supplying and buying firms top management’s commitment to the pro-
ject and strength on consensus that the right firm was selected top the list as the greatest 
differentiators between the most and the least successful environmental supplier integra-
tion factors. In this environmental perspective the success factors topping the success list 
are also relation centric.  
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Figure 6: Success factors for integrating suppliers into new development projects. (Ragatz 
et al., 1997) 

 
One of the key findings of Ragatz et al. (1997) was that there are two important 

conceptual themes involved in the success factor discussion. First there are relationship 
structuring factors that are enabling the second theme of asset allocation factors to func-
tion. Relationship structuring factors include open communication channels, trust build-
ing, and definition of expectations of both parties, whereas the asset allocation factors 
include intellectual assets, human assets and physical assets. The interrelation between 
these two themes is visualized in figure 6. 

According to the studies of Ragatz et al. (1997) the relational aspects of the rela-
tionships need to be constructed first. These relational aspects then form the basis where 
asset allocation factors can function. The path is the same as in the PCP literature where 
the inter-personal relationships lead to inter-organizational relationships. In the study of 
Ragatz et al. (1997) these practices are quantified into more detailed units and provide a 
useful tool for building the necessary relationships within the actors highlighted by PCP 
literature.  
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Supplier Relationship Development and Adaptation 
From a broader view the selecting and integration of suppliers for a dyadic relationship 
is only part of the total efforts that a company should consider when managing a new 
product development project. From the perspective of the focal company they also need 
to know how to build the right total competences from diverse set of actors. It is im-
portant to recognize that not all suppliers can be managed with same practices due to 
their different role in the actual product development effort. 

In a four-step classification of the level of supplier integration Kamath and Liker 
(1994) illustrated the very characteristics that describe the Japanese supplier involve-
ment practices. The different forms of supplier integration they found are Partner, Ma-
ture, Child and Contractual. All of these four types, as described in the table 1, are im-
portant for the totality to function and the key lies in the proper allocation of these dif-
ferent integration modes to the supplier field. 

The idea is to properly source the capabilities from the supplier network by min-
imizing the use of in house resources. These resources include e.g. design work, com-
munication requirements and phase of supplier involvement. On these dimension the 
four supplier integration categories can be compared with each other. In the partner set 
up the supplier is seen as an arm to the customer and a complete subsystem responsibil-
ity, including manufacturing and prototyping, is given for them. Also the design respon-
sibility lies mostly on the hands of the partner supplier and discussions with the custom-
er can start already before the new product is in the concept stage.  

A supplier in a mature position towards the customer has somewhat similar roles 
in the manufacturing and prototyping responsibilities as the partner supplier. The key 
here is though that, instead as in the partner set up where the relationship was between 
equals, the customer has superior position over the supplier. As Kamath and Liker 
(1994) describes in their study the customer provides the critical specifications such as 
dimensions and the mature supplier has the responsibility to design all the necessary 
parts for the functionality. Due to the difference in the design responsibility mature sup-
pliers are involved a bit later to the process, namely after the critical specifications are 
already decided. The communication is intensive but characterized by the dominant role 
of the customer. Mature supplier can suggest design changes but has to negotiate over 
them more than a partner. 
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Table 2: Four supplier roles as described by Kamath and Liker (1994). 

 
The child supplier has still the responsibility of building and testing prototypes 

and conduction the manufacture, but the customer provides detailed specifications of the 
design (Kamath and Liker, 1994). This means that the responsibility of the design lies in 
the hands of the customer and the supplier only presents its capabilities to the customer. 
Also the trust-level is somewhat lower and the customer conducts critical testing to the 
prototypes and supplier parts. In contrast in the partner and mature set ups the customer 
trusts on the performance of the supplier and there is no need for internal testing. Be-
cause the supplier lacks the responsibilities in the early parts of the design and are not 
involved before the manufacturing phase the communication is much less intensive dur-
ing the concept stage but intensifies during prototyping. 

The last category is a contractual supplier who provides simple parts from “a cat-
alog”. This means that the customer provides all the dimensions etc. of the product and 
only outsources the manufacturing phase to the supplier. So as Kamath and Liker (1994) 
puts it: “-- customer chooses to supplement its own internal ability to design those parts 
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with a contractual supplier’s manufacturing capacity”. The supplier is not involved to 
the design phase at all and is only provided with complete design specifications to work 
with. The communication is very slight, but might be frequent during the late prototyp-
ing phase. 

Product Development Team Structure and Project Phases 
The New Product Development literature builds on a set of numerous constructs: cross-
functional teams (Zirger and Maidique, 1990), heavyweight leader (Rauniar et al., 
2008), fuzzy front-end activities (Wheelwright and Clark, 1992 s. 146), concurrent engi-
neering (Koufteros et al., 2002), strategic alignment (Wheelwright and Clark, 1992), 
gatekeepers (Katz and Thusman, 1981) and team tenure (Katz, 1982; Brown and Eisen-
hardt, 1995). The list goes on and on which makes the research hard to comprehend. Es-
pecially when concentrated on the success factors of new product development the 
amount of factors studied and often the poor definition of success makes the comparison 
of different studies difficult (Poolton and Barclay, 1998). 

Some succes factors can though be nominated. Especially common project mis-
sion (Rauniar et al., 2008), cross-functional teams (Wheelwright and Clark, 1992; 
Dougherty, 2002; Brown and Eisenhardt, 1995; Koufteros et al., 2002; Rauniar et al., 
2008), heavyweight/innovation leader (Wheelwright and Clark, 1992; Koufteros et al., 
2002; Rauniar et al., 2008; Topalian, 2000; Brown and Eisenhardt, 1995) and Gatekeep-
ers/boundary spanners (Brown and Eisenhardt, 1995; Katz and Thusman, 1981; Zaheer 
et al. 1998; Roehrich and Lewis, 2010, 2014; Ferguson et al., 2005) are widely recog-
nized as key success factors in the organizational structure established for a NPD-
project.  

The success of a NPD project is about strategic focus, as successful companies 
employ organizational designs that enable them to deal effectively with their competitive 
environment (Rauniar et al., 2008). These companies choose projects that build upon 
their existing technological, marketing and organizational competences (Zirger and 
Maidique, 1990). In addition to these competences also top-management’s commitment 
is essential to product success as it ensures that the scarce staffing and capital resources 
necessary to develop new products are likely to be approved (Zirger and Maidique, 
1990). 

Product Development Team Structure 
Research suggests that the product development success seems to be tied closely to the 
structure of the project team and the individual performance of the team members. One 
key attribute of the project team is the way the team is composed from different disci-
pline areas and knowledge bases. The optimal team structure consists of a cross-
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functional team (Wheelwright and Clark, 1992) which has an influential heavyweight 
leader (Clark and Fujimoto, 1991; Rauniar et al., 2008). The heavyweight leader is often 
times someone from the senior management and has equal or superior authority over the 
functional leaders in the organization (Rauniar et al., 2008). In addition to, these two key 
attributes of a successful project team structure, positive effects on performance can be 
also achieved through boundary spanning activities (Ferguson et al., 2005), namely 
gatekeepers (Kats and Thusman, 1981) and product champions (Zirger and Maidique, 
1990). A description of the critical project team attributes can be seen in the table 3. 
 

Table 3: Description and advantages of the key attributes of a project team. 

 
 
Despite the team composition also the routines and work habits have been under 

research in the new product development context. It is important that the team members 
identify themselves with the common project mission and not to their respective func-
tions or disciplines (Rauniar et al., 2008). This is enhanced by the project team leader 
and is best achieved with heavyweight-leader structure. Together with the commitment 
aspect also the team tenure has an important role in the team’s operability. Katz (1982) 
reported that teams with short tenure lack the patterns of information sharing and work-
ing together and so the communication between the team members is limited.  

Cross-functional Team 
To increase the likelihood of new product development success, Zirger and Maidique 
(1990) explain that functional groups should interact and coordinate activities during the 
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development process. Especially important is the links between R&D and other func-
tions, such as marketing and manufacturing (Zirger and Maidique, 1990).  

The effects of cross-functional teams to new product development are numerous. 
Firstly, “Organize around an accountable, dedicated cross-functional team with a strong 
leader and management support”, is the key success factor of Cooper and Kleinschmidt 
(1994). Secondly Cross-functional teams are critical to process performance (Clark and 
Fujimoto, 1991; Dougherty, 1992, and Ziger and Maidique, 1990). Thirdly, the effec-
tiveness of cross-functional teams comes about, by bringing together a carefully selected 
array of specialists who share information and make product, process and manufacturing 
decisions, jointly and simultaneously (Koufteros et al., 2002). And finally, the multi-
functionality helps project team members to understand design process more quickly and 
fully from a variety of perspectives by increasing the amount and variety of information 
available to design products, Brown and Eisenhardt (1995).  

Heavyweight Leader 
The heavyweight leaders or sometimes referred as heavyweight managers are senior 
manager who has substantial formal and informal influence to assign people, allocate 
resources and direct the development team effort (Rauniar et al., 2008). Or as Clark and 
Fujimoto (1991) put it, the heavyweight leader is essentially a travelling preacher whose 
bible is the formal concept and planning documents. Heavyweight leaders are senior 
managers in the company and has higher or the same rank than the heads of the func-
tions participating the project team (Koufteros et al., 2002). 

The role of a heavyweight leader is to work as an integrator (Daft and Lengel, 
1986), to reinforce of common vision (Brown and Eisenhardt, 1995), to react and re-
spond to the interests of others (Wheelwright and Clark, 1992), provide objective advice 
to emergent questions, interpret needs, balance different points of view, arbitrate when 
conflicts of interest arise (Topalian, 2000) as well as to be the guardian of the concept 
and to respond to the senior management over all the work done by the NPD team 
(Wheelwright and Clark, 1992 s.194).  

The important role of the heavyweight leader provides some clear performance 
advantages due to access to senior management (Koufteros et al., 2002; Rauniar et al., 
2008) and utilization of cross-functional communication skills (Koufteros et al., 2002; 
Rauniar et al., 2008). Heavyweight leaders also influence the performance in the project 
front-end where its engagement in goal setting improves strategic alignment, shared 
team mission, clarity of project target and reduces uncertainty and ambiguity in the pro-
ject team performance (Rauniar et al., 2008). 

The heavyweight status is earned based on prior experience, carefully developed 
skills and status earned over time (Wheelwright and Clark, 1992 s. 209). Through this 
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the heavyweight leader earns the respect to carry out the roles he has, rather than simply 
being endowed through a designation by the senior management (Wheelwright and 
Clark, 1992 s.209). 

Gatekeepers 
Katz and Thusman (1981) define gatekeepers as “individuals in the communication net-
work who are capable of understanding and translating contrasting coding schemes”. 
These gatekeepers affect the group performance by increasing the amount and variety of 
information reachable (Brown and Eisenhardt, 1995). The process through which this 
occurs is a two-step process. Gatekeepers are able to gather and understand external in-
formation and then able to translate the information into meaningful terms to their col-
leagues (Katz and Thusman, 1981).  

Product Champion 
Product champions are one or more persons who build technical and financial sponsor-
ships throughout the organization and nurture the project through development and in-
troduction (Zirger and Maidique, 1990). The product champion can be the heavyweight 
leader as suggested by Wheelwright and Clark (1992 s.209). And actually in their con-
cept of the project champion it is one of the key attributes of for the role of the heavy-
weight leader. 

Product Development Process 
The product development process will more likely to be successful if it is planned and 
implemented well (Zirger and Maidique, 1990). This means that the whole process from 
research, development, engineering, manufacturing and market introduction should be 
well planned and implemented (Zirger and Maidique, 1990).  

The product development process itself can be seen to consist of a beginning, 
namely the fuzzy front-end (Smith and Reinersten, 1991) where the concept and ideas of 
implementation are still vague and under exploration. After the front end activities a 
go/no-go decision will take place (Khurana and Rosenthal, 1997), which is the gate be-
tween the front end activities and the actual product development execution (Khurana 
and Rosenthal, 1997). The execution phase consists of specification and design, proto-
type testing as well as validation and volume manufacturing (Khurana and Rosenthal, 
1997) 

After the front-end activities a phase of manufacturing and prototyping follows 
(Wheelwright and Clark, 1992). This phase consists of concurrent engineering (Millson 
et al., 1992; Koufteros et al., 2002) and iterative processes (Wheelwright and Clark, 
1992). The whole process is kept functioning through internal communication 
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(Dougherty, 1990; Keller, 1986) and external communication (Katz, 1982; Katz and 
Thusman, 1981) which lasts over the span of the whole project. 

Fuzzy Front-end 
The front-end activities are about achieving focus, direction and definition without miss-
ing opportunities or styling creativity (Wheelwright and Clark, 1992 s. 146). The aim is 
to conceptualize a product that closes the gap between the existing designs and the tar-
gets of the future (Wheelwright and Clark, 1992 s.224).  

The front-end activities are explorative by nature and a concept of “fuzziness” is 
used to describe them. The front-end fuzziness consists of customer fuzziness, techno-
logical fuzziness and competition fuzziness (Zhang and Doll, 2001). Customer fuzziness 
is caused by the uncertainty of how to define the appropriate product characteristics and 
the length of product life cycles (Zhang and Doll, 2001). The technological fuzziness in 
its part is due to uncertainty in the raw material standards, in the process and in the sup-
pliers design and manufacturing capability (Zhang and Doll, 2001). Finally, the competi-
tor fuzziness arises from the competitors’ product development and their technology ad-
aptation (Zhang and Doll, 2001).  

Some research has also concentrated on the success factors of the front-end ac-
tivities. These key success factors include: strategic alignment (Bacon et al., 1994), early 
and sharp definition of product (Cooper and Kleinschmidt, 1994), resource allocation 
planning (Bacon et al., 1994), project managers role (Wheelwright and Clark, 1992 
s.135), and organizational communication (Gupta and Wilemon, 1988).   

The front end activities are of great importance and failures occur due to: mis-
match with company strategy, lack of resources because the key people are too busy, 
and the new products are introduced late because the product concept has kept on chang-
ing throughout the project (Khurana and Rosenthal, 1997). 

Concurrent Engineering 
The concurrent engineering refers to a development process where at least two tasks are 
performed at the same time (Millson et al., 1992). At a more specific level this means 
that a cross-functional team is involved early in a process to plan product, process and 
manufacturing activities simultaneously (Koufteros et al., 2002). The three main compo-
nents to perform concurrent engineering are therefor, cross-functional teams, concurrent 
work-flow and early involvement (Koufteros et al., 2001). 

The early involvement is essential due to the fact that most of the new product 
development related costs are locked in at the early phases, and sequential product de-
velopment processes recognizes only the most serious errors in the NPD process (Put-
nam, 1985). With the early release of information the engineers can begin working on 
different phases and problems while final designs are evolving (Koufteros et al., 2002).  
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This early release of information both reduces uncertainties and promotes the detection 
of problems early in the process (Koufteros et al., 2002). Through this release of infor-
mation many phases of the process can overlap and personnel can move with the product 
to smooth the transition and communicate learning (Zirger and Maidique, 1990). 

The involvement of manufacturing in the design process occurs through cross-
functional team set-ups. Involving manufacturing into the design process is essential in 
avoiding “a rough initial manufacturing experience” (Langowitz, 1988). The decision-
making of materials, suppliers and all the attributes that have immediate impact upon the 
factory should be jointly made by design and manufacturing (Langowitz, 1988).  

Concurrent engineering may offer the firm a stream of integrative innovations 
that improve the value of products to customers, enhance quality, shorten time-to-market 
and reduce costs (Koufteros et al., 2005). These improvements are achieved through the 
external integration which is facilitated by the concurrent engineering (Koufteros et al., 
2005). The effects of concurrent engineering are highlighted in industries where product 
development is a complex task (Brown and Eisenhardt, 1995). 

External and Internal Communication 
The efficiency of the product development process depends, at least to some extent, on 
efficient group processes, especially communication (Katz, 1982; Zirger and Maidique, 
1990). Efficient communication increases the amount of information (Katz, 1982), 
which reduces uncertainty (Daft and Lengel, 1986). The increase in information is es-
sential for high-performing development processes (Zirger and Maidique, 1990; Brown 
and Eisenhardt, 1995).  

Communication can be either internal or external depending on the subjects of 
the communication. Both internal and external communication increases the amount and 
especially the variety of information, through which the resources available for the pro-
ject team increases as well (Brown and Eisenhardt, 1995). The same logic that drives 
internal integration and information exchange are equally relevant for integrating activi-
ties of external entities (Koufteros et al., 2005). 

Internally frequent communication builds team cohesion which breaks down the 
barriers of communication even more (Keller, 1986). When these barriers are broken the 
speed and productivity of the entire development process increases (Dougherty, 1990). 

External communication imposes the project task oriented project team to infor-
mation from diverse viewpoints beyond those of the team (Brown and Eisenhardt, 
1995). Frequent communication with these externals, namely customers; suppliers and 
other organizational persons, develop the absorptive capacity of the project team and 
fosters their ability to gain and use the information conveyed (Katz, 1982; Katz and 
Thusman, 1981; Brown and Eisenhardt, 1995). All of these both internal and external 
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communication practices should improve the productivity and pace of the new product 
development process (Brown and Eisenhardt, 1995). 
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Research Method 
The case was chosen according to pre-thesis discussions and both academic and busi-
ness-related interest towards the topic under research. This pre-set frame for the thesis 
study affected the research method to be implemented due to the fact that a specific case 
was set under exploration. This case became the core of the thesis implemented and de-
fined the boundaries within which the research was to be composed.  

A theory-building case study was selected as the research approach. This type of 
research utilizes the data collected form a specific case, or possible multiple cases, and 
analyses it. In this case a single case was selected consisting of all the important actors 
within the case. This setup, though impossible for multiple case study evaluation, offers 
a possibility to analyze the same case from numerous perspectives and in greater detail 
than, for example, a dyadic research approach.  

Samples and Data Collection 
A set of 19 interviews was conducted to the project personnel located either in the focal 
company, the customers, the suppliers or other stakeholders. The selection of these in-
terviewees was done by the personnel of ABB Transformers who also informed the in-
terviewees about the upcoming research.  

At the time the research took place, all the equipment had been delivered to the 
end customer but some discussion of documentation still took place. The data was gath-
ered through qualitative interviews, which was chosen as the research method to obtain 
comprehensive information. The very close interdependence between the companies 
throughout and after the project makes the research context risk-averse and a set of ques-
tionnaires could have let to low response rates. Also the fairly small number of actors in 
the project would make any statistical relevance obtained from questionnaires question-
able.  

The interviews were conducted so that at least one person was present in all in-
terviews, although, he might have been accompanied by one or two other researchers. 
Due to this arrangement it was secured that the data collected from the interviews staid 
coherent throughout the process. One interview was scheduled to last approximately 1h 
30min but some variance in the actual lengths occurred. 

The interview language was prioritized to be Finnish but in some cases, to obtain 
linguistic-ease for the interviewee, English was also used. The prioritized interview lan-
guage was chosen to be Finnish even though the actual study was conducted in English. 
To obtain detailed data from the interviewees a sense of ease in the spoken language was 
pursued.  
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In the majority of cases, the research group travelled to the location of the inter-
viewees to minimize the effort of the interviewee but due to time management issues 
some interviews was performed in the form of video conferences. Video conferences 
took place in the interview with Supplier G who acted as a supplier of ABB’s as well as 
with one of the interviewees of Aker Solutions.  

The interviewees were informed in forehand that the interviews would need no 
preparation and only their view about the project and its phases was to be asked. All of 
this aimed to prepare the interviewee to a discussion session about the project and not a 
questionnaire that would feel uncomfortable. 

The interviews were recorded on a voice recorder to enable a natural flow of 
conversation. The tapes were declared as confidential and were only used in the purpose 
of this thesis and for possible further academic research by the participants of this thesis 
work. Due to technical difficulties in the quality of the video conference with Aker Solu-
tions other interviewee this interview could not be recorded and a traditional set of field 
notes was used. Also one of the interviews performed at the location of the interviewee 
was documented through field notes as the respondent asked for the practice instead of 
voice recording.  

Interviews at ABB Transformers 
From ABB Transformers, the focal company, five (5) people were interviewed. Four out 
of the five interviewees from ABB Transformers were members of the R&D department. 
These four interviewees were the project manager, two design and engineering special-
ists and the senior manager of R&D department who is also one of the subsea transform-
er pioneers at ABB Transformers. The fifth interviewee from ABB Transformers was a 
sourcing specialist who had entered the project during the latter part of it. 

Customer Interviews 
The interviews with the representatives of ABB Norway took place at ABB Bergen’s 
office in Bergen, Norway. From ABB Norway a technical project manager as well as a 
financial project manager was interviewed. The technical project manager functioned as 
the project manager of the ABB delivery in the beginning of the case under study as well 
as during the end of the project. In the middle the financial project manager had the re-
sponsibility over the whole project. In addition to these two a technical engineer of ABB 
Norway was interviewed. This technical engineer had been working within the project 
for the entire span of the project. 

At Aker Solutions two interviewees participated in this study. A sourcing spe-
cialist was interviewed during the visit in Oslo, Norway, as an unexpected event forced 
the technical engineer that was supposed to be interviewed to be out of office that day. 
The sourcing specialists had been working for the project only for a couple of months. 
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The second interview was performed over a phone conference with the technical engi-
neer that was initially scheduled to be interviewed during the journey in Norway. 

From Statoil the manager of the transformer delivery was interviewed. This 
technical engineer was responsible over the transformers that were delivered. The inter-
view was performed at Statoil’s office in Stavanger, Norway. 

Supplier Interviews 
To the suppliers of ABB Transformers one interview was conducted for each. The inter-
view with Supplier A was conducted at their factory at Vaasa. The interviewee is re-
sponsible of business development as well as operates in the sourcing processes. Due to 
last minute business trip the interviewee changed from the initial plan. 
 During the same journey to Vaasa also the interview with Supplier F was per-
formed. This interviewee was a senior manager at the company and responsible for ex-
ample for work scheduling. The interviewee had been performing machinery at the fac-
tory floor for several decades and developed the required machining techniques utilized 
in the project. 
 When interviewing the pressure compensation manufacturers a senior manager 
was interviewed at Supplier C. This interview took place at Supplier C’s factory in 
Ylöjärvi and the interviewee had been working already within the early development 
and prototyping projects of subsea transformers and was responsible over this subsea 
business at Supplier C. In the interview with Supplier D the interview was performed at 
Sastamala where Supplier D’s factory is located. In the interview three representatives 
were present. These were a sourcing expert, an expert in strength calculations and a ma-
terial expert.  
 The last interview conducted to a pressure compensation supplier was performed 
at Vantaa in the facilities of Supplier E. The interview was the head of technology at 
Supplier E and for the project the responsibility of the interviewee was to manage the 
customer relationship as well as to find the right operating parameters together with 
ABB Transformers. The actual pressure accumulator was manufactured at a Supplier E’s 
subsidiary in England. No interviews were conducted for the subsidiary’s personnel. 
 The last two interviews for ABB Transformers suppliers were conducted to Sup-
plier G as well as to the partner university. The interview for the partner university was 
performed within the university’s facilities. The interviewee was the project manager of 
the research project performed together with ABB Transformers. When considering the 
interview with Supplier G the interview was conducted over phone as the initial inter-
view was cancelled due to a sudden event of sickness. The interviewee of Supplier G 
performed the helium tests in the case study. 
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 In addition to these interviews a former employee of ABB Transformers was also 
interviewed. The interviewee worked as the sourcing specialist in the beginning of the 
Åsgard project. 

Data analysis 
The data that was gathered during the interviews were transcribed into word documents. 
These documents where then red and analyzed in detail utilizing either a software called 
Altas.ti or through traditional notebook notes. On the basis of the interview experiences 
and the notes and analysis performed afterwards a set of drafts were written. These 
drafts were modified throughout the thesis process as new iteration round to the data and 
transcribed interviews took place.  
 Due to the multiple viewpoints that the thesis takes towards a single project the 
process of writing drafts and then modify them served as a functional tool as the amount 
of information gathered from later interviews needed to be fitted into the earliest writ-
ings. This iterative process also enabled recognition of information caps that were then 
discussed in the further interviews conducted. 
 To build the illustrations and figures utilized to describe the project phases and 
the different interrelatedness schemes between companies were conducted with Mi-
crosoft PowerPoint on the basis of preliminary illustrations drawn to the notebook. 
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Stakeholders 
ABB Transformers is the center of this study as the unit of analysis chapter crystalize. In 
the case study ABB Transformers is the center of all actions and their relation both up-
stream and downstream of the value-chain is described and evaluated. ABB Transform-
ers is not though the only subsection of ABB Corporation that participated to the case 
study but in the means of this study we consider it as the center piece.  

The ABB Transformers stakeholder network consists of three separated groups 
of actors, suppliers, customers and external service provides such as universities. The 
supplier relationships that ABB Transformers utilizes in their subsea transformers busi-
ness stem from the earlier projects. Most of the suppliers are familiar with the ABB re-
lated technologies and materials through the initial subsea projects. On the customer side 
the network of actors is more characterized by new acquaintances.  
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Figure 7: Illustration of the actors present in the Åsgard project. The project under study 
consisted of seven suppliers, three customers, the focal company and an external stake-
holder. 

Form the figure 7, which is presented also in the unit of analysis section, one can 
see that there are all together twelve (12) actors in the Åsgard project. Out of these 
twelve actors seven is suppliers for ABB Transformers and three are respectively cus-
tomers. On top on that there is the focal company, namely ABB Transformers, and an 
external stakeholder the partner university.  

The customers of ABB Transformers consist of ABB Norway, Aker Solutions 
and Statoil. From these three actors ABB Norway is the closest link to ABB Transform-
ers. They act as an ABB’s internal system integrator for all ABB Corporations deliver-
ies. Next up, as seen in the figure 7 is Aker Solutions. Aker Solutions operates as the 
system integrator for the whole delivery in the Åsgard project and is responsible to co-
ordinate the whole project for the end customer. The end customer is Statoil, an Oil and 
Gas company from Norway who initiated the project and who is also the operator of the 
end product. 

All of the actors in the figure 7 took part in the Åsgard project. The case study of 
this master’s thesis will also cover briefly the technical assessment project that preceded 
the Åsgard project. In this technical assessment project the actor network differed slight-
ly as Supplier A and Aker Solutions were not participating. These actors are marked 
with gray color in the figure 7. 

ABB Transformers 
ABB Transformers is referred to the factory of ABB Finland located in Vaasa. Vaasa is 
a coastal city located some 400 km north-west from the Finnish capital Helsinki. The 
factory of ABB Transformers is located in the old industry park formerly owned by 
Strömberg. The same industry park settles numerous ABB facilities out of which the 
Transformers is one. ABB Transformers is the section of ABB Finland that is special-
ized into transformer manufacturing. They produce as the normal line production trans-
formers of different shapes and sizes to both the Finnish and international markets.  
 Besides the production line and product engineering functions that operate in the 
normal transformer production the ABB Transformers have also a R&D section that is 
specialized into expanding the operability frontiers of the transformers produced at the 
factory. This R&D function is the center of this case study as they are the initiators of 
the subsea transformers business in the first place. During the 1990’s the R&D experts 
employed at ABB Transformers developed and prototyped the first subsea transformers 
at their factory floor.  
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 This know-how to build the subsea transformers was distributed to a number of 
suppliers that will be also described and analyzed in this master’s thesis. This process of 
bringing suppliers onboard provided new innovative solutions to pressure compensation 
as well as agility to produce subsea transformers as tailor-made solutions to the end cus-
tomers. Even though the manufacturing and part of the technical solutions of the subsea 
transformers were distributed to the supplier network of ABB Transformers the ability to 
design and coordinate the subsea projects is still strongly attached to the R&D function. 
 The R&D function operates as the contact point towards the customers. They ne-
gotiate the design requirements with customers as well as produce the conceptualization 
and design layouts together with the customers as a tailor-maid process. The subsea in-
dustry is lacking industry standards and the system integrators that usually operate as 
customers to ABB Transformers are designing the end product as a one-off solution. To 
be able to produce a functional entity this set-up requires that the subassemblies, out of 
which the subsea transformers are usually only a small share, need to be also designed as 
one-off solutions. 
 Besides the design responsibility ABB Transformers operates also as a project 
coordinator within its own supplier network. The processes that ABB Transformers and 
its suppliers have developed over the years of collaboration are customized to meet the 
end customer needs derived from the conceptualization. The management of this manu-
facturing process is part of the R&D experts’ role in the subsea transformer business. 
The industry that is lacking standards causes that the process varies from case to case. 
This variation demands an ability to react fast and effectively to possible alternations or 
unexpected events to which the expertise of the R&D experts is required. 

ABB Transformers Project Team 
ABB Transformers organized itself around a set of key personnel from the R&D func-
tion. These key personnel consist of a handful of design engineers and a subsea trans-
formers pioneer. The pioneering efforts performed in the late 1990’s to produce the first 
subsea transformers have created a strong concentration of special capabilities within the 
R&D department. This core team of individuals forms the basis and incorporates basi-
cally al the capabilities for the subsea transformers. 
 The other functions of ABB Transformers were built around this R&D project 
team. Several functions and responsibilities ranging from quality to sourcing were pre-
sent in the corporation wide project team. Even though the entire factory with all the key 
functions are present in the project team most of the actual work within the project was 
performed within the core team of R&D specialists. 
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Customers 
There are three customers in the Åsgard project as shown in the figure 8. First out of 
ABB Transformers customers ABB Norway is the supplier of the electrical systems to 
Aker Solutions where the subsea transformers made by ABB Transformers include. Se-
cond customer, Aker Solutions was the system integrator of the manifold of suppliers in 
the Åsgard project. The final of the three and the end customer was Statoil, a petrochem-
ical giant from Norway who had ordered the whole project and the interrelated machin-
ery from Aker Solutions.  

ABB Norway is the subdivision of ABB located in Norway. Concerning the 
Åsgard project they were procured by Aker Solutions, who procured ABB to provide the 
electric systems for the project. This request was passed down to ABB Transformers and 
the actual production of the transformers took place there. ABB Norway acted as an in-
house integrator and participated to the project meetings and discussions.  
 

 

Figure 8: Illustration of the customers in the Åsgard project and their interrelatedness. 

 
Aker Solutions had the responsibility to coordinate the whole order initiated by 

Statoil. This included the design how the different machines manufactured by different 
suppliers would connect to each other and to the platform. This responsibility caused a 
close collaboration between Aker Solutions and ABB Transformers to emerge, as they 
jointly sought after the right transformer designs. The collaboration was so close that 
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one interviewee at ABB Transformers described that the representative of Aker Solu-
tions basically lived at their facility. As mentioned before, Aker Solutions did not partic-
ipate to the technical assessment project. 

The end customer Statoil took also actively part in the project team as they sat in 
the project meeting together with the rest of the customers. Statoil had ordered a func-
tioning entity from Aker Solutions and the responsibility of the design was on the Aker 
Solutions. Statoil though affected the whole project heavily through the high documenta-
tion and safety requirements they assigned to the project. Statoil was also visible to the 
suppliers through their high traceability requirements.  

ABB Norway 
ABB Norway is ABB’s local office in Bergen, Norway. For the Åsgard project ABB 
Norway was the official supplier for the whole ABB delivery. This delivery included all 
the electrical systems to the end product out of which the subsea transformers manufac-
tured by ABB Transformers was one sub-entity. ABB Norway is specialized in electrical 
system simulations including transmission cables and transformers.  

This expertise that ABB Norway has in the electrical systems acted as the main 
driver that ABB Norway became a supplier for Statoil in the technical assessment pro-
ject and a supplier of Aker Solutions in the Åsgard project. As mentioned before a tech-
nical assessment project preceded the Åsgard project and especially there the strong 
know-how of the technology was of great importance. Indeed, the aim of the technical 
assessment project was to probe for the potential technological shortcomings of the 
transmission of electricity. 

Based on the strong technical know-how and exquisite simulation capabilities 
ABB Norway was a facile pick for the task. The technical assessment project needed 
also a prototype to authenticate the simulations. For this task ABB Norway utilized the 
ABB Corporation. This led to the situation where ABB Transformers in Vaasa was 
picked as the supplier of the subsea transformers.  

In this sense ABB Norway was a key supplier of Aker Solutions in the Åsgard 
project as well as a key supplier of Statoil in the technical assessment project. The same 
reason also presided to that ABB Norway became the first-tier customer for ABB Trans-
formers in both of the projects. ABB Norway acted as ABB’s internal system coordina-
tor for all the ABB deliveries. In the perspective of the end customer ABB Norway was 
the single point of contact for the entire ABB delivery. But as we will see later this ar-
rangement was not always a simplifying thing within the projects. 

Aker Solutions 
Aker Solutions is a Norwegian company that is specialized in providing the oil and gas 
industry with products, systems and services. Aker Solutions operate in 20 different 
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countries and has a special subdivision concentrated only into subsea schemes. The sub-
sea subdivision is expertized in subsea system engineering, products and lifecycle ser-
vices.   

The Åsgard project is a joint project between Aker Solutions Subsea Technolo-
gies and Services and Aker MMO (Maintenance, Modification and Operations). The 
Aker Solutions subsea division is responsible coordinate the project and to deliver the 
whole subsea module to Statoil as a turn-key solution. Aker MMO on their part is re-
sponsible of the installation of the module to the seabed so that Statoil can start operat-
ing it. In this master’s thesis we are mainly interested about the project coordination 
function of Aker Solutions. 

Aker Solutions subsea division (later referred only as Aker Solutions) operates as 
the system integrator in the Åsgard project but was not present in the technical assess-
ment project. Aker Solutions role is to organize the whole project, make the timetables, 
coordinate the efforts of different suppliers, organize the interfaces between machines 
from different suppliers and assembly the different subassemblies into a working whole 
to be delivered to Statoil. 

In the official set-up the responsibility over coordinating the subsea transformers 
manufacturing process was on ABB Norway. Aker Solutions though was responsible 
over the interface and connector designs for the transformers which drove ABB Trans-
formers and Aker Solutions to work in close collaboration throughout the project. The 
collaboration was so close that one of the ABB Transformers interviewees said that, “the 
representative of Aker Solutions basically lived in Vaasa”.  

Aker Solutions was also responsible of the testing and reporting to Statoil and 
was very closely following the execution of these. The oil and gas industry has high 
documentation and testing requirements which were extra emphasized due to the subsea 
environment. In the subsea environment all repairs and maintenance operations are diffi-
cult after the installation, which emphasizes the quality in the first place. To most of the 
tests Aker Solutions also invited the end customer Statoil to follow and approve the im-
plementation of the procedures.  

Statoil 
Statoil is a Norwegian oil and gas company. The operations of Statoil cover almost eve-
rything from oil and gas exploration, to oil and gas drilling, to refining the end products, 
to trading the commodities produced as well as to developing new businesses in renewa-
ble energy industry. Statoil is the owner of the off-shore licenses at Åsgard natural gas 
deposit. In the Åsgard project as well as in the technical assessment project Statoil is the 
end customer of all the appliances that the suppliers provided.  



Chapter 4: Stakeholders 
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    46 
 

In the end, Statoil is the actor who bears all the risks of the operations. Though, 
not basically involved in the execution of the Åsgard project Statoil monitored all the 
actions very closely. Statoil uses the end product to power the drilling of natural gas at 
the Åsgard site and for them the project goal is not to finalize the subassemblies but the 
operability of the actual end product.  

Due to the role of risk carrier as well as the different success criterion that Statoil 
had for the Åsgard project they applied a high documentation and tractability require-
ment that extended it arms all the way down to the suppliers of ABB Transformers. In 
this sense Statoil was visible as the end customer for all the actors, to the root of the 
supply-chain, that were involved. These documentation and tractability requirements 
ranged from HSE (Health, Safety and Environment) requirements to a precise documen-
tation of each “turn of a screw” that took place throughout the project. 

For the Åsgard project Statoil was organized so that they had their own repre-
sentative for the transformers delivery.  This representative followed the production and 
delivery of the transformer entities throughout the project.  

Suppliers 
The supplier field consists mainly of relatively small domestic companies that are spe-
cialized to the materials and technological requirements present in the subsea technolo-
gy. In the first subsea transformer project the suppliers where selected due to specific 
know-how of materials but also due to the size of the companies. Back in the 1990’s on-
ly a handful of domestic companies incorporated the knowledge needed to produce and 
process the relevant materials. Some actors abroad had also the technical capabilities but 
it was decided to select medium size players due to commitment related issues. An illus-
tration of the supplier network can be seen in the figure 9. 

In the figure 9 the eight stakeholders that were operating in collaboration with 
ABB Transformers are presented. The suppliers can be divided into container manufac-
turers, pressure compensation technology suppliers and other suppliers. In the container 
suppliers there are two players, Supplier A and Supplier B, whereas, the pressure com-
pensation suppliers consists of Supplier D, Supplier C and Supplier E. The rest, namely 
Supplier F and Supplier G form the last group. The final actor presented in the figure 9 
is the partner university that operated in collaboration with ABB Transformers and the 
pressure compensation technology suppliers.  

Supplier A 
Supplier A is a workshop specialized in welding technologies. Supplier A is located 
within few kilometers from the ABB Transformers and a long lasting buyer-supplier re-
lationship was in place already before the Åsgard project. In addition to the subsea trans-
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former containers Supplier A is supplying pipeline installations to a selection of trans-
former designs as well as the assembly of the pressure compensation modules.  
 

 

Figure 9: Åsgard project's supplier network. 
 

During the year 2009 Supplier A made the choice to concentrate more into weld-
ing operations that had high performance standards as well as demanded significant 
knowledge from different materials. The new business alignment of Supplier A eventu-
ally led to the situation where Supplier A was selected to supply the smallest transformer 
container designs for the Åsgard project. In the Åsgard project ABB Transformers and 
Supplier A cooperated for the first time within the subsea transformer business. 

The project increased know-how in operating within the subsea standards, de-
manding materials and tentative projects. Besides this Supplier A gained a significant 
reference out of the project and this has already provided some new auditions for the 
factory. On the other side ABB Transformers has an alternative local-supplier that en-
hances their future operations within the subsea-transformers industry.  
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Supplier B 
Supplier B is a factory specialized to treat demanding materials. Their factory resides on 
the west coast of Finland some 100 kilometers from Vaasa. Supplier B supplies many 
demanding industries such as the nuclear industry in Finland.  
 In the case study Supplier B manufactures the two largest container designs as 
well as supplies the assembly of the pressure compensation unit related to these contain-
ers. Whereas Supplier A was a new-comer to the subsea business, Supplier B has been 
supplying these container constructs from the very first prototypes involving suppliers. 
Their role in this master’s thesis is though comparably minimal to their actual role in the 
business as the interview scheduled with them could not be performed due to mismatch-
ing timetables. 

Supplier C 
Supplier C is a bellow manufacturer located in Pirkanmaa, Finland. Supplier C manufac-
tures bellows of all sizes and from a wide range of materials. Nowadays Supplier C is 
part of a larger company located near the Finnish capital, Helsinki. The mother company 
operates the normal sales and customer management for Supplier C, but special projects 
such as the subsea projects of ABB Transformers are kept in-house at Supplier C.   

Bellows usually exploited at the interface of two machinery equipment and its 
role is to damp the mechanical fibrillation caused by the two separate machines. Such 
places can be found, for example, in pipeline installations. The selection of raw-
materials and the design choices made in the thickness of the bellow allows different 
functional properties that can be optimized according to customer specifications. This 
know-how of how the properties change accordingly to design changes is in the essence 
of Supplier C’s competitive advantage. Supplier C also invests heavily in the manufac-
turing processes and most of the machines that Supplier C uses in their manufacturing 
processes are developed in-house. 

In the subsea transformer designs, the role of the bellows that Supplier C manu-
factures is eccentric. Instead of simply utilized in the damping of fibrillation the special 
bellows installed into the subsea transformers act as an expansion unit through which the 
pressure compensation occurs. This uncommon property has demanded the creation of 
additional skills and knowledge about the properties of the bellows and their functionali-
ty in the seabed-conditions. This expertise starts from mastering the raw-material used in 
the bellows. In these subsea bellows the same high quality steel alloy is used as in the 
container structure of the transformer entity. This special alloy, even though equipped 
with superior eroding properties, is particularly difficult to weld. The welding has been 
the challenge for the container manufacturers, Supplier B and Supplier A, in the past and 
was one of the key difficulties for Supplier C in the bellow manufacturing process. 
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Supplier C has invested significant amount of nonfinancial resources to the rela-
tionship with ABB Transformers. During the first R&D efforts back in 2005 Supplier C 
made some good two years of design-prototype loops without invoicing. In addition to 
the technical know-how that Supplier C obtained from this R&D investment, it implies 
high level of commitment to the subsea business of ABB Transformers. The prototyping 
and testing of these new bellow designs was performed in collaboration not only with 
ABB Transformers but also with the partner university, who possesses the technology 
for pressure-resistance testing.  

Supplier D 
Supplier D is a family business located some 60 km from Tampere. The factory was es-
tablished by Nokia during the 1950’s and was part of their industry operations before 
focusing on cellphone manufacturing. During that time the factory developed technolo-
gies as well as produced different rubber components for the Finnish industry. 

The factory got the name of Supplier D as it was bought by a family business op-
erating in different industry sectors around that area. This acquisition took place 1989. 
The rubber manufacture at Supplier D is specialized in finding solutions to customer’s 
needs and the production is highly modifiable. Both the production line as well as the 
technical expertise in rubber manufacture and material treatment are well suited for dif-
ficult and tailor made customer orders.  

In the middle of the 2000’s ABB Transformers initiated collaborative develop-
ment project where a rubber bellow was to be developed. The rubber bellow would 
come onto the metal bellow manufactured by Supplier C and it would serve as the dou-
ble barrier construct for the bellows.  

The rubber bellow needed to fulfill three functionality requirements. First the 
rubber needed to be able to preserve its properties while in contact with both oil from the 
inside as well as with seawater from the outside. This exposure would last for decades as 
the operation life of the transformers needed to exceed 20 years easily. Second factor is 
that the rubber needs to function as an insulator that would keep the surrounding sea-
water and the internal oil separate. Finally the rubber bellow needed to be flexible in 
such a way that it could preserve the aforementioned properties while stretched and 
compressed within the pressure compensation module. This flexibility provides the pres-
sure compensation for the space in between the rubber and metal bellows, but these two 
constructs are moreover not allowed to touch each other in the process.  

Together with the R&D experts from ABB Transformers the right material was 
found as well as the right technical features were developed. The development included 
several design and prototype loops as the right flexibility for the pressure compensation 
needed to be developed without that the metal and rubber bellows touched. The initial 
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idea was to support the rubber bellow with metal constructs but this construct couldn’t 
compensate the pressure. After reviewing the blueprints and performing new calcula-
tions the final construct was able to compensate the pressure up to 0.3 bars without any 
issues with the contact of the two bellow constructs.  

Supplier E 
Supplier E is a family business established year 1963 in Germany. Supplier E provides 
all kind of technologies that are related to hydraulic oils. To the Åsgard project Supplier 
E was chosen as a supplier due to a subsidiary that Supplier E owns. This factory spe-
cialized in marine and offshore manufacture is located in England. For the Åsgard pro-
ject Supplier E provided pressure accumulators which functions in the pressure compen-
sation solution together with the bellow-installations. 

Supplier E has organized its operations so that the subsidiary of Supplier E han-
dle the global marine and offshore supply, whereas, Supplier E manages the sales 
through local country-offices. In the Åsgard project though the previous cooperation be-
tween ABB Transformers and the subsidiary of Supplier E altered these company prac-
tices. Instead of the normal practice where the subsidiary of Supplier E would send the 
products internally to Supplier E’s country-office, ABB Transformers organized the 
transportation of the subassembly parts though their own transportations agreements 
straight from the factory to them. 

The pressure accumulators that the subsidiary of Supplier E provides are manu-
factured with high level of customization options. Due to the uniqueness of the products 
used in the subsea transformers this option was of great value for ABB Transformers. 
Parts of the subassembly that were customized were material selection, standardizations, 
paintings and mounting flanges.  

Supplier F 
Supplier F is a small to medium sized workshop that provides machinery for different 
metal constructs. The company has been established year 1969 as a family business and 
stood so for two generations until in 2009 a larger company bought the majority of Sup-
plier F. Supplier F operates with some thirty employees and is producing for example 
flywheels for diesel engines.  

For the technical assessment project Supplier F was selected through its special 
ability to machine special steel alloys. The buyer-supplier relationship between ABB 
Transformers and Supplier F was still young when the project started. Supplier F had 
been working with Supplier B in the technical assessment project and after Supplier A 
and Supplier F was grouped under a single owner 2009 ABB Transformers and Supplier 
F started their first cooperation. The ability of Supplier F to produce high quality ma-
chinery in relatively small batch sizes served the ABB Transformers needs perfectly.   
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In the Åsgard project Supplier F produced the frame for the bellow pressure 
compensator modules. This frame is used to mount the modules into the container.  

Supplier G 
Supplier G is a company specialized in industrial maintenance operations. Their office is 
located in Espoo, southern Finland. In the Åsgard project and more commonly in the 
subsea transformer business a subdivision called Supplier G operates as one of ABB 
Transformers suppliers. Supplier G provides helium testing equipment and services for 
testing the tightness of the subsea transformers and their subassembly parts. 

Helium tests that Supplier G provides are essential for testing the quality of the 
weld stiches. The procedure is described in more detail later but in principle helium is 
sprayed to the stiches and a sensor is sniffing the infiltrated helium particles on the other 
side of the stich. From the data gathered out of the test a number of features of the stich 
quality can be determined.  

The testing process is quite straight forward but the expertise that Supplier G 
provides is the ability to interpret the acquired data. This know-how is a result of experi-
ence out of different materials and their behavior under the helium tests. The expert who 
tests the subsea transformer related subassemblies as well as the final products are a 
former employee of ABB Transformers.  

Supplier G provided helium test for ABB Transformers and its suppliers 
throughout the Åsgard project. The helium tests, as determined by the actors on the cus-
tomer side, were to be used as the official test that would ensure the tightness of the 
welds as well as the other outer structures.  

Partner University 
Even though, the partner university wasn’t actually a supplier of subassembly parts for 
the Åsgard, or any other subsea project, they are a major stakeholder in the technology 
development and testing. The university provides research services to the Finnish indus-
try in general. The collaboration in subsea transformer research between ABB Trans-
formers and the partner university was initiated in the early 2000’s and is running still.  

The partner university possesses unique equipment for pressure-resistance testing 
in liquid mediums. A special pressure chamber that was primarily build for submarine 
testing is located at the university’s facilities. The pressure chamber is made of a special 
steel alloy originally created by Lokomo foundry and allows simulation of conditions 
found some thousand meters below the sea-level. The uniqueness of the system is 
founded on the possibility to expose the instruments under examination to mechanical 
stress while they are in the pressure chamber.  

The partner university provides testing, measurement and research services to 
ABB Transformers and its suppliers. This unique research project is under the scope of a 
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project manager who allocates one representative to operate the testing whenever it is 
active at the partner university. The testing and prototyping of the subsea transformer 
technology isn’t active around the year but rather proceed in pulses according to the in-
dustry needs.  
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The Case Study 
The case study can be divided into five sections. In figure 10 the case project is visual-
ized on a timeline where the level of supplier and customer involvement is sketched to-
gether with the actor-network of each phase. The five sections shown in the figure 10 are 
“building the technology”, “the technical assessment project”, “supplier selection and 
the conceptualization phase” of the Åsgard project, “the manufacturing phase” and final-
ly the “delivery phase”. All these sections differ in the amount of customer and supplier 
involvement which is illustrated in the figure 10. It is noticeable that building the tech-
nology, the technical assessment project and the rest of the phases form three separate 
projects. 

The first section is about building the subsea transformers technology. This 
phase covers the collaborative product development efforts between ABB Transformers 
and its suppliers to build the required know-how. The start of this phase differs slightly 
with the different development programs but generally they started around the mid-
2000’s. The section of the case study provides an overall look at the technical challenges 
that needed to be overcome in the subsea transformers manufacturing process.  

After the more general look at the technology development the technical assess-
ment project will be presented as the second phase of the case study. The technical as-
sessment project where Statoil probed the possible gaps and shortcomings of the existing 
technologies for subsea gas well operations started year 2007. This phase of the case 
project was active until the early 2011 after which the Åsgard project got a green light 
and was officially started. The technical assessment project consisted of a prototype 
transformer manufactured by ABB Transformers as well as the required simulations for 
the high voltage transmission cables provided by ABB Norway. Statoil acted as the end 
customer by initiating the project as well as performing the prototype testing at K-Lab 
testing facility.  

The third phase of the case study is the supplier selection and conceptualization 
phase that was also the first phase of the Åsgard Project. In this phase, which lasted from 
the mid-2011 until the end of first quarter of 2012, the triadic network of Aker Solutions, 
ABB Norway and ABB Transformers together determined the requirements for the 
physical and technical conditions of the deliverables, namely transformers. The concep-
tualization is characterized by the high amount of customer involvement and notable low 
amount of supplier involvement. The 3D design freeze, which distinguishes the concep-
tualization and manufacturing phases, was reached almost entirely without supplier con-
sultation. The technical requirements were given by Aker Solutions to ABB Norway 
who performed the simulations and provided ABB Transformers with the results, 
whereas, the physical size requirements and interface designs were discussed in dyadic 
manner between ABB Transformers and Aker Solutions. 
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Figure 10: Illustration of the five sections of the Åsgard project. 

After the conceptualization phase, the Åsgard project entered the second phase, 
namely the manufacturing phase. At this point the intensive relationship towards the cus-
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tomers turned into a close relationship with ABB Transformers suppliers. ABB Trans-
formers passed the results of the conceptualization phase, namely the design freezed 
blueprints, down to its suppliers. From this point on the focus of the project was in the 
production at the supplier’s and the coordination of deliveries within the supply chain. 
Of course regular meetings took place with the customers as well but they were more 
about reporting the progress than discussing design or manufacturability matters. The 
intensive period of manufacturing nestled from the early 2012 until the fall of 2013 
when the first transformer was delivered to Aker Solutions. It is notable that a significant 
amount of the length of the manufacturing phase went for waiting the free-issued con-
nector parts to be delivered by Aker Solutions. In other words the assembled transform-
ers waited for several months at the ABB Transformers factory floor for connector as-
sembly managed by Aker Solutions.  

Finally the last section is referred as the delivery phase. This sections is defined 
to start from the delivery of the first transformer, even though, the remaining transform-
ers had still some assembly phases undone. In the delivery phase the final tests for the 
transformers were performed as the customers, Aker Solutions; Statoil and ABB Nor-
way, monitored their progress. To the delivery phase, which lasted from late 2013 until 
present, is also included the final discussions and wrap-ups of the project. This process 
takes place concurrently as the master’s thesis is written. 

Building the Technology 
To start the journey towards the Åsgard project a short introduction to the processes that 
enabled the subsea transformer technology will be given.  

The subsea transformers technology was a result of in-house R&D effort of ABB 
Transformers as well as cooperative research and development effort with suppliers. In 
the late 1990’s ABB Transformers had developed the first transformers to operate in un-
derwater environments. This was done as an in-house research effort and was a period of 
technological innovation and problem solving. As the years went by, ABB Transformers 
brought suppliers onboard to develop the technology further out of which new ideas for 
pressure compensation arose.  

The subsea environment brings two challenges for the transformer design. First-
ly, the continuing contact with seawater exposes the transformer container into severe 
corrosion forces. This corrosion will be a major factor during the operation life of the 
transformer which is for decades. Secondly, the transformer is exposed into enormous 
pressures in the operation depths of approximately 300 meters and this pressure needs to 
be compensated so that the strain on the transformer would be minimal. 

These two challenges were initially solved in the preliminary R&D efforts of 
ABB Transformers in the late 90’s. Though, the need to outsource the production of the 
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container as well as the pressure compensation modules brought several suppliers 
onboard. In figure 11 the cooperative R&D efforts of ABB Transformers and its suppli-
ers Supplier C, Supplier D, Supplier B, Supplier G and the partner university are illus-
trated. A rough divide in two different efforts can be made. Firstly, there is the container 
manufacturability research performed together with Supplier B. Secondly, there are the 
pressure compensation R&D efforts performed together with Supplier C, Supplier D and 
the test partner university. In addition to these two R&D efforts also the test protocol for 
Helium tests was created in collaboration with ABB Transformers, pressure compensa-
tion suppliers and Supplier G. 
 

 

Figure 11: Illustration of the R&D efforts before and during the technical assessment pro-
ject. 

 
The corrosion problem is overcome by using a special steel alloy that contains 

large amounts of austenite. The steel alloy selected is used in environments where steel 
constructs are exposed to seawater. Though, the use of the specific steel alloy eliminates 
the corrosion problem it demands special expertise for material treatment. Especially the 
welding of the material is demanding due to heavy heat induced bending during the 
welding process. Solving these welding problems were part of the R&D effort that ABB 
Transformers needed to solve during the first efforts to build the subsea transformers. 
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The same demands for material treatment are passed to the container suppliers and gov-
ern the container-supplier selection process.  

Supplier B was chosen as the container supplier as they incorporated the required 
expertise to treat the demanding steel alloy of choice used in the container structure. Es-
pecially the know-how about how the material behaved during the welding process was 
of key importance when selecting the supplier. Even though Supplier B had experience 
with the steel alloy at hand, the specialized know-how that ABB Transformers had ac-
quired from the early prototypes became the core of the container welding processes. 

The pressure compensation is the other challenge that needed to be tackled be-
fore a functional subsea transformer could be made. The idea is to bring the pressure of 
the environment to the interior of the transformer container. On top of the requirement of 
simply pressure compensation also a double barrier construct was required. The double 
barrier construct requires that the functionality of the transformer is guaranteed even if 
the primary pressure compensation unit is dysfunctional. For example there could be two 
container walls separated by air. The double barrier requirement would mean that the oil 
inside the inner wall could drain into the space between the walls and the transformer 
could still operate normally or that seawater from the surrounding environment could 
drain through the outer wall into the middle space without causing any operational dif-
ference to the transformer. 

The pressure compensation is the essential technical solution that enables the un-
derwater operation of a transformer. At first it was done purely with a pressure accumu-
lator solution, which is used in general pressure compensation solutions. The pressure 
accumulator is a standard component that utilizes an extensible tank that changes in vol-
ume in respect to the alterable pressure. On top of the pressure accumulator construct a 
special solution to compensate the heat induced expansion of the medium needed to be 
developed. For this purpose a solution that utilizes bellow structures was developed in 
cooperation with suppliers.  

The innovative idea to use bellows as pressure compensation brought a supplier 
called Supplier C onboard. Supplier C had been delivering bellows for ABB Transform-
ers for several years before the idea to utilize them in pressure compensation rose. Dur-
ing a regular supplier-customer visit, back in 2005, one of the R&D employees of ABB 
Transformers initiated the idea of a cooperative R&D project for the new bellow design.  

Normally bellows are used in pipeline installations to enable flexibility and to 
reduce strain forces. In the subsea transformer designs bellows have totally different 
role. In this environment the bellows are for pressure compensation purposes. The bel-
low is constructed in such a way that the oil that is used to fill the interior of the trans-
former can expand freely. This expansion of the bellow unit increases the volume of the 
container in respect to the volume of the oil inside and reduces the strain. The expansion 
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of the oil occurs as the operating transformer heats up the oil and it undergoes thermal 
expansion as a result.  

Supplier C and ABB Transformers operated in close collaboration while search-
ing for the right design parameters for the steel bellows. The R&D team of ABB Trans-
formers bought simulations and calculations from Supplier C’s engineers. This coopera-
tion led to a patented innovation which was agreed to be the property of ABB Trans-
formers. The rights are at the possession of ABB Transformers even though Supplier C 
manufactures the bellows used in subsea transformer’s pressure compensation from their 
own blueprints.  

Due to the unique research on bellow induced pressure compensation the testing 
procedures needed to be created alongside the R&D efforts. Also an environment for 
testing the functionality of the new designs when exposed for huge pressures needed to 
be found.  

For this purpose ABB Transformers started a cooperative research project with 
the partner university. The partner university was chosen as the research partner as they 
possessed the required technology for high pressure testing. In fact the partner university 
has a one-of-its-kind testing facility for strain testing in high pressure environments. The 
equipment located nine meters below the ground in a well beneath the university floor 
had been bought from Rauma Oceanics after their bankruptcy. Rauma Oceanics was a 
Finnish submarine manufacturer and had built the testing chambers for their own pur-
poses.  

The pressure testing equipment had been moved to the partner university’s facili-
ties during the 1990’s but they were not in active use. ABB Transformers found out that 
the university owned this kind of testing equipment and initiated a testing program for 
their subsea transformers applications. In cooperation the partner university and ABB 
Transformers developed the testing procedures and methods that would be utilized in the 
subsea transformers scheme. This testing facility provided the necessary information for 
ABB Transformers about the durability of the newly created prototype bellows in subsea 
environments. 

The double barrier construct requirement demanded also a second structure to the 
pressure compensation besides the metal bellow supplier by Supplier C. The outer wall 
the pressure compensation structure was developed alongside the Supplier C’s metal bel-
low. This outer wall was made from a special rubber that was developed in another co-
operative R&D project. For this purpose ABB Transformers selected a rubber manufac-
turer called Supplier D. The R&D effort was yet again carried out in close collaboration 
between ABB Transformers and Supplier D.  

The rubber bellow needed to be developed in such a way that the pressure differ-
ence between the bellows and the surrounding environment would be as close as possi-
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ble to zero. While doing so the rubber bellow and the metal bellow inside it are not al-
lowed to touch each other in normal operation. To fulfill both of these objectives the 
first idea was to reinforce the rubber with extra supporting structure made out of metal. 
Though, effective in avoiding the contact of the two constructs this initial idea made the 
rubber construct so stiff that it could not act as pressure compensator. In this set-up the 
pressure between the metal and rubber bellow increased as the metal bellow moved to 
compensate the inner pressure. In this way the inner pressure of the container was com-
pensated to the level of the environment but the space between the bellows experienced 
increasing pressure strain. 

To find the right parameters for the rubber bellow needed several design proto-
type loops before the final design was reached. The final rubber bellow did not include 
any external supporting structures and the right operating parameters were achieved 
solely with the rubber. This expertise to develop and produce the rubber bellow with the 
right operation parameters is in the core of Supplier D’s delivery. They describe them-
selves as problem solvers for their customers and sell both their expertise as well as the 
actual rubber products. Though, this been said the know-how of the operating environ-
ment and the technical requirements are in their part ABB Transformers competences. 

Technical Assessment Project 
The research efforts that ABB Transformers performed in collaboration with Supplier C, 
Supplier D and the partner university provided the first functional pressure compensa-
tion designs at around 2007. At the same time the Norwegian oil and gas company 
Statoil started to build underwater operations at the North Sea. Among these new opera-
tions was also a technical assessment project for the Åsgard natural gas deposit. 

Statoil needed a system to boost their natural gas production at the Åsgard natu-
ral gas deposit located in the heart of the North Sea. The aim of the technical assessment 
project was to recognize and overcome the technical caps and shortcoming that would 
otherwise prevent the execution of such a project.  

The Natural gas sites are, by nature, losing their productivity efficiency well be-
fore the actual deposit runs out of natural gas. This effect is caused by the decreasing 
pressure that the crust of the earth induces to the deposit. When the pressure is dropping 
the natural gas flow will slow down and eventually stop. The deposit still contains a sig-
nificant amount natural gas when the crust induced pressure is not sufficient enough to 
maintain the flow. To ensure that this event of production stop would not take place, 
Statoil wanted to install a solution that would increase the pressure and keep the natural 
gas flowing. Normally this is done by injecting compensation air (or liquid) from the 
platform that is collecting the natural gas in the first place. 
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In the Åsgard deposit site the problem was that the existing platform, Åsgard B, 
did not have enough space for the equipment. This problem was tackled by an idea of 
installing the required equipment to the bottom of the sea. The power would be supplied 
from the surface. This new idea had though some technological shortcomings that need-
ed to be adjusted before an order could be carried out. For this reason a technical as-
sessment project was initiated during 2007. 

The technical assessment project involved a number of suppliers that would de-
liver the necessary equipment’s for prototyping. The technology was to be tested and 
prototyped at K-Lab, a Statoil owned testing facility at Karstø, Norway. From the 
knowledge and know-how accumulated form this initial project the actual Åsgard pro-
ject rose.   

 

Figure 12 Actor network in the technical assessment project. 
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The technical challenges present were related to the technical delivery of the 
electricity that was about to power the equipment. This electricity needed to be delivered 
from a power output located 31 km from the subsea installation. The distance causes 
some technical issues due to the physical fact that the power that electricity carries is lost 
within transportation. The solution to this problem is usually to deliver the electricity 
along high-voltage power lines at approximately 400 kV voltage levels. Though, a 
common practice on terra firma Statoil had no previous experience of this kind when 
operating under water.  

In the technical assessment project the design of the transformers was done by 
the ABB Transformers R&D team. During the design phase the role of the suppliers 
were minimal and the communication was mainly limited to informing the suppliers of 
material requirements.  The know-how that ABB Transformers cumulated within the 
years gave the required knowledge. With this knowledge the 3D layouts of the trans-
former was created. When the layout picture was finished it needed to be cut into 2D 
manufacturing blueprints that were given to the container supplier. Whereas, the con-
tainer manufacturers operate according to the ABB drawn blueprints, the metal and rub-
ber bellows were manufactured according to the technical requirements given by ABB 
Transformers. These technical requirements were then translated into blueprints by the 
suppliers. ABB Transformers itself got the technical requirements from the simulations 
performed by ABB Norway. 

As shown in the figure 12 the technical assessment project consisted of coopera-
tive product and process development efforts with suppliers as well as the technical and 
order related discussions within the customer network. In the bottom of the figure 12 one 
can see that three development projects, marked with dashed lines, took place partly be-
fore and partly within the technical assessment project. These concurrent R&D efforts 
can be divided into the R&D effort of creating the bellow induced pressure compensa-
tion, R&D efforts for the manufacturability and welding techniques as well as the devel-
opment of helium testing protocols.  

All of the R&D efforts where performed under ABB Transformers administra-
tion. These projects which had started already before the Statoil order 2007 delivered the 
required know-how and understanding for ABB Transformers to draw the 3D layouts for 
the technical assessment project. 

In the technical assessment project the manufacture of the containers took place 
at Supplier B. Supplier B welded the container according to the 2D layout blueprints that 
the ABB team had produced. In the technical assessment project the focus was mainly 
on the technical operability of the transformers. This led to looser requirements for the 
container, as the physical size and shape of the container was not a critical factor. In this 
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technical assessment project the focus of Supplier B was to provide a water tight con-
tainer that would shield the active part in the testing environment. 

This welding of the containers is in the core of what Supplier B does as a com-
pany and was in that sense a pretty straight forward process. The water tightness of the 
container was tested by a company called Supplier G. This company provides helium 
testing among other industry maintenance and testing services. Helium test is one of the 
most demanding tests against leaking. In the test a sensor is located inside the container 
and the interior of the container is brought to an almost perfect vacuum by pumping the 
air out. After the pumping, which takes several hours, helium is sprayed to the welds. If 
the weld is leaking the under pressure inside the container will suck the helium in and 
this can be measured with the sensor. The type of the leaking can be determined from 
the data that the sensor collects. 

The expert who is performing the helium tests is a former employee of ABB 
Transformers. Besides the other industry services he performs helium test for all the 
subassembly parts that have tightness requirements. The testing procedure that is utilized 
in all the subsea projects at ABB Transformers was created in collaboration with the he-
lium test expert. The testing protocols were created parallel to the R&D efforts that ABB 
Transformers and its key suppliers performed. 

For the pressure compensation the know-how that the R&D efforts, performed 
together with Supplier C and Supplier D, provided was utilized. ABB Transformers had 
received the technical requirements from the simulations performed by ABB Norway. 
According to these technical requirements and on the basis of the know-how accumulat-
ed during the R&D efforts, ABB Transformers, Supplier C and Supplier D were able to 
determine the requirements for the pressure compensation units. On top of these ABB 
Transformers also determined the technical specifications for the pressure accumulator 
that was bought from Supplier E. 

After the container was welded and the pressure compensation structures fin-
ished the final assembly of the subsea transformer took place at the ABB Transformers 
factory. The active part was produced in ABB Transformers standard production line 
where the coil was reeled and the core manufactured. This active part was then mounted 
into the container. When the active part is placed inside the container all the connector 
wires need to be installed to the active part and be brought through the container along 
the specially designed outlets.  

The transformers active part was tested after the connectors where connected and 
only after the transformer passes the functional tests the container is sealed. Just before 
sealing the container was filled with special oil that provides a constant environment 
throughout the operation life of 25 to 30 years. The oil is also utilized in the pressure 
compensation technology as the laws of physics permits a liquid to compress significant-
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ly. This incompressibility provides the counter pressure from the inside and the pressure 
compensation technology helps to even the pressure when the oil is warmed up or 
cooled down due to the heat that the transformer produces when operational. After the 
transformer is mounted to the container and the container filled with oil it is sealed. The 
sealing isolates the interior from the surrounding environment.  

When the transformer was ready it was sent to the K-lab testing facility. At the 
testing facility the operability of the entire system of transport cables, transformer, com-
pressor and pump was tested against the simulations. The technical assessment project 
ended early 2011 with a conclusion that it is possible to build this subsea entity and that 
all the necessary technologies exists and they are classified properly.  

The Åsgard Project 
As the technical assessment project ended the positive results led Statoil to initiate the 
actual Åsgard project. In contrast to the technical assessment project the Åsgard project 
would be considerably more complex. Recognizing the complexity demand Statoil set-
tled for a solution to bring along a system integrator to coordinate and lead the project. 
Aker Solutions was chosen to be the system integrator and they were responsible of the 
whole delivery for Statoil. The technical know-how obtained from the technical assess-
ment project by Statoil was turned into an open tender through which Statoil and Aker 
Solutions were looking for possible suppliers for the Åsgard project.  

ABB Norway replied to the tender and was chosen to deliver all the electrical 
components ranging from two topside transformers; one step-up and one step-down; a 
converter located between these transformers and the electrical analysis all the way 
down to the nine subsea transformer. All the transformers were manufactured at ABB 
Transformers, whereas, the converter came from ABB Switzerland and the electrical 
analysis from ABB Norway. 

ABB Norway had a competitive advantage due to their role in the technical as-
sessment project. Also the need for subsea transformers favored the selection of ABB 
Corporation as ABB Transformers was the market leader in the subsea technology. 

ABB Norway was the official supplier of Aker Solutions as well as responsible 
for the whole ABB delivery. ABB Norway bought the transformers internally from ABB 
Transformers. This arrangement leaves the financial responsibility of the delivery to 
ABB Norway and causes that all financial communication between ABB Transformers 
and Aker Solutions should pass through ABB Norway’s representatives. 

The ABB Transformers got the responsibility to supply the two (2) topside trans-
formers as well as nine (9) subsea transformers. The topside transformers, which operate 
on the FPSO (Floating Production Storage and Offloading) vessel, are more or less 
standard products for ABB Transformers. For this reason they were chosen to go 
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through the normal product engineering line. The subsea transformers in turn were given 
to the R&D function which started to form a project team for the delivery. The order 
consisted of three different subsea transformers designs that varied both in size and 
technical specifications. Three pieces of each was manufactured. 

In the technical assessment project the project team was quite light as the deliv-
ery consisted only from one transformer. Now the resource requirements were much 
larger. Also the number of different responsibilities required, such as quality, finance 
and so forth was greater in the Åsgard project due to customer requirements. Due to the 
larger requirements a cross-functional team was founded around the R&D specialists.  

The core project team at ABB Transformers consisted from a project manager, 
three R&D engineers and a senior manager from the R&D function. In the beginning 
also an assistant project manager was nominated as the project manager was about to 
retire during the project. The deputy project manager took the responsibility soon after 
the Åsgard project started. This core team had been working with the subsea technology 
for a number of years and the senior manager was one of the subsea pioneers at ABB 
Transformers. The senior manager empowered the role of the subsea transformers within 
ABB Transformers.  

After the team was set-up the project started with a kick-off meeting where par-
ticipating parties were to be introduced. This kick-off meeting took place right after the 
confirmation of the order had arrived in July 2011. Before the kick-off meeting some 
general documentation was delivered where the general information of the deliverables 
was listed. ABB Norway also delivered the preliminary simulations for the power sys-
tem analysis. 

The kick-off meeting was held in mid-August in Vaasa. The meeting lasted for 
two days out of which one was devoted to the topside transformers and one for the sub-
sea transformers. The kick-off meeting started a tradition of monthly meetings between 
ABB Transformers, ABB Norway, Aker Solutions and Statoil which lasted throughout 
the entire project. This kick-off meeting can also be seen as the start of the conceptual-
ization phase.  

ABB Transformers Supplier Selection and Conceptualization Phase 
As the Åsgard begun ABB Transformers needed to determine the suppliers for the pro-
ject. It was though, natural that the selection was mainly made from the existing pool of 
suppliers as they had closely collaborated to both develop the technology as well as to 
build the prototype for the technical assessment project. This took place concurrently to 
the kick-off procedures that had already been initiated by the customers.  

As the selection of suppliers took place also the in-house preparations for the 
project had begun and the project team of ABB Transformers’ started to sketch the de-
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signs for the transformers to be supplied. This process that occurred in-house at ABB 
Transformers and that was strongly influenced by the customers, as we will later see, is 
called the conceptualization phase. 

Selecting ABB Transformers’ Suppliers  
For the Åsgard project the supplier selection was mainly based on existing relationships. 
As the subsea technology had been created in collaboration with the key suppliers of 
Supplier C and Supplier D it was natural to take these onboard also for the Åsgard pro-
ject. Also the other pressure compensation supplier, Supplier E, was selected partly due 
to the existing relationship. In the bellow induced pressure compensation technology no 
relevant competition was present as the technology was unique and only the existing 
suppliers incorporated the necessary know-how.  

When talking about Supplier E the product is more standardized but the existing 
relationship eased the selection process. The long-lasting business-relationship between 
Supplier E’s subsidiary and ABB Transformers also affected the selection of Supplier E 
as the right operating parameters for the pressure accumulators had been identified in 
previous undertakings. 

The container supplier Supplier B was also selected for the Åsgard project as 
they had been performing well in the previous projects and was seen as a trustworthy 
supplier. In addition to Supplier B ABB Transformers’ sourcing specialists had recog-
nized a second supplier that could provide the necessary container welding. The second 
supplier was Supplier A and they were brought onboard partly to diversify the available 
container suppliers. 

Supplier A had been supplying ABB Transformers with some pipeline installa-
tions already before the Åsgard project. Also some of the managers working now at 
Supplier A had been previously working at ABB Transformers. These factors and the 
fact that the list of capable container suppliers is very restricted eased the selection of 
Supplier A. 

Supplier A was given the responsibility over the smallest transformer containers 
delivered in the Åsgard project. The responsibility was given to them even though they 
had significantly less experience about welding the high quality steel alloy used in the 
containers. Supplier A got also the responsibility over the assembly of the pressure com-
pensator subassembly parts and the attachment of them to the containers. 

From the same owner as Supplier A has also a second supplier was procured for 
the Åsgard project. A small workshop located a couple of kilometers away from the 
ABB Transformers, Supplier F, was selected to perform the machinery of the supporting 
structures for the pressure compensation modules. Supplier F is specialized in manufac-
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turing extremely small batches which was an advantage as the variety of items is high 
but the quantity for each is small.  

The specialization of Supplier F’s was not though the reason why they were con-
tacted in the first place. Back in 2009 one of the ABB Transformers staff members 
walked into the workshop as he needed to get slugs for some civil use. While the work-
shop was machining the slugs the visitor got interested about the production there and 
asked that if they could come for a visit with the ABB Transformers staff the following 
day. As it came to be that the visit next day convinced ABB Transformers. Supplier F 
was selected to supply a test batch of the required items. From that day on Supplier F 
has been supplying the difficultly machined components for ABB Transformers subsea 
projects. 

The final supplier of the subsea transformers that was involved in the Åsgard 
project was Supplier G which performed the necessary helium test for all the subassem-
bly parts as well as the final products. The expertise that Supplier G Expert Service’s 
had accumulated from the earlier project about the special requirements of the subsea 
industry affected positively the supplier selection. 

Conceptualization Phase 
The conceptualization phase started after the kick-off meeting in mid-August 2011. The 
aim of the conceptualization phase was to produce a design freeze of all the three differ-
ent subsea transformer designs to be delivered. In the beginning an old subsea trans-
former design was brought up as an example of the design, which offered a point from 
which the more precise design discussions could start from.  

 The technical requirements had been obtained from the technical assess-
ment project as well as the initial simulations that ABB Norway had delivered prior to 
the kick-off. This knowledge of the technical requirements allowed the active-part de-
sign to be done by the engineering function and the R&D function could concentrate to 
the container and pressure compensation designs. This conceptualization was done in 
close collaboration with the customers, mainly ABB Norway and Aker Solutions, as the 
transformer interfaces played a crucial role in the entire project.  

The communication patterns throughout the conceptualization phase can be seen 
in the figure 13. The process started from Aker Solutions who provided the technical 
specifications to the electrical-system supplier ABB Norway. Due to the fact that ABB 
Norway managed the project towards Aker Solutions, ABB Transformers was not the 
official point of contact. By virtue of the technical specifications ABB Norway made the 
required simulations for ABB Transformers. These simulations together with the tech-
nical assessment project provided the technical parameters for the transformers.  
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The technical parameters were not though the only critical factors for ABB 
Transformers design process. The interconnectedness of the transformers to the sur-
rounding equipment as well as the platform where they were meant to be installed was 
the other critical factor in the design process. The interfaces needed to be designed as 
one-of-its-kind solutions as the subsea industry is lacking industry standards and all the 
equipment are tailor-made for each project. These interface communications took place 
between Aker Solutions and ABB Transformers directly. Though, the official line of 
communication passes through ABB Norway in both directions as ABB Norway is the 
supplier for Aker Solutions, as seen in figure 13.  

 
 

 

Figure 13: The communication channels during the conceptualization phase. 

 
At the same time as Aker Solutions, ABB Norway and ABB Transformers were 

discussing the design of the transformers, Aker Solutions negotiated about the same in-
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terface-related issues with the other equipment manufacturers. Management of these 
multiple negotiations is a complex process and it slowed down the conceptualization 
phase. To solve the complexity of matching the interface connections of different sup-
pliers, Aker Solutions decided to deliver the connectors as external components of 
ABB’s delivery. This meant that Aker Solutions procured, delivered and assembled the-
se parts to the transformers manufactured by ABB Transformers. These delivery-
external components are referred as free-issued items. 

During the fall 2011 the ABB Transformers project team produced several de-
sign proposals iterated from the discussions with the customer’s representatives. At this 
point no suppliers of ABB Transformers’ was present in the project meetings as ABB 
Transformers’ project team incorporated all the expertise needed to provide the design 
information to the customer-ABB discussions.  

Even though no suppliers were involved in the conceptualization process most of 
them were naturally informed about the upcoming order. ABB Transformers also con-
tacted the suppliers that treated the high quality steel alloys, to make a material order as 
the steel alloy is produced only a couple of times each year. Besides of the normal up-
front informing practices no closer collaboration with the suppliers existed during the 
conceptualization phase.  

The project was due to reach the design freeze during fall 2011 but very soon it 
became evident that this target would not be met. Aker Solutions had organized its sup-
plier selection process so that they first procured the transformer and other main equip-
ment suppliers and only afterwards concentrated to the connectors, penetrators and inter-
face designs, namely the items that Aker Solution delivered to the subsea transformer. 
This non-parallel supplier selection process led to a situation where some of the suppli-
ers were already drawing their designs whereas Aker Solutions were not yet to decide 
the connector and interface suppliers. This mismatch caused that Aker Solutions could 
not give any definitive specifications of the interface designs for the already existing 
suppliers.  

The situation also led to difficult negotiations with the connector, penetrator and 
interface suppliers as they realized that Aker Solutions had already locked on to some 
suppliers and they had the ruling position in the negotiations. This lengthened procuring 
process caused the project to be delayed for several months and basically froze all the 
production and design work at ABB Transformers for the time the negotiations took 
place. 

As the connector, penetrator and interface negotiations reached to a conclusion 
ABB Transformers could finish their subsea transformer designs. For the first trans-
former design the design freeze was reached in the end of 2011 as the discussions with 
the Aker Solutions representatives had produced a satisfactory resolution for all parties. 
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This first design was followed by the other two design freezes during the first quarter of 
2012. The final design freeze was agreed upon in March 2012.  

The biggest question in the Åsgard project conceptualization process was the di-
rections of the interface connectors. The discussions went on for several months and de-
layed together with the free-issued item related problems the whole project significantly. 
The main cause behind this delay was the asymmetric supplier selection process of Aker 
Solutions which led prolonged negotiations. Also the fact that all the actors, ABB Trans-
formers, ABB Norway, Aker Solutions and Statoil, where more or less new companion-
ships for each other caused that a very formal communication method was utilized. To-
gether with the formal communication routines also the official communication channel 
was somewhat complicated as all the conversation of technical matters was meant to 
pass through ABB Norway’s representatives. This complex line of communication to-
gether with the formal procedures caused the discussion to jump back and forth on the 
different hierarchy steps slowing the process down. 

Manufacturing Phase 
The conceptualization phase ended into the design freeze of the transformers during the 
early part of 2012. From this point on the project can be seen to enter the manufacturing 
phase. At ABB Transformers the beginning of the manufacturing process meant that the 
design freeze layout needed to be translated into 2D blueprints for the suppliers.  

As in the technical assessment project the containers was manufactured accord-
ing to the detailed 2D blueprints that ABB Transformers provided for the suppliers. Both 
Supplier B and Supplier A received 2D blueprints of the transformer design they were 
about to produce. The design details were agreed upon in the discussions between ABB 
Transformers and its customers. This highlights the fact that the container suppliers are 
used as ABB Transformers extra capacity where mainly the physical production of the 
containers is outsourced to suppliers.  

In the figure 14 the flow of the products as well as the communication channels 
are presented. The official communication channel existed between ABB Transformers 
and its suppliers as a dyadic relationship. Even though the bellow structures provided by 
Supplier C and Supplier D were delivered straight to the container manufacturer Suppli-
er B and Supplier A, the communication still passed through ABB Transformers and not 
as a dyad between the suppliers themselves.  

It is also notable that the communication between ABB Transformers and the 
customers ABB Norway and Aker Solutions passed through the ABB Norway’s repre-
sentatives, as shown in the figure 14. This was the official route of communication but 
the fact that Aker Solutions had a field representative located at Vaasa for almost full-
time affected the communication in practice.  
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Figure 14: Communication channels and the flow of products in the manufacturing phase. 

 
The field representative was located at ABB Transformers facility and was look-

ing over the technical execution of the project. The means that the field representative 
had to affect the production was though limited as all the decision making needed to be 
circulated through ABB Norway’s representatives. So communication at the field oc-
curred but on-the-go decision could not be made. 

Supply of the Pressure Compensators to the Container Suppliers 
For the pressure compensation suppliers the project started in the manufacturing 

phase as the suppliers were invited into a kick-off meeting with the customers. Even 
though the pressure compensation suppliers were informed during the conceptualization 
phase that the project is about to start and there will be need for bellows and pressure 
accumulators when the project is reached the manufacturing phase, no official kick-off 
meeting was held before the manufacturing phase. 
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Before the kick-off meeting Statoil and Aker solutions wanted to audit the sup-
pliers as part of their project management protocol. Though, the audition was not about 
the technical abilities of the suppliers but mainly about the HSE (Health, Safety and En-
vironment), which was of special interest in the Åsgard project. The official target, initi-
ated by Statoil, for the entire Åsgard project was that zero accidents would occur in the 
entire supply-chain. 

After the start at early 2012 the manufacturing phase lasted until the end of 2013. 
During the manufacturing phase the suppliers manufactured the subassembly parts and 
delivered them to ABB Transformers’ factory where they stood for several moths wait-
ing for the items, which Aker Solution was to deliver, to be installed.  

The design of the bellows at Supplier C started after ABB Transformers had got 
the final requirements from its customers. ABB Transformers discussed with Aker Solu-
tions, ABB Norway and Statoil that what was the final size and shape of the containers. 
This discussion affected the technical aspects of the pressure compensating bellows as 
the size of the container determines the amount of oil used inside which in its part de-
termines the size of the bellow structure.  

After the design freeze locked these dimensions that were attributes for the bel-
low design the design of the bellows themselves could start. ABB Transformers and 
Supplier C sat down together and determined the requirements for the bellow layout ac-
cording to the knowledge they had accumulated from the previous R&D projects and 
prototype & test cycles. The bellows were about to be manufactured out of the same 
high quality steel than the containers.  

Supplier C and ABB Transformers had agreed before the Åsgard project that 
ABB Transformers would buy the material to Supplier C’s stock as there had been some 
availability problems in the previous project. The availability problems were caused be-
cause the smallest batch of the selected steel alloy is 3 000 kg but Supplier C needs only 
around 500 kg to the bellows they produce. To buy even the smallest batch to stock 
would tie a significant amount of Supplier C’s assets to the stock inventory and disturb 
the every-day operations of Supplier C.  

Supplier C uses an extra thin variation of the high quality steel alloy as the prop-
erties of the bellow are heavily dependent on the thickness of the material. The bellow 
structure needs to be elastic to be able to provide the required expansion properties for 
the transformer container.  

Besides of the fact that ABB Transformers helped the operations of Supplier C 
by purchasing the material for them ABB Transformers assisted Supplier C when they 
encountered some quality problems within their welding process. Part of the Supplier 
C’s expertise is to provide the necessary welding for the bellows. This means that as 
Supplier C manufactures the bellow they also weld it fast to a thicker steel construct 
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which can then be connected to the other pressure compensation structures. As the bel-
low is manufactured out of an extra thin steel layer the ability to weld it tightly fast to 
the surrounding structures is almost as important as the actual manufacture of the bel-
low. 

The troubles with Supplier C’s welding rose when the bellows did not pass the 
required helium test for helium tightness. This was only realized when the bellows were 
tested as a part of a larger sub-entity at Supplier A as the initial tests performed at Sup-
plier C’s facilities had mistakenly used wrong calibrations in the helium tests. The prob-
lem turned out to be more difficult that first expected and Supplier C encountered chal-
lenges to make the welding tight enough.  

At this point ABB Transformers’ welding expert proposed that Supplier C could 
use a different welding technique that ABB Transformers utilizes in a different setup. 
This new welding technique turned out to be the solution for the problem but to install 
and learn the technique and equipment Supplier C needed the helping hand of ABB 
Transformers. ABB Transformers namely offered to buy jointly the training and learning 
process from Supplier C as they paid part of the expenses with a deal of shared learning 
outcomes.  

In the end the troubles encountered by Supplier C was overcome and the bellows 
were send to the container manufacturers who took the responsibility of the assembly of 
the pressure compensation units as a whole. The bellows were sent to Supplier A and 
Supplier B depending on the size of the container, as shown in the figure 15. The small-
est design was sent to Supplier A where the final assembly of the bellows and containers 
took place. The larger bellow constructs was sent to Supplier B who was the container 
manufacturer of the two largest transformer designs. 

Before any of the subassembly parts left the manufacturer they were tested by 
MaintParter for helium compactness. The sub-assemblies were also tested during the 
manufacturing processes but as illustrated in the figure 15 the final testing occurred al-
ways before delivery. It was within these tests that the Supplier C’s bellow with quality 
issues was recognized. Even though the dysfunctional bellow delayed the processes of 
Supplier A and forced Supplier C to manufacture new set of bellows it did not affect the 
overall project schedule significantly.  

Just as the bellows was sent to the container manufacturers who took the respon-
sibility of assembling also the other pressure compensation modules were produced in 
the early part of the project. The pressure accumulator was produced in England by Sup-
plier E. The factory that is owned by Supplier E was officially the supplier of the pres-
sure accumulators. As the acquisition of the English factory by Supplier E was a recent 
event the supply of the pressure accumulators took an unorthodox route in the Åsgard 
project.  
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Normally Supplier E operates according to a procedure where the local country 
office operates as the single point of contact for the customers. In the Åsgard project the 
case was though that ABB Transformers operated closely both with Supplier E in Fin-
land as well as with Supplier E’s factory in England. The conversations and negotiations 
of the order and offer procedures took place with Supplier E. The expertise of the sales 
force at Supplier E provided the required knowledge of the products of the acquired fac-
tory to ABB Transformers so that the right operability of the pressure accumulators 
could be determined.  

 

 

Figure 15: An illustration of the movement of the products and the communication chan-
nels used during the manufacturing phase. 

 
The previous activity between ABB Transformers and Supplier E’s factory in 

England showed though in the delivery of the pressure accumulators. Instead of the 
normal procedure where Supplier E would send the products internally to Supplier E in 
Finland that would then deliver them to Vaasa, in the Åsgard project ABB Transformers 
utilized the existing transport connections from the previous projects and organized the 
transportation of the pressure accumulators straight from the factory in England to Vaasa 
through ABB Transformers own transport contracts. 

The pressure accumulator that was used in the Åsgard project was basically 
make-to-order deliveries for Supplier E. Though some development of the product had 
took place in the previous subsea projects so that the right operability for the accumula-
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tor could have been determined. The biggest difference compared to a standard pressure 
accumulator was that the bladder is filled with water instead of the normal nitrogen solu-
tion of bladder accumulators. This settlement enables a gas free interior to the container 
so that no compressible components exist. Where there are no compressible components 
the need for heavy pressure resistant structures is eliminated. 

Now that the pressure accumulators and bellows have been delivered to the con-
tainer manufacturers only the delivery of the rubber construct of Supplier D is missing 
from the pressure compensation module of the containers. Supplier D provided the rub-
ber constructs that form the double barrier construct for the pressure compensation.  

The technical specification of the rubber constructs had been determined in the 
earlier prototyping efforts. The rubber bellow that Supplier D produces is in that sense a 
make-to-order product to Supplier D. Supplier D receives the order from ABB Trans-
formers and the production line starts to cook the rubber together. A nitrite rubber mix-
ture is a standard material used in low-oxygen plus seawater environments. This rubber 
is then spread around a mandrel structure that has the required size and shape of the rub-
ber construct. Natural rubber resembles a viscose liquid which can easily be spread over 
the mandrel.  

The size of the rubber construct, approximately 140cm in circumference, is so 
large that it cannot be vulcanized at the same factory where it is manufactured. This 
causes a special arrangement in the manufacturing process of Supplier D’s and the semi-
ready rubber constructs needs to be transported to a nearby facility, also Supplier D 
owned, for vulcanization. Though manageable effort, the whole process takes more time 
than standard deliveries and the time from order to delivery can be more than a week. In 
the timescale of the project this is not a restrictive factor and it is more about project 
management. 

A significant level of caution was present in the manufacturing of the rubber bel-
lows and it was described that “the staff members working at the factory floor become 
aware about the importance of the delivery through the extra careful handling protocols 
of the product”.  This careful attitude was present also in the delivery of the constructs. 
As the rubber bellows are vulnerable for scratches and dents a special protocol for pack-
aging them for the transportation needed to be developed.  

The final supply components to the container manufacturers that needed to be 
delivered was the pressure-compensation-module’s supporting components manufac-
tured by Supplier F. Supplier F started to manufacture their components after the final 
drawings of the container and the technical details of the pressure compensation units 
were finished. This was early in the manufacturing phase and was dependent of the cus-
tomer preferences for the container design as well as the technical values that determine 
the size of the bellow designs.  
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The only notable thing in the process of Supplier F was that yet again the steel 
alloy selected needed some special treatment. The reason that Supplier F was chosen at 
the first place to supply the subsea projects for ABB Transformers was that they were 
able to machine demanding components in small batch sizes at a reasonable price. In the 
Åsgard project this ability was utilized but the fact that the availability of the material is 
so scarce Supplier F was cautioned that there was no room for mistakes. Otherwise the 
whole timetable of the project might become under jeopardy as a new batch would take 
several months to be completed.  

The subassembly parts that Supplier F provided was delivered to the container 
manufacturers who made the final assembly of the pressure compensations units in-
house. 

Container Manufacture and Assembly of the Pressure Compensation Modules 
The manufacture of the containers started with a kick-off meeting where ABB Trans-
formers, container supplier and all the customers ABB Norway, Aker Solutions and 
Statoil were present. In this kick-off meeting the overall timetable were agreed and the 
scope of the supply was discussed so that all the actors had a unifying view of what was 
there actually to be delivered. After the kick-off meeting no regular meeting schedule 
was at place and the communication was tight to the need.  

The manufacture of the containers took place at Supplier A and Supplier B con-
currently with the manufacture of the pressure compensation modules. The manufacture 
consisted of treating and welding the steel constructs to the shape of the 2D blueprints 
drawn in the conceptualization phase. 

From the container manufacturers, Supplier A was working for the first time in 
an ABB Transformers subsea project and the processes were still about to be learned. 
During the welding of the containers at Supplier A, some challenges took place. The ex-
pertise of ABB Transformers was needed and a close collaboration with a welding ex-
pert from ABB Transformers solved the welding issues. As a result of this collaboration 
the containers were finished with good quality and within the timeframe.  

The other container manufacturer, Supplier B had been supplying also the previ-
ous technical assessment project as well as other subsea projects such as Ormen Lange. 
This experience gained from the previous project eased the operations of Supplier B. 
The welding of the containers occurred without any reported issues and the project ac-
tors where generally pleased with the work. 

After the pressure compensations modules were delivered to the container manu-
facturers and the containers were manufactured the assembly of them could start. The 
overall responsibility over the pressure compensation modules was at the container 
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manufacturers. This responsibility meant that they took also the charge of the functional-
ity of the pressure compensations modules.  

Previous to this point the containers and the metal bellows had been tested sepa-
rately for their helium tightness by MaintParner. Now the first pressure tests for the en-
tire container modules could be performed. At this point the aforementioned problem of 
the metal bellows emerged and the production of the containers needed to be ceased. A 
spare bellow was though available and the event did not cause significant delay to the 
process. Otherwise the container modules passed the required tests. 

After the containers were approved in the tests they were delivered to ABB 
Transformers factory. At this point most of the suppliers’ workload had been done and 
the responsibility of the transformers passed from the suppliers to ABB Transformers. In 
the Åsgard project the suppliers performed though some final operations at the ABB 
Transformers factory floor, due to some identifiability problems and final container as-
sembly phases. For example, the engineers from Supplier E needed to come to ABB 
Transformers factory to install new identification plates to the pressure accumulators.  

Supplier E could not deliver the normal identification plates as they were not 
available from the specific steel alloy selected. The initial solution to this problem was 
to carve the identification codes to the side of the pressure accumulators. Though, this 
innovation turned out to fail as the yellow painting blocked the carvings. To mend the 
problem the engineers of Supplier E innovated a clout made out of the same steel alloy 
as the rest of the container that was installed to the base of some screws.  

Final Assembly of the Transformers 
When the containers arrived to ABB Transformers facilities the assembly of the trans-
formers started identically to the process described in the technical assessment project. 
The active part had been manufactured in the ABB Transformers own factory and they 
were ready to be mounted into the containers.  

The subsea transformers need some special work-stages compared to a normal 
production transformer.  The exemptions rise from the need of quality checks and certi-
fications for the technology. As the transformer operates in extremely demanding envi-
ronments for several decades the functionality of each transformer needs to be individu-
ally checked. This special treatment interrupts the normal production at the factory floor 
as the transformers occupy the required work stations for several days. Also the work-
force that executes these work stages needs to be taken from the normal line of produc-
tion that effectively reduces the available resources there.  

Because the normal production is affected by the subsea transformer assembly 
and because it does that usually in a very unpredictable way this practice caused strain 
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within the factory. It was hard to receive the required time and workforce resources for 
the operations and the R&D workers sometimes need to operate these stages themselves.  

After the mounting of the transformers active part to the container and after the 
required testing had been done the transformers were stored to stay on hold for the con-
nector assemblies. As the connectors were determined as free-issued items in the early 
part of the project the responsibility over them was at Aker Solutions. ABB Transform-
ers provided, according to the contract, the workspace for the connector manufacturers 
to assembly their connectors to the subsea transformers. At this stage the project delayed 
for several months due to problems within the free-issued items suppliers operations. 

ABB Transformers needed to wait for the connector suppliers to come and per-
form their assembly stages. In addition to this one of the connector sub-assemblies broke 
at ABB Transformers factory while installed by the connector supplier’s engineers. A 
new connector needed to be manufactured and delivered from abroad. Due to these rea-
sons the transformers waited for several months at the ABB Transformers factory floor 
even though all the internal work stages had been finished. Together with the connector 
supplier negotiations and interface design batting back and forth this was the main 
source of project delay in the Åsgard project. 

Delivery Phase 
After the connectors had been assembled to the transformers the final tests could be per-
formed. At this point the ABB Transformers part of the project was about to end both at 
the factory floor as well as in the administration office. As the first transformers left the 
ABB facilities the discussions over final invoices and other administrative tasks needed 
to be taken care of. This phase of finalizing discussions and the delivery of the trans-
formers is referred as the delivery phase. 

The three-year-long project that stretched to become around twice as long as the 
original plan was not exactly easy to wrap up. Understandably a delay that doubles the 
project time costs quite a lot of money and the proper allocation of these costs needed to 
be solved. This shows in the fact that the negotiations are still running even though the 
last transformer was delivered already in the summer of 2014.  

The difficulty of the process rises from the misalignment of the operative set-up 
and the official set-up of the project. In the official form all the communication that will 
have economic consequences need to pass through the ABB Norway’s representatives. 
In practice Aker Solutions had a field representative who technically speaking lived in 
Vaasa. In this set-up the ease of communication at the ABB Transformers facility that 
was the result of the improved inter-personal trust lead to a situation where unforeseen 
problems and troubles were tackled without proper agreements. In the contract all the 
variations that occur throughout the project needs to be operated through RVO (Request 
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for Variation Order) procedure determined in the contract. The ease of communication 
and level of inter-personal trust though led to a situation where this procedure was ne-
glected and things were agreed on the go.  

Now as the official communication line is passing through ABB Norway the on-
the-go agreements causes discord about who should be counted as responsible of the 
costs of these decisions. Because ABB Norway is in the first place responsible of the 
financial side of the project they want to see all the cost drivers documented. In the oc-
casions when no RVO procedures were performed the information has not passed 
through ABB Norway and causes prolonged negotiations of the final invoices.  
 

 

Figure 16: Communication channels in the final delivery phase when the project wrap-up 
was discussed. 

 
In the delivery phase the communication network changed compared to the pre-

vious phases. At this point ABB Norway had become the center of communication as 
these discussions were more about the financial and administrative aspects of the project 
than the technical implementation. This is illustrated in the figure 16. The role of ABB 
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Norway is to finalize their contract towards Aker Solutions whereas ABB Transformers 
and Statoil are communicating their view of the process to both of the actors.  

The actual products were delivered from ABB Transformers to Aker Solutions 
who finally install the entirety and delivers to Statoil as shown in the figure 16. The de-
livery of the transformers from ABB Transformers occurred with a pace of one trans-
former a month starting from the end of 2013 and lasting all the way down to the middle 
of 2014.  
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Discussion 
The case under study can be seen as a multiple actor and highly complex execution of a 
complex product system spanning over several year. This description matches well the 
definitions of CoPS literature where high level of customization, complex sub-systems, 
numerous companies, prime contractors, system integrators and complex network coor-
dination exists. The case can also be seen to contain both high performance and high in-
frastructure complexity as defined in the PCP literature. In the procurement complexity 
space (Lewis and Roehrich, 2009), presented in figure 17, the case study can be placed 
to the top right corner.  
 

 

Figure 17: The procurement complexity space. (Lewis and Roehrich, 2009) 

 
 The literature recognizes numerous management and procurement practices for 
this type of projects and many of them can be identified also from the case study. The 
PCP literature emphasizes the interplay of both contractual and relational management 
practices when considering CoPS environments. On the other hand the literature of Sup-
plier Involvement and Collaborative Product Development highlight the need for early 
supplier involvement as well as extensive supplier evaluation when procuring for prod-
uct development partners.  

Relationships towards the Suppliers 
As described in the case study the collaboration takes many shapes and forms in the case 
under study. It is easy to recognize collaboration models from contractual suppliers, to 
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partner suppliers as described by Kamath and Liker (1994). The customer-supplier rela-
tionship management practices vary from shared education and training (Ragatz et al., 
1997) and inter-personal trust (Roehrich and Lewis, 2010) all the way to contractual 
governance (Poppo and Zenger, 2002). Whereas, on the project team level cross-
functionality (Kleinschmidt, 1994) and product champions (Zirger and Maidique, 1990) 
can be found. 

In the Åsgard project the procurement practices stem from the earlier projects 
that anteceded it. In the case description it was though described that among the pro-
curement attributes where technical capabilities as well as commitment interests. Many 
of the suppliers of ABB Transformers’ had also been supplying for ABB Transformers 
already before the subsea collaboration. This familiarity towards supplier’s capabilities 
has been recognized as one of the most important environmental success factor of sup-
plier involvement (Ragatz et al., 1997).  
 Together with the environmental aspects one procurement practice came up in 
several interviews. The fact that in the very early phases of the buyer-supplier relation-
ships ABB Transformers were interested about the technical solutions and development 
opportunities instead of discussing the financial implications of every individual design 
change was complemented often. The suppliers were contacted with an attitude of re-
spect and a confidence on their capabilities motivated the engineers of the suppliers to 
imply a solution centric attitude. It was described that “this is the way one should handle 
the early innovation discussions”. 

The contractual governance methods were only slightly touched in the interviews 
and no holistic view over the contract procedures can be obtained. Though, when inter-
viewing the suppliers it came up that due to the high up-front investments to the steel 
alloy the invoicing occurred in relation to work hours spent, in some of the supplier con-
tracts. In other words ABB Transformers bought the raw-material and the suppliers only 
invoiced from the labor and expertise they directed to the process.  
 The contractual supplier management methods, as mentioned in the PCP litera-
ture, are important though not sufficient enough to be employed exclusively. Beside the 
contractual management methods also a significant importance is on the relational man-
agement practices that one utilizes. It can be argued that both the contractual and rela-
tional governance methods separately are doomed to fade away and only a combination 
of them can be viewed as a functional totality.  

The supplier management practices that ABB Transformers utilized can be 
roughly divided into four categories. These categories consists of reminding of and em-
phasizing quality, technical knowledge and technology sharing, financial sponsoring as 
well as extreme willingness to learn and examine every detail. These categories are de-
scribed in the table 4. 
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Table 4: Supplier management practices present in the case study. 

 
 
The supplier management practice of emphasizing the importance of good quali-

ty is present in the management of supplier Supplier F. The need for this kind of empha-
sizing came from the material availability as well as the material expenses factors. The 
production of Supplier F was informed that the material availability is so scars that no 
room for defected components exists. Even though the syncopation might be more in-
tense than the situation might suggest it was described how the knowledge of the im-
portance of the machining process affected positively the consternation and performance 
of the employees. This management practice is very close to the child category present-
ed on page 28 (Kamath and Liker, 1994). 

The second management practice in the table 4 is the technology and technical 
knowledge assistance of the suppliers. The management practice is a medley of the ma-
ture and partner categories Kamath and Liker (1994) presents. This practice was present 
with Supplier C and Supplier A. In Supplier C’s case, as also described in the case, ABB 
Transformers offered their know-how into welding processes and technologies to Sup-
plier C. The bellow constructs that Supplier C manufactured were made from such a thin 
plate of steel that the heat induced bending during the welding defected the bellow con-
structs. In this situation ABB Transformers that had gained expertise of an alternative 
welding technology from other projects offered their technological expertise as well as 
expertise towards the processes required by the new technology.  

When considering the supplier management of Supplier A the same kind of 
knowledge sharing took place as described above with Supplier C. The difficulties that 
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Supplier A faced within the welding processes were jointly solved with ABB Trans-
formers as the same kind of troubles had been present in ABB Transformers’ processes 
earlier. In both of the cases it can be noted that ABB Transformers were more interested 
about solving the issues that had come up instead of concentrating to for example the 
costs or finding perpetrators.  

Third supplier governance practice presented in the table 4 took two separate 
forms. First the instances where ABB Transformers bought the material for its suppliers 
to avoid significant tie-up of assets can be seen as a management practice that enables 
the supplier to concentrate on the quality instead of the cycle times of the tied-up assets. 
Second form of the management practice is related to the joint process development ef-
forts. When the old welding technologies encountered limitations ABB Transformers 
agreed to jointly develop the new competences required by the new equipment. Yet 
again the financial assistance that enabled the supplier to make agile decisions, as the 
financial risks were lower than the upside, is a noticeable management practice present 
in the case study. Especially when this management practice is combined with the previ-
ous category of technical knowledge and technology sharing one can refer the supplier 
with a good reason to be a partner supplier, as described by Kamath and Liker (1994). 

Finally the last supplier management practice shown in the table 4 is the signifi-
cant craving to learn the processes present in the supplier network. This practice came 
up in many of the supplier interviews as it was described how the ABB Transformers 
experts were not only interested about the results, but also about the processes and all 
the relevant data utilized in them. For example, when cooperating with the partner uni-
versity ABB Transformers is interested to get all the measurement data from the pres-
sure chamber instead of solely the performance outcome and analysis performed by the 
university. Or in the case of Supplier D it was mentioned that the ABB Transformers’ 
experts concentrated on every detail present. For example, it was mentioned that the 
properties of the rubber will alter slightly when exposed to varying temperature this no-
tion was not enough though as the ABB Transformers experts wanted to have a test per-
formed that would explicitly describe the behavior of the rubber on a continuous distri-
bution scale. 

In the table 5 the different management practices presented here are allocated to 
the suppliers as observed in the case study. It is notable that the interest towards detail 
came up in all the interviews. Together with the eager for knowledge the attitude of 
ABB Transformer’s experts was mentioned all over the interviews. It was remarkable 
that even when interviewing suppliers that did not have detectable challenges the inter-
viewees emphasized the solution centric attitude that the ABB Transformers project 
team had. It was described that the understanding towards the possible challenges that a 
R&D process encounters was high and most of the time ABB Transformers project team 



Chapter 6: Discussion  
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    84 
 

accepted that the suppliers might face even significant challenges and that the construc-
tive approach is to concentrate how to solve the challenges and not to dig the history in 
search of mistakes. 

When reflecting these management practices to the supplier involvement litera-
ture one can notice that the relationship structuring differentiators of Ragatz et al. (1997) 
are represented in the case study. These differentiators, which are present in the figure 6 
(page 26), include buyer’s top management commitment, shared education and training, 
joint agreement on performance measures, confidence in supplier’s capability, formal-
ized risk/reward sharing, formal trust development practices and supplier’s top manage-
ment commitment. Out of these attributes that are seen as the enablers of the asset allo-
cation differentiators which eventually lead to a new product success almost all can be 
observed in the case study. Technically speaking only the joint agreement on perfor-
mance measures cannot be explicitly found in the case study. 

 

Table 5: Supplier Management Practices Allocated to the Suppliers. 

 
 
The buyer’s top management was committed at least when focusing to the ABB 

Transformers in-house management. The subsea pioneer and senior manager who can be 
seen as a product champion of the subsea transformers affected the top management’s 
attitudes positively towards all the subsea transformer projects. The same kind of top 
management commitment can be seen in the supplier relationships as, for example, Sup-
plier C organized the coordination of the subsea projects through on unorthodox path so 
that the factory can handle the whole customer delivery. 

In the procurement practices that ABB Transformers utilized the fact that most of 
the suppliers were old acquaintances as well as the concentration to the technical devel-
opment steps in the early phases presents itself as confidence in the supplier’s capabili-
ties. This confidence is also present in the management practices where ABB Trans-
formers offered to jointly develop the welding capabilities of Supplier C through a for-



Chapter 6: Discussion  
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    85 
 

mal risk sharing and shared training procedure. This all also point to a formal practice to 
develop the already high trust towards the suppliers. 

When consecrating to the asset allocation differentiators that Ragatz et al. (1997) 
present the case study illustrates that the intellectual asset management practices are 
strong. As described technology information sharing was present in many of the buyer-
supplier relationships. Also the customer requirements were explicitly explained as 
shown in the management practices table 4. Also the fact that the welding experts and 
R&D experts performed development stages in collaboration with each other point to-
wards the direct cross-functional intercompany communication.  

The rest of the asset allocation differentiators’ presented in the figure 6 (page 
26), namely the human assets and the physical assets are inadequate in the case study. 
Actually only the technology sharing part can be observed within the case study as the 
patents of the subsea transformers industry are under ABB Transformers’ name even 
though the suppliers are allowed to utilize the technologies in their processes. 

The management of suppliers seems to be closely tied into relational governance 
methods. The level of inter-personal trust that has arose between the individuals within 
the ABB Transformers-suppliers relationships form a strong bind between the actors. 
The actual co-operation of the welding experts and the solution centric attitude of the 
R&D team at ABB Transformers are manifestations of this.  

Also the high level of commitment both from the suppliers towards ABB Trans-
formers but especially from ABB Transformers towards the customers point out that the 
inter-personal trust has been turned into inter-organizational trust on some level. The 
essence of the PCP literature is the formalized practices that turn inter-personal trust into 
inter-organizational trust. This process can be recognized in the relationships between 
ABB Transformers and its suppliers but no clear evidence of any formalized or even 
systematical practices can be found.  

On the contractual side ABB Transformers safeguards its subsea business in 
some sense when they buy the materials and learning outcomes for their suppliers. The 
interplay of relational and contractual governance seems to be in a good agreement with 
the idea of PCP literature where neither of these two are sufficient qualifiers for success-
ful management of complex supplier-buyer undertakings. Though the nothing can be 
said on the basis of this case study about the major finding of PCP literature that incom-
plete contracts and the process to resolve them is the creates source for flourishing inter-
organizational relationships. 

The Essential Role of Supplier C  
In the other end of buyer-supplier relationships were the relationships between ABB 
Transformers and Supplier C as well as with Supplier D. The liaison between these 
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companies started as a collaborative product development cooperative already before the 
Åsgard project. This liaison was characterized by the joint efforts for problem solving as 
well as for R&D efforts. Supplier C performed years of prototyping and simulating the 
technology without invoicing as well as organized a special arrangement so that the pro-
ject was led from the factory by the factory engineers and not from the sales office as 
normally.  

ABB Transformers provided Supplier C with expertise to the welding processes 
and financed a portion of the investments to new welding technologies by buying jointly 
the learning outcomes and training with Supplier C. Besides the shared technical exper-
tise and procurement of learning outcomes ABB Transformers also financed the material 
purchases for Supplier C. ABB Transformers bought the material to Supplier C’s stock 
to ensure the availability but also to ease the challenges that tying the assets to the stock 
would cause to Supplier C.  

The years of joint efforts in research and development of the unique pressure 
compensating bellow constructs have brought Supplier C and ABB Transformers so 
close together that they can be viewed as partners. ABB Transformers treats Supplier 
C’s operations as they would be part of their own business. The attitude of ABB Trans-
formers project team was described as solutions centric and the focus was always in the 
question of “how can we solve” instead of “why this went wrong”. It is true that Suppli-
er C’s operations came up in the conversations with the customers, which surely imply 
that the challenges present had caused notable effect to the whole supply-chain. These 
challenges were though overcome as Supplier C would have been just a division of ABB 
itself. 

Discussion on Other Supplier Relationships 
The simplest of the relationships in the Åsgard project was the buyer-supplier relation-
ship between ABB Transformers and Supplier E. The pressure accumulators supplied by 
Supplier E can be seen as standardized product delivery that occurred on the basis of 
customer needs. As described in the case the pressure accumulators used in the subsea 
transformers utilizes water instead of nitrogen as the inflating substance. It was also de-
scribed that determination of the right operating parameters is needed but this is a rou-
tine part of pressure accumulator deliveries.  

The other supplier relationships of ABB Transformers settle somewhere in be-
tween of these two extremes. The impact of the container manufacturers to the end-
result is at least as important as the pressure compensation suppliers. Supplier A and 
Supplier B were essentially the two suppliers whose expertise was needed to ensure a 
functional subsea transformer. The relationship between ABB Transformers and Suppli-
er B had a long history behind it and the experience that Supplier B incorporates earned 
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the full confidence from ABB Transformers. The manufacturing process was described 
as trouble-free and the quality of the containers that Supplier B manufactured was ex-
quisite. The long history, high confidence and extreme expertise of Supplier B made the 
whole relationship fly under the radar in the interviews. This implies a silent apprecia-
tion towards the work that Supplier B performs. 

Supplier A in their part did not manage to be unnoticed. The fact that this was the 
first subsea project for Supplier A showed in the process. The interconnection between 
ABB Transformers and Supplier A’s managers had brought Supplier A onboard to the 
project and understandably they had a lot to learn. The material itself as well as the 
welding technologies was well-known for Supplier A but managing the whole caused 
challenges. Yet again the helping hand came from ABB Transformers experts and as 
described earlier a close collaboration between the welding experts existed. This close 
collaboration that was founded on the person-to-person conversations and inter-personal 
trust overcame the challenges.  

The collaboration, though, effective in solving the challenges present was by na-
ture a dyadic relationship between the welding experts. It was described in the inter-
views that the information that was commuted during the collaboration did not pass to 
the project team and project leaders in a sufficient way. This can be seen as caused by 
the inexperience to manage projects of this size and the proper practices for information 
sharing were not at place. The specialization towards highly demanding projects and a 
supplier of complex entities that Supplier A has targeted lately will bring challenges 
alike in the future and the Åsgard project offers a good learning ground for these future 
operations.  

On top of the most critical suppliers, Supplier A; Supplier B; Supplier C, Suppli-
er D and Supplier E the Åsgard project comprised other actors that are extremely im-
portant for the subsea technology itself but that can’t be seen as critical for individual 
project. Among these actors are the suppliers that offer testing services. The partner uni-
versity incorporates the equipment and expertise that are essential for proving the func-
tionality of new innovations. The tests performed at the pressure chamber affect also the 
operation range that ABB Transformers can give to its transformers as the test can be 
utilized to push the operation parameters further.  

At the same time Supplier G provides the subsea transformer business an oppor-
tunity to fail-proof individual components and transformers so that the guaranteed oper-
ability can be ensured. The role of Supplier G is not indispensable just as the role of the 
partner university is neither. But they serve as a reliable partner in the subsea industry as 
the quality of each individual piece of work can be ensured through the helium test pro-
tocols. The attributes that Supplier G possess as a project quality guarantor and those 
that the partner university possesses as the guarantor of the quality of new innovations, 
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makes the two suppliers critical for the business as whole even though they would not be 
critical within any single project. 

The Relationships towards Customers 
The Åsgard project can be seen more as a project performed in close collaboration with 
the customers than with the suppliers. It is true that the development of the whole tech-
nology and the pure fact that these subsea transformers can be supplied is dependent of 
the collaboration that has occurred closely tight to the suppliers. Even after this been 
said the role of the suppliers in the Åsgard project is rather minimal. 

In the case under study the project was highlighted by the intrusion of customers. 
The customer side as referred in the thesis consisted of three discrete actors that all had 
their own objectives and assumptions for the project. From ABB Transformers perspec-
tive the project customers consisted of the technical partner Aker Solutions, the guardian 
of the money ABB Norway and the operator of the product Statoil. From this perspec-
tive the type of relationship towards each of the customer needed to be decisively differ-
ent.  

Towards ABB Norway the relationship was characterized by the distance be-
tween the offices. Even though ABB Norway was the closest actor in the project hierar-
chy and even though they managed the project partly interceder for ABB Transformers 
they still was not the customer that determined the physical or technical requirements. 
Though, providing the simulations ABB Norway participated significantly less in the 
every-day project operations as Aker Solutions did.  

ABB Norway participated in the monthly meetings and took part also in other 
events were decision making was present. They did not though utilize any shared loca-
tions or personnel and the project team of ABB Transformers did not comprise any par-
ticipants from ABB Norway. The discussions that took place outside the monthly meet-
ings were performed through e-mails and occasionally by phone. Though, e-mail was 
the main habit of communication no integrated or common/linked information systems 
were used (Ragatz et al., 1997). The project did not have any hub for information or any 
shared archives. This means that all communication needed to be directed to the appro-
priate personnel and exposed the information flow to human errors.  

Towards Aker Solutions no official contract existed. The transactions flow from 
Aker Solutions to ABB Norway and only after that is passed down to ABB Transform-
ers. This arrangement is true even though Aker Solutions utilized a field representative 
throughout the project. This technical engineer was present at Vaasa at the ABB Trans-
formers facilities almost the entire time of the project. The technical engineer was pre-
sent to monitor the technical execution of the project and also to help the operations of 
ABB Transformers. But as stated before ABB Norway was responsible of the decisions 
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that have any financial impact. ABB Norway was also located in Bergen, Norway and 
the communication took place through e-mails to handpicked receivers.  

The reality of the customer-ABB Transformers relationship pattern become clear 
when examined through this multiple actor, scattered responsibility arrangement. Events 
that required decision making occurred at ABB Transformers location or among its sup-
pliers, Aker Solutions had a field representative who helped on the technical arrange-
ments, but all decisions needed to be approved by ABB Norway’s representatives in 
Norway. When monthly meetings took place all the actors were able to discuss issues 
that had emerged, but no financial questions could be disclosed as the financial contracts 
where dyadic by nature and the prices of them were confidential. 

Then you add the fact that Aker Solutions was responsible over the interfaces 
and connectors of the transformers. These parts have arguably the largest effects on the 
physical features of the transformers and impact heavily the shape and design of the 
transformers. This conversation over the interface and connector designs needs to be car-
ried out by ABB Transformers and Aker Solutions who does not have a dyadic contract. 
Now Aker Solutions express their view of the interface and connector designs based on 
the information they get from the suppliers respectively. ABB Transformers produce a 
design proposal that then needs to be technically approved by Aker Solutions but also 
formally accepted by ABB Norway as the design locks the expenses of the transformer. 

Then on the contractual side you add the fact that mainly lump-sum contracts 
were used towards the customers. This procedure originates mainly in the fact that the 
subsea business is mainly monopolistic. The monopolistic environment, as described in 
the interviews, causes that the actors involved do not want to open up their operations 
for closer examination as would be required from cost-derivative contract arrangements. 
The lack of competition enables the suppliers in subsea industry to shield the cost struc-
ture.  

Now everybody have their own interests to minimize the costs of their own oper-
ations but not for the whole project. This may lead to partial optimization which aims to 
maximize the profits of each actor instead of minimizing the total costs of the project. 
The one actor who carries all the risk and bears the disadvantages that this causes is then 
Statoil. 

The complex contractual arrangement in the very complex multiple-actor project 
is a good example of what Procuring Complex Performance (PCP) literature is all about. 
The magnitude of the complexity drives the contract arrangements to be incomplete by 
definition. From this viewpoint the whole point of the contracts is to agree on a common 
goal and to resolve the incompleteness during the way home is unavoidable in these ar-
rangements. The whole management of the project should be grounded on the trust be-
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tween individual actors and organizations which highlights the procurement of the par-
ticipating actors in the first place.  

In the case under study the close collaboration between Aker Solutions and ABB 
Transformers is natural due to the arrangement of the responsibilities in the project. The 
fact that there is no official contract between them should be a factor only on the paper 
as the actors participating in the project are working towards a common goal of extreme 
high quality equipment working in the most demanding environments found on earth. 
The negotiations concerning the proper allocation of costs etc. present in the project is 
seen as an opportunity for strengthening the inter-organizational ties.  

Subsea Business and ABB Transformers 
If we pay closer attention to the subsea business and its relation towards the other under-
takings of ABB Transformers we can argue as follows. The subsea business has been 
and is still closely tied to the R&D function and the individuals there. The business is 
still in the fuzzy-front end in what comes to the customer fuzziness and technology fuzz-
iness. The industry is still lacking of any standards of relevant influence and all the pro-
jects will need to be handled as one-off R&D undertakings. The customers upcoming 
need is still a question mark as no clear decisions between subsea technologies and tradi-
tional platform operations have been made.  
 The technology itself and the different phases of the manufacture are clear but to 
predict the future needs and the possible special one-off arrangements is hard. This ties 
the projects closely to the R&D team and the pioneers. No real measures towards the 
creation of a subsea production line can be taken at this stage.  
 This builds a cap between the subsea undertakings and the normal production at 
ABB Transformers. It is evident in the somewhat rough manufacturing experience of the 
transformers as the normal line production is confused by the subsea transformers every 
now and then. The way the subsea transformers appear to the factory floor might be con-
fusing too as the only contact to the projects and undertakings occur when their work-
station is occupied by a subsea transformer.  
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Conclusions 
In the Åsgard project many aspects of the modern business environment coalesce. An 
extremely complex set of actors are performing specialized subassemblies to produce a 
football field sized entity that is scheduled to be maintenance free for three decades. The 
number of actors involved can reach the mark of hundred and every one of them have 
their own little fragment of expertise. It is a nerve breaking effort for the system integra-
tor to manage and lead this kind of efforts that span for almost a decade.  
 The world is changing in many other aspects too than just the compartmentaliza-
tion of business. The need to go further, deeper and more extreme to get the natural re-
sources this promptly developing world demands, is likely to become more and more 
acute. Already now we can witness the effects of the “peak oil” event. When measured 
on daily production rates the peak of crude oil production has been reached statistically 
already 2006. This means that the old crude oil deposits are deflating more quickly than 
new deposits can be brought online. Even though world’s oil reserves might be suffi-
cient enough to satisfy the demand for decades to come the availability of it will become 
a significantly restricting factor for world economies and their growth.  
 This phenomenon referred as the peak oil will require the exploration of new oil 
and natural gas deposits as well as exploitation of the most demanding reserves. This 
trend has brought the oil prices steadily up from the bottom figures of approximately 
$20 for a barrel in the 1990’s, to an extreme $120 for a barrel in early 2014. The high 
prices of $120 for barrel enabled the utilization of the so called shale gas and shale oil 
reserves we hear in the news. This is why also the interest for these kind of extreme 
product development efforts witnessed in the case study have become financially attract-
ing.  
 At the moment this thesis is written the geopolitical events and exploitation of 
shale oil and shale gas reserves has made the oil barrel prices to surge to a level of $50-
60 approximately half of the peak price. This enormous drop in the price that oil is trad-
ed for is due to a significant overproduction led by the shale boom and which had led to 
excess availability of oil in the markets. Though causing some fresh growth figures for 
the stumbling world economy, many specialists fear that the rebound effect will worsen 
the peak oil phenomenon drastically more. It is feared that the cheap oil prices will in-
crease the thirst for oil but at the meantime dry up the vitally important investments for 
new and more expensive production to become online.  
 This phenomenon has become reality in the business this master’s thesis is ad-
dressing. The projects for opening of new production sites for oil and gas industries have 
been cut off and the existing ones are suspended. As the subsea business is highly de-
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pendent on the oil and gas industry which is the largest operator of the subsea technolo-
gies the risk is that the whole industry might dwindle as a reaction to the current events.  
 Due to these events there is a justified argument for a need for drastic drop in 
project costs from those observed today. When we reflect this need to the fact that the 
Åsgard project in such was delayed for almost one and a half years the actual costs of 
these new projects might be in controversy higher instead of lower from the time preced-
ing the Åsgard project. The situation is somewhat demanding and for a good reason in 
general the oil and gas industry is pulling themselves to the backseat to observe the pro-
gress of the geopolitical events.  
 The oil and natural gas reserves are though valuable only if they can be brought 
to the market. This simple law of the markets keeps the wheels of technological devel-
opment rolling. Even though the willingness to invest into new production sites might be 
affected by the momentary drop in the oil prices the competitiveness of oil and gas com-
panies are closely interrelated to their technological capability. To secure margins from 
the future production the cost of technology and resources invested per resources ex-
tracted need to decrease. The only way to reach these objectives is to keep the R&D 
funnel packed with projects. In fact ABB and Statoil have announced about a joint effort 
to further research and develop the deep sea production systems well into future. 
 When all this has been said the Åsgard project, however, increased the capabili-
ties and technologies of subsea operations. The manufacturing of the subsea transform-
ers was in its all extremes a surprisingly eased process. The know-how that had been 
accumulated from the years of experiences and the wisely chosen suppliers that had 
evolved to become close collaboration partners worked effectively in the complex envi-
ronment observed here. Though, the management practices presented in this thesis 
seemed to be more of a result of joint objectives and interests than carefully planned and 
executed supplier management practices. 
 ABB Transformers remain, arguably, the market leader in the subsea transform-
ers industry. This is the result of pioneering R&D efforts, exclusive supplier procure-
ment and selection as well as compassionate management practices accompanied with 
passionate appetite to know more and to stretch the frontiers of what is possible. So it 
seems that even though the willingness of the oil and gas industry to open new produc-
tion sites at the exact moment that this thesis was written might be dwindled, the strong 
competence that ABB Transformers have developed accompanied with the continuous 
need for technological advancements for the oil and gas industry provides ABB Trans-
formers with a attracting business-segment for now and for many years to come. 
 

 



References  
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    93 
 

References 

ACHROL, R.S. and GUNDLACH, G.T., 1999. Legal and social safeguards against op-
portunism in exchange. Journal of Retailing, 75(1), pp. 107-124.  

BACON, G., BECKMAN, S., MOWERY, D.C. and WILSON, E., 1994. Managing 
product definition in high-technology industries: a pilot study. California management 
review, 36, pp. 32-32.  

BRADY, T., DAVIES, A. and GANN, D.M., 2005. Creating value by delivering inte-
grated solutions. International Journal of Project Management, 23(5), pp. 360-365.  

BROWN, S.L. and EISENHARDT, K.M., 1995. Product Development: Past Research, 
Present Findings, and Future Directions. Academy of Management Review, 20(2), pp. 
343-378.  

CALDWELL, N.D., ROEHRICH, J.K. and DAVIES, A.C., 2009. Procuring complex 
performance in construction: London Heathrow Terminal 5 and a Private Finance Initia-
tive hospital. Journal of Purchasing and Supply Management, 15(3), pp. 178-186.  

CANNON, J.P., ACHROL, R.S. and GUNDLACH, G.T., 2000. Contracts, norms, and 
plural form governance. Journal of the Academy of Marketing Science, 28(2), pp. 180-
194.  

COOPER, R.G. and KLEINSCHMIDT, E.J., 1994. Determinants of timeliness in prod-
uct development. Journal of Product Innovation Management, 11(5), pp. 381-396.  

DAFT, R.L. and LENGEL, R.H., 1986. Organizational information requirements, media 
richness and structural design. Management science, 32(5), pp. 554-571.  

DAVIES, A. and BRADY, T., 2000. Organisational capabilities and learning in complex 
product systems: towards repeatable solutions. Research Policy, 29(7), pp. 931-953.  

DOUGHERTY, D., 1992. Interpretive barriers to successful product innovation in large 
firms. Organization Science, 3(2), pp. 179-202.  

FERGUSON, R.J., PAULIN, M. and BERGERON, J., 2005. Contractual governance, 
relational governance, and the performance of interfirm service exchanges: The influ-
ence of boundary-spanner closeness. Journal of the Academy of Marketing Science, 
33(2), pp. 217-234.  



References  
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    94 
 

GANN, D.M. and SALTER, A.J., 2000. Innovation in project-based, service-enhanced 
firms: the construction of complex products and systems. Research policy, 29(7), pp. 
955-972.  

GUPTA, A.K. and WILEMON, D., 1988. The Credibility–Cooperation Connection at 
the R&D-‐Marketing Interface. Journal of Product Innovation Management, 5(1), pp. 20-
31.  

HARTLEY, J.L., ZIRGER, B.J. and KAMATH, R.R., 1997. Managing the buyer-
supplier interface for on-time performance in product development. Journal of Opera-
tions Management, 15(1), pp. 57-70.  

HARTMANN, A., ROEHRICH, J., FREDERIKSEN, L. and DAVIES, A., 2014. Pro-
curing complex performance: The transition process in public infrastructure. Interna-
tional Journal of Operations and Production Management, 34(2), pp. 174-194.  

HOBDAY, M., 1998. Product complexity, innovation and industrial organisation. Re-
search policy, 26(6), pp. 689-710.  

HOBDAY, M., 2000. The project-based organisation: an ideal form for managing com-
plex products and systems? Research Policy, 29(7–8), pp. 871-893.  

JOHNSEN, T.E., 2009. Supplier involvement in new product development and innova-
tion: Taking stock and looking to the future. Journal of Purchasing and Supply Man-
agement, 15(3), pp. 187-197.  

KAMATH, R.R. and LIKER, J.K., 1994. A Second Look at the Japanese Product De-
velopment. Harvard business review, Noverber-December, pp. 154-170.  

KATZ, R., 1982. The effects of group longevity on project communication and perfor-
mance. Administrative Science Quarterly, , pp. 81-104.  

KATZ, R. and TUSHMAN, M., 1981. An investigation into the managerial roles and 
career paths of gatekeepers and project supervisors in a major R & D facility. R&D 
Management, 11(3), pp. 103-110.  

KHURANA, A. and ROSENTHAL, S.R., 1997. Integrating the fuzzy front end of new 
product development. Sloan management review, 38, pp. 103-120.  

KLEIN, B., CRAWFORD, R.G. and ALCHIAN, A.A., 1978. Vertical integration, ap-
propriable rents, and the competitive contracting process. Journal of Law and Econom-
ics, , pp. 297-326.  



References  
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    95 
 

KOUFTEROS, X.A., VONDEREMBSE, M.A. and DOLL, W.J., 2002. Integrated prod-
uct development practices and competitive capabilities: the effects of uncertainty, equiv-
ocality, and platform strategy. Journal of Operations Management, 20(4), pp. 331-355.  

KOUFTEROS, X., VONDEREMBSE, M. and JAYARAM, J., 2005. Internal and exter-
nal integration for product development: the contingency effects of uncertainty, equivo-
cality, and platform strategy. Decision Sciences, 36(1), pp. 97-133.  

LANGOWITZ, N.S., 1988. An exploration of production problems in the initial com-
mercial manufacture of products. Research Policy, 17(1), pp. 43-54.  

LEWIS, M.A. and ROEHRICH, J.K., 2009. Contracts, relationships and integration: to-
wards a model of the procurement of complex performance. International Journal of 
Procurement Management, 2(2), pp. 125-142.  

MILLSON, M.R., RAJ, S. and WILEMON, D., 1992. A survey of major approaches for 
accelerating new product development. Journal of Product Innovation Management, 
9(1), pp. 53-69.  

MONCZKA, R.M., TRENT, R.J. and CALLAHAN, T.J., 1993. Supply base strategies 
to maximize supplier performance. International Journal of Physical Distribution & Lo-
gistics Management, 23(4), pp. 42-54.  

OSHRI, I. and NEWELL, S., 2005. Component sharing in complex products and sys-
tems: challenges, solutions, and practical implications. Engineering Management, IEEE 
Transactions on, 52(4), pp. 509-521.  

PETERSEN, K.J., HANDFIELD, R.B. and RAGATZ, G.L., 2005. Supplier integration 
into new product development: coordinating product, process and supply chain design. 
Journal of Operations Management, 23(3), pp. 371-388.  

PETERSEN, K.J., HANDFIELD, R.B. and RAGATZ, G.L., 2003. A Model of Supplier 
Integration into New Product Development*. Journal of Product Innovation Manage-
ment, 20(4), pp. 284-299.  

PINTO, J.K. and KHARBANDA, O.P., 1995. Lessons for an accidental profession. 
Business horizons, 38(2), pp. 41-50.  

POOLTON, J. and BARCLAY, I., 1998. New product development from past research 
to future applications. Industrial Marketing Management, 27(3), pp. 197-212.  



References  
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    96 
 

POPPO, L. and ZENGER, T., 2002. Do formal contracts and relational governance 
function as substitutes or complements? Strategic Management Journal, 23(8), pp. 707-
725.  

RAGATZ, G.L., HANDFIELD, R.B. and PETERSEN, K.J., 2002. Benefits associated 
with supplier integration into new product development under conditions of technology 
uncertainty. Journal of Business Research, 55(5), pp. 389-400.  

RAGATZ, G.L., HANDFIELD, R.B. and SCANNELL, T.V., 1997. Success factors for 
integrating suppliers into new product development. Journal of Product Innovation 
Management, 14(3), pp. 190-202.  

RAUNIAR, R., DOLL, W., RAWSKI, G. and HONG, P., 2008. The role of heavy-
weight product manager in new product development. International Journal of Opera-
tions & Production Management, 28(2), pp. 130-154.  

REN, Y. and YEO, K., 2006. Research challenges on complex product systems (CoPS) 
innovation. Journal of the Chinese Institute of Industrial Engineers, 23(6), pp. 519-529.  

RING, P.S. and VAN DE VEN, ANDREW H, 1994. Developmental processes of coop-
erative interorganizational relationships. Academy of management review, 19(1), pp. 90-
118.  

ROEHRICH, J.K. and LEWIS, M.A., 2010. Towards a model of governance in complex 
(product–service) inter-‐organizational systems. Construction Management and Econom-
ics, 28(11), pp. 1155-1164.  

ROEHRICH, J. and LEWIS, M., 2014. Procuring complex performance: implications 
for exchange governance complexity. International Journal of Operations & Production 
Management, 34(2), pp. 221-241.  

SPRING, M. and ARAUJO, L., 2014. Indirect capabilities and complex performance: 
Implications for procurement and operations strategy. International Journal of Opera-
tions and Production Management, 34(2), pp. 150-173.  

TOPALIAN, A., 2000. The role of innovation leaders in developing long-term products. 
International Journal of Innovation Management, 4(02), pp. 149-171.  

WASTI, S.N. and LIKER, J.K., 1997. Risky business or competitive power? Supplier 
involvement in Japanese product design. Journal of Product Innovation Management, 
14(5), pp. 337-355.  



References  
 

Kalpala, 2014: Transforming Project Complexity into Management Practices:  
A Study of Supplier Management in Complex Project Environments                    97 
 

WHEELWRIGHT, S. and CLARK, K., 2002. Revolutionizing Product Development: 
Quantum Leaps in Speed, Efficiency and Quality. 1992.  

WHEELWRIGHT, S.C. and CLARK, K., 1992. Organizing and leading “heavyweight” 
development teams. California management review, 34(3), pp. 9-28.  

ZAHEER, A., MCEVILY, B. and PERRONE, V., 1998. Does trust matter? Exploring 
the effects of interorganizational and interpersonal trust on performance. Organization 
science, 9(2), pp. 141-159.  

ZHANG, Q. and DOLL, W.J., 2001. The fuzzy front end and success of new product 
development: a causal model. European Journal of Innovation Management, 4(2), pp. 
95-112.  

ZHENG, J., ROEHRICH, J.K. and LEWIS, M.A., 2008. The dynamics of contractual 
and relational governance: evidence from long-term public–private procurement ar-
rangements. Journal of Purchasing and Supply Management, 14(1), pp. 43-54.  

ZINKHAN, G.M., 2002. Relationship marketing: Theory and implementation. Journal 
of Market-Focused Management, 5(2), pp. 83-89.  

ZIRGER, B.J. and MAIDIQUE, M.A., 1990. A model of new product development: an 
empirical test. Management Science, 36(7), pp. 867-883.  

 


