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Abstract

This thesis is concerned with the relationship between the economy and the
environment. The relationship is often portrayed as a conflict in public
discourse, as if what is good for the economy is bad foenkeonment and

vice versa. The thesis tries to discern if there are common elements in the
economy and the environment and how these have eventually become
shared. The underlying model assumes that the economy and the
environment can be depicted as twaparate networks and that elements
have to be shared for any relationship to exist.

Of course, in real life, the economy and the environment is interwoven,
inseparable and too large to be contained within the pages of a thesis. In
order to investigate #hrelationship, it has thus been necessary to delimit the
study to only parts of each network. One of the more important assumptions
is that industry is decisive for the production of the economy whereas
science is decisive for the production of the envinent. Hence, the study
should focus on an object that is found in both industry and science. This is
done by focusing on aluminium bumpers as the empirical object. Both
aluminium and cars have been subject to environmental debates and they are
both industies involving large sums of money. In order to aid the production
of empirical descriptions, industrial network theory (IMP) and ac&iwork
theory (ANT) have been employed.

The part of the case concerned with the economy describes production of
aluminium bumpers for Volvo at Raufoss during the time period 1970 to
2006. The description includes important actors, resources and activities (in
IMP terminology) and their development over time. These are explicated as
important elements in the economy arrégented in a way that facilitates
comparison with important elements from the environment.

The part of the case concerned with the environment describes the
stabilisation of environmental issues related to aluminium bumpers during
the time period from IB to 2006. Through a comprehensive study of
scientific texts, relations between aluminium bumpers and environmental
issues are uncovered. The description includes important actors (in ANT
terminology) and their development over time. These are expliced
important elements in the environment and presented in a way that facilitates
comparison with important elements from the economy.

The two parts of the case are brought together and compared to reveal if they
share elements. A main conclusion is tharée are few common elements in

the economy and the environment. There are, however, some elements
existing in both networks and these have been transferred either directly or



indirectly from one network to the other. The route by which the elements
are tansferred has consequences for their stabilisation and characteristics
upon final arrival. In addition, other elements are needed to aid the
transferencé in this thesis referred to aghicles for translatioii and these

have different characteristicsgproperties.



Acknowledgements

The thesis and | would like to thank several people (and also many non

humans) for stabilising our relationship. First and foremost | thank my

supervisors Marianne and Hakan for giving me the possibility to write a PhD

thess and for giving me the freedom to pursue my own interests. You have a
perfect mix of capabilities. What a lovely example of resource combination!

All students and faculty involved in the Netlog, Newmark and D Net

projects: Thank you for interesting dissions as well as social happenings.

Special thanks go to Calle for fruitful (if not really timesaving) development

of arguments and to Thomas whom | owe a lot when it comes to believing in

my own work. Thank you, Frans, for valuable comments on latesdvbthe

thesis (and to Lars for at least reading through a chapter). Debbie, you not

only deserve gratitude for commenting but for generally aiding in the

process (although | had probably finished
book from you). Petett hanks for your @Al anguage | aundr
correcting the remaining errors. If there are mistakes left, you cannot be

blamed.

(The thesis insists on giving thanks to databases, notebooks, chairs, desks,
pencils, trees, computer software, and alHot of other noshumans. |
hope this parentheses suffices to please the thesis)

Al'l the people from the fAreal worldo (i . e.
contributed to the case study) deserve standing ovations. | have to mention

(doctoral secretajyBjgrn-Anders Hilland in particular. You have been

extremely helpful in providing information and to work as a door opener!

Ostfold Research deserves a hand for providing me with the opportunity to

finish the thesis (and, of course, for giving me a job).

Arne, Michael and Per: Thank you for trying to understand the thesis and

giving feedback at times when the thesis was incomprehensible even to me.
Other friends and family, | hope to see you more in the near future, if you

still remember who | am.

Bjorg; what can | say? Thank you for always bringing me a good balance of
resistance and support! I am awfully sorry for all the times when the thesis
has made me unable to be the person | want to be for you. Ludvig and Isak,
there are still some years until yaull understand this text but still thank

you for constantly reminding me of what | have been missing when writing
the thesis. Now, Letds play!



Table of Contents

1

11
1.2
13
1.4
15
1.6
1.7

2.1
2.2
221
2.2.2
223
2.3
23.1
2.4
241
24.2
243
25
251
25.2

3.1
311

3.2
321
3.2.2
323
3.24
325

3.3
331
3.3.2

Introduction

More Specific Rsearch Questions
Outline of the Thesis/Roadmap

Research Designing

Selecting Empirical Material

The IMP Network Approach
Actor-Network Theory
Why two theries?

The world as process and relationality

Case Study Design
Organisation of Empirical Data

Making the Empirical Textual

Scientific Explanation
Validating Findingg Relying on Others

From 1970 to 1985
Production of Bumpers in 1970

Production of Bumpers ih985

From 1985 to 2006

Production of Bumper Beams in 2006

1

The Conflict between the Economy and the Environmertd Attempts at Solving it 3
A Preliminary Research Question atelDelimitations 6
A First Refinement: From Domains to Networks 7
A Second Refinement: On why Choosing anfiper Beam 11
A Third Refinement: From Economy to Economy* and from Environment to Environment* 11
12

13

15

15

Searching for the Environment* and the Economy* 17
17

26

37

The World and How to Gain Knowledge About it 40
40

Method or How the Empirical is Captured 43
44

50

50

Explanation, Validity and Transferability 54
54

56

Industrial Production of Bumpers and Bumper Beams 58
Setting the Stage: ArBsentation of the Story Behind the Relationship and the BumpBgs
Summary: Conditions for production of Aluminium Bumpers 65
66

66

69

Changes in Production of Bumpers from 1970 to 1985 71
Elements that Contributed to Changesi®en 1970 and 1985 73
Summary: Important Elements between 1970 and 1985 85
86

86

Changes in Production of Bumper Beams from 1985 to 2006 90

VI



333
334
3.4
341
35
351
35.2
353

4.1
41.1
412

4.2
421
4.2.2

4.3
43.1
432

4.4
44.1
442

4.5
451
452
453

51
511
51.2

5.2
521
5.2.2

53
53.1
53.2
5.3.3

54

Elements that Contributed to Changes between 1985 and 2006
Summary: Important Elements between 1985 and 2006

Elements that Have Stayed the Santevesting in Stability

Summary: Important Elements to Keep Elemémt3lace from 1970 to 2006
Summary and Timeline

Important Actors, Resources and Activities

Timeline of the Economy*

An Adjusted Image of the Economy

Scientific Production of Bumpers and Bumper Beams

A Reference Point for the Environment*

First Round: Environmental Issues From the FAiicle and its References
The ActorNetwork After the First Round

The Environment* Behind the Equations

Second Round: Digging Deeper into the Environmental Issues
The ActorNetwork After the Second Round

Resources and Local Pollution: Connecting to the 1970s
Third Round: Other Environmental Issues Before the TAittle
The ActorNetwork After the Third Round

Fuzzy Boundaries of the Environment*: 262006

Fourth Round: The Environmental Issues After the FAigicle
The ActorNetwork After the Fourth Round

Summary and Timeline

Summary

Timeline of the Environment*

An adjusted image of the environment

93
118
119
124
124
125
128
128

132

135
135
154
156
156
183
185
185
195
196
196
200
201
201
206
207

210

Connecting the Economy and the Environment

Common Elements in the Economy and the Environment

A Recollection of the Timelines

A Short Description of Shared Elements

Direct Routes of Connecting the Economy and the Environment

The first route: Directly from the Environment to the Economy

The Second Route: Directly from the Economy to the Environment
Indirect Routes of Connecting the Environment and the &ogn

The third route: From Environment through Other Network(s) to Economy
The Fourth route: From Ecomy through Other Network(s) to Environment
A summary of travel routes

Vehicles for Translation

VIl

210
211
214
216
216
220
223
223
227
229
231



54.1
54.2
543

6 And Finally

6.1
6.1.1
6.1.2
6.1.3

6.2

6.3

6.4
6.4.1
6.4.2

Ideas are More or Less Substantial
Mediators Between the Economy and the Environment

A summary of vehicles for translation

232
234
254

258

Summary of Main Findings

The relationship between the economy and the environment
The content and the development of the economy

The content and the development of the environment

The Thesis' Implications for Theories

The Thesis' Implications for Practices

Suggestions for FurthereRearch

Some Possible Empirical Avenues

A First Sketch of Interlation: a suggestion &theoretical concept

References

258
259
264
265
266
270
271
271
272

275

VIII



For it is only as an aesthetic phenomenon that

existence and the world are eternally justified

Friedrich Netzsche






1. Introduction

When | left my position as a research assistant in a field connected to
environmental science to write a PhD thesis at a management school, some
of my earlier companions asked me how | could go off and sleep with my
enemy. At times | even asked myself #zene question. And more.

Do | care about the environment? Do | care about the economy? Do | care
about both? Is it possible to care about both simultaneously?

The answer to all four questions is: "Yes, of course." End of story. This
thesis ends even et it starts.

Ever since the very early human settlements, the issues of securing a

resource base, getting rid of waste and avoiding hazards to human health

have been of vital importance for survival and prosperity. These issues are

both environmental @heconomical. The entanglement of the environment

and the economy is thus "proven", as is the need to care about both
simultaneouslyé | f only the story was that

This thesis is concerned with the relations between the economy and the
environment. Vilen it was still in its infancy, such an interest in the
connection between the economy and the environment was only prevalent
amongst those with a special interest. However, as | write this introductory
text now - towards the end of the projettit seemsthat everybody is
concerned about the weather and possible connections between human
activities and the deterioration of the natural environment. The need to
justify the theme of the thesis decreases proportionally with the dawn of
every new day, with nespaper covers screaming at us about melting ice
caps, abnormal weather patterns and rising sea levels.

According to the Cambridge dictionag®005) the economy is:the system

of trade and industry by which the wealth of a country is made and'used.
Thewords trade, industry and wealth all have connections to what is referred
to as business. Thus, it is fair to say that the economy is intimately connected
to business. Business is an activity performed to earn money. SHEd@da

refers to Webster's dictionary, which states that "business, as a general term,
refers to the activities of people who are engaged in the purchase and sale of
goods and services for the purpose of making profit," and to Véb8a)

who states that "the motive of business is pecynimin, the method is
essentially purchase and sale, the aim and usual outcome is an accumulation
of wealth." Business life consists of actors creating wealth for companies



and societies by employing resources in internal activities and exchange. The
sucess of business in wealth creation is obvious in today's society.

The wealth produced by the economy is transformed into all sorts of benefits
to satisfy our needs. The economy helps to protect people against poverty,
starvation and disease, and is iniedbly linked to the development of most

of the technologies surrounding us.

How could one not care about the economy?

While economy is clearly defined in encyclopaedias, the environment as a
term is rather more ambiguous. It may denote that which sriextto
something we focus on, but it is commonly used to refer to the natural
environment. In that sense, the environment consists of plants, water bodies,
baboons, gases, thunderstorms, whales, rocks, solar rays, guinea pigs,
glaciers and thousands dher entities in animate and inanimate categories.
The purpose of the environment is open for discussion and probably better
suited for a thesis in philosophy or theology than here, but it is fair to say
that human life without the environment is prettyhimkable.

In recent times, we have learnt that the environment is in a delicate balance.
The oceans, gases, solar rayall those elements needed to sustainilife

may become threats if we are not careful. Scientists tell us that carbon
dioxide, the vey gas coming out of our mouths or noses when breathing,
may cause serious damage to the heat balance. You can relax a little though:
your breathing is part of the natural balance. It is mostly when you burn
those fossil fuels created in physical processes millions of years that

you contribute to the enhanced heating effect.

We cannot think the environmental problems awathey are not purely
social constructions. However, they are not entering human domains as
readymade knowledge. Intense work isd@mtaken by an increasing number

of environmental scientists to make environmental problems "iedtf
translate signs from nature into understandable categdridmking
environmental effects to (for instance) the release of specific chemical
compoundsnd thus specific human activities.

How could one not care about the environment?



1.1 The conflict between the economy and the environmeiit
and attempts at solving it

The film "The Day After Tomorrow" presents the devastating effects of
global warming in B apocalyptic fashion. The Gulf Stream stops and the
world faces a new ice age. The trustworthiness and the quality of the film
can obviously be discussed. However, what puzzled me was a scene at the
beginning of the film. The hero of the day, the devosmientist, is
presenting his figures about a more rapid change in the climate than had
been predicted earlier (although not as rapid as it eventually turns out to be
in the film) to a group of politicians, urging them to implement measures to
limit emissins of climate gases. His proposals fall on deaf ears, as the
politicians claim the economy is much too fragile to be tampered with just
because of one man's beliefs. And | did not react. | believed the scene could
actually have happened. | was completelizzted by not being puzzled.
That the stereotype of the economist not caring enough about the
environment could be so takéor-granted.

Almost every day, when listening to a politician or a scientist or a
businessman or reading a newspaper, the relaihetween the economy

and the environment is presented as carrying an inherent conflict. As if what
is good for the economy is bad for the environment and vice versa.
Spokespersons from each side scream about the threats posed by the other:
the environmet (or rather its spokespersons) accuses the economy of
ruining the environment, while the economy (or rather its spokespersons)
accuses the environment of being filled with doomsday prophets creating
unnecessary constraints on the economy.

Figurel-1 provides a cartoon view of this divide, showing how the two sides
look upon each other.



We, the Economy,
cannot take you, the
Environment, into
account because it
costs too much

We, the
Environment
cannot accept that
you, the Economy,
are ruining us just

for fun

ke

Figure 1-1 A cartoon view of the conflict between the economy and the envitbnme

Obviously, the division is not total for then the spokespersons would not care
about each other. Obviously, the environment is just as much a part of the
economy as the economy is of the environment.H®w? That is the issue

of this thesis. Where aithe connections between the environment and the
economy? And what might they look like?

From discussions in the public domain, it is easy to get the impression that
the environment is packed with doomsdays prophets, while the economy is
an assembly of laelless hedonists. However, the latter have created
strategies to show us all how we could be better off. Why is the economy all
about a prosperous future, while the environment is about doomsday? There
is also anxiety in the econoniycosts are getting tohigh, we could go
bankrupt next year; likewise, there is also joy in the environment itsb#
feeling of every individual as part of nature, the sound of birdsong one day
in early Spring. Some of the characteristics of the environment and the
economyare shown imablel1-1.



Tablel1-1 Stereotypical characteristics of the environment and the economy

Environment Economy
Aim Sustained human existence? Profit
Means Scientific proofs and activisn| Efficient production
Modus Operandi | 'Hot' emotions 'Cold' rationality
Future Outlook | Catastrophic Bright
Personality Naive Cynical

The reason why an image of a conflict or divide between the environment
and the economysisustained (and maybe increasing) is mainly connected to
the high level of exclusivity that has crept into society. Sciences, professions
and newspapers are more and more specialesgd Grant 1996; Ravitch &
Viteritti 2001; Szulanski 1996) Communication between people in what
used to be the same, or at least adjacent, fieldsampered by the
introduction of 'tribal' languages, which makes it difficult to understand even
seemingly closely related subjects.

This is not to say that no attempts have been made to ‘close the gap' between
the economy and the environment. The wogdsen' and 'environmental’ are
being attached to almost every scientific subject, including subsets of the
economic sciences. Examples include 'green markegeng' Grant 2008)
'green purchasingé.g. Min & Galle 1997)'green logisticde.g. Rodrigue et

al 2001)and ‘environmental economig¢e'g. Hanley et al 2001None of the
specifics of any of these attempts are treatedinvithis thesis, unless they
show up explicitly in the environment or the economy. In general, | would
claim that all these attempts fail to take both the economy and the
environment seriously at the same time. The environment is translated into
quasteconanic objects, without the power to convince the majority of
people in either domain that they are relevant or worthy of attention.

Even fewer attempts are made at introducing economic thinking into
environmental studies, for reasons that may become clearang the
course of this thesis. However, industrial ecology might arguably be referred
to as an exceptiofsee for instance Ehrenfeld 2000)

! This may well be far from new, as | do remember having read a passage in Weber
from the beginningofthe 3c ent ury st ati ng gsyngtehelai ng

5
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1.2 A preliminary research question and itsdelimitations

This is all quite confusing and one of the aims of this thesis is to clarify
some of the relations between the economy and the environment. A first
general formulation of the research question guiding this study becomes:

How does the environment affect the econonayvéce versa?

The word 'how' in the question points both to the process of affecting and
also the outcome(s) of the affecting process. The question itself is clearly too
"big" to be answered, at least by one thesis. It needs refinement, using
premises andssumptions for giving an answer.

First of all, a provisional delimitation of the economy and the environment
must be made. Such a boundaejting activity could for instance take the
mass media as its starting point. The thesis could have comparezsiofag

the economy and the environment as produced in newspapers and on TV.
However, although | believe the mass media to be important in creating and
sustaining some of the content of the two domains under scrutiny, there are
other domains more instrumehtdan the constant production and
reproduction of the environment and the economy, especially science and
industry. A crucial assumption underlying the thesis is that economy is
largely a product of industry and environment is largely a product of science.

Secondly, the focus is on the empirical relationship between the two
domains, that is, how the economy as produced in industry is related in
practice to the environment as produced in science. Even though a study of
theories concerned with connecting asidconnecting the domains could
have been interesting in itself, the focus here is on relations between the
economy and the environment in practice rather than in theory.

Thirdly, following on from the last point, the empirical material for the
thesis neds to be related to an empirical domain where traces of both the
economy and the environment can be found. That is, the object of study
should be found both in industry and in sciences related to the environment.
Hence, the point of departure is an alummibumper beam.

Wait a minute!
What is a bumper beam? And why study such an aluminium bumper beam?

A bumper beam is a car component, situated between the bumper and the
chassis on a car and showrFigurel1-2.
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Figure 1-2 The placement of the bumper beam in the car

lts main function is to protect the car in medispeed impactsHowever,

the definition of the bumper beam will be developed as it becomes clearer
how it relates to the environment and the econdMypre important than its
functional characteristics (for this thesis, at least) is its presence in both the
economy and the environment. The bumper beam obviously has economic
properties, as it is an objeaf exchange between companies. Environmental
properties are also likely to be present, as it contains material extracted from
the earth and its production leads to the release of emissions.

1.3 A first refinement: from domains to networks

An important aspdaelated to the assumptions has to do with what is meant
by domains. Five domains have already been mentidneztonomy,
environment, mass media, industry and sciénead it has been claimed
that there are relationships between them.

Of course, the '@ world has no clearly separated domains and the
distinction | have made between the economy and the environment is not
true per se It is not given by an act of God. However, it is not entirely
created in my head either. People and technologies ar&antysnvolved

in refining domains and in bringing domains together. For instance, the
"economy" label is often given to institutions, newspapers, professors,

2 The bumper beam is not designed to protect the people in the car specifically but
rather the engine and other functional parts.

% We will also learn that what is now referred to as a bumper beam was formerly
called a bumper. These denotations will be used interchangeably according to the
time in history.



politicians and others to demarcate them from everything else. This means
that parts of the vasus domains (e.g. science or mass media) are more
involved in the economy domain than in "their own" domains.

The thesis is thus based on a model of the world as composed of different
domains as shown Rigure1-3.

Figure 1-3 The world as a collection of domains

The representation in the diagram is of course false, as it tries to show a
range of connections in just two dimensions. All of the domains are probably
connected to each other, although the links between some may be rather
weak. At least one more dimension would be needed to capture all the
intricate connections, as there are several places where more than two meet
and the meetings may not happen instaedasly, that is, the connections
may be stretched out in time. A domain may be seen as having its own
operating procedures and a language created to distinguish them from others.
Such a definition may give the impression that the domains only consist of



human beings and their activities. On the contrary, the theoretical model for
the thesis rests on the assumption that each domain is heavily influenced by
entities other than human bein@gsg. Hakansson & Snehota 1995; Latour
1999b)

Within a domain, there is constant work to reproduce, confine or expand the
content, althoughtidoes not mean that each domain is a system with a
central brain. For instance a written law has a different meaning depending
on which domain is used to explain it. The political domain is seen as the
place where the law is produced, although its finaimiulation and
execution often occur in the legal domain and its influence may be felt in the
economy domain, while the environment may be the domain that the law
protects.

Following on from this, domains must at least be tidi@eensional and it is
questonable if allegories of a domain or a sphere are at all useful. The mere
act of considering the potential content of a domain reveals that they are so
interwoven that any specific element can belong to a number of domains.
Hence, both the label of a siegélement and the composition of the larger
'structure' are subject to fluctuation.

The topography of the domains can therefore hardly be shaped as circles,
spheres or any other simple geometric figure. They seem to have more of a
molecular structure, onef nodes connected by bonds. To escape the
chemical associations and rather link up with a word more frequently used in
a range of social sciences, networks can be a more fruitful allégary
Hakansson & Snehota 1989; Latour 1997; 1999a; Law 1994)s, from

this point on | wil refrain from the use of words like 'domain' or 'sphere’,
and instead stick to the word 'network'. A representation of society as seen as
different overriding networks is shown below.



| Economy Networ(P

| Environment Network |
- O

Figure 1-4 Society a8 networks. For the sake of illustration, | have let all the
networks share one element.

Recognising that most entities encountered in society consist of a
heterogeneous mix of elements from a variety of such overriding networks,
the whole idea of opetiag with such larger 'structures' may be contested.
However, as shown for the economy and the environment, a lot of work has
been done to refine each of them, to create separate languages and ways to
operate. Still, many of them rely heavily on other neksdor their own
existence.

It is assumed that the production of the environment network is largely down
to science; hence, elements of the science network are granting credibility to
the environment network. Although this network is certainly compo$ed o
other actorsi NGOs, a beautiful waterfall or a newspaper coluinits
expansion and legitimacy can largely be considered to be the result of
science.

The economy network, on the other hand, is mostly produced in the industry
network. It means that othactorsi the finance professor, a retail outlet or
credit cards are not granted the same importance in confining and defining
the economy network.

* Although such a statement might provoke economists, i.e. scientists within
economic siences, | do not assume the existence of economics to be all that
important to the content of the economy, as economy is often produced before
economics and the latter is a result of the former rather than the opposite.

1C



Understanding how industry operates thus increases knowledge of the
economy, as understanding the mmubms of science increases the
understanding of why the environment looks like it does.

1.4 A second refinement: why choose a bumper beam?

Car manufacturing has been honoured for developing both mass production
and later lean production and has thereby sdomgareness in relation to
production efficiency and economic issug@@omack et al 1990)On the

other hand, cars in general, and especially the automotive industry, have
been targets of criticism from environmental organisations for decades
(Carbusters 2003)

The bumper beam is nas clearly linked to the environment as, for instance,
the choice of fuels in cars, but knowing that it can be made of different
materialsi with steel, aluminium and plastic composites being used most
ofteni makes potential environmental debates visible.

Thus, tracing the bumper beam's existence in the economy and the
environment, respectively, should provide knowledge about the relationship
between the two societal networks.

1.5 A third refinement: from economy to Economy* and from
environment to Environment*

I will now introduce two proxy variables, as it is hard to clearly define the
economy and environment networks and because whatever empirical area is
chosen, it can never capture the whole of what economy or environment is.
These are called Economy*na Environment* and will be filled with
content during the empirical parts of the thesis.

The proxy variables are related to set theory. In primary school, we were
taught that all fire engines are red vehicles (at least in Norway they are), but
not all rad vehicles are fire engines. In this thesis, Environment* is to the
environment network what fire engines are to the category of red vehicles.
Environment* is thus the portion of the environment network created by
science that is related to aluminium bumpeams. Similarly, Economy* is

the part of the economy network produced by industry in relation to
aluminium bumper beams. This is not to say that the elements covered in the
thesis areonly related to bumper beams. Rather the contrary, as | do not
believe bumper beams to be a driving force either for the economy or for the
environment, most elements covered within this book are probably produced
for other purposes. And that is a strength rather than a weakness. This thesis

11



is concerned with the relatioriph between the economy and the
environment, not the specifics of bumper beams, although such specifics are
used to shed light on the aforementioned relationship.

Neither the Environment* nor the Economy* will be predefined categories.
The assumption fronthe outset is, however, that the Environment* is
predominantly produced by scientists and the Economy* similarly by
industrial companies. This has consequences in terms of where to seek
information about the networks and what information to seek. | will no
decide whether the Environment* is about green trees, species at risk from
extinction, emissions of gases, noise or traffic injuries. Instead it is used as a
collective category for all verbal and material arguments related to life and
health. If | seemoo preoccupied with the effects of nitrogen oxides or too
little interested in disposal of nuclear waste, it is because the pressing issues
are defined by the empirical study. In much the same way, the Economy*
will not be treated as an unambiguous catggbut will be defined by the

case where such issues as growth or survival of companies are present. Thus
the Economy* can be just as much about securing local employment as
about share dividends and profit, about efficient logistics processes just as
much as about the marketing of products. Common to the descriptions of the
Environment* and the Economy* is that both will be based on relations:
relations between actions, materiality and human be{htfkansson &
Snehota 1995: Hakansson & Waluszewski 2002; Latour 1987; Latour &
Woolgar 1979)

1.6 More specific research questions

From the first refinement, the preliminary research question stated in
Chapter 1.2 can be reformulategifallows:

How does the economy network affect the environment network, and vice
vers&

The transformation from domains to networks also influences the way to
understand what "affect" means and how effects can be achieved. In order
for two networks to déct each other, an element (node) must be shared so
that it exists in both networks simultaneously. Thus, the research question
can be divided into two more specific questions:

1. What elements are common in the economy network and the

environment networkand
2. How did these elements become comnfinon
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These questions require thorough knowledge of both the elements included
in both networks and the mechanisms with which each of the networks are
produced and reproduced. As doing this for the entire economyhand t
entire environment would be a hopeless task, the last two refinements
narrow the areas that must be searched and researched. The first of the
questions posed above can thus be rephrased:

1. What elements are shared in the Economy* and the Environment*
andstill
2. How did these elements become shared

The thesis will thus map out the elements of the Economy* and the
Environment*, explain their production and provide descriptions of how
some elements have become shared. These findings can be used to increase
understanding of the relationship between the economy and the environment.
Such knowledge can be useful for business managers who want to be more
aligned with environmental issues, environmentalists who want to get a
grasp on why it may be difficult to iegrate environmental issues into the
economy, politicians who wants to create a framework for industrial
production and development with a concern for the environment and, last but
not least, scientists who want to take the economy and/or the environment
into account.

1.7 Outline of the thesis / roadmap

Chapter 2 presents the underlying ideas about the collection, treatment and
presentation of empirical material to answer the research questions. The
"theories"® underlying the study are displayed and discusmed issues
pertaining to worldviews and the reliability of the study are addressed.

Chapter 3 contains a presentation of the Economy?*, that is the part of the
aluminium bumper beam case confined to industry. The bumpers and
bumper beams produced in theationship between the car manufacturer
Volvo and their supplier at Raufoss between 1970 and 2006 are used to
emphasise the production of Economy*. The elements that make up or have
made up the Economy* are presented. These will be used to discuss the
relationship between the economy and the environment.

Chapter 4 is a presentation of the Environment*, i.e. the part of the
aluminium bumper beam case confined to science. Environmental issues

® The reason for the use of invatteommas will become clear during the
presentation.
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related to bumpers and bumper beams are traced through scieniifies
between 1970 and 2006 to emphasise the production of Environment*. The
elements that make up or have made up the Environment* are presented.
These will be used to discuss the relationship between the economy and the
environment.

Chapter 5 presesm elements that are common to the Economy* and the
Environment*, explaining how the elements travel from one network to the
other. The mediators the vehicles of translaticihthat make it possible for
elements to travel from one network to the otherdisplayed and some of
their features discussed.

Chapter 6 concludes the thesis. The chapter includes a presentation of the
main findings from the study, a discussion of the case in relation to the
findings and intentions of the study, possible contiilmg to theories and
practices, and recommendations for further studies.
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2. Research designing

This chapter will outline the empirical and analytical strategies for capturing
the relationship of the Economy* and the Environment* as they are sketched
in theintroductory chapter of the thesis. | will focus particularly on how the
strategies are implemented, that is, how empirical material is collected and
organised. There is no natural order in which to present the research strategy,
as every written accountivgive a more ordered presentation of the process
than how it is undertaken in real life. The ideal presentation would perhaps
be to have the document as a web page where the reader could click back
and forth among hyperlinks, with the document itselfiitig neither a
beginning nor an end. This chapter does, however, conceal the chaotic
process of iterations between 'methods', strategies, empirical sites and
conceptual thinking, as well as endless pondering on the true nature of
research and the world aifathere is such a thing as a true nature. It starts
with a short presentation of the empirical domain before briefly presenting
the "theories" applied to structured data gathering and analysis and
discussing why there are two of them. Then follows atghr@sentation of

the basic worldview underpinning the study. Thereafter the specifics of how
data is gathered and organised is presented, and the chapter concludes with a
discussion of how explanations are made and how reliability can be
evaluated.

2.1 Seleting empirical material

With the relation between Environment* and Economy* as the starting
point, | was determined to find an empirical area where both networks
should be present, in line with what Eckstgif75)calls amost likely case

The automotive idustry seemed like an obvious choice. However, the
aluminium bumper beam was not only chosen for its connection to the
automotive industry. In addition to a special interest in aluminium as a
material, | also knew of a Norwegian producer of such compgneatsely
Hydro, and | knew Volvo to be one of their important customers.

During my years of working with environmental analysis before entering a
PhD program, | learnt that both Volvo and Hydro have been instrumental in
using and even developing envirormted assessment tools. A quick glance

at either Volvo's or Hydro's homepage will reveal that they are both
interested in incorporating environmental qualifications into their activities.
They seem more than happy to be able to present and document their
ongoing efforts relating to environmental performance and environmental
improvement of processes. Volvo was the first company in the automotive
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industry to present an environmental policy back in 187@vo 2003)

They have been involved in numerous projects on business and
sustainability. |1 knew both Volvo and Hydro to be sucfidssompanies.

They have large revenues, a large number of employees and have stayed in
business for a long period of time. And finally, they feature some
characteristics that make them easier to trace, as indicated below.

Access and availability

Large irdustrial organisations are often hard to penetrate and gaining access
to the relevant people can be a cumbersome task. The possibility of finding
interviewees is one of the main reasons why | chose Hydro. In my former
job, I had participated in a projectagip with a Hydro employee from the
Environmental Research Department. He knew who to talk to and his name
worked as a "doeopener" for gaining access to other people in the
organisation. These people were able to help me with the specifics of the
case, povide information about the case and refer me to other people within
both Hydro and Volvo who were involved in the production or development
of bumper beams.

Geographical proximity

The premises for bumper beam production and car assembly are,
respectivey, only a twehour and a fouhour train ride away from my
office. Hydro Automotive has an office in Oslo, as well as one in Raufoss
(where production takes place). Volvo's office is located next to the
assembly plant in Torslanda just outside Gothenbins proximity made it
more convenient, both financially and timése, to visit these companies'
sites, rather than those of any other producers involved in the car industry.

Language

The interviews and many of the documents have been in Nordic languages
i.e. Norwegian and Swedish. It would have been harder to understand or
even get hold of a lot of this information without knowledge of these
languages. Obviously, it creates a problem at the "other end", where case
information must be translated into Hsh and where information may
disappear or get distorted. However, | believe this to be a lesser barrier than
having to rely only on those sources with an accessible language.

Social proximity

Together with a common language, the sharing of common alltur
references makes interviews easier to perform. The requirement of
understanding expressions, both technical and social, is thus made easier.
Several of the interviewees even attended the same university that | did,
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which has contributed positively toegtatmosphere of the interview on more
than one occasion.

2.2 Searching for the Economy* and the Environment*
(empirical and analytical theorising)

Having selected what to study and justified the reasons for the selection, the
task of identifying how to studyt is next. The bumper beam is not
interesting per se, but is used to exemplify relations between the economy
and the environment

Whatever the Economy* and the Environment* turn out to be, | do not
believe there are any theories that are currently abbapture any of them
fully, or at least not the relationship between them, particularly if we take
'theory' to mean a readyade scientific explanation where data can be
inserted to check if the explanation holds or not. | do, however, believe that a
rancbm approach without any guiding principles would be just as, or even
more, misleading. | have therefore chosen two scientific approaches, often
referred to as theories although both are resistant to be termed so, to
structure the empirical and analyticabsk. These two are the IMP network
approach (IMP) and the actoetwork theory (ANT), both which are
presented below. The idea is to apply IMP to sort out the Economy* and
ANT to do the same job with the Environment*. Concepts from each
approach will be wed to aid data gathering, organisation of empirical data
and analysis of data. It may be a stupid idea; one fit for raising questions
such as: "Why use two approaches?", "Wouldn't one be enough?" and "Are
they compatible for use in the same study?" | wiyl to answer these
questions, even though final judgement will have to wait until the study has
been conducted and evaluated. Let us first see what the approaches have to
say.

2.2.1 The IMP network approach

In order to carry out an empirical study of the Ecog®, | needed to find an
approach to study economy that was positive towards and allowed for
empirical enquiries. The IMP network approach (IMP) has grown out of
empirical studies of business and should therefore provide a good starting
point® Such a views in line with what McLoughlin and Horg2002)write:

®IMP is also referred to as the industrial network approach, industrial network
theory, or the MarketasNetworks approach
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"The mainstream view is that any gap between science and praesce
due to the irrationality of managers that must be curbed and brought into
line with the prevailing theory. For network researchers, on the other
hand, the relationship was the opposite. A gap between science and
practice meant a deficit of theoretidaiowledge that must be met" (p.
540).

In 1976, a group of young enthusiastic researchers from several European
countries formed the Industrial Marketing and Purchasing (IMP) group.
According to Wilkinson(2001) "they were dissatisfied with the dominant
marketing paradigm of the time, which focused on consumer goods and
adopted a stimulus response, aferggth approach to the customer with
seller as the active party." Inspired by empirical findings of stable
relationships between companies, they started a study of such relationships
between purchasing and selling firms from France, Italy, Sweden, West
Germany andhe UK. The results were published in the first IMP study
(Hakansson 1982)where an interaction model was developed. During the
1980s, the scope was widened to include companies outside the focal
relationships and the interaction model veapplemented with a network
model (Hakansson 1987)The research stream has developed towards an
alternative conceptualisation of the market. An alternative to the ‘classical’
market model, that is:

"According to the marketasnetworks approach, not lynis exchange

interactive but individual market transactions take place within dynamic
exchange relationships between parties
market is considered as networks of multidimensional, dynamic

exchange relationships between econoawitors, who control resources

and carry out activities. In these exchange relationships social relations

are developed, knowledge is exchanged and developed, technical

changes and adjustments, sometimes of an innovative nature, take place,

logistical actvities are coordinated.(Mattson 2003:6/, emphasis in

original)

We have already come to realise that IMP proposes an alerm@giproach

to understand business life. Ford and Hakans@f06b) discuss two
challenges in linking IMP to pwailing ideas. The first is related to the view
"that the structure of the business world is comprised of companies that are
more or less independent of each other and which are each able to build and
execute their own strategy." The second to the viewt"the process of
business consists of the independent actions of individual companies,
directed towards a generalised group of ‘customers', ‘'suppliers’ or
‘competitors' and intended to have an effect on that group as a whole."
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The way the challenges arphrased make them almost appear as
theoretically driven, but it is emphasised that interdependence and network
properties are evolving features of business life:

"Increasing technological intensity and the associated pressure of cost
have led companiet® become more specialized and hence more-inter
dependent with each other. This increasing interdependence has led to
evermore complex interactions, facilitated by improved
communications between companies with an ever wider variety of
resources and ways operating” (Ibid:8).

These empirical observations are specified by Hakan(2006)

"[An] indicator of a change in the businea®rld is the use of new
managerial tools or sets of advice. There are a number of such tools
having network attributes. There are general methods such as JIT (just
in-time) where companies are advised, through closer relationships, to
take out costly timein production chains and TBM (tireased
management) where not just production but also development schedules
involving several companies should be adapted. In addition, there is
TQC (total quality control) where the issue is to increase the total
quality by applying the same standard in all production stages, again
involving several companies producing a product. There is also the
development of much more specific managerial tools, especially within
marketing and purchasing, including customer relatignshi
management, supply chain models and key account management, which
all are examples of new and closer ways (thicker interaction) to relate to
counterparts” (pp. 14647)

In order to make sense of these empirical observations, some of the most
important oncepts and assumptions will nhow be presented. These are
relationships, interaction, heterogeneous resources and networks. Finally,
IMP's relation to the Economy* and to the practical accomplishment of the

thesis is outlined.

Relationships and Interaction

IMP was based on the existence of business relationships and was for a long
time devoted to exploring the content of relationships and the mechanisms
involved in their formation and continuation. The starting poinidsthat
relationships are intrinsitg good. IMP is a descriptive rather than a
normative approach. In fact, emphasis is placed on how relationships
provide both possibilities and constraints for the involved parties.

"The interdependencies in an actor's existing relationships
simultaneouly empower and constrain its ability to achieve change and



growth. Thus an actor's dependence on the resources and the problems
of others increases its freedom to invest its own resources in more
productive areas within that relationship or elsewhere andige the

basis for it to develop in hew directions. But at the same time, an actor's
existing relationships restrict its freedom to act in the directions of its
own choice and require it to invest resources in interaction within its
existing relationship. A key aspect of business interaction is the
building, managing and exploitation of interdependencies over time"
(Ford & Hakansson 2006a)

Hakansson(2006) gives more specific examples on what possible benefits
may be:

"éThe stability in terms of counterparts can
framing and creating development itechnical or other aspects.

Relationships become the framework for joint development of

technologies and other types of new solutions. The dynamic role is

significant, and important relationships often include product and

production process developmenBne aim is to increase efficiency in

production, handling, or transporting the products or the design of the

product or production system" (p. 153)

Relationships are atncompassing, in that they steer the directions of the
involved actors and not onlyiese human individuals directly related from
the two organisations. This is also connected to the fact that any single actor
cannot choose how the relationship will evolve.

"Relationships aren't just an issue for marketing or purchasing. Those
areas of cporate activity that are traditionally viewed as "internal” to a
company and as solely its responsibility are not really internal. And they
are certainly not wholly controllable by the company itself. For
example, a company's human resources, operatibnance and
research and development are all affected by and affect the company's
relationships. In fact, it is equally valid to say that the nature of a
company is defined by its relationships, as it is to say that the company
itself defines its relatioréps” (Ford & Hakansson 2006b10).

Instead, relationships evolve through interaction.

"Interaction empasises that the processes that occur between
organisations are beyond the complete control of any individual actor.
Interaction is not the outcome of the factors that drive a single action by
a single actor. Instead, it is a process in which the effé@ayaction

are affected by how that action is perceived and reacted to by the
counterparts. This reaction then triggergeactions from the initiating
actor and so on{Ford & Hakansson 2006b:4)
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Which further means that:

"Putting interaction at the centre makes it impossible to make sense of
what happens between business companies by looking at just one of
them. The direction of a business relationship is outside the control of a
single company. Neither of the companies involved owns, directs or

manages it. A relationship has an "interactive existence" beyond that of
the participants{Ford & Hakansson 2006a)

These citations show the relative (or relational character) of relationships.
But as yet, there has been no explanation of what interaction actually
consists of. Ford and Hakansg@006a)state that:

"Interaction isn't just a set of conversations that lead to some abstract
agreement. Nor is it something that takes place alongside "real”
business. Interactiohas a substantial and physical form. Interaction
does include interpersonal communication. But companies also interact
through delivery of physical products and services, information and
payments and also through more @iged observations. All interaoti

has specific meanings for those involved and for those affected by it.
All subsequent interaction will be based on these interpretations of that
meaning by all of those who are affected by it. All interaction is
concerned with the physical world. Theoaomic effects of interaction
appear in the physical world and the outcomes of interaction are within
the constraints of that physical world. Interaction can be seen as the
interplay between different actors, but also as the interplay between the
abstractdeas of those actors and the physical constraints that surround
them. In this way, interaction provides the link between technology and
economy" (pp. 8).

Interaction is thus physical, but still connected to the interpretations of the
actors. An impodnt point is the last one made in the citation, 'the link
between technology and economy'. For relationships to make sense, there
must be a chance of increased revenues or decreased costs being achieved as
the result of development through interaction.sThiings us to one of the
important assumptions in IMP: unlike most mainstream economic
approaches, resources are viewed as heterogeneous.

Resources are heterogeneous

"One of the critical basic assumptions in market theory is the need to
assume that reseces are homogeneous from an economic point of
view. As soon as the value of resources is not a given but can be
improved, for example, by finding a better way to combine them with

each ot her , t hen t he mar ket form cannot

homogeneit and heterogeneity can also be related to change. A
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homogeneous resource is givieit is, from an economic point of view,
frozen and therefore cannot be developed. This is not the case for a
heterogeneous resource. Such a resource can always be impsoved
finding new and better ways to combine it with other resources”
(Hakansson 2006:16162)

This is one of the most impart points in IMP and one that | find
appealing. The specifics of the technologies employed and the real content
of the exchange matters. IMP is not ignorant to whether the interaction
involves development of a car or exchange of bananas.

The definitionof a resource, as given by Sneh@890) is:

"A resource is an element, material or immaterial, that can be used for
some purpose. It is the purpose that makes an element become a
resource and no element, materiahot, is a resource without a known
purpose” (p. 173).

The definition is similar to the one in mainstream economics; it is thus the
element of whether the resource has a set value that is under scrutiny. IMP
has been inspired by the resource approach datdby Penros€1959)
Returning to Snehotd 990) he emphasises how the resources are important
elements of the business interaction:

"The notion of costs is related to use of resources. The value of
resources reflects their contribution to the achievemertieoptirpose.

The relation between resources, costs and achievements of a purpose is
somewhat complex. The value of resources is given by the use of them,
they have no intrinsic value; it is the use, or capability to use resources
that confers resources theralue. Resources become valuable as a
support to activities undertaken for a certain purpose, a mere possession
does not make them valuable" (188).

The resource layer has been emphasised by several researchers, especially in
the Nordic countries. Botthé assumption of heterogeneity of resources and
the outcomes of resource heterogeneity have been scrut{eigedHolmen

2001; Hakansson & Waluszewski 2002; Jahre et al 2006; Wedin.2001)

Emergent networks

"There is no single, objective network. There is no "correct" or
complete description of itt is not the company's network. No company

owns it. No company manages it, although they all try to manage in it.
No company is the hub of the network. It has no "centre", although
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many companies may believe that they are at the ce(fmrd et al
2004:4)

This rather harsh statement summarises IMP's industrial network approach.
Networks are neither something companies set up nor "a priori structures to
be imposed on organization@VicLoughlin & Horan 2002:537)It follows

that the processes involved in developing and maintaining networks, or
'networking' in thavords of Ford et a02004)

"isn't something carried out by a single company that 'manages its
network' or something that is done 'to' some other companies. All
companies are networking by suggegtinrequesting, requiring,
performing and adapting activities, simultaneously. The outcome is the
result ofall those interactions!" (p. 7, emphasis in original).

Networks are complicated material and attempts at understanding them have
been developed anefined through the scalled network mode(see for
instance Hakansson 1987; Hakansson & Snehota 1886)network model
includes three layers of substance in business: activities, resources and actors
(hence, it is often referred to as the ARA model). Each of these layers is seen
asdependent on the other two.

"Actors are defined as those who perform activities and/or control
resources. In activities actors use certain resources to change other
resources in various ways. Resources are means used by actors when
they perform activitiesThrough these circular definitions a network of
actors, a network of activities and a network of resources are related to
each other(Hakansson & Johanson 1993)

Figure2-1 shows the interconnection between the three layers.



Actors
At different levels-
from individuals to

groups of
companies
Actors have certain knowledgé Actor§ hgve certain knowledge
of activities
of resources
NETWORK
Resources Activities
Are heterogenous, Activities link resources Include the transformation
human and physical, ang to each ther. act, the transaction act,
mutually dependent Activities change or exchang activity cycles and
resources through use of transaction chains
other resources

Figure 2-1 The Networkviodel.(Hakansson 1987)

1. A business relationshifinks activities This layer is especially
related tgproductivityandefficiency.

2. A business relationshigies resources This layer is especially
related tannovationandtechnological development.

3. A business relationshiponds actorsThis layer is especially related
to identityandpower structures.

One of the reasons to include all three layers was that each of them is a
typical feature of any economic model. The difference in IMP related to the
others is connected to the emphasis placed on each of the layers. Many
business models are preoccupied with agffarsinstance, within strategy as
discussed in Baraldi et al 200&) activities(for instance, within logistics as
discussed in Jahre et al 2006he ARA model does not grant any of them a
special status; they are seen as equally important in the constitution of the
othersand of the total network. This equality may, however, give the
impression that IMP ‘favours' the resource layer only because the resource
layer is underdeveloped in many other economic theories.

To develop the model of the three layers, the researchelIP have

borrowed insights from or been influenced by several different theories, such
as history of technologyFreeman & Perez 1988; Hughes 198ddcial
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network theory(Dosi 1997; Granovetter 1973kocial exchange theory
(Emerson 1976)sense makingWeick 1995)and transaction cost theory
(Williamson 1975)

The three layers exist on three levels: the company level, the relationship
level and the network level. The layers and levels can thus be inserted into a
3X3 matrix as shown iRigure2-2.

Company Relationship Network
Activity Activity Activity
o structure € links % pattern
Activities ; ;
i Web of
i actors
Actors i
Resource4_§_> Resource <_§_>Resource
Resources collection ties constellation

Figure 2-2 Scheme of analysis of development effects of business relationships
(Hakansson & Snehota 1995)

The scheme of analysis shows interconnection between the layers and
between the levs.

More specific models have been proposed for the resource layer,-the so
called 4Rmodel(e.g. Hakansson & Waluszewski 2002; von Corswant 2003;
Wedin 2001)and for the activity laye(Dubois 1994) These models are
employed for the specific purposes described in relatiémgiare2-1.



IMP, industry and the Economy*

Although the model of an economy based on refatiips is quite different

from a model based on atomistic exchange episodes, IMP does not oppose
the general view of the function of the economy for companies. In fact,
Snehota(1990) states a 'classical' view on howoaomy functions to
conclude that this presupposes the reality of relationships:

"Market exchange opportunities arise when there is a pair of market
participants who attribute different values to goods, to a bundle of
benefits, to a potential object of dxange (product or service). Market
exchange opportunities can be exploited and gain can be achieved
through market exchange transactions by which a redistribution of
property rights is achieved.

It then seems intuitively easy to accept the notion thabidppities for

gain in business are linked to privileged knowledge about the existence
and alternative use of resources and about the potential exchange
parties" (p. 36).

IMP thus does not question the prefieking nature of business, but claims
that pofit-seeking goes through mechanisms other than faceless
transactions. This again means that the mode of increasing profit is changed,
making the output immeasurable in standard economic terms as it is related
to a network rather than a single actor.

The network model, together with several studies influenced by it, forms the
basis for collecting and writing the empirical material related to the
economic aspects of the bumper beam. All three layers are seen as important
in the formation of the Economy*.

2.2.2 Actor-Network Theory

First comes a warning, and it comes in the words of John(La99)

"The success of actaretwork theory [ANT] has led to its dissolution.
From signal to noise. But this shift, its diasporic character, also reveals
its strength. For if it is now time to abandstories that tell of straining
towards the centre then this is because doing so has helped to perform
alternative narrative strategies. Strategies that are not always narratives.
Narratives that are not necessarily strategic. Alternatives that are about
the making of objects and subjects. That are ontological. Alternatives
that have generated the possibility of an ontological politics where
object may be made and remade, remade in different images" (p.10).

The warning is not foremost that actwetwork tteory is dissolved and
therefore not applicable anymore, but rather that exploring the world of
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actornetwork theory, or the sociology of translation, can take you to places
where the words employed are quite different from those you normally
encounter in@ences. This immediately leads us back to the continuation of
the passage in Law's article:

"And this is why | would recommend actoetwork theory. | would
recommend it because it is weak. Because it is in dissolution. Because it
has betrayed itself. Bause it has turned itself from signal into noise.
Because it no longer exists. Because it has dissolved itself into other
ways of seeing, of writing, and of doing“aw 1999:10)

ANT provide alternative ways of describing the world. In addition, as for
IMP with regard to the Emomy*, ANT has an outspoken propensity for the
empirical. Most importantly, ANT is concerned with how anything becomes
stable in a world of change. "Universality or order are not the rules but the
exceptions that have to be accounted for," as statedtoyl(d997) It can
therefore aid in accounting for the production of scientific facts.

Since my thesis is concerned with how the Environment* is formed, the
scientific work necess@ in order to connect the bumper beam to
environmental impacts is of particular importance. The ANT toolbox
consists of a number of concepts developed to trace the processes of such
stable actonetwork formations. The concepts are, deliberately accotding
Latour, meaningless in themselves to ensure that they should not be
confused with the empirical world. Three of the more important concepts are
actornetworks, translation and black box. Before digging into the specifics
of the theory, it can be wise state what ANT isiot

"Actor' in the AngleSaxon tradition is always a human intentional

individual actor and is most often contrasted with mere 'behaviour'. If

one adds this definition of actor to the social definition of a network

then the bottom ofisunderstandings is reached: an individual human

usually malég who wishes to grab power makes a network of allies and

extend his powef doing some 'networking' or 'liasing' as Americans

sayé This is alas the way ANT is most of t en
about as accurate as saying that the night sky is black because the

astrophysicists 'have shown there is a big black hole in(Lititour

1997)

Instead, ANT can be viewed as a general methau/&stigate the formation
of any stable entity, be it an organisation, a concept or a technology. Latour
(1999a)stated that:

"Far from being &heory of the social or even worse an explanation of
what makes society exert pressure on actors, [ANT] always was, and

27



this from its very inceptionCallon & Latour 1981) a very crude
method to learn from the actors without imposorgthem ara priori
definition of their world building capacities” (p. 20).

Latour's project has to a large extent been focusing on showing and
suggesting how to solve the artificial separation between the natural and the
social. It is a critique of semlogy for using what should be explained, the
social that is, as the explanation. Nothing should be taken as an underlying
structure and size should not be treated as a cause but an effect.

Actors, Networks, and Actor-Networks

Callon (1987) explained the relation between the actor and the network as
follows:

"The actornetwork is reducible neither to an actor alone nor to a
network. Like a network it is composed of a series of heterogeneous
elements, animate and inar@ta, that have been linked to one another
for certain period of time. An acteretwork is simultaneously an actor
whose activity is networking heterogeneous elements and a network that
is able to redefine and transform what it is made of" (p.93).

Even if the actometwork is norreducible, there are certain traits of both
actors and networks that have led to the consciously chosen term 'actor
networks'.

Let us start with the actor:

"An ‘'actor' in ANT is a semiotic definition an actanti that is,

someth ng that acts or to which activity

are not conceived as fixed entities but as flows, as circulating objects,
undergoing trials, and their stability, continuity, isotopies has to be
obtained by other actions and other traflsitour 1997)

This definition of actors is vague and sharp at the same time. The vagueness
probably stems from the normal concept of viewing actors as human beings.
Instead ANT focuses on the bty for everything, be it a knife, a human
being, a bacteria, a pencil or anything else, to act or to make others act. The
sharpness is connected to the requirement that the actor must in fact make a
differencel it has to act to be an actor. It is ngaist a placeholder taking up
space in a description.

The inclusion of nofhumans as actors has been problematic to several social

scientistye.g. Collins & Yearley 1992)put to erase the distinction between
the social and nature, no entity should be given a favoured ontological
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position. Moreover, it is not only to ensure that no one is given a favoured
ontologicalposition that noshumans are included:

"é[ The] anal ytical guestion is this.

because he or she inhabits a body that carries knowledges, skills, values,
and all the rest? Or is an agent an agent because he or she inhabits a s

of elements (including, of course, a body) that stretches out into the
network of materials, somatic and otherwise, that surround each
bodyéThe argument is that thiinking,
all the attributes we normally ascribe to hunteings, are generated in
networks that pass through and ramify both within and beyond the body.
Hence the term, actaretworki an actor is also, always, a network"

(Law 1992: 381)

ANT seriously considers the idea that the boundaries of a human being are
blurry and Latou(1997)states this to be a 'law"

"As a rule, what is doing the moving and what is being moved have no
specific homogeneous morphism. They can be anthmogphic but

also zoemorphic, phusimorphic, logemorphic, technemorphic, idee
morphic, that is '(¢morphic'. It might happen that a generative path has
limited actants to a homogeneous repertoire of humans or of
mechanisms, or of sign, or of ideas, or of edlive social entities, but
these are exceptions which should be accounted for" (p. 380).

The network metaphor is also consciously chosen, but also readily open for
misunderstandings as 'networks' are spreading like a disease in both
scientific and norsdentific texts. Latour (1997) stresses that the networks in
ANT have nothing to do with technical networks such as computer networks
(which are totally organised) or social networks (which leave the world out
of their analysis).

"ANT aims at accounting fothe very essence of societies and natures.
It does not wish to add social networks to social theory but to rebuild
social theory out of networks. It is as much an ontology or a
metaphysics, as a sociolofiyiol & Law 1994)'(Latour 1997).

This needs clarification:

"More precisely it is a change of topology. Instead of thinking in terms
of surfaces’ two dimensioni or sphere§ three dmensioni one is
asked to think in terms of nodes that have as many dimensions as they
have connections. As a first approximation, the ANT claims that
modern societies cannot be described without recognizing them as
having a fibrous, threalike, wiry, sting, ropy, capillary character that

is never captured by the notions of levels, layers, territories, spheres,
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categories, structure, systems. It aims at explaining the effects
accounted for by those traditional words without having to buy the
ontology, toplogy and politics that goes with them. ANT has been
developed by students of science and technology and their claim is that
it is utterly impossible to understand what holds the society together
without reinjecting in its fabric the facts manufacturednajural and
social sciences and the artefacts designed by engineers. As a second
approximation, ANT is thus the claim that the only way to achieve this
reinjection of the things into our understanding of the social fabrics is
through a networike ontology and social theory.

To remain at this very intuitive level, ANT is a simple material
resistance argument. Strength does not come from concentration, purity
and unity, but from dissemination, heterogeneity and the careful plaiting
of weak ties" (Latour 197: 370).

Networks thus have the advantage of not being confined into small
categories with homogenous material, and it ends the speculation about all
overlaps and void spaces:

"Literally there is nothing but networks, there is nothing in between

them, @, to use a metaphor from the history of physics, there is no

aet her in which the networks should be i mmer
boundary without inside or outside. The only question one may ask is

whether or not a connection is established between two etenikhe

surface 'in between' networks is either connettbdt then the network

is expanding or nonexisting." (Latour 1997: 370).

The real advantages come from escaping dominant views on space and size,
in other words the perceived importance of pheximity of actors and the
micro-macradistinction. ANT contests that the closeness of actors is
necessary for their connectedness and that an actor of larger size is
necessarily more important than a smaller actor.

"The first advantage of thinking inrias of networks is that we get rid

of 'the tyranny of distance' or proximity; elements which are close when
disconnected may be infinitely remote if their connections are analyzed,;
conversely, elements which would appear as infinitely distant may be
closewhen their connections are brought back into the picture. | can be
one metre away from someone in the next telephone booth, and be
nevertheless more closely connected to my mother 6000 miles away; an
Alaskan reindeer might be ten metres away from anotherand they
might be nevertheless cut off by a pipeline of 800 miles that make their
mating for ever impossibleé[The] notion of ne
tyranny of geographers in defining space and offers us a notion which is
neither social nor 'readpace, but associations" (p. 371).
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The examples are obvious in print but it is easy to forget when one looks for
relations between elements. Perhaps more important than how relations in
ANT alter the view on distance is how they alter the view on size:

"A network notion implies a deeply different social theory: it has no a
priori order relation; it is not tied to the axiological myth of a top and of
a bottom of society; it makes absolutely no assumption whether a
specific locus is macrar micro- and dos not modify the tools to study

the element 'a’ or the element 'b’; thus, it has no difficulty in following
the transformation of a poorly connected element into a highly
connected one and back. A network notion is ideally suited to follow the
change of sles since it does not require the analyst to partition her
world with any priori scale. The scale, that is, the type, humber and
topography of connections is l|left to
opposing the individual level to the mass, or the agéa the structure,

we simply follow how a given element becomes strategic through the
number of connections it commands and how does it lose its importance
when losing its connections." (Latour 1997: 371)

It follows that:

"A network is never bigger timeanother one, it is simply longer or more
intensely connected."(Latour 1997: 371)

This alteration is necessary in order to avoid granting some actors extra
power because they look big at the outset. The point is to grant the empirical
world the right tomake the explanations instead of relying on predefined
views of what is important and what is not.

Latour is, however, quick to emphasise that the alteration of views is not the
same as defining away distance and size and other "standard" variables in
science:

"This is not to say that there is nothing like 'macro’ society, or 'outside'
nature as the ANT is often accused to, but that in order to obtain the
effects of distance, proximity, hierarchies, connectedness, outsiderness
and surfaces, an enormougplementary work has to be do(ieatour
1996a)" (Latour 1997: 372)

Thus, the change of views is rather connected to a differentatadéing of
the objects under study as well as a different way of making sense of them.
Entities are no longeitherphysical and readr socially constructed:

"The new hybrid status give to all entities both the action, variety and
circulating existenceecognised in the study of textual characters and
also the reality, solidity, externality what was recognized in things 'out
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of' our representations. What is lost is the absolute distinction between
representation and thingsbut such is exactly what ANWishes to
redistribute through what | have called a cow@epernican
revolution." (Latour 1997: 375)

Words and objects get mixed up as they do in everyday life and this dual
nature is used constructively rather than being defined away at the outset.
The result has consequences for understanding not only actors, but also
networks and actemetworks.

"ée[ ANT] is not about tracerdcinghet wor ks but ab
activityéThere is not a net and an actor | ayi
is an actor whose ddfinition of the world outlines, traces, delineate,

limn, describe, shadow forth, inscroll, file, list, record, mark or tag a

trajectory that is called a network. No net exists independently of the

very act of tracing it, and no tracing is done by an aexberior to the

net. A network is not a thing but the recorded movement of a thing. The

questions ANT addresses have now changed. It is not longer whether a

net is a representation or a thing, a part of society or a part of discourse

or a part of natureput what moves and how this movement is

recorded." (Latour 1997: 378)

Much of the material here may seem overly specific and almost pretentious,
but there is a reason for it:

"ANT is not merely empiricist though, since in order to define such an
irreducble space in which to deploy entities, sturdy theoretical
commitments have to be made and a strong polemical stance has to be
taken so as to forbid the analyst to dictate actors what they should do.
Such a distribution of strong theory for the recordingmfe and no
middle range theory for the description is another source of many
misunderstandings since ANT is accused either of being dogmatic or of
only providing mere descriptions. For the same reason it is accused of
claiming that actors are 'really’ inftely pliable and free or, inversely,

of not telling what a human actor really is
anything about the shape of entities and actions, but only what the
recording device should be that would allow entities to be described in
all their details. ANT places the burden of theory on the recording not
on the specific shape that is record@éditour 1997) p.375.

Thus, to tell a real empirical tale, the instruments for doing so neustell
specified. That is why time is spent here on sorting out what the concepts,
the mechanisms or the processes are that can be used to understand the
formation of stable entities, that is, actmtworks. This is particularly
important as scientific fas are both good examples of stable entities and
provide the foundation for the Environment*.
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Translation

Translation is the building block of actor networks. It is the manifestation of
interaction between actors and may happen in many ways. LEi986)
describes it thus:

"éthe spread in ti melainsnodlerss arthlacte of anyt hing
goods- is in the hands of people; each of these people riaiy anany
different ways, letting the token drop, or modifying it, or deflecting it,
or betraying it, or adding to it, or appropriating it." (p. 267)

In order to align the interests of different actors, translation is needed and "is
more effective if itanticipates the responses and reactions of the materials to
be translated” (Law, 1992: 388). Translation is thus the act and outcome of
carrying an idea or a material object forward:

"Analysis of ordering struggle is central to aetmtwork theory. The
object is to explore and describe local processes of patterning, social
orchestration, ordering, and resistance. In short, it is to explore the
process that is often calléchnslationwhich generates ordering effects
such as devices, agents, institutiomrsprganizations. So "translation” is

a verb which implies transformation and the possibility of equivalence,
the possibility that one thing (for example, an actor) may stand for
another (for instance a network).

This, then, is the core of the actmetwork approach: a concern with
how actors and organizations mobilize, juxtapose, and hold together the
bits and pieces out of which they are composed: how they are
sometimes able to prevent those bits and pieces from following their
own inclinations and makg off; and how they manage, as a result, to
conceal for a time the process of translation itself and so turn a network
from a heterogeneous set of bits and pieces each with its own
inclinations, into something that passes as a punctualized agtam
1992:386).

The citation above may be difficult to understand. The consequences are
‘easy’, however, if we look at what ANT has achieved through their studies:

"The empirical conclusion is that translation is contingent, local, and
variable" (Law 1992:387).

Those things that are contingent, local and variable can certainly be
interesting, but scientific facts show the exact opposite characteristics. Thus,
there must be ways to make translations last, to make them into black boxes.

" A punctualized actor is similar to an actwtwork that is blackoxed.
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Black box

A black box iswhat occurs whenever an actwtwork is sealed in such a
fashion that it can act as a single actor. La{@@87)states:

"I have used this term both too much and too loosely to mean either a

wel-est abli shed fact of an unproblematic objec
new undisputed facts to be fed back, timyavay for a whole stable

field of science to be mobilised in other fields, is for it to be turned into

an automation, a machine, one more piece of equipment in a lab,

another black box" (p. 121).

Most of science is based on black boxes, on previousableshed truths

that must be taken for granted. When carbon dioxide, measuring instruments,
laboratories, scientific journals, and solar rays all are made into one single
theory of climate change, we have a black box. This can serve as input for
other soénces and also for political processes such as the Kyoto protocol
negotiations.

Black boxes presuppose translations to be far from contingent, local and
variable. Instead they must be durable and mobile. Both these features have
to be inserted into the s involved, the fabric of the actors cannot be
easily dissolved and they must be able to travel. Such are the characteristics
of many actors and actoetworks as shown in a number of ANT studies.

ANT, science and the environment

The first studies in NT concerned the production of scientific fa(ee for
instance Latour 1983; 1987; Latour & Woolgar 1979)

"They argued that knowledge issacial productrather than something
generated through the ajpdon of a privileged scientific method. And,

in particular, they argued that "knowledge" (but they generalize from
knowledge to agents, social institutions, machines, and organization)
may be seen as a product or an effect oetwork of heterogeneous
materials

| put "knowledge" in inverted commas because it always takes material
forms. It comes as talk, or conference presentations. Or it appears in
papers, preprints, or patents. Or again, it appears in the form of skills
embodied in scientists and tedtians (Latour & Woolgar 1979)
"Knowledge," then is embodied in a variety of material forms. But
where does it come from? The aet@mtwork answer is that it is the end
product of a lot of hard work in which heterogeneous bits and pieces
test tubes, reagents,rganisms, skilled hands, scanning electron
microscopes, radiation monitors, other scientists, articles, computer
terminals, and all the restthat would like to make off on their own are
juxtaposed into a patterned network which overcomes their resistance
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In short, it is a material matter but also a matter of organizing and
ordering those materials. So this is aatetwork diagnosis of science:
that it is a process of "heterogeneous engineering” in which bits and
pieces from the social, the technicak ttonceptual, and the textual are
fitted together, and so converted (or "translated") into a set of equally
heterogeneous scientific products" (Law 1992:381, emphasis in
original).

The output of science, the texts, travel easily through actors like laooks
journals - and the texts are made credible, their anttwork status
stabilised, through alluding to still more resistant materials and the trails they
make materials undergo in the hands of scientists. Even the texts themselves
creates references daorrability?

"As | have shown elsewhere, it is possible to define scientific literature
stylistically by following how the authors, instead of alluding to
documents, mobilize them in the text as so masgriptions (tables,
graphs, pictures, diagramd).is even possible to decide if a narration
pertains to a harder or a softer field of science by looking at the type of
inscriptions and the way they are piled on top of one another so as to
create, for the reader, the impression of a harder or softéty'rea
(Latour 1988:8)

ANT will be guiding the description of the environmental aspects of the
bumper beam. All the concepts treated here will bdraketo explain the
formation and texture of the Environment*. In addition, in the bBoilence

in Action Latour lays down rules and principles to follow when studying
sciences. | have picked out four rules and two principles that are deemed
especially inportant for studying the Environment*. These rules and
principles are supposed to steer the way the empirical data is collected and
the empirical description is written to avoid a presentation where the
conclusions are given in advance.

8 Latour(1988)also describes the tedious efforts by Einstein in securing non
deceitful translations to sort out the aet@twork known as the relativitheory:
"Obviously, Einstein is both a latecomer in this long history [of centres of
calculation] and a significant contributor to it. His obsession with transporting
information throughrandormations withoutleformations; his passion for the

precise suprimposition of readings; his panic at the idea that observers sent away
might betray, might retain privileges, and send reports that could not be used to
expand our knowledge; his desire to discipline the delegated observers and to turn
them into dependépieces of apparatus that do nothing but watch the coincidence
of hands and notches; even his readiness to jettison what common sense cherishes
provided the equivalence of metrological chains be saved" (Latour 1988).
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The rules are givein citations, while my reasons for employing the specific
rule are argued for in between.

"l. We study sciencdn action and not ready made science or

technology; to do so, we either arrive before the facts or machines are

black boxed or we follow theacnt r over si es (Ldtcaut reopen t hemo
1987:258)

It is not enough to describe environmental issues as they are presented in
science or in mass media in order to show what the environment really is. To
do so, the different elements making up an environmental problem must be
scrutinised and thehistory tracked in order to avoid taking the elements for
granted.

i2. To determine the objectivity or subjectiyv
or perfection of a mechanism, we do not look for tivgitinsic qualities

but all the transformations they wrdolateri n t he hands of ot herso
(Latour1987:258)

In other words: an idea, a theory or a machine is not right by definition
alone. They need usage to become right and are transformed in the process.
The quality of an element therefore cannot be described by looking at the
element itself. TH rule is important to avoid a description where elements
are taken for granted because their extended presence makes them look to be
of better quality.

fi 3. Since the settl emmuseof Mafuresa controversy i
representation, not its consequenge can never use this consequence,

Natur e, to explain how an@atowhy a <controvers
1987:258)

When the environment is described, the results from science cannot be taken
as the starting point. Facts from natural sciences are not present out there in
nature for researchers teveal, so appeals to nature should be avoided when
presenting the elements that make up the environment.
4. Since the sett | encausdof Sodietys controver sy i
stability, we cannot use Society to explain how and why a controversy
has been sééid. We should consider symmetrically the efforts to enrol
human and notuman resources(Latour 1987:258)

Society is just as unsuitable as Nature to be the root cause of everything, as
Society is also created. Thus, this fourth rule is necessary to complement the
third and to stick to a dedgption where elements are not predetermined to
belong to either category.
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The principles:

"1. The fate of facts and machines is in later users' hands; their qualities
are thus a consequence, not a cause, of a collective action.

This principle is simér to the second rule and tells me to avoid the use of
the elements themselves as an argument for how they are used. Rather the
elements usage should be tracked and described in order to understand why
they disappear or are enforced.

2. Scientists and eimeers speak in the name of new allies that they
have shaped and enrolled; representatives among other representatives,
they add these unexpected resources to tip the balance of force in their
favour." (Latour 1987:259)

This last principle is guiding the understanding of how environmental
problens grant weight and become important. The elements in the
environment are not enough in themselves, neither are the researchers
describing them, but in combination they can make environmental issues
important and lasting.

2.2.3 Why two theories?

Why the two areused must be motivated by their potential to add to the
issues at stake. Do the theories produce credible descriptions of the
Economy* and the Environment* and is it then possible to compare the
descriptions? Conflicting theories with mutually exclusivesuanptions
cannot be used. They must be similar enough to produce comparable
descriptions, yet different enough to produce complementary descriptions.
Thus, the important question becomes: What are the differences between
them and what are the similarities

Their weaknesses and strengths are different: where IMP seeks to confine
itself to a world of busines®-business marketing (although alluding to
consequences for the view on markets and thus the economy), ANT focuses
on a more general theory of howpoduce knowledge (or any other stable
entity).

The most striking difference between the two approaches is the boundaries
they have imposed on themselves with regard to which objects to study. IMP
has constrained itself to only deal with empirical pheaoa within the
industrial sphere, while ANT seems borderless and applicable for studying
whatever phenomena where anything gets stabilised. This difference also
points to some of the strengths and weaknesses of the approaches. One of the
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advantages of IMRKs that it encompasses a body of research where a lot of
knowledge about the working of industry is gathered, though this has the
danger that the model is confused with the empirical. It also facilitates the
idea that all the actors, activities and resesr@re there to affect an
economic output. ANT does not encompass anything more than a
metaphysical language, a framework for capturing whatever aspect of the
social (which in the ANT meaning also encompasses nature). There is less
danger of believing inhe framework, but it is also harder to spot why any of
the actors act at all.

Another difference is the view on stability and change. From the very
beginning, one of the propositions of IMP has been that stability is one of the
premises for change. In ANBtability is the exception; the phenomena that
must be explained. This difference may be superficial and only relate to the
phenomena that these approaches have sought to explain. It may, however,
be a real and important difficulty and this issue will fad&en up for
discussion in the last chapter.

Regarding the similarities, i.e. the conditions necessary for bringing
information from both together, | believe the presentations have shown that
there are more similarities than just the common term 'netwaré a
reluctance to be seen as 'classical' theories. According to M4#668)

when comparing ANT to four marketing theories:

"ANT's by far 'closest eighbour' is the marke@snetworks view.
Marketsashetworks also is specific about the need to consider both
social and technical interdependencies but is not at all explicit in how
human and nohuman actors are methodologically related and not clear
about the performative aspects. As to the methodology for studying
dynamics ANT is more 'precise’ than markassmetworks. Marketas
networks studies focusing on technological innovafeg. Hakansson
1989; Lundgren 1995Jemonstrate an explicit link between science and
practice." (p. 16).

McLoughlin and Horar(2002) state that two other IMP researchers rely on
ANT to describe the network metaphor:

“In support of their position against a more explicit definition [of

neworks] they enlist Latou(1993, pp. 34) who has described the

net work metaphor as 'émore supple than the
historical than the notion of structure, more empirical than the notion of

complexity, theidea of network is the Ariadne's thread of these

interwoven storieséwhich remain more invisiblI

538)
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There are also other instances of IMP researcher taking up ideas from ANT
and applying them to industrial networks, for instanc&kahsson and
Waluszewski (2002) using the term translation and Aréz(@7) Kjellberg
(2001) and Helgessor{1999) employing ideas from ANT to understand
marketing and markenaking.

Using IMP concepts to understand the EEmvment* could possibly produce

an interesting picture, although earlier studies where the environment plays a
role let the environment be a backdrop against which other effects are
studied (see e.g. Harrison 1999; Harrison & Easton 2002; Hakansson &
Waluszewski 2002) Using IMP to describe (and thus explain) the
Economy* is much mear natural, as most IMP studies are focusing more or
less explicitly on economic questions.

It is harder to rule out the use of ANT to produce descriptions (and thus
explanations) of the Economy*. According to Law, ANT is a general method
to capture the epirical:

"[science] isn't very special. Thus what is true for science is also said to
be true for other institutions. Accordingly, the family, the organization,
computing systems, the economy and technoldgiaé of social lifet

may be similarly pictted. All of these are ordered networks of
heterogeneous materials whose resistance has been overcome. This,
then, is the crucial analytical move made by aatetwwork writers: the
suggestion that the social i®thing other than patterned networks of
hetelogeneous materials (Law 1992:380 italics in orginial)

However, this is not the only reason. There is also an expliereist shown

by ANT researchers into economic issues where ANT's basic worldview is
employed in order to understand econofsge for instance Callon 1998a;
1998b)The reason for choosing IMP is thus thatait,the outset, seems
better equipped to describe the economy network.

It follows from both the presentation of the theories and the discussion here
that the main argument for applying both approaches is that they each carry a
history of earlier uses. Thapplications have coloured the way the
approaches are presented by different theorists and also my interpretation of
them (both the approaches and their presentations, if these can be separated
at all).

The most important similarity, the one concerninige tunderlying
assumptions about the working of the world, will be treated next. A more
thorough discussion of the usefulness of the approaches in the thesis will be
provided towards the end of the thesis.



2.3 The world and how to gain knowledge about it

Theseswithin many established sciences, or established paradigms to use the
words of Kuhn(1962) need not worry too much about the relation to reality

or the methods to uncover its secrets. This thesis, concerned with the relation
between nature (as entities we value and want to caraifidr)society (as
economics and possibilities for monetary gain and sustained production) and
employing two different "theories”, must have a conscious relation to and
presentation of such issues. This presentation could have been carried out
using terms sutas ontology (what the world is), epistemology (how we can
gain knowledge about the world) and axiology (what the researcher's values
are). However, imposing such terms already establishes a view of the world
as something disconnected from the human ramtithe research process as
distinct from the values of the researcher. | believe such predefined
restrictions on what the world is and how it can be captured hamper the
possibility of understanding the empirical world. Other standpoints may
prove more valable, for instance allowing for the empirical to be
"righteous" (i.e. not in need of a theory to be understood) and viewing the
world as process and relationality.

2.3.1 The world as process and relationality

Since | will bring IMP and ANT together in the aysis, one of the
requirements should be that they have compatible views on reality and ways
to know more about it. At the outset, it is hard to tell whether this is the case.
Researchers within IMP have not spent much space in articles and books on
clarifying the philosophical positiohOne clear exception is East¢h992;
1995)who has clearly stated his position as a critical realist and also the
usefulness of this perspective when investigating industrial networks.-Actor
network theorists have been much (too?) occupied with the philosophical
underpinnings of their approach. In fact, the philosophical underpinnings and
the approach are almost inseparable, as the project is a new way of
describing the world, freed from the Haomies proposed by modernity
(Latour 1993) In practice, this means that nature and society should not be
divided, they are indivisible parts of one another and every explanation of a
phenomenon should include both humans andhuwnans, that is wehould

not believe that society or nature- in itself can explain anything. The
operational consequence of this is that the world is the-aetarorks it
encompasses and that the empirical gives the best explanation of the world.
A similar argument cabe found in Hakansson and Waluszewski (2002):

® There are of course several exampi&such clarifications in PhD theses produced
within IMP (e.g. Baraldi, Gressetvold and Holmén), but there are few articles or
books that cover such issues written by established researchers.
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"Regardless of one's standpoint in this discussion [generate vs. verifying
theory], the main attention is still directed to the issue of if and how a
qualitative approach can contribute to theory. Seldom isoffposite
issue dealt withif and how a qualitative approach can be used to
develop the view of the empirical warldowever, even if this is a total
clash with what is brought forward in a positivistic context, this is
exactly what both researchers aranpanies struggle with every day"

(p. 16, emphasis in original).

Being interested in the empirical world means the researcher must pay
attention to what the empirical has to say about the subject rather than
depend on predefined categories. | have beariad in a constant process

of simultaneously coming to grips with the empirical world and the theories
employed to make sense of it. However, this does not mean reverting to
theories that are already fixed with what the empirical is:

"Categories and thgs may make it easier for us to grasp reality but

they also hide its underlying complexitiesél[t
is directed by a centrally focused perspective which fixes its forms and

thus loses any sense of the human world as a field of dgnand

mutable relations{Cooper 2005:1690, emphasis in original)

| want to get a grip on the 'dynamic and mutable relations' and using IMP
does not counteract suem approach. In fact, it may support the view that
relationships are as substantial as things:

"All business interaction is part of a process that involves resources
from far wider in the surrounding network of actors than from the small
number of actorsthat are apparently involved in it. Even more
importantly, the tangible characteristics of business such as companies
and their products, sales and purchases are no more substantial in an
interactive world than the apparently ephemeral relationshipsextistt
between those companig$ord & Hakansson 2006a)

There is a relationship between the existence of relationship and the space
that the relationships exist in:

"Space, any space, is ntumore than the container of things; it 'is not

the setting (real or logical) in which things are arranged, but the means

whereby the positing of things become possil{ierleauPonty

1962:243) Things derive their character and thinghood from the space

through which they réate to each other: 'This means that instead of

i magining (space) as a sort of ether in whicl
think of it as the universal power enabling them to be cdedéc

(MerleauPonty 1962:243)Connection and relationship are the vehicles

that human agency carves out of-pigective space so that its latency
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can be rdated through the meaningful arrangementshef things and
objects that make up the human worl@Cboper 2005:1694)

The relationships and the effects they produce assume structural properties
that again deem the relationships &zabprocess:

" é A c-network theory assumes that social structure is not a noun but
a verb. Structure is not fretanding, like scaffolding on a buildirsite,

but a site of struggle, a relational effect that recursively generates and
reproduces itself. The insistence on process has a number of
implications. It means, for instance, that no version of the social order,
no organization, and no agent, is ever complete, autonomous, and final"
(Law 1992: 385386)

Latour's book "Pandora’'s Hopg'999b)starts with the authideing asked if
he believes in reality. He is astonished by the question and the rest of the
book is an attempt to describe how he views reality as a construction, but not
as a social construction only existing within a social sphere. The world is
thus aconstruction but not a social construction as proposed by Berger and
Luckmann (1966) It is a "real" construction made of heterogeneous
material. Every entity in the construction can only be understood by its
relation to other entities, i.e. no entity can ever be described without
describing its relation to one or more other entities. This is what | will refer
to as a relational view of the world. There is no sharp, if any, distinction
between relationality and relaily. | am using the former term to pinpoint
the relational nature of relativity so beautifully expressed by Delgi#83)
"Relativism is not the relativity of truth but the truth of relation."

According to Cooper (2005), the empirical material | am studying, the
bumper beam and its place in the car (industry) is in itself coupled to an
illustration of relationality:

"The history of modern methods of production illustrates relationality as
an allpervasive force in the development of the modern world.
Industrial production is increasingly focused on the productigpadfs
rather than whole, finished objects: the mass production method used in
the manufacture of the motor car conveniently illustrate prooiucs
re-lating of parts” (p. 1706, emphasis in original)

The relationality, Cooper (2005) writes, must be understood:

"as an active condition of betweenness in which individual terms can
never exist or find themselves since they are always mediateédeby
neutrality of the latent. Never a thing in itself, relationality tells us that
we are also parts in the 'movement of being' and what constitutes us is
the interactive rdating that occurbetweerparts: the scientist exists in
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the interior of the resech activity and not outside it as an external and
independent observer; the motor vehicle drives me just as much as |
drive it. Relationality says that we are extension of our supports and
props just as much as they are extensions of us; it reminds the of
essential reciprocity between ourselves and the world of objects.” (p.
1704)

This specification of relationality tastes of déja vu, similar statements about
the nature of relationships have been made in the presentations of both IMP
and ANT.

Anotherreason for claiming that the approaches have a similar worldview is
that researchers associated with them are producing similar texts (mainly
monographies) resembling what are often referred to as case studies. This
study will be no exception and the nektapter will present the case study
object(s).

2.4 Method or how the empirical is captured

ANT and the Industrial Network Approach seem to agree on the empirical
focus. Latour tells me to "Follow the actors!" while Hakansson says: "Let the
case speak!" As sh, they are both empirical and analytical strategies.
However, what observations to capture and the way of capturing them and
writing them down are not evidently the same in the two approaches.
Therefore | must be cautious about where they are confliatidgvhere one

has a concern not shared by the otfiéitimately, | should have been two
different researchers doing two different studies, but besides being
impossible, it would also not have allowed me to capture the conflict | am
interested in. In addon, there will always be questions about who the actors
are and what the case is. | do, however, try to sort out two different cases, or
two different descriptions of the same case, as will be explained in the next
subchapters.

The easy way out would le state that the thesis is based on a case study
design according to the principles laid out by Y1989) Many articles and
theses use this reference to justify the choice of a case study without
specifying further the advantages or disadvantages ortbeeway the study

has been conducted. There is, however, a reason for choosing a case study
design. One of them being that case research has been a key method (among
others) for researchers operating within the industrial network approach
(Dubois & Araujo 2004) Moreover, a case study does not seem to be

1% A more lengthy discussion on the advantages and disadvaofeggslying both
approaches is provided towards the end of the thesis
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disagreeable from an ANT point of view, although the word itself is rarely
used. What is presented here is a short discussion of the advantages and
disadvantages with case study reskafollowed by a description of how the

case study is undertaken.

2.4.1 Case study design

Case studies are widely recognised as being useful for producing scientific
knowledge (see e.g Andersen 2003; Dubois & Araujo 2004; Eisenhardt
1989; Yin 1981; 1989)' Even some positivists are in favour of the
hypothesishuilding capacities of case studies. One does, however, easily get
the impression that case studies are ranked second to r"psmpentific
methods, that they can only be used as-spudies before the real
investigation begins. The real investigation is then considered to be model
testing. | have the opposite belief: statistical surveys and testable methods
can be useful for gemating problems that can be investigated more closely
with the aid of a case study. In other words, case studies are able to produce
more substantive knowledge than any survey. This is probably connected to
the belief in process being more important tisemicture and the empirical
being better to speak for itself than through the Hesiguage of any
researcher. Validity issues will then be treated differently than in a statistical
survey, but this issue is discussed in the next section, as this istecfqi
describing how the case study is organised.

| was initially concerned with how | could find empirical instances of the
Environment* and the Economy*, and especially where the two meet. As
both the Environment* and the Economy* as the terms ustrdsitthesis are
vague networks at the outset, part of the research process consists of
determining the boundaries of these analytical constructs. From the start,
bumper beams produced and developed in the relationship between Volvo
and Hydro was supposed be the tool to focus the case description. These
bumper beams belong per definition to the economy network, so most of the
activities of which they are the objects must be of an economic nature. Thus,
processes that clearly seem to be contrary to tleenma" stream of
processes are probable instances where Environment* makes its way into the
Economy*. | still believe this description of bumper beams to be viable to
produce insights about the Economy*, but several questions popped to the
surface: What ifnvestments are carried out to improve Economy* but fail?
What if investments are carried out to improve Environment* but improve

" This is not to say that they are undisputed, as they are also recognised as being
misused, ildevised and poorly conducted in many instances.
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Economy* at the same time? What if investments are carried out to improve
Economy* but improve Environment* at the same time?

The revised approach has been to include two descriptions of bumper beams.
The first one is based on the line of thought whereby they are described
through the relationship between Hydro and Volvo. The focus is on the
activities, resources and actorsdfwed in their production and how these
have changed or remained stable over time to capture the evolvement and
content of the Economy*. The second is a description of bumper beams as a
research report. Instead of seeing them as the physical outcome of an
industrial process, they are viewed as the outcome of scientific research
where | put special emphasis on the bumper beams' environmental
characteristics and thus research that is connected to environmental issues.
The environmental issues are traced thlotexts to capture the evolvement
and content of the EnvironmentEigure 2-3 shows a model of the two
descriptions and the relationship to bumpers.

Economy

Environment

Figure 2-3 A modé of the descriptions of the Economy* and the Environment* and
the relationship to bumpers.

The left side ofFigure 2-3 shows the industrial network involved in
producing bumpers (and simultaneously the Econon®n)the right is the
scientific network involved in producing the environmental characteristics of
the bumpers (and thus the Environment*). The bumper is one element where
a connection between the Economy* and the Environment* exists, but there
may be conngions also between other elements as this thesis will try to
scrutinise.



Industrial production of bumper beams is not disconnected from scientific
production of bumper beams. Both Hydro and Volvo make internal use of
research in relation to the bumpeoti in making it material and in using it

in different texts such as annual reports and marketing material. Volvo and
Hydro are also directly involved in research, so that the physical bumper
beams also serves as input to research texts. The article sisedtarting

point for describing the Environment* even looks at the environmental
properties of bumper beams produced at Raufoss. Ideally, | want to produce
two ‘pure’ descriptions, meaning that they do not show any connections
between research and the IMwHydro relationship. However, in practice
this will be cumbersome and may add problems when information from the
two descriptions is brought together towards the end of the thesis. Whether |
have used two descriptions of a single case study or tworddiffecase
studies is not something | will discuss here, as it is deemed unimportant. |
have constantly reflected on issues such as the unit and level of analysis and
the choices will come through in the text, making a lengthy formal
discussion unnecessary.

To construct the descriptions, different sources are used to produce
information, to complement each other or to verify or clarify what one
source has stated. The most important sources for empirical data in the thesis
are interviews, documents, obsergat and physical artefacts.

Interviews

Much of the material for the thesis has been gathered through interviews and
the information from these is especially important for the first description,
the one about the Economy*. Not meaning that everything évtmyviewee

said has been of importance, but the human beings who are part of the
production and development of bumper beams within the relationship
between Hydro and Volvo have guided the first description. Their emphasis
on various issues has sent mariany directions and they have been one of
the important sources for documents. Interviews have not been as important
for the second description, although information from interviews has helped
in finding the research streams associated with bumper beams.

| have tried to keep the interviews opemded in the sense that | have not
had a complete list of questions, but rather an interview guide with a few
central themes to be elaborated. These themes have varied according to the
positions of the intervieweesd according to my knowledge of the case and
what information | have believed to be useful.

A few interviews have included more than one interviewee and | have found

these to be extremely useful. They have turned into a dialogue between the
industrial epresentatives where | have only raised the issues to be discussed.
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However, the use of this format has only been used a few times and it is not
only associated with positive issues. In addition to being a hard interview
strategy to pursue due to the timenstraints of possible interview subjects,

it also creates a risk that the interviewees will be afraid to give 'silly’
answers.

| do try to maintain an air of 'stupidity’ in every interview, in the sense that |
will not pretend to understand issues | a@wt sure | have understood,
although | must admit that | have a propensity to appear rather more
intelligent, which creates some resistance in asking the really 'silly’
questions. Hence, | also believe it to be important to reflect on the
interviewees' mivation for giving the answers they do. Many of them have
expressed their concerns on the balancing act between economic issues and
other issues (such as environmental issues or family life) in their private and
working lives. These concerns, as well asvhthey affect their answers,
should be taken seriously. Although a general strategy on how to handle
such issues is hard to define, it probably boils down to treating the
interviewees with trust and respect while at the same time using several
sources fodocumentation.

Most of the interviews have been performed face to face, which allows for
other types of interaction than just verbal. Whenever an issue has been
unclear and where a figure could provide a clarification, | have asked for
such. The interviwees have also spontaneously used drawings and/or other
support material (such as a physical bumper beam) to make me understand
the issues. A smaller number of interviews have been undertaken on the
phone due to long distances or tight time schedulesaEhas been used as

a tool to establish initial contact with interviewees and for answers to
'simple’ questions with already established contacts.

Some of the early interviews were conducted using a tape recorder.
However, | discovered that the tape relmorwas affecting the amount of
information the interviewees were willing to share, as my notes (which were
made in addition to the recording) revealed that more interesting information
occurred whenever the tape recorder was shut off. Its seeminglybdigtur
presence made me abandon the use of it. Instead | have relied on writing
fast, using quotation marks wherever | have felt an important statement to be
made, one where there was a need to be true to the original formulation.

To further ensure the infimation to be correct, the interviewees have been
given the transcripts and thus the possibility to correct misunderstandings, to
tell me what they would not like me to cite and to add information they felt
was missing.
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A list of the interviews conductad presented in Appendix A.

Documents

Documents include a range of textual accounts from personal notes via
presentations, formal contracts and marketing leaflets to scientific articles, to
mention but a few. The use of documents is different for the two
descriptions. For the industrial description, texts have been instrumental in
providing understanding of the different processes involved in producing and
developing bumper beams both in a contemporary and historical setting.
Some of the material is of agsentational nature, such as annual reports,
environmental reports and PR brochures. The way these are used resembles
how Hakansson and Waluszewski (2002) use written material:

"As Atkinson and Coffey(1997: 61)emphasise, 'rather than ask whether an
account is true, or whether it can be used as "valid" evidence about a
researchsetting, it is more fruitful to ask ourselves questions about the form
and function of texts themselves'. The written material has certainly been
important. It helped to grasp the formal views of different actors on different
issues and, in particular, tonderstand technical aspects related to the
provision and use of LWC paper.” (p. 21)

The importance of documents is greater for the second description, the
bumper beam research case. To trace research on and connected to bumper
beams involved finding saigific articles and following their citations. The
majority of the articles lead to sites where aspects of the material world are
translated into numbers, figures, graphs and text. To get inside automotive
research, | have become a member of the Sociefyutifimotive Engineers

to access databases of conference information and journals connected to
research on cars. | performed an extensive literature search in journal and
library databases and the specifications of the databases and searches are
given in Agendix B.

Although the uses and sources for documents are different for the two
descriptions, the documents themselves have -teosésed the
descriptions. What | have learnt from industrial documents has aided in
understanding the research documentb\ace versa.

Physical artefacts

Both the case about a physical artefact in itself and the processes involved in
making bumper beams (both industrially and scientifically) are packed with
physical artefacts. The economic description of the production and
development of bumper beams is strongly connected to the production
technologies used. Casting ovens, extrusion presses, die tools and forming
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robots all play an important part in creating bumper beams, as well as the
economics connected to them. Many tbé same physical artefacts are
important in creating the scientific/environmental bumper beams, albeit
more indirectly than in the industrial case. Other artefacts are instrumental in
producing knowledge about the production technologies, e.g. laboratory
eqguipment to measure strength or emissions and computers to translate the
physical artefacts into graphs, tables and texts. | too will have to translate all
the artefacts | encounter into text and try to refrain from only using already
established textualaccounts of them. Nonetheless, existing texts are
important to make sense of the artefacts role in producing the Economy* and
the Environment*

Observation

The use of direct observation has not been systematically undertaken in the
study. | have not hadde access to any of the study sites, but have on a few
occasions, upon request, been allowed to watch the processes involved in
making physical or scientific bumper beams. The latter is unfortunately
mostly done in a site where research is connected dooHideally, it should

have been disconnected from the industrial production of the bumper beams.
Nonetheless, what is more pressing is what | can get out of observations;
how can they be used to describe bumper beams and understand the
Environment* andtte Economy* better? It is hard to pinpoint at what time
actors are acting economically or environmentally. This is recognised by
Hakansson and Waluszew$RD02)who write:

"As business and economic rasehers, we usually focus on the
economic outcome of an industrial system as a whole, or on how the
economic outcome is distributed between subunits such as companies.
However, as we already have illustrated earlier, there is reason to
question whether ao€tus on economic considerations really is the most
fruitful way to grasp how an economic outcome is created. Thus, our
empirical interpretation is that company life very often is far from being
purely a matter of economic issues. Considering all the prebtbat
companies wrestle with daily, it is probably more fair to claim that our
research objects deal primarily with issues relatedetthnical and
social elementsCertainly the activities of any such unit have economic
effectsi but these are mainly osequences of expectations and actions
that are manifested in technical and/or social dimensions. Here we have
a first basic assumptioran excessively narrow focus on economic
dimensions alone will limit our understanding of how companies
function and theefore also how their economic outcome is credtéul

17, Italics in original)

| believe one of the important insights from observations to be an increased
understanding of the tasks the actors perform. It is crucial to be able to
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impart the atmosphereand the spaces (both physically and mentally) in
which the actors operate. | have to simplify and extract to construct a written
account of what happens, but | should not reduce the complexity the actors
are facing more than they do themselves.

The diffeeent sources cannot clearly be separated as documents and
interviews may be needed to make sense of observation and physical
artefacts and vice versa. Just looking at a machine like an extrusion press
(used in making aluminium profiles) and trying to explaow it affects
production is impossible. The way it operates is hidden behind the exterior
shell and it needs to be picked apart, not literally but through documents,
interviews and observation in order to make sense of the production setting.

2.4.2 Organisation of empirical data

During the PhD process, | have learnt that research is about systematics
without rigidity. The only way to ensure a trustworthy study is to keep a
good record of all data that is gathered and how it is translated into
information for the thesis. The record keeping must, however, allow for
restructuring when the material (or the researcher) points to new
combinations of the data.

When the thesis work started, | had too little of both experience and training
in collecting and storing ata for a social science study. | had one single
notebook used for internal seminars, interviews, reflections and whatever
else | needed to write down. Interviews were transcribed and stored in an
Access database, while other documents were more randastiiputed in
folders on the computer and piles on the desk. As the focus of the study
became clearer, | gained experience in ordering and read useful tips. The
piles were reshuffled and categorised in ring binders, the folders on the
computer were systerised and two extra notebooks were acquired. One for
writing comments on interviews and reflections on how the interviews and
other material could be used in the thesis, while the other is used from the
"opposite” side, as it contains metaphysical and eptual reflections on

how to develop the thesis with questions and suggestions (to myself) on
what empirical material that is needed. The folders on the computer were
organised according to a similar logic.

2.4.3 Making the empirical textual

The collection andrganisation of empirical data are intertwined with the
process of creating the research text, more specifically this thesis. | have
constantly been concerned with the way to present the empirical material in
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a text that actually renders the relations leetwthe Environment* and the
Economy* visible. When expressing my concerns to my supervisors, | have
often been told to first write empirical material and then start worrying about
the problems of structuring the text. There is, however, a mutual depgndenc
between the structure and the substance that makes it into a highly iterative
process. Being faithful to the empirical material requires keeping my eyes
open for findings and directions | had not anticipated. This explorative
nature of the study callsifan approach to the writing and structuring of the
text that is both inductive and deductive in nature. Such an approach can be
found in Peirce'§1934) argument of abduction. Instead of going from rule
(all balls in the urn are red) to case (the sample is taken from the urn) to
result (all balls in the sample are red) as in deduction, or from case (the
sample is taken from the urtg result (all balls in the sample are red) to rule
(all balls in the urn are red) as in induction, abduction is something in
between. In abduction, one goes from the rule (all balls in the urn are red) to
result (all balls in the sample are red) to cfike sample is taken from the
urn). Dubois and Gadd@002) have built on Pierce's idea and proposed a
strategy called "systematic combining" for easesearch. The strategy
involves matching of an analytical framework, the empirical world, the case
and theory.

Having a strategy for the writing is important, but still the cumbersome and
painful effort of writing down all the words and sentences reméaiasur
(2005) stresses the importance of writing; claiming that it is only through
writing that we make social connections traceable. In his words:

"A good ANT account is a narrative or a description or a proposition
where all the actorslo somethingand dort just sit there. Instead of
simply transporting effects without transforming them, each of the
points in the text may become a bifurcation, an event, or the origin of a
new translation. As soon as actors are treated not as intermediaries but
as mediatorsthey render the movement of the social visible to the
reader. Thus, through many textual inventions, the social may become
again a circulating entity that is no longer composed of the stale
assemblage of what passed earlier as being part of societyt, Mteur
definition of social science, is thus a test on how many actors the writer
is able to treat as mediators and how far he or she is able to achieve the
social" (pp. 128129).

| believe the abductive strategy to be useful also for the ANT déearipf

the Environmentas | believe Latour's advice on writing to be useful also
for the IMP description of the Economy*. Hence, these are the tools aiding
me in writing.

In practice, writing a case where all dimensions are changing cannot create
anything but confusion. Some elements in the description need to be fixed in
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order to capture the dynamics of the other elements. In the description of the
Economy?*, this is ensured by creating three pictures of the structure of the
network involved in the del@pment and production of bumpers and
bumper beams at three different points in time: 1970, 1985 and 2006. The
differences between the pictures provide a starting point for revealing the
elements in the activity layer, the resource layer and the actordayeal to
produce Economy*. The specific years were chosen due to information
available at an early stage of writing the thesis. 1970 was selected because
bumper production had "settled" at Raufoss that year while major changes
were just down the road.hus, it provides a ground state for the bumpers
and the adjacent network. 2006 was the year most of the description of the
Economy* was written, hence it was a present state, making it relatively
easy to check numbers and if actors, resources and astivéally were
present. Although 1985 is not situated as the exact midpoint between 1970
and 2006, it was picked both for availability of data and for being a year
preceding major changes in the network. Elements are presented in an
almost chronological der, even if some of the material has had to be sorted
according to themes.

There may be too great a reliance on the "big" events. Ford and Hakansson
(2006ajtouch upon this blem:

"One way for researchers to deal with "lumpy" interaction is to identify
"significant events" or “critical incidents". This approach clearly
provides historical information, but has similar boundary problems to
those of "episodes". More importantthe idea of critical incidents also
involves assumptions about the causality of outcomes that are likely to
be unwarranted in a situation of complex, mpHity interaction”" (p.

11).

The case covers a period of almost 40 years and | have not fouay @
escape the seemingly causal relationships between what is labelled
‘important’' from the outset, such as a new machine or an acquisition, and the
resulting Economy*. A study of micro processes involved, with all the minor
changes and adjustments itwexd in the major changes, could give a better
actual picture of the creation of Economy*. It is, however, deemed
unfeasible for this study both in terms of its aim and its scope. The main
focus is to present those elements that have been instrumengaifimrg

the Economy* during the time span presented.

Another point taken up by Ford and Hakansg006a)is related to where
the story begins:
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"One important consequenoéthe importance of time in interaction is
that it is difficult to suggest that there can be such a thing as a new
network. If we observe a network for the first time, then what we are
actually doing is isolating part of a pexisting and wider
network..Each actor brings its own baggage from the past. This
phenomenon is familiar from technological studies where -path
dependence has been identified as a key issue, but here that path
dependence is within a wider context. Path dependence means that
researchies need always to look behind current patterns of interaction to
what has preceded them and framed their evolution” (p. 10).

As a consequence, information about the companies and their evolving
relationship prior to the "true" beginning of the case dwioled.

In the description of the Environment*, the fixed portion of the case lies in
the theory guiding the empirical study and the choice of a starting point. As
we learnt in the description of ANT, every actor presented in the study must
have connectios to other actors. By choosing a specific article to be the
'source’ from which to capture the Environment*, no actor should be present
in the description that is not connected to this article. The article itself is
chosen for its explicit connecting ofulmper beams at Raufoss to
environmental issues. Following from the nesting process that starts from
one specific article, the description of the Environment* is presented in an
almost opposite chronological order.

The most important point for the descigpt of the Environment* is to
display the elements decisive for its constitution between 1970 and 2006.
Hence, the elements of the Economy* and of the Environment* can be
compared in the later chapters to see if connections exist. In order to make
the comprison easier, both the chapters on the Economy* and on the
Environment* end with a timeline showing the changes of elements. The
timelines also make it possible to investigate whether an element has been
transferred from the Economy* to the Environment¥ize versa. To ensure
symmetry between the two descriptions, the summary of the description of
the Environment* includes pictures of the structure of the scientific network
from 1970, 1985 and 2006.

The organisation of the material and the choice oftwhapirical material to
include and what to leave out is critical to how the thesis is understood. Still,
the only test of whether the right choices are made is whether the reader
deems the text valid.

I have strived to create a text that is accessibleetuple without detailed

knowledge of either industrial production or scientific production of
bumpers. The writing styles in the sections on the Economy* and the
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Environment* are deliberately made different to reflect both the differences

in the theorieautilised to produce the chapters and the actual differences
between the two production systems. One of the consequences has been that
the chapter describing the Environment* contains some rather long citations.
This is to show how the elements (i.e. théoes) in the Environment* are
described in the words of the researchi&sst. the same time, readability has

been a crucial issue. Still, the text is a PhD thesis and must be academic, that
is, in accordance with operating procedures within academia. Téasisn

that parts of the text may be inaccessible for readers without a relationship to
scientific language

2.5 Explanation, validity and transferability

Whereas the description is seen as the explanation inrstigork theory,

the normal way of writing a #sis within the industrial network approach is

to write a "pure" empirical case followed by an analysis. Still, the latter's
inclusion of an analysis seems more like a pragmatic approach to make the
writings "edible" for other scientists within economigfe view of science

by the two approaches will have consequences for how explanations are
made and how validity can be ensured, or if in fact such terms are useful to
discuss the "scientifiness" of the text

2.5.1 Scientific explanation

The question of whatreexplanation reallys is one of the more troublesome
within science and one of the reasons for scientific controversies. Latour
(2005) makes an effort to calm down those of us who believes in thick
descriptions and who are constantly afraid that our pretenseience will

be discovered:

"éWe worry that by sticking to description t
missing, since we have not 'added to it' something else that is often

21t can be recognised that this chap#so contains some rather long citations.
Again, this is a deliberate move in order for me to show the original sources as well
as my translations of them (in the ANT sense of the word).

3 However, deep down inside of me, there is a positivist residiagvéhts clear
answers, preferably quantified and even better if presented with an error margin. He
tells me that the research presented in this thesis is unscientific. It lacks the validity,
the accountability and the operationality that designates deciemice. At times he

has had the upper hand and created a feeling of uncertainty about the value of this
contribution. He has shouted that | should instead focus on a statistical model if |
really want to go into thiatnshebasal science mud
halted the process, | think | have managed to convince him that something useful
can come out of the approach employed in the thesis.
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called an 'explanation’. And yet the opposition between description and
explanation is mother of these false dichotomies that should be put to
resti especially when it is 'social explanations' that are to be wheeled
out of their retirement home. Either the networks that make possible a
state of affairs are fully deployédand then addingraexplanation will

be superfluou$ or we 'add an explanation’ stating that some other actor
or factor should be taken into account, so that it isdscriptionthat
should beextendedne step further. If a description remains in need of
an explanationt means that it is a bad description” (p. 137).

Although comforting, it also means that every researcher involved in the
game of description needs to take descriptions seriously and abstain from
jumping to some grand theoretical reservoir to find thee"t explanations.
Care must be taken to make the description into an explanation in itself.

"Actor-networks do connect and by connecting with one another
provides an explanation of themselves, the only one there is for ANT.
What is an explanation? Thaathment of a set of practices that control

or interfere on another. No explanation is stronger or more powerful
than providing connections among unrelated elements, or showing how
one element holds many others. This is not a property that is distinct
from networks but one of their essential propert{eatour 1988hb)
They become more or less explairalals they go and depending on
what they do to one another. Actors are cleaning up their own mess, so
to speak. Once you grant them everything, they also give you back the
explanatory powers you have abandoned. The very divide between
description and explation, hows and whys, blind empiricism and high
theorizing is as meaningless for ANT as the difference between
gravitation and space in relativity theoryéB)
the network itself, ANT does not abandon the goal of science since it
shows that this goal has never been achieved, at least through the
epistemological myth of explanation. ANT cannot deprive itself of a
resource it shows how no one had ever had in the first place.
Explanation is eyplicated, that is unfolded, like gravity inirStein's
curved space, it is still there as an effect but it is now indistinguishable
from the description, the deployment of the r&gitour 1997) pp. 375

376.

I have nevertheless chosen to lime an analytical chapter after the
empirical part, a chapter where the empirical material from both descriptions
is compared. However, this part is not about explaining the findings in the
case from some theoretical reservoir. Instead | propose somé loca
generalisations in other words, concepts that can travel. This is similar to
the distinction between substantive and formal theories when following
Glaser and Strausg€l967) notation. Substantive theory is developed for an
empirical area, while formal theorig concerned with conceptual areas.
Formal theories can be used to "discover substantive theory relevant to a
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given substantive area, ...[while] substantive theory in turn help to generate
new grounded formal theories and to reformulate previously estelli
ones." (p. 34). Formal theory is thus on a higher level of generality and is
produced by developing concepts and theoretical constructs that are able to
‘travel'(Andersen 2004)i.e. concepts and constructs applicable to a specific
situation are transferable to other situations. This should not be confused
with a ranking where the ultimate goal is to find universal laws.
"Generalisations are normally only Iehfor given classes of phenomena
under given assumptions, they are concepts and theories 'of the middle range'
(Merton 1967) It is a main goal for the social sciences to identify such
common features that bind together and give regularities across unique
variations." (Andersen 2003:410L). Even if | fird it troublesome to speak of
generalisations, | do believe we can find local truths, that is, propositions
that hold within defined areas.

2.5.2 Validating findings i relying on others

In their frequently quoted book, Brinberg and McGrét885) lay out a
framework for investigating validity issues. They distinguish between three
different domains in research, denoted as ghbstantial (the empirical
world), theconceptual(the theories) and thmethodologicalthe methods).
Researchers have dfent interests and will focus more on one domain than
the others. Brinberg and McGrath's point is that this has consequences for
validity. The combination of different elements from the three domains
restricts what can be found. In earlier versions ofrtalidity Network
SchemaMcGrath & Brinberg 1983)they identify a wide rangef validity
measures. They do, however, abandon this in their book and instead focus on
the scope and limit of empirical findings related to the three domains. This
framework could have been useful for discussing the validity of the thesis.
However, validty is best ensured by following the study guidelines as laid
out in this chapter and transferring them into the text, while also taking into
account that validity is as relational as the rest of the world. Without an
interest from the reader, the desddps will never be looked upon as valid.
Hakansson and Waluszewski (2002) formulate this excellently:

"The five conditions [for approaching business processes] can be
regarded both as basic assumptions and as main results of our study.
Even if the work dil not start out with an explicit formulation of these
assumptions, during the process it has become more and more obvious
how these underlying ideas have coloured our way of approaching the
empirical world.This means that our picture of how developmekega
place in an industrial setting has become more precise and detailed
but also, that this understanding is clearly based on our research
concepts. If we had used other concepts we would certainly have

5€



reached another picturérhus, how valuable our gige is for other§
regardless of whether researchers or compahietepends on the
familiarity with or interest in using this or similar approaches. Again the
researcher is facing the same situation as a company struggling with
technological developmerit namely, the value of a certain solution
depends on the extent to which others can relate to it" (pp9)L8

The message from this citation is also in perfect harmony with ANT's view
on science as relying on the spread to others and is a perfectsiomdiu

end the discussion of everything underlying the rest of the thesis. Now it's
time to get down to business.
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3. Industrial production of bumpers and bumper

beams: creating the Economy*

| want to investigate the aluminium bumper as an industrial ptadvolved

in order to answer the following questionsVihat is the economic status of
the bumpersAnd 2) How has such an economic status come into being?
The answers to these questions will provide a picture of what the Economy*
is and how it has chard over the last few decades. In other words, the
answer will consist of the elements that the Economy* consists of and how
these elements have appeared, changed, disappeared or remained.

The bumpers and bumper beams that appear in this thesis are part of
relationship between Volvo and Hydro, a relationship that has lasted almost
half a century. Well, that is not completely true, as Hydro was not the hame
of the company that was the original participant in the relationship. The
relationship was first eablished between Volvo and the Norwegian
company Raufoss Ammunisjonsfabrikker, a manufacturer of military
equipment. However, as will be made clear in the chapters that follow, the
first product to be involved in the relationship was not a bumper beam and,
furthermore, the production processes have changed over the years.

First, a short presentation of the history of the involved companies is
presented. This is followed by pictures of the production network structures
in 1970 and 1985, including the impant actors, resources and activities.
These pictures are contrasted to create a foundation for describing the
elements that were instrumental in the period between 1970 and 1985. Then
a picture of the network structure in 2006 is displayed and contragted w

the picture from 1985. Again, important elements that have contributed to
changes in the actors, resources and activities are described. Thereafter, the
elements that have stayed the same throughout the entire period are
presented.

The chapter is coheded with a summary of the findings, a timeline
outlining some of the changes in activities, resources and actors and a
comparison of the economy displayed in this chapter compared to the
caricature of the economy presented in the introductory chapter.
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3.1 Setting the stage: a presentation of the story behind the
relationship and the bumpers

The following short introduction to the "economy" part of the case is
provided in order to outline some of the elements that were present prior to
and at the start of atinium bumper production at Raufoss. This includes
brief details of the companies concerned and how they were involved with
each other up until 1970.

From Radfos Patronfabrik to Raufoss Automotivé*

During the last period of thef9century and the beginmj of the 28
century, much was happening in the Norwegian political sphere. Having
been part of a union with Denmark from 1348 to 1814, many parties were
struggling for national independence when Norway was "given" to Sweden.
Even though reigned by anethnation, a national constitution for Norway
was written and signed on 17 May 1814nd a Parliamentary system was
introduced in 1884. Although Norway was given freedom to implement such
political measures, tension began to build up between Norway andeBwe
towards the end of the #@entury and, as Norway had no separate military
force, there was a concern that Sweden would use force to try to keep
Norway in check. It was against this backdrop that a decision was made to
set up an ammunition factory (Eal Rgdfos Patronfabrik) at Raufoss. The
location was chosen for its strategic location, which was hard to access for
foreign military troops with Lake Mjgsa on one side and extensive grassland
on the other. The site chosen did in fact have a few indu$tuildings,
including a matchstick factory that used the River Hunnelva (that runs
through Raufoss) to produce energy for its production. Fortunately, the
tension between the two parties never led to an open conflict and instead
Norway gained its indepéence in 190% nonetheless, Rgdfos Patronfabrik
continued the production of ammunition after this date.

In 1917, recognising that World War | would eventually come to an end, the
then manager Halvdan Bgdtkdeess began to consider the options for the
factory once ammunition production reduced. Based on this initiative, a
commission was formed on 22 November 1918, designed to investigate to
what extent and in what areas civil production at Raufoss should take place.
One of the options was to make roll begs and the commission started
negotiations with the Swedish roll bearing company Svenska
Kullagerfabriken (SKF). A deal was agreed whereby SKF committed itself
to purchase 500 roll bearings per day from the production site at Raufoss. In

* Most of the early industrial history at Raufoss is taken from W4866)
'3 Although it was uncertain whether it wasst document or the version signed on 4
November that was the actual qiBrekke 2005)
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addition, a marger and ten experts from SKF were placed at Raufoss'

disposal in the stadp phase. However, it subsequently became clear that

the financial deal clearly benefited SKF most as, although production started
on 1 July 1921 and increased from 71,415 roll ingarin 1923 to 199,000

roll bearings in 1925, the factory made a loss. As a result, although the initial
contract period was set to end on 30 June 1926, it was cancelled in 1925.

In parallel, Raufoss Ammunisjonsfabrikker (RA) (as the company was called
from 1924) tried to make their own assortment of roll bearings,
independently of SKF, but only small batches were sold and when SKF
lowered the prices on the Norwegian market by 70%, RA soon ran into
financial trouble. As a result, the Norwegian governnaedided to stop
production of roll bearings, providing 1.25 million Norwegian kroner to
cover the loss in 1929. Overall, the roll bearing adventure almost put an end
to industry at Raufoss and, indeed, the whole period between WWI and
WWII was extremely dficult financially. However, during this period,
many production choices were made that have contributed to the future
direction 7 for example, the toolmakers were gathered in one tool
department in 1929 and casting of aluminium alloys started with low
volumes in 1935°

Volvo and car production’

The first Volvo car rolled out of the Hisingen factory in Gothenburg on 14
April 1927. This date is recognised as the company's birthday, although
work on the car had started earlier with 10 test models haviegdsi been

built at the Galco factory in Stockholm the previous year. Assar Gabrielsson
and Gustaf Larson, the founders of Volvo, had both worked at SKF from
19171920, when Gustaf Larson left to work as a technical manager at
Galco. Gabrielsson, who wortteas the sales manager at SKF, was an
economist with good connections in the banking industry and was aware of
how Swediskmade roll bearings could compete on an international mérket.
Larson was the engineer, with excellent knowledge of the automotive
industry.

'8 As an aside, it should be mentioned that two cars, or rather motorised sledges,

with an altaluminium body were produced at Raufoss in4,9feveloped by the

engineer H. Chr. Bjerring. They were actually some of the first cars ever produced

with an aluminium frame. The test models showed great characteristics on

Nor wegian roads, but as Bjerringbs company Auto
production was put on a hold.

" The information in this section is mostly found in Lindi®90)and Olsson &

Moberger(1995)

18 SKF is the very same company for which Raufoss was producing roll bearings in

the 1920s
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On 19 August 1926, Gabrielsson and Larson met with managers from SKF
and, as a result, AB Volvo was established with Gabrielsson as the
manager? SKF granted the new company a loan of 2 million SEK to start
production of a series of 1000 cars, 580canvertibles (OV4) and 500 with

a complete body (PV4). They planned to produce and sell these during 1927,
with 400 cars earmarked for export. It was then planned that production
would increase to 4000 cars in 1928 and 8000 in 1929. The sales of
passengecars were, however, lower than expected and Volvo made a loss
until November 1929, at which point they began to make a profit. This
improvement in the company's financial position from 1929 onwards was
mostly due to the profits from a series of lorrikattthey started to produce

in 1928. In fact, the production of OV4 and PV4 never extended beyond
1000 vehicles, although it came close with a total of 996 over the period
19271929. In the context of this thesis, it should be noted that a "special"
versim of PV4 was released in 1928 and this version had bumpers as
standard equipment both in the front and the rear. After five years of
continuous profit, Volvo shares were launched on the Stockholm stock
exchange in 1935.

A sales handbook was given to evéfglvo sales outlet in Sweden in 1936.
The authors were anonymous, but it is generally considered that the
handbook was written by Assar Gabrielsson, except for a technical chapter
probably written by Gustaf Larson. The technical chapter starts with the
paragraph:

"An automobile transports, and is driven by, people. Thus, the basic
principle for all construction work is and must be: safetydlvo 1936,
my translation)

This citation was largely employed when constructing safety as a core value
in the Volvo organisation and it is still to be found on the Ssfedolvo's
homepage, clearly demonstrating how dedicated Volvo has been to safety
since its early day?.

1949 was the first year (since 1927) when more cars than lorries were
produced, even though a few more years passed before the profit from
passenger ars exceeded the profit from lorries. One of the trickier sales
arguments was the "PV warranty" issued in 1954. The warranty, which was
included in the sales price, meant that every buyer of a PV 444 would be
compensated for all damage on the car excee2iligSEK for a fiveyear

¥ The name Volvo was a registered trademark as early as 1915. It is the Liatin wo
for @l roll o and was initially used fo
2 http://www.volvocars.se
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period. Unsurprisingly, Swedish insurance companies reacted poorly and
issued a formal complaint against Assar Gabrielsson, who was accused of
breaking the insurance law and for conducting an insurance business without
a permit. Tle complaint made it all the way to the Supreme Court where the
"PV warranty" was finally declared legal in 1958. Advertisements were
being published where Volvo owners smilingly told their stories about how
they had wrecked their cars and later picked upew one for only 200
Swedish Kronor. When the first warranties expired in 1959, Volvo was
granted a permit to set up an insurance company (Volvia) where Volvo
owners could sign up to continue their warrai@sson & Moberger 1995)

During most of the first 30 years of the compa life, most of Volvo's
exports were made to countries that had no car production; however, in
1955, the first attempts at entering the US market were undertaken and they
gradually managed to develop a market during the late 1950s. Initially,
selling Vdvos in the US automobile market was likened to "selling
refrigerators to Eskimo<*,but by 1962 the US had become Volvo's second
largest market (after its home market) and Volvo ranked as number four on
the list of cars imported into the US.

Growing sals inside and outside Sweden resulted in the need for both more
production capacity and also a desire to get closer to the company's
customers. As a result, the Torslanda factory was opened in 1964 (enabling
Volvo to move out of the old locality of Hisinggrand a factory was opened

in Ghent, Belgium in 1965. Together, these plants helped to ensure that
Volvo had the capacity to meet future changes in demand.

The (first) Volvo deal

After the Second World War, the Norwegian Storting passed a law in 1947
with important changes in the regulations regarding the military industry in
Norway. This resulted in the transfer of military companies from state
control into autonomous industrial companies with state ownership. At the
same time, sales figures had increbseeadily at Raufoss at the end of the
1940s and in the early 1950s, mainly due to the continued production of
defence products that were largely connected to the NATO agreement.

However, in early 1955 a committee was formed to investigate production
and sales possibilities because of an expected decrease in ammunition
production. The committee submitted a report in November of the same
year, proposing that RA should visit Volvo and other Swedish industrial
companies to further investigate the possietiti of manufacturing

L The Volvo club: http://www.volvoclub.org.uk/history/history_50s.shtml
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components for them. It was also suggested that RA should focus on the
production of aluminium profiles in a newly acquired extrusion press. In this
respect, the committee recommended producing the necessary die tools and
investing in asmelting oven and a casting machine. During the period the
committee was doing its work, Volvo approached Mekaniske Verksteders
Landsforbund (MVL), a Norwegian organisation for mechanical workshops,
to search for Norwegian suppliers. In MVL's responsesuigested that
Raufoss was a potential sabntractor for car components. As a result,
Volvo got in direct contact with RA, who showed great inteiiegiut it
transpired that RA was unable to compete on prices, partly due to the cost of
import tariffs impsed by Sweden.

During 1956 and the start of 1957, negotiations were underway between the
national governments of Norway and Sweden, Volvo and the defence
industry in Norway (including RA and Kongsberg Vapenfabrikk (KV)).
Nilsson (1998) concludes that it was the import restrictions on foreign cars
to Norway that made the deal interesting. Under the regulations existing in
1956, countries within Europe could export 4000 cars to Nypeawma people

in Norway had to apply for a permit to get a car. In addition to this European
quota system, it was possible to get cars from Eastern Europe through
bilateral agreements. As part of this process, Volvo managed to negotiate a
quota of 3000 cari 1957, despite resistance from both the Financial and
Foreign Ministry in Norway. Other cauroducing nations, particularly the

UK, protested against the benefits given to Volvo. However, whilst they
wanted higher quotas, none of the British car produasnted to make an
offset agreement that resulted in the sourcing of components with
Norwegian companies. When the total Norwegian import quota was also
raised, the criticism of the Volvo deal became less and less visible. The
restrictions on imports werremoved in 1960, but the deal to use Norwegian
car components had been clearly implemented as evidenced by a press
release from Volvo on 26 November 1956 that stated:

"the Volvo deal is a longerm cooperation contract. It will not end
because the Nomgian car import restrictions are repealed. The
cooperation will go on.{Volvo 1956, my translation)

The production of components for Volvo had actually started in 1957, but it
initially only consisted of a few components made from brass and steel, and
RA delivered only small volumes to Volvo throughout the 1950s and the
beginningof the 1960s. However, Bjarne Hurlen, former CEO of Kongsberg
Vapenfabrikk (KV), was appointed as the CEO of both KV and RA in
February 1961. He had been instrumental in negotiating the original Volvo
deal and followed Volvo's expansion and internaticaion closely in the
1960s, becoming friends with Volvo's CEO Gunnar Engellau.
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The beginning of bumper production

RA acquired a new 125@n extrusion press in 1962 to strengthen its ability
to provide components for the building industry. In this resplee company
was supported by Ardal og Sunndal Verk (ASV) which was, at the time, a
large Norwegian aluminium producer and responsible for delivering
extrusion billets in aluminium (i.e. aluminium alloys with the right
geometrical shape, in this caseiggters) for subsequent extrusion.

The focus on extrusion of aluminium had an impact on the relationship
between Volvo and RA in the mitB60s and this resulted in the signature on
15 July 1965 of a contract for delivery of 500,000 aluminium bumpers. The
bumpers were to be produced over a period of five years starting from 1967.
Volvo had previously developed the bumpers in cooperation with Svenska
Metalverken (later called Grénges) and Volvo was one of the first companies
to use aluminium bumpers, with tecision to go for a new material being
largely connected to the aims of the designers at Vlvo.

The first bumpers left Raufoss late in 1966, but as the production factory
was not completely finished, the first batch had to be taken to the burnishing
equipment manufacturer in Germany. This was actually achieved by one of
the production engineers, Ola Ivar Moen, loading the $mished bumpers

into a VW Beetle and driving them to Neu Isenburg in Germany. There, the
bumpers were burnished before the bat@s to taken to Moss (in Norway)

for anodising before it could head at last for its final destination, Torslanda,
Volvo's assembly factory outside Gothenb(Bgck et al 2006)

However, this was a significant moment as, firstly, the completion of the
first batch ofbumpers marked the end of an almost-fxar long hectic
period since the contract had been signed in 1965. Production equipment had
been ordered and installed, and an organisation was put in place to handle
the new business area. Secondly, it marked & shithe relationship
between Raufoss Ammunition (RA) and Volvo. RA had become a supplier
to the car manufacturer in 1957 after intense negotiations involving not only
the companies, but also the governments in several nation states, including
Norway, Swelen, and the UK. Thirdly, it can be viewed in retrospect as the
start of a new era at Raufoss. The late 1950s and the beginning of the 1960s
had seen only small production volumes, but the contract for bumpers made
RA into a serious supplier to the autoimetindustry.

In 1968, the status of RA changed again to that of a-stated limited
company with a share capital of NOK 60 million. The idea had been to

22 |nterview with Gunnar Falck.
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organise RA in a way similar to that of a private company and, as a result, to
give the board bothrgater freedom and also greater responsibility. In the
same year, RA, together with Ardal og Sunndal Verk and A.s. Nordisk
Aluminiumsindustri, established a common company called /S
Aluminiumsprofiler. The company focused on extruded profiles and research
in this area. As a result, the company's board soon decided to acquire a new
2,000ton extrusion press for Raufoss, as the extruded profiles for the
building industry were experiencing increasing demand and there were high
hopes for increased bumper protan.

3.1.1 Summary: conditions for aluminium bumpers in the
relationship between Volvo and RA

The production of aluminium bumpers in 1970 was facilitated and made
possible through a series of more or less conscious decisions by the two
companies Volvo and RAncluding the latter's decision to go for production

of aluminium extrusions and Volvo's decision to use aluminium bumpers.
These decisions, together with a number of others, led to the development of
actors, resources and activities. The most importettrs still present in
1970 wereVolvo, RA and ASV. A few other actors, such &KF and the
Norwegian governmertiad been instrumental in the earlier history of the
companies, but were not as visible in 1970. The companies performed
activities such aglevdoping bumpersproducing ingotsforming bumpers
anodising bumpersiegotiating contractandcreating strategie§ o perform

these activities, they employed existing resources suaomapetenceand
business relationshipfacilities like ASV's cast hose at SunndalsgrA's
extrusion presses at Raufossd Volvo's assembly line at Torslandand
products likengots aluminium bumperandfinished cars

Some actors, resources and activities were only present during the
establishment of the relationphbetween Volvo and RA, such a4VL,
Norwegian import quotasnd negotiations involving government3 heir
presence was no longer visible in 1970. Other actors, resources and activities
were present, but their presence was not part of the everyday lifee of
companies. Still, the importance of some of them will rise to the surface as
time passes, for instance tiate ownership of RA/olvo's export of cars to

the USandVolvo's focus on safety

Now it's time to look closer at the specifics of the dewelent and
production of bumpers, starting with a description of how production was
undertaken in 1970.



3.2 From 1970 to 1985

The following section will try to explain how the Economy* has been
produced as an effect of the production of bumpers (later: burepend) in

the relationship between Volvo and RA/HydfoThe section starts with
descriptions and pictures of the production network in 1970 and 1985.
Thereafter, these are contrasted and elements that were altered (i.e. inserted,
removed or changed) in tinetwork are presented.

3.2.1 Production of bumpers in 1970**

Volvo had four car models in production in 1970, namely: the Volvo 122
(known as the Amazon in the Nordic countries), the Volvo 140, the Volvo
164 and the sports car Volvo 1800. The 140 series artbtheere the only
ones with aluminium bumpers and the only vehicles for which RA supplied
front and rear bumpers. Svenska Metallverken and Volvo had developed the
bumper as a cooperative venture from 1963 until the start of production in
early 1967 and RAwas producing the parts in accordance with the
specification contained in the resultant drawifigs.

The front bumper for the Volvo 140 series weighed 2.8 kg and, in 1967, had
a price of NOK 43.00, but by 1970 this had risen to NOK 55.00 (which
correspond to NOK 361.65 in 2006), although this price reflected the
outcome of annual meetings between Volvo and RA at which price increases
were negotiated.

The aluminium alloy billets (i.e. round cylinders of the specified alloy) were
delivered to RA by ASV irSunndal at a cost of NOK 4.00 per kg, which
included the price of ingot and a premium for smelting and alloying. I/S
Aluminiumsprofiler (Alprofil), the company owned jointly by RA and ASV,
performed alloy extrusion at Raufoss. The extruded profiles whtesoost

to the car part production division of RA. After a hardening process, the
extruded profiles were bent to shape through roll forming and stretch
bending. The process was cumbersome and required intimate knowledge of
the machine and the materialche roll formers from Redman Tools Ltd.

% Bumper beams are the metal rail behind the plastcmper s i n todayds
shift of the name and position (and status?) of bumpers will be treated in a later

section in this chapter.

24 The information in this section is based on interviews with Ola Ivar Moen, Thor

Wang and Age Larsstuen, plus the daling literature(Bakke 1970; Beck et al

2006; FA 1971; Wang 1996)

% Granges (now Sapa), acquired Svenska Metallverken in I1@8view with

Gunnar Falck.
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were originally built for steel profiles and the operations were different when
used to shape aluminium. Bumpers were then cut and graded before being
polished mechanically and finally anodised electrochemicalbctoeve the

look of stainless steel. Throughout production, the bumpers were manually
transported between the different workstations. The total cost of the
processes involved was approximately NOK 37.00 per bumper, leading to a
cost of production per bumpef NOK 48.00 (compared to the sale price of
NOK 55.00).

The RA division that was responsible for producing car parts had Volvo as
its only customer and a turnover of NOK 19.5 million in 1970, which
contributed to about 5% of RA's total turnover. The @sRA's turnover

was mainly based on defence products, together with a small portion from
the production of extruded profiles for building applications.

Meanwhile, RA and ASV were working intensively on researching and
developing new alloys for bumpengolvo had a huge success with the 140
series, and Granges (the successor of Svenska Metalverken) and RA did not
have sufficient capacity to meet the demand. However, although there was
fierce competition for the additional capacity, RA was chosen andtign/e

NOK 4 million in a new production line, which was finished in Autumn
1970.

The bumpers produced by RA were packed in closed pallets with protective
insulation between each bumper and sent to Torslanda by train. Volvo paid
for the transport. At Torstala, rubber strips produced by Forsheda
Gummifabrikk and Mjgndalen Gummivarefabrikk were fastened to the
bumpers and they were then manually mounted on the cars with eight
screws.

The sales price in Norway in 1970 for the cheapest car in the Volvo 140
seies (Volvo 142 with four cylinders and two doors) was NOK 32,680,
rising to NOK 46,300 for the Volvo 164 with six cylinders and four doors.
The cost of the bumper for Volvo was therefore somewhere in the range
between 0.12 and 0.17 percent of the salesepn Norway.Figure 3-1
shows an overview of the actors, resources and activities involved in bumper
production in 1970.
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Figure 3-1 Activities, resources and actors oived in producing bumpers for Volvo
from Raufoss in 1970

The above diagram is somewhat complex because of the organisational
structure, with RA and ASV sharing ownership in the company Alprofil, but
apart from this, the system for production was lineaapproach and was as
shown above.

There are of course other actors (having additional resources and performing
additional activities) involved (for instance) in supplying components for
machinery. Changes in the network surrounding the companies directly
involved in producing the focal resource will most likely be captured when
the picture of the network from 1970 is compared to more recent ones (i.e.
1985 and 2006). If the changes are not captured, they are probably not
important for the production of ¢hEconomy®*.

Now let us jump to 1985 and see what production looked like at that point in
time. This will give us a picture of the production network that can be
compared to that from 1970 and form a basis for describing the change of
elements (and thusdélEconomy*) during the time span from 1970 to 1985.
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3.2.2  Production of bumpers in 1985°

In 1985, Volvo produced four series of car models: the Volvo 340, the Volvo
360, the Volvo 200 and the Volvo 700. The first two (340 and 360) were
small family cars produckat the Volvo factory in Holland that they had
acquired in 1973. RA has never supplied bumpers for Volvo's series of
small cars, but they were the sole supplier for the Volvo 760.

RA delivered bumpers for the Volvo 700 and 200 series. Thes&08s
bunpers were solid profiles covered by a painted plastic cap. The bumpers
for the 200 series were aluminium beams covered by an unpainted cap,
except for those still being produced for the 1975 edition of Volvo 240
which were still aluminium bumpers with abter strip. RA had been given
increased development responsibility by Volvo a few years earlier, but the
latter still undertook most of the specifications.

The price of the bumpers was NOK 175.00 for the newest Volvo 200
bumpers (those with aluminium armastic, weighing 7.2 kg) and NOK
258.00 for the Volvo 700 bumpers (with aluminium and painted plastic,
weighing 7.7 kg).

Using either new material or the output from an internal recycling smelter
owned by ASV and RA in the joint company ALPROFIL, Ardgl 8unndal

Verk (ASV) supplied aluminium alloy billets to the extrusion plant. The
smelter at Raufoss had a larger capacity than just internal recycling and ASV
also supplied primary aluminium to the smelter. The extrusion plant was also
organised under ALROFIL and delivered extruded profiles to RA's forming
lines at cost. The cost of the aluminium (including operations) was
approximately NOK 100.00 for both the bumpers, with material costs
representing 50% of this.

Production of plastic caps took placetla same time as production of the
aluminium beams. Statoil supplied the plastic material that was formed into
plastic caps in large (13@0n) injection moulding equipment. The cost of
the plastic caps, including the production operations, was appr@ymat
NOK 40.00 for both bumpers.

After 1982, the plastic caps for the Volvo 700 series were painted at Raufoss
in an automatic paint machine. The cost for painting was NOK 100.00 per

% The information in this section is based on interviews with Age Larsstuen,
Kolstein Asbgll, Thor Wang, and Per Harald Sgrlien, plus the fatigwierature:
(Elnaes 2005; RA 1986)

" The car manufacturer previously known as DAF
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bumper. The final step was assembling the aluminium bumper and the
plastic caps, costing NOK 10.00 per bumper.

The car parts division had a turnover of NOK 305.9 million and contributed
approximately 21% to RA's total turnover, approximately 55% of the car
part division's turnover originated from deliveries to Volvo.

The find bumper systems, including assembled aluminium bumpers and
plastic caps, were transported to Torslanda by trucks from Toten
Transportsentral A/L. Volvo paid for the transport, which was a delicate
matter especially for the painted plastic caps. At Toddarthe bumpers
were mounted onto the assembled car.

The sales prices of the cars in Norway were from NOK 137,000 for the
Volvo 240 and from NOK 186,400 for the Volvo 740. The cost of the

bumpers for Volvo were thus between 0.13 and 0.14 percent of ld®e sa

price in Norway.Figure 3-2 shows an overview of the actors, resources and
activities involved in bumper production in 1985.
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Figure 3-2 shows RA having the responsibility for assembling bumper
systems (consisting of aluminium bumpers and painted plastic caps) for
Volvo. The material inputs to RA are provided by ASV (aluminium) and
Statoil (plastic). The diagram only displays actors, resources and activities
involved in the daily production of bumpers in 1985, not all actors, resources
and activities involved in developmeactivities or providing machinery for
production activities.

3.2.3 Changes in the production of bumpers from 1970 to 1985

The short descriptions of the development and production of bumpers in the
relationship between RA and Volvo in 1970 and 1985 and thgradies
displaying important activities, resources and actors from the same years are
used to highlight changes in the production structure. When comparing the
arrangement from 1985 (shownRigure 3-2) with that fom 1970 (shown in
Figure3-1) as presented iRigure3-3, it can be seen that the overall process

is similar with the exception of the plastic forming line, which repressant
significant new feature in 1985.
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Figure 3-3 Comparison of the bumper production networks in 1970 and 1985.

Upon first glanceFigure 3-3 indicates that more seurces and activities are

placed inside the box delimiting the actor RA and one more actor (Statoil) is
added. However, although the diagram quickly exposes any major
differences in the composition of the production network between 1970 and
1985, it doesnot provide easy access to the actual changes in the three
layers.Table3-1 is included to unmask these changes. It shows an overview
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of the actors, resources and activities in 1970 and in 1985. Changes between
the two years are marked in red.

Table3-1 Actors, resources and activities present in the production network in 1970
and 1985

Layer 1970 1985
Actors RA RA (automotive)
Alprofil RA (autglastics)
Volvo Alprofil
Asv Volvo
Governments Asv
Statoil
Governments
NHTSA
Extrusion Press Re-smelting plant
Resources Extrusion tools Extrusion press
Roll forming Extrusion tools
Assembly line Roll forming
Final car Plastt forming
Aluminium alloy billets Plastic painting
Laws and regulations Assembly line
Taxes Final car
Aluminium alloy billet
Aluminium
Plastics
Laws and regulations
Taxes
Activities Extrusion (profile prod.) | Development
Forming Negotiations
Assembly Extrusion (profile prod
Aluminium production Forming
Law making Assembly
Aluminium production
Law makingand revising
Evaluating

The table shows that there was a clear expansion in the number of actors,
resources and activities from 1970 to 1985. Some but not all of the
expansions are related to the inabms of production of plastic caps at
Raufoss. Those related to plastic production are activities connected to
making them (such as plastic forming and painting of plastic cap), the
resources needed to produce them (such as plastic forming tools and a paint
factory) and the actor Statoil that supplies the plastics. Those not related to
plastics include development activities at Raufoss,-smelting plant and

the separate divisions for automotive parts in RA and NHTSA.

72



Changes in the product from 1970 to 985

Something that shows in neith&igure 3-3 nor Table 3-1 is the actual
content of the layers. Actors, resources and activities may, in other words,
have the same dendgtan in 1970 and 1985, but still be quite different. This
was partly revealed by the descriptions of the production process in the
respective years. For instance, did the final produdte cars ready to be

sold to customeri change from 1970 to 1985 uid the bumpers mounted

on them also change? Changes in the cars and in the bumpers will be seen in
Figure 3-4 displaying pictures of a Volvo 144 from 1970 and a Volvo 740
from 1985.

Figure 3-4 A Volvo 144 from 1970 on the left and a Volvo 740 from 1985 on the
right (image from RA6s archive on the I eft and

From being a small and easily overlooked part in 1970, by 1985 the bumper
has become massive. For example, the metal part of the bumper is visible in
1970, while the plastic cap totally covers the aluminium in 1985. The
aluminium bumper itself, though not as visible, has become héavier.
accommodate such changes, activitiesrasdurces have been altered all the
way from the production and composition of the aluminium ingot to the
assembly of the final car. The specifics of the changes in the layers will be
described in the following text to explain how elements were changed or
were able to remain stable.

3.2.4 Elements that contributed to changes between 1970 and 1985

This section describes changes in some of the actors, resources and activities
involved in bumper production between 1970 and 1985.

|t is appreciated that there are other changes in the appearance of the cars and it is
not just the bumper that has becosherdier and more massive in 1985.
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Safety bumpers: from reluctant maerials to expanding business
The head of the RA car part factory, Bjgrn Bakk@70)stated that:

"The rapid increase in the sale of cars is skelbwn. The outlook for

the years ahead does not indicate any reductions in thé satleer the
opposite.The car faatries are making extensive use of subcontractors,
which opens up possibilities for production on a grand scale. Being able
to produce high numbers of a few products is obviously a dream come
true from a production point of view. Competition for winning lsuc
orders is very fierce and highly rational production is necessary to
attract attention, which in turn requires significant investménts.

And so they did: RA invested large sums in bumper production over the next
15 years and beyond, as will be demonstian the subchapters to come.
However, we turn first to one of the biggest changes in the history of
bumpers, which happened in 1972.

Legal requirements and test protocols

Up to 1972, there were no formal requirements guiding the design of
bumpers. Instance companies and the carmakers themselves had performed
simple crash tests since the 1920s, but no standards were in place to
benchmark bumper performance. Although insurance companies had an
interest in bumpers, they were used more as styling elertterssafety
devices. The "revolution" regarding car bumpers started with the US
National Highway Traffic Safety Administration (NHTSA), which issued
Federal Vehicle Safety Standard (FMVSS) 215 "Exterior Protection" on 9
April 1971 (NHTSA 1971) This became effective or' Beptember 1972

and affected all 1973 car models. The standard contaetpdrements for
bumpers to withstand a 5 mph impact at the front end and 2.5 mph impact at
the rear end. All car manufacturers who wanted to sell cars in the US had to
comply with the standard and this led to hectic activity amongst the
European (as wellsaAmerican) car manufacturers. Although the OEMs
were aware that such requirements would come, the long development times
meant that carmakers were almost always informed well in advance before
new legal requirements were enforced. About 25% of Volvo'srcatuction

was exported to the US, which was the second largest market after the home
market, and the change in legislation thus had a great impact on the
development of Volvo modef8.However, RA was able to capitalise on its
relationship with ASV in ordr to develop an aluminium alloy that could
satisfy the requirement8.

2 Interview with Gunnar Falck
% |nterview with Thor Wang and Kolstein Asbgll
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A short detour to discuss aluminium and aluminium alloys

Aluminium is the most abundant metal and the third most common element
in the earth's crust. Nevertheless, it is a fairly "ygyumetal both in relation

to the date of its discovery, and its subsequent commercial use. One of the
reasons for its late discovery is aluminium's propensity to create stable
compounds with other elements, especially oxygen. This propensity is a
drawbackwith regard to the production of primary aluminium, as a large
amount of energy is needed to purify the aluminium. However, in the
production of bumpers and bumper beams, the oxide layer that forms on the
surface provides resistance to corrosiowith a low density coupled with

high strength, it was used early on in the aviation industry. However, due to
its relatively high cost and the car manufacturers' close relationship with the
steel industry, aluminium had not managed to penetrate the automotive
industry.

Aluminium in its pure form is a soft material. The addition of other metals to
make alloys changes the properties and is necessary to create strength.
Alloys are classified according to an international system with four digits,
from 1xxx to 8xxx depnding on the alloying elements. 6xxx alloys,
containing aluminium, magnesium and silicone, are the ones most frequently
used in the automotive industry today and are also widely used for building
applications. However, 7xxalloys with aluminium, zinc ananagnesium

are stronger, but also more expensive to produce and apply in
manufacturing.

Cooperation between RA and ASV

The choice of aluminium alloy for the first bumpers produced at Raufoss
was already decided before RA signed the contract with Volt868. ASV

had some problems in delivering the right quality during starand the
alloy was initially supplied by the Swiss aluminium company Alusuisse (part
of Alcan, the world's second largest aluminium producer, since 2003).

ASV and RA were two of # largest companies in Norway. When RA
decided to pursue extrusion of aluminium profiles, ASV was a natural
partner for cooperation. ASV was a major producer of aluminium with a
clear focus on and a strong R&D department in material technology. The
companydid not, however, produce much more than primary aluminium and
it saw the relationship with RA as a way to gain access to a market for
finished producté?

3 Interview with Sigurd Rystad
%2 |nterview with Thor Wang and Kolstein Asbgll
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In 1968 RA and ASV created the joint company I/S Nordiske
Aluminiumsprofiler (Alprofil) to managehie aluminium extrusion business

at Raufoss. An extrusion press designed only for aluminium was purchased
at the cost of NOK 10 million and started operating in August 1Bégk et

al 2006)

Even before the FMVSS 215 was released, the companies anticipated
regulation.ASV and RA developed an alloy in the 7000 series, originally
called ASV 2054. Tests with the new alloy had already been performed in
1970 and this helped to ensure at the time the new regulation was
implemented that RA could start supplying bumpers tov®ydbr the US
market with the right characteristics to meet the requirements of the
standard. This was, however, not achieved by the alloy alone, as it was also
necessary to almost double the wall thickness (and hence the weight) of the
bumpers. This had significant impact on the efficiency of the production
process, as the stronger and heavier bumpers affected both extrusion and roll
forming adversely. As a result, a large number of bumpers had to be
scrapped and were piled up behind the faéfofjhe bunper was actually
made in two different models; one for the US market and one with half the
wall thickness (and almost half the weight) for all other marlketgire 3-5

shows the new bumper with the strong alldye parallel holes on the
bumper are for fastening the rubber strip. The holes at each end and in the
middle are for clamping the bumper to the car.

#¥The locals called the pil e rifigfothe name mber
of the head engineer Nils Chr. Tgmmeraas. Interview with Ola lvar Moen
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Figure 3-5 The bumper for the Volvo 140 series afterdegelopment of the
"strong" alloy (image from RAG6s archive)

Even if the costs exceeded income for the first period of production, the
"safety bumper" was a success not only because it complied with the US
standard, but also because it attracted othepowsts to the company. The

oil crisis in 1973 was also convenient for the aluminium bumper beam
because, although car manufacturers experienced a decline in sales,
aluminium became a favoured material for bumpers on larger cars when
weight and fuel efficieey became key characteristics on which design
focussed.

One of the reasons why RA could not expand its business was the small
organisation. In the early 1970s, they had a process organised solely to fulfil
the contract with Volvo and the sales organisatias too small to handle
more customers or to market the bumpers to other car prodticers.

Although Pehr G. Gyllenhammar; newly appointed CEO at Volvo, declared
Volvo's, and the automotive industry's first environmental policy at the UN

% Interview with Thor Wang and the following literatu(@&eck et al 2006)
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Conference on theluman Environment in Stockholm in June 1972, the staff
at Raufoss were much more concerned with getting organisation and
equipment in place for larggcale bumper production. Audi, VW, Porsche
and Saab all wanted bumpers for cars being exported to thadUiSresult,
following an investment in equipment of NOK 33.5 million and an increase
in the workforce, RA started producing 18 different variants of bumpers in
Spring 1973. Wang (1996) states:

"When manufacturing of safety bumpers started in Spring ,1®%&s
problems, not bumpers, that were produced."

In 1973, Volvo also finalised the development of the cars that were taking
over for the 140 series, the even more popular 240 series. A lot of the cars'
features were taken from the Volvo Experimentale8/ Car (VESC), built

in 1972 and unveiled at the Geneva Motor Show in 87this was
especially true of the front with its large crumple zones and rigid bumpers,
which were continued in the 240 series. Proof of its safety was provided
when NHTSA purchsed a fleet of Volvo 240s to use as reference cars for
safety testing.

The second Volvo deal

Pehr Gyllenhammar had ideas about Volvo being a company with more
strings to its bow. He wanted both to secure Volvo's place in the automotive
industry and expand/olvo's business to include other areas, initiating
several projects in the late 1970s and early 1980s. An example of the first
was an attempt to merge with Saab in 1977, but Saab turned down the deal.
An example of the latter included talks with the Negian government, first

the Norwegian prime minister and then the Norwegian main negotiator Jens
Chr.Hauge(Borgstrom & Haag 1989)

Stortingsproposisjon 69, 197, states:

"Discussions about closer cooperation between AB Volvo and
Norwegian authorities were initiated between Prime Minister Nardli
Volvo's CEO Pehr G. Gyllenhammar at the start of 1978. After
approximately 12 weeks of confidential negotiations, the Norwegian
Government and AB Volvo Ggteborg entered into a principal agreement
on 22 May 1978 regarding converting AB Volvo into a Siskd
Norwegian Group and Volvo Petroleum's participation in the upcoming
4" licensing round.{Industridepartementet 1979)

35

http://www.volvocars.com/corporation/NewsEvents/News/news.htm?item=%7B1B
C6607D056-4C97-BC25388B24E0BF9%7D
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The draft of the agreement proposed to make Volvo into a joint Swedish
Norwegian company, whereby one Swedish and one Norwegian holding
company were to be established which together would own a joint company
with a respective ownership ratio of 60% / 40%. Jens Chr. Hauge had
proposed such a structure on the basis of a nemdployed for the airline
company Scandinavian Airline Systems (SAS) in 1951, where Hauge had
also been involved in the negotiations.

The agreement proposed that the new corporation should invest NOGK 500
700 million in Norway and set up a factory for capdguction. This was
supposed to create between 3000 and 5000 jobs in Norway. As a quid pro
quo, Norway would grant Volvo access to Norwegian petroleum reserves.
There were also commitments for Norway to secure the supply of oil to
Sweden, i.e. not to Volvas a company but to Sweden as a nation.

However, there was opposition of both sides of the border. The leader of the
Norwegian conservative party, Kare Willoch, was sceptical as to whether
Volvo had such a prosperous future as a car manufacturer. GBwigish

side, the powerful industrialist Marcus Wallenberg personified the
opposition. He said of Gyllenhammar's initiative:

"He [Gyllenhammar] should only know what job we had with SAS.
Working over the border with the Norwegians, | don't think he knows
what he sets off to.(cited in Olsson 2000, my translation)

The main arguments were, however, connected to doubts about the value of
the Norwegian contribution to the agreement.

The Norwegian Council of State approved the final agreenoen 15
December 1978, but we will never know whether the Norwegian Parliament
would have approved it because before it reached that stage, the Swedish
shareholders (including an organisation of small savers opposed the deal),
voted against it in the gersrmeeting. This was probably due, at least in
part, to the fact that elements of the deal were directly between the Swedish
and the Norwegian government instead of providing direct advantage to
Volvo as a company.

Even though the Swedish shareholdersi¢d down the deal, it did not end

up totally without consequences. As a direct outcome, a project on new
materials in cars was started, with RA as one of the main contributors. The
project was sponsored by the Royal Norwegian Council for Scientific and

% Gyllenhammar eventually got involved in the oil business by acquiring the
investment company Beijerinvest in 1981.
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Industrial Research (NTNF) for Volvo and was carried out in 1978 and
1979. Several people at RA were involved in the study, which looked at
future trends for lightweight materials including aluminium, plastics and
magnesium in cars.

Introducing plastic: a new string to the bow or a complementary
material?

The material project discussed above may well have been the first
introduction to plastic for RA's car part division. Although some plastic
items were already manufactured within RA, this was at the etigkof the

scale with small objects such as keys for typewriters, which had totally
different requirements and used different materials to the plastics needed for
the exterior of a car. More broadly, Renault had introduced the first plastic
caps in 1971 ahseveral OEMs started using them during the 1&70s.

In 1977, Volvo decided to use a plastic cap covering the bumper on the new
version of the Volvo 242. The aluminium bumper systems between 1972 and
1980 had been strong and had performed well, but there starting to
become heavy (for example, bumpers for the US market could weigh up to
10 kg), costly and with few opportunities to enhance the cars' styling. In
addition, the combination of the aluminium bumper and the rubber strip had
created some probies with galvanic corrosiofy.

Three companies were evaluated as possible suppliers: Plastal, Viking
Mjgndalen and RA. Although RA had no technology and no organisational
competence, they were chosen as a supplier because of several reasons.
These included

e A good relationship to Volvo with personal relationships on several
levels in the organisations

e Knowledge of cars and the automotive industry

e A will to succeed and make necessary investments (e.g. as shown in
the buildup of developmental capabilities)

e The close connection between the aluminium bumper and the plastic
cap, which created a greater need for production coordination than
with the bumper and the rubber strips

e The possibility of creating lightweight solutions for other
components in the body dnchassis using combinations of
aluminium and plastics

37 Interview with Per Harald Sgrlien
% Interview with Sigurd Rystad
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RA's decision to expand into production of plastic caps was probably
connected to an expectation that it was an important move to keep a good
relationship with Volvo(Elnaes 2005)Of equal importance was the close
relation between RA and Statoil, tiNorwegian state oil company, which
could supply plastic raw material. Jens Chr. Hauge was the first chairman of
Statoil and was a member of the board of RA. Statoil, RA and KV even
shared their main office in Oslo, and Statoil invested NOK 50 million in RA
to increase competence in plastics and aluminium in the 1B8tz=s 2005)

Between 1979 and 1980, NOK 30 million was invested in production
equipment and two people expert in the production of plastic components
were brought in from Skriver Industries. As a result, RA was ready to deliver
plastic caps rbm 1980. The facelift of the 240 series included the
introduction of an unpainted plastic cap, making the bumper a more
integrated and less conspicuous part of the car. The testing and start of
production went well, even if the process was cumbersoméodeigensive
manual handling:

"Among other things, the removal of tools and machinery was all done
manually. Even if the 1300 ton machines were dwarfed by the
subsequent 3000 and 4000 ton machines, they were fairly awkward and
heavy when you had to reaah from the outside and remove the cap
without scratching or damaging the surface in any way. The tool was
more than 2 metres wide and the opening in the machine was not much
bigger . The surface was still warm and soft and extremely prone to
scratchingi it basically could not be touched at all without leaving a
mark. The cap was carefully lifted out, placed on a trestle and the inlets
were cut off with a knife by hand. The cap was then placed on a trolley
in order to be transported to the assembly." &=In2005)

Automation increased in later years, but not without problems and need for
manual intervention.

Although the bumper in 1980 had an unpainted plastic cap as shown in

Figure3-6, the first painted plastic caps had been implemented by 1982 with
the introduction of the new Volvo 760 GLE.
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Figure 3-6 Volvo 240 with unpainted plastic cap

In 1982, new investment had to be made and new problems occurred as a
result of the launching of the 700 seriesnir&/olvo with painted plastic
caps. Although Volvo was experienced in lacquering and had facilities that
could accommodate cap painting, it was convenient to have the bumpers
completely finished before direct delivery to the assembly factory. Another
significant factor was that Volvo was close to exceeding the emission permit
from their paint factory. Although production of plastic caps differs from the
production of aluminium bumpers, these two types of production are still
more similar to each other thaither is to painting. While care was needed

in the handling of aluminium bumpers and plastic caps, it was nothing
compared to the taut requirements of the painting process. An environment
free from dust and oil is hard to maintain in a production siteiaratjdition

to new equipment and a specialised building with good ventilation, the most
important aspect was to change the attitude of the workers toward a perfectly
clean environment,

Given the strict finish requirements, transportation of the pairded was a
delicate matter. In a report from the board in 1984, the management at RA
explains that there is a need to situate production closer to the car assembler.
They even stated that this could be achieved by-B9g§&A 1984)

RA's investments in plastic cap production and gradually increasing
responsibility for development issues were instrumental in the negotitio

a new longterm contract with Volvo, signed in 1981 and granting RA the
role as single supplier for all bumpers that were supplied to Vi6Molvo

also wanted RA as a development partner, requiring RA to keep up to date
on trends in bumpers and maads.

¥ Interview with Per Harald Sgrlien and the following literat{Eginaes 2005)
“0That is, of the larger Volvo makeBhe small Volvo 343 built in the Netherlands
had steel bumpers.
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One of the first results, which was also connected to the report on
lightweight materials in 1978, was the experimental vehicle Light
Component Project (LCP). The bumper, the plastic cap and the foam in
between were developed by RA and had great ggnesbsorbing
characteristics, which made it possible to integrate the bumper into the body.
This bumper pointed towards the solution that would be used in the early
1990s for the Volvo 85(EInaes 2005)

The business was still mostly connected to aluminium

In October 1972, the US Congress enacted the Mégtiicle Information
and Cost Saving Act (MVICS Act) that required manufacturers, amongst
other things, to ensure a bumper standard that incorporated the:

"maximum feasible reduction of costs to the public, taking into account
the cost and benefits of ptementation, the standard's effect on
insurance costs and legal fees, savings in consumer time and
inconvenience, and health and safety consideratiMisTSA 2004)

The MVICS act oncluded in 1981 that the most beneficial limit was 2.5
mph for both front and rear bumpers and the change was incorporated in the
new legislation: 49 CFR, Part 581. Congress also specified the components
on the car that were supposed to work after adoeed craski for example,

the car should still be driveable and lighting should still wgdHTSA

2004) As a result, the staff at Raufoss was concerned that their customers
might chase other suppliers and possibly switch to steel bumpers because if
the required specification was reduced, the difference between the weight of
a steel bumper and an aluminium bumper would also be reduced. There was
therefore a sense of relief when sorteges upheld the 5 mph requirements
and this resulted in car producers having to supply parts of the US market
with the more rigid bumpers.

After the introduction of plastic caps, it may appear that the business at
Raufoss completely changed direction dhdt the production of bumpers
was ignored. Certainly, the Annual Report from 1982 gives hints that such
worries actually existed:

"A repositioning to other materials may force their way through in the
longer term, but changes in styling requirementenehthe bumper
reinforcement bar is placed closer to the body may still make aluminium
competitive as a reinforcement baiiRA 1983)

However, plastic caps were only delivered to Volvo and were more

associated with costs than income; meanwhile, aluminium bumpers for other
car manufacturers remained a profitable business. During the 1970s,
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important investments were madeg.en a cast house in 1974, in two new
extrusion presses in 1973 and 1978, and in more efficient forming lines in
1976+

The first cast house was built in 1974 and started production in May 1975
with a yearly capacity of 8,000 tons per year. It was lailcarry out re
smelting and already had a large input of raw material from the
aforementioned "Temmerasen". After an upgrade in 1982 when the
induction oven was rebuilt to be gas fired, the cast house was able to produce
12,000 tons per year using 3 shifter day. Even with a cast house situated

at Raufoss, ASV upheld production of aluminium billets in the 7000 series,
as RA was not seustained?

The fact that the business was still focussing on aluminium can be
demonstrated by the plans and the wadokie to merge RA and ASV. They
had loosely talked about closer connections and, of course, ASV's CEO,
Hakon Sandvold, had a place on RA's board, whilst Bjarne Hurlen had a
place on ASV's board. The labour union at RA took the initiative and sent
the Miniser of Industry, Finn Kristensen, a letter on 22 October 1980 in
which they expressed a desire to coordinate the Norwegian aluminium
industry. The letter took the board in both companies by surprise, but after
some discussion they agreed that it was in #éagood ided® Jens Chr.
Hauge (again) was responsible for drafting an agreement and after only six
months, on 24 April 1981, the Department of Industry issued
Stortingsproposisjon 131 for a merger between ASV and RA. The advice
was that "a merger betwedme two companies will make it easier to realise
both companies' goal to continue expansion of aluminium processing on a
profitable basis"(Justisdepartementet 1982he parliament approved the
merger on 10 June 1981, to begin with effect from 2:1dgn1982. During

the autumn, a lot of management resources were spent on the necessary
preparations. However, the same autumn brought an election where the
Conservative party came into power to replace the Labour party. One of the
new Prime Minister Kar&Villoch's first acts was to abort the merger and
when a new vote was subsequently held, the majority in the parliament voted
against the proposéiVang 1996)

Perhaps RA should be happy that the merger never took place, as the
aluminium industry faced a heavy recession in the earlpd$®d ASV
incurred significant losses. To survive, ASV sought mergers with several
other aluminium companies and a solution was eventually reached in 1986,

! Interview with Sigurd Rystad
“2|Interview with Roger Kyseth
“3 Interview with Thor Wang and Kolstein Asbgll
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although this was a little painful for the company. However, before we look
at this solution, withts huge consequences for both RA and the bumpers, we
will consider how production of bumper beams was undertaken in 2006 in
order to compare pictures of the production network structures from 1985 to
2006. Let us first summarise the important elementsagt between 1970

and 1985.

3.2.5 Summary: important elements connected to bumper production
between 1970 and 1985

There is little doubt that if one were looking for a pivotal moment in bumper
production at Raufoss, the introduction of dagety bumpein 1972would
make the top of the list. This product (i.e. resource) tightened the
relationship between RA and Volvo and between RA and ASV, it paved the
way for severalnew customers for RAand it led to the introduction of
several changes in activities and nessources. The introduction of the
safety bumper would not, however, have been possible without actors,
resources and activities that were already present in 1972. These ithglude
relationship between RA and Vohandthe relationship between RA and
ASV, knowledge of aluminium alloysan extrusion presgorming tools
researchand testing Not to forget theFederal Motor Vehicle Safety
Standard (FMVSS) 21%nd its content specifying the requirements for
bumpers and the issuer of the standate US Natonal Highway Traffic
Safety Administration (NHTSA)

The next major change came with the introduction ofpllastic capwhich

added new actors, resources and activities to the industrial network such as
Statoil plastic forming toolsand theactivitiesneeded to make a plastic raw
material into a plastic cafResources and activities needed to paint the
plastic capswere also included later at Raufoss. Although there were
additions to all layers, some resources and activities also disappeared, as the
bunpers no longer needed to be anodised.

In addition to the modification, addition or removal of activities, resources
and actors that were directly related to the safety bumper or the plastic cap,
other changes came into play in the various lay&ne-smdting plantwas

set up at Raufoss armdnew extrusion presgas acquired. le negotiations
between Volvo and the Norwegian governmetncerning Volvo's
expansion into other business areas showed that the Economy* was not only
confined to the bumpeelatal activities at Raufoss.

To enable us to describe the element changes in the bumpers' industrial
network (i.e. the Economy*) from 1985 to 2006, let us first take a look at the
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specifics of the development and production of bumper beams in 2006. This
desciption will be compared to the description of the network in 1985 to
highlight those changes that have taken place.

3.3 From 1985 to 2006

In the following section, the changes from 1985 to 2006 are described. As
for the period from 1970 to 1985, the preseatastarts with a description of
how development and production was undertaken at the end of the period, in
2006. This is followed by a picture of the production network in the same
year. Thereafter the picture is compared with that of 1985 and actors,
resources and activities that are different between the two years are
highlighted. This is used as input for a description of how elements have
changed between 1985 and 2006.

3.3.1 Production of bumper beams in 2008

Volvo has constantly worked on making new gardels or updating already
existing models through smlled “facelifts". Thus at the end of 2006, Volvo
was producing 9 different models, of which 5 were produced at Torslanda
outside Gothenburg, with their bumper beams being supplied from Hydro at
Raufos.

It typically takes three years from the start of car model development to the
start of production (SOP) and a car model is usually produced for six years
with a "facelift" midway through its life. Whenever a new project is initiated
(be it a new car natel or a facelift), the first tasks involve setting a timetable
for when different phases must be finished and inviting suppliers to submit
proposals for systems to deliver. The SOP is the ultimate yardstick and
reaching it is seen as the most importardanemic goal. Failing to reach
SOP is seen to have dramatic consequences, as the car must be presented at
industry fairs. All suppliers must be qualified by Volvo and this process
comprises technical / financial investigations and evaluation schemes similar
to those developed by Ford. Hydro Raufoss is one such qualified supplier
and is normally invited to propose a bumper beam for new car models. The
technical departments at Volvo, together with the purchasing department,
carry out supplier selection for tlkferent components / systems.

4 The information in this section is based on interviews with Bjmders Hilland,
Tobias Svantesson Kavik, Kolstein Asbgll, Grete Valheim, Peter Holmén, Tony
Wickstrom, Anita Lindberg, Roy Jakobsen and Martin Weiman.
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When Hydro is selected as the supplier, the development of bumper beams is
performed in cooperation between a Hydro development department situated
in Oslo and the unit responsible for the front end of the body in Vaivo. |
other words, Hydro is responsible for designing a bumper beam with the
right characteristics within a designated space; while draughtsmen at Volvo
provide details about where the bumper beam has interfaces with other
components, such as fastening braglkatd holes for electric wires or air
inlet to the engine. Most of the development work is done on computers,
both for drawing and for simulating the bumper beams' crash behaviour. The
development is financed by Volvo, i.e. a lump sum is agreed to cdtbeal
work needed to get the drawings right and for making the tools.

The purchasing departments in Volvo and Hydro agree upon the final price
of the bumper beam. An assigned team in Volvo investigates the technical
processes and makes a cost evalua#toamall profit is added to the total
costs and a price reduction is often included in the contract, as production is
expected to become more efficient with experience. In 2006, bumper beams
to Volvo comprised about 10% of the total sales from HAST at Raufo
amounting to more than NOK 120 million.

In parallel with the development work, preparations are made for production
at Raufoss. Production is connected to three important facilities: the cast
house, the extrusion plant and the forming line. The fasliare organised
under three different organisations, here referred to as Hydro Aluminium
Metal Products (HAMP) for the cast house, Hydro Aluminium Profiles
(HAP) for the extrusion plant and Hydro Aluminium Structures (HAST) for
the forming line’® HAST is also responsible for the development department
in Oslo and for creating an efficient supply chain between the activities at
Raufoss. However, the three units have to maintain their own accounts,
contributing to the gains or losses in different-sulits in the larger Hydro
Aluminium.

The cast house produces aluminium alloys in the 7000 series. The series
number designates the alloying elements that are mixed with aluminium. The
7000 series includes the addition of zinc and magnesium, with strong alloys
that are not used for a wide variety of applications. That means there is a
small market consisting of rather specialised products and subsequently only
a small amount of recycled material to buy. Metals are purchased at Raufoss
and, while all the alloyinglements are bought from specified suppliers, the

“5 The organisation map in Hydro is constantly revised and the names given here do
not exactly mirror the organisati@t a given point in time. In fact, three of five
extrusion presses at Raufoss are owned by HAST, but the equipment and the
workforce are rented to HAP.
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aluminium is bought on the London Metal Exchange (LME). One of the
most important points in the contract negotiations is to specify the price of
the aluminium, as this constitutes almost 40% of the tatat of each
bumper and is constantly changing. Different contracts can be made at LME,
and choosing the right one with the right amounts is an area of risk where
Hydro can earn or lose money.

The output from the cast house is billets for extrusion. HAS/S bhe billets

from HAMP and purchases extrusion services from HAP. Not all the billets
are used for extrusion at Raufoss. Some of them are transported to other
places where Hydro produces bumper beams, e.g. France and the USA. This
makes it possible teegk economies of scale in the casting process.

In the extrusion plant, three extrusion presses are used to squeeze the billets
through a small opening to produce hollow profiles.c8lbed "die tools" in

the opening are used to produce different shagestdols are manufactured

in hardened steel by specialist companies. Robust tools that do not need to
be changed all the time are a prerequisite for efficient and economic
production. Profiles are cut to the approximate length of the final product
and stoed in an intermediate location before they reach the forming line.
The three presses differ in terms of their pressing power and the diameter of
the hollow profile, which means that some products must be made at a
specific press. However, the main focustbé production planner is to
ensure an even distribution on the presses. More than four shifts on one press
costs much more than having three shifts on each press. The extrusion
process represents slightly less than 20% of the final price of the bumper
beam.

The forming line is the facility where the bumper beams attain their final
shape, holes are drilled and amits (such as brackets) are mounted. The
aluminium alloy hardens over time, so it has to be heated in an oven to
remove internal tension befotiee profile is bent. Bumpers are bent two by
two and any additional operations to be carried out at the ends of the bumper
beams are completed in the forming line. If such operations are to be carried
out closer to the middle or if they cannot be donehm line, the bumper
beams must be moved manually to a CNC machine. When the bumper
beams are finished, they are placed on pallets, where the ageing process
ensures that they gain their needed strength. They are then transported to
Torslanda by truck. Althegh Hydro is responsible for requesting the lorries
from Toten Transport, Volvo pays for the transportation itself.

The bumper beams go into the body factory, which is the "first" factory at

Torslanda. The body factory is almost completely automated gquigp=d
with robots. One robot is used to fasten the bumper beam to the body and the
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whole operation takes about 50 seconds. From the body factory, the body
with the bumper beam goes to the paint shop and from there to the assembly
factory. Unlike the bodyactory, the assembly factory has a lot of manual
workstations. Windows, doors and other components are added to the body
before the "marriage point”, where the chassis and the body are united.
Thereafter, the bumper with foam is mounted to the fronhefcar and the

car is programmed before it is ready to be shipped to an end customer.

Figure3-7 shows an overview of the actors, resources and activities involved
in the development, production and assembly eftimper beam.
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Figure 3-7 Activities, resources and actors involved in the production of bumper
beams in 2006.

The diagram gives the impression that there are two large actors involved in
the productionof bumper beams, namely Hydro and Ford. These are,
however, not directly involved in either the development of or the



transactions relating to the bumper beams. Such activities take place within
smaller sukunits of the larger organisations. Changes kizate taken place

up to 2006 are better identified when the network is compared to an earlier
stage, which is the subject of the next section.

3.3.2 Changes in the production of bumper beams from 1985 to 2006

A direct comparison betweeRigure 3-2 (for 1985) andFigure 3-7 (for
2006), as given ifrigure 3-8, shows that much has changed in the bumper
production network between 1985 and 2006
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Figure 3-8 Comparison of the bumper production networks in 1985 and 2006.

The plastic has disappeared so the system encompasses fewer processes in
2006 than in 1985. However, the number of actors asourees seems to

have increased. Ownership has become even more confusing, even if
Alprofil with its split ownership is out of the picture.

To clarify the changesTable 3-2 gives an overview of the activities,

resources and actors involved in bumper/bumper beam production in 1985
and in 2006. Changes from one year to the other are marked in red.
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Table3-2 Actors, resources and activities present in the prodaatietwork in 1985

and in 2006
1985 2006
Actors RA (automotive) HAMP
RA (autoplastics) HAP
Alprofil HAST
Volvo Volvo
Asv LME
Statoil Governments
Governments NHTSA
NHTSA EU
Test organisations
Resources| Re-smelting plant Cast house/Oven
Extrusion press Aluminium alloy
Extrusion tools Extrusion press
Roll forming Extrusion tools
Plastic forming Forming line
Plastic painting Forming tools
Assembly line Assembly line
Final car Final car
Aluminium alloy billet Business strategies from Hydi
Aluminium Aluminium
Plastics Business targets from Hydro AS
Laws and regulations Supplier evaluation schemes fro
Taxes Ford
Aluminium contracts from LME
Laws and regulations
Taxes
Test protocols
Test results
Activities | Development Development

Negotiations

Extrusion (profile prod.)
Forming

Assembly

Aluminium production
Law making and revising
Evaluating

Negotiations

Raw material acquisition
Smelting (billet prod.)
Extrusion (profile prod.)
Forming

Assembly

Strategising

Evaluation

Aluminium production

Law making
Evaluating
Testing




The most striking difference is, perhaps, in the names of the actors; some
have changed, some have disappeared and new ones are added. The
resources and activities given in the table have also changed: they have
increased, as was indicated fiigure3-8. Part of this expansion is related to

a change in the structure for acquiring the raw materials (the aluminium
ingots) for the bumper beams.

Changes in the product from 1970 to 1985

If the visual change &m 1970 to 1985 was considered to be significant, the
change from 1985 to 2006 can be seen as even greater, as sHeigurén
3-9.

Figure 3-9 Volvo 740 from 198 (left, image from Volvo club) and Volvo S80 from
2006 (right, image from Volvo cars)

The Volvos are no longer as "lumpy" as before. Although there are
exceptions in Volvo's history (such as the P1800), Volvo has not been
famous for its stylish design.aw the lines are smooth, which is probably
one of the reasons why Volvo includes 'design' as one of its core values
alongside 'safety’ and 'the environméhhe appealing design of the front

of the car is made possible by the bumper, that is, the ptagtihias now
become the bumper and is no longer just covering the aluminium beam. In
fact it is fully integrated with the rest of the car, making a perfectly rounded
nose from the bonnet to the wheels. Nevertheless, the aluminium bumper
beam (now completglhidden) retains important structural functions for the
car. The appearance of the aluminium bumper beam, although invisible, has
changed quite a latit has become hollow and the geometry has been made
more complex to accommodate less packing spacheircars. To obtain
such changes, resources and activities have changed accordingly. The
reminder of the case will mainly follow the bumper beam, but will pay
attention to the "brealp" between the bumper and the bumper beam and
the Economy* involved.

“8 The positive connotations attributed to Scandinavian design is another possible
reason.
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3.3.3 Elements that contributed to changes between 1985 and 2006

The time that passed from 1985 to 2006 contained a number of mergers,
acquisitions and reorganisations in the actor layeriabdfore we forget
everything about ASV's economic troubleget us retun to the mid1980s

to see what the solution to ASV's problems was.

A "merger" between ASV and Hydro

In 1985, ASV worked with the German aluminium company Vereignite
AluminiumWerke AG (VAW) to explore the possibilities for integration
between the companie3his initiative made Norwegian politicians force
Hydro and ASV to the negotiating table in order to secure a strong
Norwegian aluminium industry. Hydro was established in 1905 as a fertiliser
producer, a production process that was closely connectegdtopower
concessions. In the mitB60s, Hydro found itself in possession of excess
power and went searching for applications. The choice fell to aluminium
production on Karmgy, which started in 1967. At the end of the 1960s,
Hydro became involved in thearch for oil, with oil and gas soon becoming
the largest focus area of the compéBggafos & Aasland 2005)

The first round of negotiations between ASV and Hydro did not achieve a
breakthrough, but in 1986 the ownership structure was finally agreed. ASV
was producing almost twice as mualuminium as Hydro, but Hydro's net
value was set twice as high as ASV's because of the latter's high debt
(Bergen Bank & Kreditkasse 1986)s a resultof the large difference in
defined value, the integration between the companies never became a
merger. From the outside (as well as inside the organisations), the merger
instead looked like an acquisition by Hydro. This was highlighted by the fact
that themerged company was named Hydro Aluminium. It was evident that
the management from Hydro was responsible for deciding the business
strategy for the new aluminium company. This decision also probably
reflected not only Hydro's initially larger value, bus@lthe fact that ASV

had twice been saved from bankruptcy by the Norwegian government in the
years prior to 1986.

The ownership change had immediate consequences at Raufoss, as Hydro
Aluminium did not want to continue the relationship with RA in
ALPROFIL. Although Hydro was seeking opportunities for downstream
operations, it did not believe in going into the automotive industry. After
long discussions, the #amelting plant stayed with RA whilst the presses
were divided between the two companies. A wallswauilt inside the
extrusion plant to separate the two companies and Hydro took over most of
the profile production for the construction industry, while production of



bumper profiles stayed in RA. Unsurprisingly, the workers at the factory
called this divile "The Berlin Wall"’

Outside Raufoss, in another part of Europe, the real Berlin Wall fell in 1989.
Many welcomed this fall, but for the military production at RA it became a
problem. NATO's military strategies were changed and the ammunition
made at Rufoss was no longer as attractive as it had been previously. This,
together with the international economic recession in the late 1980s and
early 1990s, meant that RA had to seek different strategies in order to
survive. Volvo also suffered a drop in salieEom 280,000 cars in 1987 to
190,000 in 1991 and this accentuated RA's financial problems, due to the
automotive unit's major dependency on Vofgoonken & Trands 1994Dn

29 January 1990, when the Minister of Industry (Petter Thomassen) visited
Raufoss, negotiations began for a change in RA's structure. Discussions
continued in several forums during the late winter and the spring. In a
parliamentary meeting on 15 of May, the decision was made to partly
privatise Raufoss AS. The Norwegian state was still the largest shareholder
with 53.5% of the shares. Raufoss AS beeamnholding company, with
Raufoss Automotive as one of three sudits (Wang 1996)

Even if the period was marked by the first decline in deliveries of products
to Volvo, it was also a period where RA invested more than ever in the
relationship. In 1989, one facility was set up to picml plastic caps in
Uddevalla in Sweden, with another just outside Volvo's facilities in Ghent in
Belgium. Each of them had an investment cost of NOK 50 million. Two
years later, painting facilities were included in Belgium at a cost of NOK 90
million. The facilities ensured that RA could start "just in time" (JIT)
deliveries to Volvo, reducing stock and adjusting shorter response times to
the customers' needs. However, large investments coupled with low earnings
led to a desperate search for cooperatiatnpes. In 1992, Plastal invested

in Uddevalla to create a joint venture with a 50/50 split; whilst production
facilities for finished products in aluminium, such as ladders, construction
materials and maritime products, were sold to Hydro between 1991984d
(Bronken 2005)

The drop in Volvo's sales not only affected RA but also influenced Volvo
itself, which searched for cooperation partners to ensure that it maintained its
place in the automotive indugtr

“" Interview with Thor Wang and Kolstein Asbgll
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Volvo and Renault want to merge

Volvo and Renault had founded a strategic alliance in 1990 to economise on
both activities and resources. It was achieved "through a complicated
scheme of crosshareholdings, joint production and R&D agreements, and
suwpervisory boards(Bruner 1999)

However, as Raufoss was responsible for the development of bumpers for
Volvo and Volvo thus had little Hnouse expertisin this area, it was natural

to place responsibility for the bumpers with Renault. This decision had direct
consequences for the relationship between RA and Mofeo example, all

of a sudden, the engineers in RA had to relate to new counterparts and i
language in which few were fluefit.

A merger between Volvo and Renault was announced on 6 September 1993
by Pehr Gyllenhammar, chairman of Volvo's board of directors, and Louis
Schweitzer, chairman of Renault's supervisory board. Two new companies
were to be formed: a holding company called RVC and an operating
company called RVA. Joining Volvo and Renault together under a common
flag would make Renault Volvo RVA the sixth largest car producer in the
world (Bruner, 1999).

But the merger never happeti Just as with the second Volvo deal, another

of Gyllenhammar's prestigious projects was turned down by small savers
organised through the Swedish shareholder's association (SSA). As a result,
as soon as the merger was called off, the formal alliancsebat the
companies was discontinu&d.

However, this did not mean that the relationship between RA and Volvo
immediately reverted to the p®90 status. New people had started working
in the bumper department at Volvo and whilst the engineers at Radw#dss
probably expected that everything would return to normal without their
having to make an effort, it would appear that the relationship probably
should have been nurtured as, in 1994, RA lost their first tender to deliver
for a new Volvo?®

Hydro acquires RA

Meanwhile, at Raufoss there were other more pressing concerns than the loss
of a single contract. It was evident that there was a need for investments in
the automotive operations, but the holding company could not fulfil this

“8 Interviews with Thor Wang and Sigurd Rystad
91t also led to Gyllenhammar resigning his position
*% Interview with Sigurd Rystad

9t



need due to the diffidt market conditions and some costly failed projects.
The management of Raufoss Automotive had actually been on the lookout
for potential partners in the aluminium section of the car part division
throughout the first few years of the 1990s. Talks haad beiated with

VIAG (the owner of VAW), Alcoa, Elkem and Reynolds Aluminium. None

of the talks led anywhere and the last company contacted (in 1992) was
Hydro through the Hydro Extrusion Group in Lausa(Benken 2005)

The board at RA was sceptical and the process was stopped, but attitudes
changed only two years later, as RA realised that they had a significant need
for investment in machinery to pursue the potential for increased growth in
supply. Talkswere initiated with Hydro Automotive Structures and its
leader, Arvid Moss, was more understanding than the management of the
extrusion group to RA's needs if it were to become a part of Hgtamken

2005)

After a long round of negotiations, Hydro invested NOK 303 million in
1994, buying a 40% share in Raufoss Automotive, but the problems with
financing operations were not over. The machine park at Raufoss could not
accommodate the increasing productiow & was soon evident that there
was a need to upgrade all parts of the production process, from the cast
house and extrusion presses to the forming lines. Investment was also
needed in facilities for jush-time production of plastic caps both at
Torslenda and in Ghent. The capital requirement was estimated to be around
NOK 900 million(Anonymous 2000)

Discussions about a possible shift of ownership continued as the mother
company at Raufoss continued to struggle with its finances. It was evident
that something had to happen. Hydro's acquisition of 40% had pyobabl
created a certain logk effect and it came as no surprise when Hydro and
Raufoss agreed to make Hydro the complete owner of bumper beam
production at Raufoss in 1997.

The need for investment made it absolutely necessary for RA to have a
financially saund owner. Hydro certainly had the capital, but was also of
such a size and with such diverse fields of interests (fertilisers, oil and gas in
addition to aluminium) that a certain anxiety was present at Raufoss. Would
Hydro be interested in keeping thd$oat Raufoss? Would other people be
employed? Would production be moved elsewttére?

However, after Hydro's takeover of RA's automotive business in 1997, not
much changed immediately in the organisation. Signs were taken down and

*! Interviews with Thor Wang, Kolstein Asbgll and Sigurd Rystad
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new signs with the namd the new company were placed on the buildings,
but most of the workforce stayed the same. The largest physical changes
came through investments in a new cast house and a new extrusion press.
Hydro as an owner was also stricter in controlling projectse&tel without
contribution to the bottom line was stopped and reporting mechanisms for
better control of the economy were introduced.

Ford acquires Volvo

At the beginning of January 1999, Volvo was the world's smallest
independent car manufacturer. Ldsan a month later, it was no longer!! On

28 January 1999, Ford agreed to buy the automobile division from Volvo for
SEK 50 billion. The deal involved a 50/50 split on the rights to the Volvo
trademark between Ford and AB Volvo. The reasons given werkighe
development costs associated with making new car models and a desire from
AB Volvo to concentrate on manufacturing trucks and buses. Volkswagen
and Fiat were also reported to have bid for Volvo Cars, with Fiat offering a
higher price than Fordbut FHat could not assure an autonomous position for
Volvo Cars after the acquisitiqiBurt 1999)

In a press release, Volvo said:

"Volvo Cars is a premium automotive brand and has both a strong
product program and above indusaryerage profitability. However,
overthe longer term and within the context of its current position as a
relatively small niche player, Volvo Cars would benefit from the
economies of scale inherent in being part of a very large automotive
company. In particular these would apply to the sigaift investments
required in both the development of new car generations and in
distribution." (Anonymous 1999b)

Ford made similar remarks praising the benefits of acquiring Volve, iner
the words of president Jagues Nasser:

"Volvo is a premium automotive brand with unique appeal that
represents a good opportunity to profitably extend our lineup and grow
the Ford business worldwide. Volvo is a perfect complement to the Ford
family of brands worldwide. Volvo has a worldass reputation for
safety, quality, durability and environmental responsibility, all of which
are attributes that are increasingly important to customers, and fit with
our 21st century vision for Ford¢Anonymous 1999b)

Volvo was in fact about to develop a completely new platform for small and
mediumsized cars, called P1. The capital required was estimated to be SEK

*2 |nterview with Thor Wang anHolstein Asbgl|
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30 billion and it is unlikelythat Volvo could have accommodated the
necessary investment. Although at the end of the 1990s Volvo presented
financial results that were relatively better than Ford, the latter still had an
enormous capital base through which it was in a position todenaativities

such as the development or acquisition of smaller car producers. Ford itself
is a conglomerate of a number of independent brands and each is given
responsibility for different issues in relation to research and development
within the group. Vithin this business model, Volvo was given
responsibility for safety not just for its own cars, but as the "Center of
Excellence" for all car makes within Fofidarlsson 2003)

As with Hydro's acquisition of RA Automotive, there were few immediate
changes in the work force at Torslanda, at least in relation twdaHewith
bumper beams. Some changes occurred in the administrative area. New
reporting routines were implemented, as well as new schemes and
documents for standardisation. The staff at Volvo mostly continued to
perform their job as before, but the charngeorganisational culture was
clearly revealed if there were any disagreements. For example, Ford has a
much more hierarchical decision structure, with company rules and policies
laid out in lengthy documents.

The resultant new requirements for reportind-ord headquarters (including

the creation of formal supplier assessments) affected the relationship
between Hydro and Volvo. Although the technical staff and the purchasing
department could not agree on who was actually in charge of the selection
process, new procedures and guidelines for the purchasing process had been
put in place to ensure that suppliers were not chosen on the basis of
"bribery". Ford's policy was not to accept anything from the selling
organisation, not even dinners or other sudts.girhe social ties between
those involved at Torslanda and at Raufoss (both as RA and Hydro) had
generally been quite strong. Now they had to relate in new ways and every
step in the process had to be documented. Nevertheless, although outside the
rules, the development engineers continue to solve problems by phone if
necessaryBrekke 2006)

In addition to the change in the approach to routine work, Ford also certified
all companies who acted as suppliers tands within the group. Such
certification was based both on selfaluation by Hydro, as well as an
evaluation performed by accountants and technical experts at*Ford.

Access to raw material creates an industry shift?

%3 |Interview with head of strategy, Volvo afidarlsson 2003)
** Interview with Anita Lindberg
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The supply of aluminium alloy billetsn 1985 was based on a combination

of an internal recycling plant and a strong relationship with ASV, who
produced billets at Sunndalsgra. The internal plant increased its output
during the late 1980s and the beginning of the 1990s, but it was neves able
cover the full demand for billets even though, at the end of its lifetime, it had
a yearly capacity of 20,000 tons and was running with 5 shifts per day.

As ASV was taken over by Hydro in 1986 and Raufoss experienced still
greater demand, a push wagated to invest in a cast house to cover the
supply of aluminium alloy billets for the 7000 series. At Sunndalsgra, billets
were produced for both the 6000 and 7000 series, but this meant cleaning
charges had to be run in between. The extra time andnzol Hydro eager

to get rid of the 7008eries production. Still, the need for extra cast house
capacity was one of the reasons why Hydro invested in Raufoss. The
investment in the cast house was about NOK 150 million and Hydro's
financial contribution toRaufoss Automotive made it possible for the cast
house to be built. Hydro was already involved in producing aluminium alloy
billets - making Raufoss the production site for the 788€ies alloys freed
capacis'%y at Sunndalsgra for making the more widelyd us@0Gseries
alloys:

The cast house now in use covers an area of 660@nthwas ready for
operation in early 1997. The capacity for the cast house is approximately
50,000 tons per year and the production rate in 2006 was approximately
40,000 tons. Onbatch from the oven is around 30 tons of finished biflets.

Casting technology has developed, especially in terms of the cleansing of
hydrogen. Billets are therefore of a much higher quality than a few decades
ago. During the early years of the new mifienm, Hydro started production

of bumper beams in France and the USA. Billets from "local" producers
were tested but without satisfactory results. This may be the result of an
actual difference in quality, but is also likely to be related to the extrusion
technology (and the forming technology) in place at the production sites.
The production sefip is an imitation of the way production is set up at
Raufoss (with aid from experts at Raufoss), and may therefore be adjustable
to similar billets®

If the alloys are studied under a microscope, it can be seen that they have
different metallurgical properties. Lower billet quality means lower

%5 Interview with Roger Kyseth
%% Interview with Sigurd Rystad
* Interview with Roger Kyseth
%8 Interview with Sigurd Rystad



extrudability, which in turn means a need to run the machinery at a lower
speed?

Initially, the new cast house madedgtation between the cast house and the
extrusion plant easier. If there were problems with extruding a billet, close
communication between the cast house and the extrusion plant helped to
ensure new casts were made without imposing too high costs, asvrer

short distances between the units. This advantage also made it possible to
carry out test runs with small differences in alloys and/or in thesetf
extrusion tools to find more efficient combinatidfs.

The late 1990s saw many attempts to achiavproper integrated supply
chain at Raufoss, where HAST was in charge of setting the plan for billet
production as well as organising the extrusion plant. In 2005, the units were
again reorganised and the cast house became an economic unit under Hydro
Aluminium Metal Products. Staff in HAST have since complained that
integration is, once again, becoming a problem and that bumper beam
produsé:ltion is made more difficult as a result of a decreased focus on its
needs.

Sourcing of aluminium

In 1985, aluminiunalloys were supplied by ASV through the joint company
Alprofil. ASV was responsible for sourcing the aluminium and delivering
the billets. After Hydro's takeover of ASV, supplies still continued, but
Hydro wanted to get rid of the production of billetslire 7000 series. After

the building of the cast house at Raufoss, sourcing took place within HAST
and there have been attempts to obtain used material for reccling.

Aluminium is often praised for its excellent recyclability. Although the
production ofvirgin aluminiun?® is energy intensive, recycling only takes
5% of the initial energy demand. There is, however, no use of recycled
aluminium at Raufoss except for internal recycling. Approximately 5% zinc
and 1% magnesium are used in the bumper beamspounds that do not

mix well with other applications of aluminium where silicon is most
frequently used. Unfortunately, mixing silicon and zinc is like mixing cats
and dogs (not a good combination!) and the resultant products are low
quality if the alloys ee indeed mixed. However, the situation would be

% Interview with Yngve Langsrud

% Interview with Sigurd Rystad

®® Interviews with Roger Kstad

%2 |nterview with Grete Valheim

%3 Virgin aluminium is aluminium produced from bauxite, not from recycled
material.
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different if bumper beam recycling could be developed, according to the
former head of the HES section:

"Hydro would be happy to accept their own bumpers in return, but
require help from the customers' gEidealer network. If something like
this could be arranged, Hydro would achieve a closer relationship with
the customer, while possibly including a price reduction in the contracts.
It costs NOK 1516 to alloy one kilo, whereas a scrap dealer considers
zinc aluminium as "scrap" and sells it for NOK 5 per kilo. Hydro would
be happy to pay NOK-8 and it would therefore be easy to create
margins for such a project™

For instance, Hydro has a shredder outside Dusseldorf that would be suitable
for shreddingoumper beams before sending the aluminium to Raufoss. That
said, the production facility at Raufoss is not organised for using such scrap,
not least because the scrap contains contaminants such as asphalt dust and
oil that have the potential to disrupt theoduction process. There are much
higher tolerances for impurities in casting than extrusion. To build up a
system with rause of bumper beams, one must approach customers (i.e. car
manufacturers), insurance companies and scrap dealétsrcedes and

other expensive cars often end up in Eastern Europe where they are
disassembled for all useful parts. The important issue is to control the entire
chain and it must be a largeale process, of the order of-20 tons per day,
which puts a significant demarah the overall logistics of the operatitn.

At the beginning of the new millennium, HAST initiated talks with a large
Swedish scrap dealer to set up such a recycling system. The Swedish firm,
however, demanded too high a price for the aluminium, claithiagit had
German customers willing to pay such a price. HAST decided that they
could not pay more than &% of the LME price for aluminium, as there is
often more handling and a greater loss during smelting of aluminium scrap
compared to virgin alumiom. The project thus went nowhere and HAST
had to rely on its normal way of acquiring mateffal.

The normal way is purchasing aluminium for the cast house on the LME. As
the parent company is one of the largest producers of aluminium in the
world, one wold imagine that the aluminium would come from one of
Hydro's production sites. However, almost 100% of the primary aluminium
actually comes from Russian producers. There are several reasons for this.
One is that there is a duty on aluminium from EU mensbates. Hydro's
aluminium producing unit has negotiated a deal to be exempt from the duty,

% Interview with Paal Brekke
% |nterview with Paal Brekke
% |nterview with Grete Valheim
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which means that Hydro can sell aluminium to European countries at
"European prices", but it also means that Hydro at Raufoss would have to
pay such a duty to buy whinium from Hydro via the LME. With both
Russia and Norway outside the EU, the aluminium from Russian producers
is cheaper. Physically, the aluminium is stored in Gothenburg where LME
has aluminium storage, allowing the aluminium to be transported to$&auf

in trucks that have been used to deliver plastic caps (forratieket use)

from Plastal at Raufoss to VolV.

A second reason is that Hydro focuses on producing alloys, as the profit
margins are larger in areas such as the construction industryintitae
automotive industry. Indeed, rumour has it that Hydro have scrapped the
equipment for producing ingots of the shape and size used at R&ufoss.

Back to the future: plastic disappears for good

In 1985, a plastic cap was attached to the bumpertléfitore than 20 years

later, the plastic cap has become the bumper and the aluminium, previously
known as the bumper, has become a bumper beam. The bumper has not only
lost its name, it has also been separated from the plastic, both
organisationally andhysically, in the production proceSsHowever they

the bumper and the bumper beaare closely connected in the final car.

The separation of the plastic and the aluminium is connected to the bumpers'
move inwards "into" the car and a new facility layat Torslanda related to

the introduction of the 850 series. In 1985, the RA board decided to invest in
new plastic cap production facilities in Gent and Torslanda, close to Volvo's
assembly plants. The idea of Just In Time had increased in Western
autonotive production and both Volvo and RA realised the potential benefits
of a small geographical distance between production of plastic caps and the
final assembly line. As the caps were supposed to be painted in colours
defined by production, the need fdoiage would decrease when the caps
were finished close to the final assembly site. A warehouse was therefore

¢ Interviews with Paal Brekke, Grete ValheindaBrik B&garud

% Interview with Grete Valheim

%9 When | started my interviews in HAST, they all talked about their bumper
production. Thus, my first trip to Volvo brought me to the Bumper Division as |
thought that was the place | would find more informatidbout the bumper beam.
However, as the bumper and the bumper beam became separate physical entities
they had also created an organisational divide. The Bumper Division was only
involved in the foam and plastic and had stronger connections to the Design
Division, while the bumper beam had moved to the Body Division and had stronger
connections to the more structural components of the car.
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leased outside Torslanda to store readily assembled bumpers with plastic
70
caps.

Ever since plastic cap production had started at Raufoss, tthisuhain
parallel with the production of aluminium beams and there was no need for
coordination other than checking that the plastic cap and the aluminium
beam fitted together.

In 1997, Hydro decided to invest in a new bumper plant with injection
moulding painting and assembly just outside Volvo's Torslanda plant. The
plant for producing plastic caps had an investment cost of NOK 300 million
and was ready for production in 1998. Hydro did not intend to stay in the
plastic cap business and was happy tonfarjoint venture with Gréanges in
1999. The press release from Hydro reads as follows:

"Granges and Hydro are forming a new company, Autoplastics, where
Gr2nges wi || own 60% and Hydro the
includes a unconditioned sales option dBinges an unconditioned

buying option. The requirements for release are mainly based on
profitsé[through] the merger we ar e
term strategy of concentrating the automotive operations within
development and production of alinium components and systems,

among them bumpers in aluminiunfAnonymous 1999a)

The following year, Sapa acquired both Granges and Autoplastics. Hydro's
annual report from 2001 states:

"EBITDA for Automotive Structures demonstrated a marked
improvement in 2000 compared with the \goais year. The
improvement was primarily due to the gain from the sale of Hydro's 40
percent interest in Autoplastics AB in the second half of 20000tsk
Hydro 2002)

Thus, in hindsight, it looks like Hydro's involvement at Raufoss was, from
the start, aimed at splitting the plastic and the aluminium businesses.
Although the investments they made were higher for plastics operation than
for aluminium operations, this was probably designed to ensure that they
realised a good price for the plastics operations when sold.

0 |nterview with Per Harald Sgrlien
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Small changes big problems: the bumper bem becomes hollow

The bumper beam for the Volvo 740 introduced in 1987 is the first with a
hollow profile, as shown ifrigure 3-10. With a hollow profile, movements
and damages in small crashes are minimised. Bé produced the foam
and the plastic cap covering the profile.

Figure 3-10 The first hollow bumper beam made for the Volvo 740 (image from
Bjarn-Anders Hilland)

The hollow bumper beams could be made waithuced wall thicknesses, but
retained better crash characteristics. As such, the solution had increased
performance with less weight. Technically, however, it is much more
difficult to produce a bumper beam with a hollow section than in one solid
piece. Tle developments during the late 1980s were mostly related to
production and the biggest change in the early 1990s was the creation of one
common beam for the US market and other markets.

One common bumper beam for Europe and the USA came as a consequence
of the bumper beam's move inwards towards the car body. When the bumper
beam was fastened directly to the body, it was no longer possible to ship
complete bumper assemblies with the metal beam, foam and plastic cap to be
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assembled in the USA. Bodies are tsbom Torslanda with the bumper
beam already attached. However, the thickness of the foam is different for
the European and US markets. As a consequence, the bumper beams in
Europe immediately became a little heavier to accommodate the US
regulations, bute-reading the regulations also made it possible to make
lighter beams for the US market. The regulation states that the car should be
drivable after a collision, but what "drivable" means in practice requires a
fair amount of individual judgement.

The onversion from solid profiles to hollow profiles does not sound like a
big step. Of course, it is impressive that open sections can be made and that
the aluminium can be welded as the metal is squeezed through the die tool.
The challenge was, however, cexted to the survival of the tools. The wear

on the tools meant it was hard to earn money. During the initial attempts at
making hollow profiles, the tooling costs exceeded the margins for the
project. Tools were damaged after only a few billets and taévwely high
tooling costs lead to financial losses. As a result there was concentrated
activity during the 1990s to improve the operation. Cooperation was initiated
with a Japanese producer of bumper beams, which led to improvements in
productivity of seeral hundred percent, but this was still not enough.
However, with a rearrangement of the tool-getcoupled with increased
knowledge about optimal extrusion speed and temperature, the problems
were solved. As an example of the improved efficiency, vihemproduction

unit in France was converted from the old to the new toalethe lifetime

of the tools rose from 560 billets to more than 1000 billets. This obviously

led to a considerable improvement in the financial restilts.

Assembly Technology

Volvo's assembly factory in Torslanda outside Gothenburg really consists of
three separate factories: a body factory, a paint shop and a final assembly
factory. During the first twenty years or so of the cooperation between RA
and Volvo, there was no needrfmuch consideration about the assembly
technology in relation to the bumpers. Although there is always a problem in
mixing metals (for example when the aluminium bumper is fastened to a
steel body), the assembly process in itself was not very demaimiisg .of

the assembly work was done manually and this decreased the need for
standardisation. However, as the bumper started to consist of more and more
parts during the 1980s, consideration had to be given to how to make
assembly as easy and efficient amsgible. RA invested in a juBt-time
warehouse outside Gothenburg in 1990. At first, complete bumper systems
were sent from Raufoss, but after a while plastic covers, foam and bumper

™ Interview with Sigurd Rystad
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beams were transported there and the bumper system was assembled before
being transported to the Volvo factdfy.

During production of the Volvo 850 in the early 1990s, the factory was
reorganised. The bumper and the bumper beam were separated, with the
bumper beam moving from the final assembly line to the body factory, Thus
instead of being attached to the almost finished car at the end of the line, it
left the body factory to go to the paint shop fastened directly to the body.
This was part of the reorganisation of the productiorupeat Torslanda.
According to the Headf Strategy in the Bumper Division, it was absolutely
necessary to cut development and production costs.

"Until the 850, we had almost built a new factory for each project. Now
we cannot afford that anymoré&’"

As a consequence, the factory has beenaeged to accommodate more
standardised components. The final assembly still requires much manual
work, but robots have taken over the body factory. About 500 robots are in
place at the factory and two of these are assigned to the job of fastening the
bumpe beam to the car body. In recent years, the placement of the fastening
holes in the bumper beam has been standardised so that the same robot with
a similar program can be used for every car model, as shawiguire3-11.

2 Interview with Per Harald Sgrlien
3 Interview withHead of Strategy, Volvo Bumper Division
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Figure 3-11 Robot for fastening bumper beams to the Hduage from Martin
Weiman)

The robot is programmed to screw six screws in the exact same position for
all models and the cycle time forethwhole operation is 49 seconds per
bumper beam, which includes checking that the bumper beam is correctly
fastened:

Better products

Figure3-12is an illustration of details on one of the newer bumper beams.
Compaed to the previous bumper/bumper beam images, the level of
sophistication has increased dramatically. "For a long time, we used
complicated machinery and tools to produce pretty simple products," as one
of the development engineers s&idlthough the leveof sophistication in

the bumper beam has increased, the production andpsgtes have
decreased. The bumper beams' movement inwards into the car has led to
many more interfaces than when the bumpers were mounted on the outside.
Now, factors such asratontrol to the engine and electricity for the lamps
have to be considered in the design of the bumper beam.

" Interview with Martin Weiman
"5 Interview with development engineer in Hydro Automotive
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The detailed design of the bumper beam includes elements that are made for
transporting the car body with the bumper beam on the assemblydine, f
fastening the bumper beam to the body, for fastening the bumper to the
bumper beam and for accommodating components with an interface to the
bumper region, such as headlights.

Front module (lamps, hood, etc)

Plastic cap (X) Screw

for
frame
bed

Plastic cap (2)

Plastic cap (Y)

Plastic cap (X)

Car body. transportSwop for welding to
Air control frame bed

Figure 3-12 Details on theS 80 bumper beam (before facelift, image from Tobias
Svantesson Kavik)

Sources for the changes in the product include new regulations relating to
bumpers, new design requirements and new test organisations doing crash
tests on new vehicles. In the earlidéscussion of the changes between 1970
and 1985, the US regulations for bumpers from 1972 and their update from
1982 were discussed. During the end of the 1980s and the following period,
further work has been carried out to create new internationakteand and
standardise both the requirements and thesetf crash tests. Unlike in the
USA, European legislative bodies have been more interested in how
bumpers can be made so that pedestrians are not injured if hit at low speeds.
The combination of théwo requirements protecting the vehicle at high
speeds and ensuring pedestrians do not sustain injuries at low spseds
contradictory. The solution to meet both the requirements lies in the foam
between the plastic cap and the metal beam. The nedat iself does not
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contribute to pedestrian safety and "could just as well have been made of
concrete.”

Test organisations such as the US New Car Assessment Program (NCAP)
and Euro NCAP are set up to provide customers with information about the
safety & new cars. They perform a multitude of different crash tests and
publish rankings in newsletters and on websites. These organisations have
both contributed to a standardisation of test methods and an increased focus
on safety in car companiés.

There ardew examples of components that can be used for more than one
car model. Although different cars are often built on a similar platform, there
are almost always small differences in design that means components must
be change& In the newest Volvo projest they have succeeded in making
one common bumper beam for three car models, S80, V70 and XC70. The
beam is shown ifrigure 3-13. Compared to the bumper beam for the S80
before the facelift, there has been a drang@gitrease in weight. The original
bumper beam weighed 5.37 kg, while the new bumper beam only weighs
3.74 kg. In one project they have managed to create a bumper beam for three
different models with less weight than the original bumper beams. Thus,
Economy*is created both in terms of economy of scaés costs per unit
decrease when more units are produeeshd also because less material
input is needed. When the major contribution of the aluminium price to the
cost of the bumper beam is taken into actgilis has a significant impact.

’® Interview with Tobias Svantesson Kavik

"As passive safety is traditionally one
increased focus may actually be to their disadvantage. Although customers are more
aware and better informed about the safety features of a car, it also means that all car
companies feel the urge to fulfil the requirements, making every car more similar in
terms of safety features.

8 A project in GM showed that even small items such as screws are non

standardised. Interview with Grete Valheim
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Figure 3-13 The new bumper beam for the S 80, V 70 and X{IhTége from Bjarn
Anders Hilland)

Notice how the details are placed at the ends of the bumper beam; thgs make
it possible to manufacture the beam without manual operations or the use of
the CNC machine. We can see the three holes on the right side of the bumper
beam that are used to fasten the bumper beam to the body. The large centred
hole at the end of the bmais used for transporting the body. The beam is
made in one piece, which is one of the primary reasons why an aluminium
beam can compete with a steel beam despite the major differences in the
price of the raw material.

An image of the fronts of the thremr models is given ifrigure 3-14 in
relation to platform strategies.

Tools and technologies for efficiency: platforms, HAPS and the use of
computers

From the mid1990s, Volvo and HAST both started a systemetialuation

of their working practices to increase production efficiency. That is not to

say that efficiency improvements were unheard of in the time up to 1995, but
the systematiaise of administrative and operational tools was not as evident
in the pastMost of the tools and technologies described here started out as
managerial concepts, but they do have real implications for how production
is organised, what the products look like and how the relationship between
the companies develops.
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When the 850 maal was introduced in 1991, it had been subject to almost
ten years of development. These years were probably well spent, at least if
judged by the changes in production that happened during the lifetime of the
model. Development costs had started to risenigh that Volvo realised

they could not rearrange the factory for every new model they produced.
As a result, at the time the 850 was ready for a facelift, Volvo introduced a
pilot project connected to a platform strategy.

Platforms at Volvo

The "Painéd Body" project was aimed at making production more efficient.

It involved a reorganisation of the factory, but equally importantly it meant a
reorganisation of the development and production areas, both in terms of
their organisational structures as wak in new layouts for the office
environment. Engineers and operators were placed together in- cross
functional teams, new IT tools were introduced and the aim was to perform
simultaneous engineeriiyBetween 1995 and 1998, Volvo worked on the
introductian of the P2 platform. The first car built on the platform was the
S80 in 1998von Corswant 2003)Later followed the V70, XC70, S60 and
XC90, which may contribute to explain why Volvo managed to have the
same bumper beam on three models (S80 after facelift, V70 and XC70) as
explained earlier in the section on "Better products". Indeed, looking at the
appearances of the cars as displaydeignre3-14, one can see that they are
clearly similar.

" Interview with Stefan Johanséfingstrom
8 Interview with Mats Bengtsson
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Figure 3-14 The fronts of the three models (from top): V70, S80 and XC70 (images
from Volvo cars).

The use of a pltform strategy means that cars become more similar. The
basic shapes cannot differ too much if the same components are to be used in
more than one mod&.However, the development and use of platforms is
not only about using components for more than oodah The changes that
have been introduced in Volvo have been as much connected to the
processes of development and production as to the physical objects to which
these processes relate. The platform concept "encompasses a total offering
with vehicles thaare built with the same modular structure using common
systems and components and manufactured by using common flexible
processes in cooperation with a group of kegn partners/suppliers and
using common working method¥."

8 still, the number of models has increaseis almost paradoxical how more and
more models are introduced, while the models themselves are getting more and
more similar.

8 Interview with Mats Bengtsson
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