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Abstract

This report explores the forces of change whichiniluence the competitive environment of the
wind turbine industry over the coming decade. tittifar explores the strategic consequences of such
change for wind turbine manufacturers and investgpossibilities for adaptation, pre-emption and
early warning. In the somewhat experimental appgrdactrategic foresight adopted in this thesis

involves the following steps:

Firstly, a number of variables and interrelationships ictamed relevant to strategic decision-making
in the context of the competitive environment af thind turbine industry are made explicit through
the construction of an integrated conceptual m@@¥). The ICM is constructed on the basis of
strategic theory and a survey of industry literaf@overing analysis, empirical measurements,
observations and assessments about the currectusérof the competitive environment.
Secondlyexpectations and principal questions about tlveldpment of the competitive
environment over the coming decade are identifiedugh in-depth interviews and assessed on the
basis of current empirical evidence and histogizatedence. The ICM subsequently forms the basis
against which the impact of these changes upondimpetitive environment is systematically
explored.

Thirdly, a number of strategic groups are identified antbedousiness models of current wind
turbine manufacturers. The consequences of the kiiorges of change are explored for each

strategic group along with possibilities for adaipta pre-emption and early warning.

On this basis, the report concludes that wind h&lmhanufacturers face a number of very diverse
strategic challenges over the coming decade. Tgwtreoncludes that several options are available
to all types of manufacturers, both in terms offadton in defence of status quo, pre-emption to
influence developments, and exit, should all edsle The central determinant of the range of
possibilities open to wind turbine manufacturersrahe coming decade is the early recognition of

the forces of change and their strategic consegsenc
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Chapter 1: Introduction, scope & objectives

At a glance it becomes evident that the historthefwind turbine industry has indeed been a bumpy
ride down the learning curve. From the meagre mggs spurred by growing environmental
concerns and the first oil crisis in the mid 7@sthte internationalising, maturing and consolidatin
industry we see today. The history of the indubtag claimed its casualties. Only few of the
pioneering manufacturers made it this far, andetibat did have undergone drastic change along the

way in response to an even more drastically chgngampetitive environment.

The early competitive environment of the late 70d @arly 80s was characterised by radical
innovations and frequent technological failures agealth of turbine designs competed for small
national niche markets in Europe and North AmerTahnological dead ends put an end to many
early pioneers. The development of a technologitzaldard in the form of the so-called ‘Danish
concept’ caused a major upheaval in the competnxeronment. It resulted in a technological
shakeout in the young industry and only few ofdhiginal pioneers persisted. The competitive
environment again changed dramatically in 1982h wie introduction of the Californian Production
Tax Credit (PTC), causing an unprecedented incrieademand, which forced the wind turbine
industry to expand and internationalise overnigghthis turbulent period, rapid up scaling was the
key source of cost reductions and turbine condagtame obsolete at an unprofitable rate, eating
into margins in spite of the booming turncveéfhe expiration of the PTC in 1987 and the subsetu
collapse of the Californian market caused a thiegomchange in the competitive environment.
Rapid decline in demand instantly resulted in oapacity, intense competition and low profitability.
Bankruptcy and major structural changes followedha industry adjusted to the demands of a
much smaller market. The fourth major change oecliduring the mid 90s with the emergence of
Germany and Spain as large European markets fa twibines along with rapid increases in
industry concentration as new and old competitazsged into fewer and larger manufactutefhe
competitive environment of the wind turbine indysif today is global, highly concentrated and

characterised by intense rivalry among the remgimanufacturers

The history of the competitive environment of th@davturbine industry has been a history of
surprise and constant change. Every major shiftdeabto disaster for those who were unprepared.
Looking ahead, it is evident that the future of thenpetitive environment of this industry will be n

less interesting than its turbulent past. New amdeguful competitors have recently made entry into

! Kjeer 1988:20
2 Skytteet al 2004:120-131
3 Lewis & Wiser 2005:9



the maturing industry and others are likely todwll New global markets are opening in Europe,
Asia, Australia and the Americas, and technolodicabkthroughs set new standards for size,
capacity and location of turbines, on- as well fishore'. As ever, the future of the wind turbine
industry remains uncertain and seems to confirnttimelusions of Keith Suter, stating that the
future comes about through either disaster, driftesigri. Disaster in the form of major surprises
and shakeouts, drift in the form of constant adaptaand catching up to seemingly unpredictable
developments, and design in the form of consciesessmption and planned change. The key
guestion faced by wind turbine manufacturers taday many ways the same as it has been
throughout the history of the industry: what futtwedesign for and what are the opportunities for

design?

1.1 Scope and objectives
The idea of controlling and adapting to future istty developments through foresight is not new.

The new wave of planning and business theory emgfier the Second World War spurred the
adoption of ‘Corporate Planning’ in many industrieshe 50s and 60s. This approach was mainly
based on time-series extrapolation of current gsentd the medium- and long-term future. The
relative economic stability of the 1960s, combimeth the deceptively accurate mathematical
outputs made Corporate Planning seem reliablelififits of this approach became apparent in the
more turbulent 70s, where ‘Scenario Planning’, @ratexploring and anticipating a range of
diverging eventualities, replaced the predict-aadto| paradigm of Corporate Planning. Led by
successes in the oil industry, this approach wagptad in a wide range of industries throughout the
decade. The use of Scenario Planning receded BOthafter the death of Herman Kahn, the founder
and forceful proponent of the method. Simultandailsres in the field of simulation modelling,
most famously exemplified by the Club of Rome’s Wi8rModel, meant that planning horizons of
many industries shrank from as much as a decdthe ii0s to less than a year. In spite of several

methodological advances in the field of foresighis trend has largely persisted up until tdday

The problems of obtaining knowledge about the itueve been enduring and the future of many
industries remains woefully uncertain. In this mgghe wind turbine industry is no exception. From
the viewpoint of strategic foresight, the wind tadindustry exemplifies all the major problems and
dilemmas contained within this field. Given theremt situation of the industry, it is clear thatdp
term decisions and strategic commitments must loermaspite of increasingly uncertain future

competitive conditions. In this sense, the probtérabtaining reliable intelligence about future

“ DWIA 2006
® Quoted in Bell 2003:109-110
 See Mercer 1998:41-42, RAND 2003:11-36, Bell 26683, Sherdan 1998 and Wack 1985



developments is as relevant today as it has beeaghout the history if the industry. This report
aims to explore the possibility of extending themag horizons of the wind turbine industry -
asking what lies ahead in a structured and exphiamner. Rephrasing this question, this report
explores the strategic challenge of avoiding desasy moving from drift to design through

answering the following research question:

What forces will shape the competitive environnaétihe global wind turbine industry over the
coming 10 years and what will be the strategic eguences for wind turbine manufacturers?

In this thesis | aim to construct an experimentedceptual model of the variables and
interconnections considered relevant to long-terategic decision-making in the competitive
environment of the wind turbine industry. This moaél form the basis, against which the strategic
consequences of both anticipated and unexpecteduahties can be explicitly and consistently
explored, making possible pre-emption, adaptatr@hesarly warning over the time horizon of a
decade. The 10-year time horizon investigatedigrgport was chosen somewhat arbitrarily. On the
one hand, it is a future time period in which higtal precedence suggests that the competitive
environment is likely to change significantly. Qretother hand, it is short enough to be
meaningfully investigated while remaining stratedjicrelevant to decisions made in the present —
or so | will argue. Theompetitive environmeid understood here in the broadest sense of the, wo
as the business environment with which wind turlmvanufacturers interact competitively in order
to earn a profit in excess of the cost of capBalategic consequenc#aus include both the
consequences of changes in the competitive enveahopon the success of strategic choices, but

also the consequences of changes in the competitiieonment imposed by strategy itself.



Chapter 2: Approach & methodology

The research question guiding the efforts madbignreport is clearly a difficult one to answer. ifs
is evident from the turbulent history of the winnlldine industry, a decade is a long time. A keyess
in this report is whether such a question can éeanswered in any meaningful way. Although the
question of the strategic consequences of long-téignge may be difficult to answer, it is in many
ways an unavoidable question. Competitors in thelirbine industry are faced with this question
in one form or another, and are forced to answas kiest they can, and have been, throughout the
history of the industry. This chapter will be comted with the theoretical basis of strategic faybsi
and its role in strategic decision making.

2.1 Strategic decision-making
Decision-making is by its very nature a forwardWimg activity. Any conclusion reached, and any

action taken, based on such conclusions, natwells on assumptions about the future of the
system in which the decision will play out as vaslthe change induced by the decision itself. When
these assumptions are correct, action leads teedessults. When they are not, the unexpected
occurs. The validity of assumptions made aboufuhee therefore lies at the core of the success of
any decision. This is particularly true about ggat decisions. Strategic decisions are set ayart f
other kinds of decisions in ways that make the fdation of accurate assumptions about the future

particularly vital — and particularly problematic.

Strategic decisions are important; they involvégaiicant commitment of resources and they are
not easily reversible Strategic decisions are concerned with the lemgrdirection of an
organisation and the scope of its activfti¢4ere Jong-termis understood as the horizon at which
many things are likely to have changefissumptions upon which strategic decisions asedanust
therefore be valid over long periods of time. Besgaaf the irreversibility of strategic commitments,
invalid assumptions lead to irrecoverable lossegh&ps because of the principal nature of strategy,
there are numerous definitions of the term. Inttteadest sense of the word, Johnson & Scholes
(2002) defines strategy as follows:

“Strategy is thalirectionandscopeof an organization over theng-termy which achieveadvantagefor the
organisation through its configurationrelsourceswithin a changingenvironmentnd to fulfil stakeholder
expectations® (Emphasis in original)

" Grant 1998:14

8 Johnson & Scholes 2002:4

° Godet 1994:6

19 Johnson & Scholes 2002:19



In other words, strategic decisions are the mageaisibns in the lifetime of an organisation. Stgate
decisions define the organisation for what it iej archestrate all subordinate decisions towards
common strategic objectives. Avoiding disaster lowvimg from drift to design is about strategic
choice. In this sense, the role of strategic dessimoves beyond mere adaptation to current and
future conditions, towards conscious pre-emptioprtmmote desired future states and to avoid
undesirable ones. But what future should the osgdiain design for itself, and what are the disaster

to be avoided?

Wind turbine manufacturers are firms. This basat faakes answering the above questions very
simple. In the end, any businegssistdesign a future for itself in which it earns aeraf profit in
excess of its cost of capital. Any future in whtbis basic premise is not fulfilledill eventually

lead to disastét. There are two principal types strategic decisibas must be made to meet this
fundamental criteriorcorporate strategic decisionspncerned with selecting an attractive industry
in which to compete, aralisiness strategic decisiormgncerned with how to compete in the
selected industry. As the focus of this report is the competitiveiesnment of the wind turbine
industry, | will emphasise the role of businesatsigy rather then corporate strategy. As a
consequence, | will not be concerned with the goesif whether or not to compete the wind
turbine industry as opposed to other industrieswith the question diow to compete the wind

turbine industry once the first decision has beaden

From the point of view adopted in this report, &gic decision-makings the process of moving
from drift to design, whereby disaster can be aaidAny wind turbine manufacturer is forced to
make strategic decisions about how to achieve ctitivgeadvantage — consciously or not. As we
have seen, all such decisions rely on assumptiomstdhe future competitive environment of the
industry. Strategic success is determined by thdityaof these assumptions and the way these are
translated into strategic choice. In this senseatiswer to the research question is the formulatio
a set olvalid strategic assumptiorabout the future competitive environment of thadviurbine

industry. This raises the question of how suchragsions are formed.

2.2 The role of learning and experience
Assumptions about the future competitive environnage ultimately the product of experiences

gained and lessons learned in the past. New expesdead to revised assumptions on which
decisions are based. Following Sterman (2000) pilusess can best be described through the

concept ofeedback

1 Grant 1998:19
12 Grant 1998:52



Through the process single loop learninginformation about the state of the real worldtey$® is
compared to various strategic goals. Discreparaieperceived between desired and actual states,

and actions are taken that (are believed to) cthgse

Real worl
real world system to move towards the desired ¢tate
figure 2.2). If these initial decisions do not @dbke gap
between the desired state and the real world, ribeeps
Decisions Information feedback  jterates around the loop again and decisions are
revised”. In this sense, learning is a process of
Figure 2.1: Sngle loop learnin continuous feedback.

Single loop learning is the simplest form of leamjiand it represents the decision-making processes
associated witldrift as opposed tdesign as it involves no strategy formulation in the qbete

absence of long-term assumptions about the futate gor states) of the system. Design, successful
or not, involves assumptions to be made aboututied and action to be taken upon these. In this
view, assumptions, and the way these come abautest be understood through the concept of
mental modelsSterman (2000) defines mental models in the faolig way:

“[...] the term “mental model” includes our beliefesaut the networks of causes and effects that desctiow a
system operates, along with the boundary of theein@ehich variables are included and which are @xetl) and
the time horizon we consider relevant — our framing articulation or articulation of a problérh.

When making decisions, our mental models govermténewe apply decision rule and policy to
information about the world, as we perceivé iAs opposed to single loop learning, this is a-two
way process, in which information feedback aboatwiorld fundamentally alters our mental models

throughdouble loop learningsee figure 2.2). When double loop learning ocoous assumptions

13 Although much of this discussion is beyond thepscof this report, the term ‘real world’, as itised here, refers
to the implicit assumption that a system of causebeffects exist independently of our perceptibit dhe term is
thus used as an ‘opposite’ to perceived modelstahezonceptual, mathematical etc.

!4 Sterman 2000: 15

'* Sterman 2000: 16

16 At this point, it is necessary to develop a maexjse terminology of systems. Following Faheyl ¢1898:141),
a system can be defined as a set of two or mageréated elements of any kind. To further spettify definition |
will use the term variables to describe the elesiefia system. Following Neuman (2000:17), varigialee defined
by their ability to change between two or more ealwhen influenced by other variables in a sys#&nany given
time, the values of a variable are called itslattés. The interrelationships between variablesisbof causal links
through which a change in the attributes one végidliectly causes a change in the attributes offar. Systems
are thus composed of a network of causal links eotimy their constituent variables (Sterman 200218 this
sense, strategic assumptions about the futureltareately about the number of variables, physieabnomic,
technological or otherwise, and the interconnestioetween them, which we consider relevant toegiaidecision-
making.

10



about the world are revised in the sense thatahesnformation input yields a different set of

assumptions and lead to revised decisions. The Real worl
rate of learning, and thereby the future validity o

assumptions drawn from experience, is

determined by the effectiveness of double loop

: : , Decisions Information feedback
learning. The effectiveness of each of the links ° on feedbac
shown in figure 2.2, determines how fast we cycle
around the two loops relative to the rate at which

_ . Strategy, structure, Mental models of
changes in the real world render our existing decision rules real world

assumptions obsoléte Herbert Simon recognises
the central role of mental models in strategic Figure 2.2: Double loop learning

decision-making, stating that:

“The intended rationality of an actor requires horconstruct a simplified model of the real sitaatin order to
deal with it. He behaves rationally in respecthiis model, and such behaviour is not even appraeimaptimal
with respect to the real worltf’

The validity of strategic assumptions, and thusftlimdation of rational action, is determined by th
ability of actors’mental modelso mimic the operation of the real world systeanprocess whose
importance cannot be overestimated. Diverging mendalels are the source of heterogeneous
outlooks upon, and expectations about, the futadeistry actors are only behaving rationally with
respect to their mental models. But why is it dfidilt to foresee the future state of the real Mfor

system and make accurate and homogeneous stragsgiptions?

2.3 The inherent uncertainty of complex problems
The problem of making accurate strategic assumptoer long time horizons falls into the class of

problems known in decision sciencecasnplex problemslso termedvicked problemsThe
challenges posed by complex problems are well kniawnany areas of science. They have been
encountered and described in various fields, sadystems theory (see Sterman 2000 and RAND
2003), theoretical math (see Casti 1990), futunediass (see Bell 2003), sociology (see Neuman
2000), game theory (see Camerer 2003) earth sciésee Sarewitet al2000) and strategy (see
Mercer 1998 and Heijden 1996). Consistent with siasificant body of literature, it is possible to
outline the major sources of uncertainty, connetteztbmplex problems in strategic decision-

making:

" Sterman 2000: 18
18 Herbert Simon quoted in Sarewizal 2000:301
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Combinatorial complexityPerhaps the most visible source of uncertaintpeniered when
making strategic assumptions is the acceleratitegafachange and the increasing complexity
in the environments surrounding decision-makerayoVhen making strategic decisions, a
very large amount of variables must be considet@audtiple levels of aggregation and over
long time horizons. This gives rise to, what inteyss theory is known aspmbinatorial
complexity This type of complexity arises from large numbefrsariables and
interconnections in open systerhsin other words, most of the real world.

Dynamic complexityStrategic assumptions must include both the coresexps of changes
in an increasingly complex environment upon thecess of strategic choices, but also the
consequences of changes in the environment imgns#te strategy itself. In this sense,
strategic assumptions must include sevimadibackdetween the strategy and the
environment in which it is to play out. These feachks give rise tdynamic complexity
which can arise from relatively simple systems Wity combinatorial complexity. The term
dynamismaccounts for the types and rates of change wlanloccur within the system
regardless of the number of variaBfe®vhen feedback occurs, an initial change in aaéei
is fed back to itself through a number of mediatragables in a system. The initial change
is then either balanced out or reinforced throughloog®. Through feedback, even very
small changes in a variable can have a massivecinipan the state of the system as a
whole. Vice versa, large changes in a variablebsacompletely absorbed by the system.
This is also known as “policy resistance” (see Brdson 1991). The concept of positive and
negative feedback will be further elaborated in @2aa3.

Chaos:A third source of uncertainty connected to stratelgcision-making ishaos also
known assensitivity to initial conditionsChaos arises from the effects of multiple feeédbac
loops causing dynamic complexity as described atl®geause of feedback, however, even
very small initial changes can be reinforced thiotlge system causing radical shifts. This
makes theexactinitial condition of the system very important whattempting to foresee
future outcomes. Strategic decision-making requacesirate assumptions about terent
stateof the situation. Even the smallest discrepandwéen assumptions about the current
state of the system and its actual state can rhutier time, making predictions about the
future state of the system obsoféte

Self-altering prophecyThe fourth major source of uncertainty is well \umoin the social

sciences, studying sentient agents such as huim@asisations and societies. This is the

19 Sterman 2000:21
2 Faheyet al 1998:140
21 Sterman 2002:12
22 Casti 1990:53-76
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problem ofself-fulfilling or self-negating prophecie3hese are situations in which the
prophecy itself alters the conditions under whias madé®. This is particularly relevant in
strategic decision-making where predictions mada bgmpetitor might cause others to
behave differently than they would otherwise haveea] because of the prediction. This

phenomenon is especially well established in gdreery (see Camerer 2003).

Following Krauss (2005), complex problems set thelues apart from the problems often studied by
conventional sciené&in that it is not possible, in advance, to defimily determine the relevant
number of variables to consideand thughe boundaryof the system. Likewise, it is not possible to
definitively determine the dominant relationshigdvieeen the variables in the system - and thas

structureof the systerT. Logically, this gives rise to two forms of ambityti

* Ambiguousness of boundafihe choice of the boundaries of a system detesmrieat part
of the real world is considered to imsidethe system and what part of the real world is left
out. The competitive environment of the wind tugbindustry is ampen subsystem
intricately connected to political systems, enviramtal systems, technological systems, etc.

Any definite boundary drawn around such systenemnigely artificial and subjective.

* Ambiguousness of structur&mbiguousness of structure refers to uncertainguathe
variables, parameters and relationships that ae tesdescribe a given phenomenon within
the chosen boundaries of that system. Uncertabaytathe structure of the system implies
that several, equally legitimate, although parti@krpretations of the relevant relationships

within the real world system can exist.

In reality, thestrategicallyrelevantboundaries and structure of the system constgutlia

competitive environment of the wind turbine indysire in a constant state of flux and cannot be
permanently pinned down. As described in secti@maBove, assumptions about the relevant
boundary and structure of such systems are basetwntal models built from past experiences with
the operation of the system. The accuracy of tagsamptions depends upon the speed and
effectiveness oflouble loop learningrelative to the rate at which changes in the weald system
render existing assumptions obsolete. As a conseguéhere exists a plurality of different, equally

legitimate and plausible perspectives on both thendary and the structure of real world systems

%3 Bell 2003:229
24 Conventional sciences is understood here as riedisttpositivism.
% Krauss 2005:24-25
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consideredelevantto strategic decision-making and thus, when facmmplex problems the
following considerations appi:

* There is not one problem, but a tangled web otedlaroblems;

* The underlying processes interact with one anatheome sort of hierarchy;

* The dynamics of the systems studied are not nedgssmular, but are characterised by
synergistic and/or antagonistic relationships,riecti relationships, long delay periods
between cause and effect, thresholds or non-linelaaviours;

* The issues lie across or at the intersection ofyndistiplines, i.e., it has economic,
environmental, socio-cultural and political dimers;

* There are a number of different equally legitimeanel plausible perspectives on how the

problem should be conceived.

It is clear that any assumption about the competignvironment of the wind turbine industry a
decade from now will be subject to the major sosi@ieuncertainty described above. This does not,
however, mean that everything is equally unprebietaFollowing Krauss (2005), a continuum
containing several categories of uncertainty caiéstified based on our knowledge (or ignorance

as it may be) about the future operation of théesgdn which strategies are meant to play out:

o

Statistical Uncertainty Scenario Uncer-tainbg Recognised Ignorance Total Ignorance
Known outcomes; Known outcomes: Unknown outcomes; Mothing is knownl
Known probabilities. Unknown probahilities. Unknown probabilities. g ’

Figure 2.3: The levels of uncertainty (adopted fidrauss 2005:27)

Determinisnrefers to the situation in which everything is Wwmoexactly and with absolute certainty,
while statistical uncertaintylescribes the situation in which there exist sgfiminds for the
assignment of discrete probabilities to each ot#-defined set of outcomes. Potential outcomes
can be described as a finite set of discrete outsarn a single continuous range of outcomes.
Scenario uncertaintgescribes the state where all of the possibleoouts are known, but where it is
acknowledged that there is no reliable basis feragsignment of probability distributions.
Recognised ignoranagescribes the state where there are neither grdantise assignment of
probabilities, nor even the basis for defining enptete set of potential outcomdtal ignorances
the other extreme opposite from determinism orstiade of uncertainty, to the extent that it is not

% gee Krauss 2005:24-25
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even known that knowledge is lackffigin this view, uncertainty is a synonym for ignoca of the

operation of the real world system.

Although these categories appear discrete, it omant to note that they are arbitrary points on a
fluid continuum from absolute certainty to complated unrecognised ignorance and thus total
uncertainty. To the far left of the spectrum, wedfivhat is often known in scenario planning as
trends, constantsr predeterminedsThese can bslow-changing phenomersach as the growth of
populationsconstrained situations which there is a limited number of outcomg®cesses
already in the pipelinsuch as the age of a 10 year old two years from noinevitable collisions
such as the steady depletion of a finite reséfirBeterministic events, or events characterised by
statistical uncertainty, can thus be defined asréuevents determined bykaownnumber of

variables whose future values can be assessed forth of probabilities.

Scenario uncertaintis often termedritical uncertainty Big strategic questions often fall under this
category, as the vital importance of the questsonfien known, or at least knowable, but the answer
is not®. Events characterised by scenario uncertaintypeatefined as possible future events

determined by &nownnumber of variables but where the future valuethe$e areinknown

While some level of prediction or at least antitipa is possible in the case of statistical ungetya
and scenario uncertainty, this is not the caseeioognised and total ignorance. The information is
simply not in existence in the present. RAND (20083s the terrdeep uncertaintyo describe the
characteristics of such evetftaVhile our ignorance about these events is phrtiatognised, it is
impossible to assess the extent of our ignordnEeents characterised by ignorance can be defined
as future events determined bywarknownnumber of variables whose future values are eguall

unknown

Based on this understanding of uncertainty, ouolignce about the future is not total. Our ability t
make valid strategic assumptions about the futiate ©f the real world system becomes a matter of
degree, determined by our knowledge about the blasahat condition the outcome of future events.
As we extend the time-horizon, more and more evimisto the right along the continuum; from

statistical uncertainty to scenario uncertaintyyaaods various levels of ignorance. In reverse, @as w

27 Krauss 2005:27-30

2 Schwartz 1998:109-112, see also Heijden 1996187 Vdack 1985:77
29 Schwartz 1998:114-117, see also Heijden 1996:88r86wack 1985:77
30 RAND 2003:24

31 Krauss 2005:30

15



progress toward a future point in time, more andemvents will move left from scenario

uncertainty to statistical uncertainty while theeetis we are ignorant about will gradually be reséal
to us as key strategic questions in form of scenamcertainties. At any given point in time, our
knowledge of the relevant variables and their sdanections and thus the future state of the system

is thus incomplete.

2.4 Consequences for strategic foresight
This approach to strategic foresight has a numberedthodological implications for answering the

research question posed in this report. Closestedlto the above considerations, answering the
research question necessarily involves the ex@gtablishment of a number sifategic
assumptionsibout:

1. Therelevant variables and interconnectioosnstituting the competitive environment of the
wind turbine industry, taking into consideratioe timbiguity of the boundary and structure
of this system;

2. The impact of théorces of changapon the competitive environment over the coming
decade, taking into consideration the various kwéluncertainty related to these;

3. Thestrategic consequence$a changing competitive environment for windoine
manufacturers, taking into consideration the paldsilof pre-emption, adaptation and early
warning.

Corresponding to thesbree major taskshis report has been divided intoee partsaddressing

each one in turn:

Part lof this report will thus make explicit assumpti@iout theelevant variables and
interconnectiongonstituting the competitive environment of then@viurbine industry. Taking
strategic theory as its point of departure, Chapteill aim to establish and make explicit a number
of initial theoretical propositions about compegtienvironments. Chapter 4 will then be concerned
with grounding these generic propositions in enspirmeasurements and analysis specific to the
competitive environment of the wind turbine indystinally, Chapter 5 will be concerned with
assembling these propositions intoeaplicit andinternally consistensingleintegrated conceptual
modelof the relevant variables and interconnectionsstituiing the competitive environment of the

wind turbine industry.

Part Il will be concerned with identifying the majonownforces of changewhich are believed to
shape the competitive environment of the wind nebndustry over the coming decade. Chapter 6
will aim to identify the majopredeterminedswhile Chapter 7 will be concerned with identifyithe

major critical uncertaintiesnfluencing the competitive environment of the ditnrbine industry
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over the coming decade. The integrated conceptadehconstructed in Part | will form the basis
against which the impact these forces upon the etitiye environment of the wind turbine industry

is systematically explored.

Part 111 of this report will be concerned with exploringettrategic consequence$a changing
competitive environment for wind turbine manufaetst Chapter 8 will thus be concerned with
establishing a typology of thetrategic group®f wind turbine manufacturers against which the
strategic consequence$the known forces of change will be assesséalyvalg adaptation and pre-
emption. Subsequently, Chapter 9 will considerstinetegic consequence of deep uncertaayg

with the options foearly warningof surprising events.

For ease of reference and readability, more spdtioretical and methodological considerations

connected to each of these tasks are made in #perk in which they are relevant.
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- Part| -

Chapter 3: Understanding competitive environments

As the term is understood in the context of thporg the competitive environmeistthe

environment with which wind turbine manufacturergeract competitively in order to fulfil the most
basic premise of their existence: to earn a piofxcess of the cost of capital. Designing a fiiar
which this basic premise holds true involves farsgd strategic decision-making. As we have seen,
such decisions are inevitably based on strategignagtions about the variables and the
interconnections between them, which are considelestantto strategic decision-making. This
chapter will be concerned with identifying and mrakexplicit the initiatheoretical propositions
about the relevant variables and interconnectionstguting competitive environments. This will be
done on the basis sfrategic theorysuggesting how competitive environments shodretically

be constructed. These theoretical propositionsheilimade explicit through the construction of a

number ofinfluence diagrams

3.1 The schools of strategy
In a Kuhnian sengé there is no single overarching theoretical payaxin the field of strategic

behaviour in competitive industry environments. Nwaus opposing and complimentary schools of
thought exist. The existence of multiple schoolthought reflects disputes about the relevant
boundariesandstructuresof the systems constituting competitive environteeAs described in the
previous chapter, the complexity of these real eveyistems far surpasses that proposed by any
theory. Additionally, the boundaries and structwtthese real world systems are in a constarg stat
of flux and differ from industry to industry andbfn time to time. The ability of any strategic thgor
to adequately describe the operation of such cotrgoid diverse real world systems is therefore
inherently limited. It is not possible to objectiyédentify therelevantboundary and structure of
competitive environments and there are thus a nuwitdifferent, equally legitimate and plausible
perspectives on how the problem of strategic decisiaking should be conceived. At the outset it

must be realised that no strategic assumption osasily contain them all.

Minzberget al (1998) identifies ten major schools of thoughtha field of strategy (see table 3.1
below). Therelevantstrategic school can only be determined with reisipeihe way the problem of
strategic decision-making is initially framed iretresearch question posed in Chapter 1. It is in
relation to this specific approach to the probldrstmtegic decision-making that considerations of

relevance must be made.

32 See Kuhn (1996)
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Main focus: Name of school: View on strategy formulation:
How strategieshouldbe The Design School: Strategy as conception
formulated: The Planning School: Strategy as formal process
The Positioning School: Strategy as analytical process
How strategieare The Entrepreneurial School: Strategy as visionapgess
formulated: The Cognitive School: Strategy as mental process
The Learning School: Strategy as emergent process
The Power School: Strategy as negotiation
The Cultural School: Strategy as collective prsces
The Environmental School: Strategy as reactivegss
Integrative approach: The Configuration School: Strategy as transformation

Table 3.1: Strategic Schools of Thought. AdaptedifMinzberget al 1998:5-6

The problem of strategic decision-making frametharesearch question of this report must be
characterised gwescriptivein thatit is concerned with how strategisisouldbe formulated rather
than with how they necessarilp form®3. It is the aim of this report to improve stratdggmulation
rather than to investigate how they are curremiynulated. As illustrated in table 3.1, just three
schools of thought adopt a prescriptive approadctredegy formulationthe design school, the

planning schoolndthe positioning school

The design school emerged in the 1960s and laigrthendwork for the other two schools through
its view of strategy as a process of informal c@tioa. The planning school developed in parallel in
the 1960s with its view on strategy as a systenmpaticess of formal design. This school gave birth
to corporate planningvith its reliance upon linear extrapolation alamith its predict-and-control
paradigm, which was briefly mentioned in Chaptefiie planning school peaked in the 1970s and
was somewhat displaced in the 1980s by the thizdquiptive school: the positioning schfollhe
positioning school retains many of the traits & tWo previous schools. It applies the basic
approach of the design school to the external imdesvironment and builds on the concept
strategy as desigimhe procedures of the positioning school areatjoelated to those of the
planning school in that it sees strategy formutatis a systematic and formal proéesEhe
breakthrough of the positioning school can be ttatieectly to Michael E. PorterS@ompetitive
Strategypublished in 1988. This seminal work formed (and still forms) thesisaof the positioning
school. In this work, Porter introduces fhige Forces Frameworkaimed at explaining the function
of competitive environments through the concepndiistry structurewhich is determined by the

strength of the five determining forces.

33 Minzberget al 1998:5

3 Ibid.

% Minzberget al1998:100
% Porter 1980
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For the purposes of this report, | have chosempdsiioning school as the theoretical basis for the

initial assumptions about the variables and inteneations constituting competitive environments

based on the following considerations:

The positioning school igrescriptivein that it proposes ways in which to formulatatggy
rather then investigating how strategies curreiattyn.

The positioning school sees strategpks intendedand thus allows a forward-looking
viewpoint. In this capacity, the positioning scha@tompatible with the notion of strategic
foresight as a basis fdesign

The positioning school is concerned withsiness strateggnd thus with the question lebw
to compete and thus falls within the scope of tleblem addressed by this report.

The focus of the positioning schoolimglustry-wideseeking to explain the dynamics of
multiple competitors rather than that of a singlenpetitor.

The positioning school is directly and explicitigrcerned witlthe competitive environment

of industries through its conceptiafiustry structure

As explained above, the ability of any strategmoity to describe the operation of the real world

system is inherently limited. The Five Forces Franork of the positioning school is no exception.

Following Minzberget al(1998), several such limitations have been pointet:

The positioning school is biased toward the roleagfnomic variablesather than political
variables (the critique of the power school);

The positioning school is biased towardatured and established industriegher than
newly forming industries (the critique of the empireneurial school);

The positioning school is biased towardsekeernal environmemather than internal
capabilities (the critique of the cultural school);

The positioning school emphasideanal and detached strategy formulatiather than
personal learning and insight (the critique oflsning school);

The positioning school is focused on choosing betvgeneric strategiesather than the

formulation of unique strategies (the critique lod tognitive school).

In many ways these limitations confirm the viewtlod differing schools of thought as equally

legitimate, although inherently partial descripsaf the real world system. In the words of

Minzberg:

37 See Minzbergt al 1998:112-121

20



“[...] the positioning school has not been wrong secmas narrow”

In essence, the main critique raised against tegigoing school ists inability to be the other
schools What sets the positioning school apart from otlescriptions of the competitive
environment, are the variables and the intercommesbetween them, which it considers relevant to
strategic decision-making. These in turn deterrntieeboundary and structure of the model with
which the theory seeks to describe the real worddesn.

As | will argue, the practice of strategic foregighgeneral, and the research question guiding the
efforts of this report in particular, may nonettssldit well into the ‘narrow’ focus of the positioig
school. Firstly, competitors and industries alike auled by theeconomic imperatiyestating that

they must earn a rate of profit in excess of thest of capital in order to survive. The bias @& th
positioning school toward economic rather thantpali variables may therefore be well warranted.
Secondly, the wind turbine industry must, at tlegpin its development, be considered an
established industrgs opposed to a loose set of entrepreneurial.idéaslly, identifying the forces,
which are likely to affect this industry over thenasing decade, necessarily entails adopting the
broader view of thexternal industry environmerftom where such forces are likely to origin, exth
than that of a single competitor and its resourgesl. finally, accepting the notion - or perhapsalde
- of strategy formulation as a formal and detaghetess rather than an emotional and intuitive one,
entails an optimistic - perhaps positivist - viefatlee ability of the strategist to ‘decode the game
just well enough to give meaning to such concept®ascious pre-emption and desidimis is, in

my view, both intrinsic to the value added throtigé practice of strategic foresight and the bafis o

any prospect of significant further advancemerthi field inquiry beyond its current state.

In choosing the positioning school as a basis fatewstanding the competitive environment of the
wind turbine industry, it is nonetheless importemtecognize that the inherent limitations, which
inevitably apply to the positioning school, wilkalapply to its description of the competitive

environment of the wind turbine industry.

3.2 Making theoretical assumptions explicit
Any theory is essentially composed of a numberasfables (usually termezbnceptyand a

network of causalities between them (usually ternedationship3, with which the theory proposes
to adequately describe a part of the real wiarld this respect, the positioning school is no

exception.

3 Minzberget al1998:112
% Neuman 2000:42-51

21



The five central concepts with which the positigngthool seeks to describe the nature of
competitive environments of industries are: (1) Tireat of new entrants, (2) the intensity of niyal
among incumbents, (3) the pressure from subsiitéucts, (4) the bargaining power of buyers and
(5) the bargaining power of suppliers. The impddhese five forces constitutes teieuctureof the
industry and thus the nature of its competitiveiemment’. From the viewpoint oforporate
strategy the collective strength of these five forces datees the ultimaterofit potentialmeasured
as long-term return on invested capital in an itguand thus the overadittractivenes®f that
industry**. From the viewpoint dbusiness strategyhe five forces determine the ability of indivalu
competitors to earn a profit above the industryrage and thus theature of competitiom an
industry. Whether a competitor earns a profit iness its cost of capital is determined by its gbili
to create alefendable positioagainst the five forces relative to its compesitorThe positioning
school proposes an explanation for why some inghgsémd competitors are more profitable than

others and thereby which variables are to be cersit$trategically relevant

From this point of departure, the first step in mgkexplicit the initial theoretical assumptionab
competitive environments is the identification loé variables with which the positioning school
seeks to describe competitive environments, thiieidg theboundaryof the real world system
proposed by the theory. Variables, in the formarfeepts proposed by the positioning school, were
first and foremost identified from Porter (1980nd supported by cooperating texts clarifyingl an
in some cases elaborating, the original theoraddition to Porter (1980), these supporting texts
included Porter (1985} Grant (1998%, and Johnson & Scholes (20£2)

The identification of variables was centred on eafctine central five forces and their determinants,
as they were made explicit in the original theamyg aupporting texts. Variables were identified
using an approach developed by Burchill and Fi®8T}’. Exemplifying this process, in the
following quote, Porter (1980) describes the deteamis of the intensity of rivalry between

“OPorter 1980 5-6

*LPorter 1980:3

*2 Porter 1980:29

3 The identification of variables from Porter (198@s focused on the chapters directly concerneld thvét
function and evolution of the competitive enviromtse These included: ChapterThe structural analysis of
industries

*4 The identification of variables from Porter (198&s focused on Porter’s elaboration of the fiveds
framework. This included Chapter Competitive Strategy: The Core Concepts.

“ The identification of variables from Grant (199®s focused on Chapternalysing the Industry Environment
*% The identification of variables from Johnson & Befs (2002) was focused in Part$lources of Competition:
The Five Forces Framework.

" This approach was originally developed for vasidlentification from transcribed interview datat in this
context it was used to identify variables from Bo# original text.
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competitors in an industry (one of the five forcesstituting the competitive environment of
industries):

“Intense rivalry is the result of a number of interacting strudttmators. [...] Numerous or Equally balanced
competitors. [...] Slow Industry Growth [...] High Fixed or Storage Coét...] Lack of differentiation or
Switching Costs [...] Capacity Augmented in Large increménfs..] Diverse Competitors|...] High Strategic
Stake& [...] High Exit Barriers. [...] Entry Barriers’. [...].**

Porter (1985) and Johnson & Scholes (2002) suppese original nine determinants of intense
competitiort®, while Grant (1998) proposes six major determisafthe overall intensity of rivalry
in an industry:

“Six factors play an important role in determinitig nature and intensity of competition betweenldigthed firms:

concentratioh the diversity of competitofsproduct differentiatioh) excess capacityexit barriers, and_cost
condition$.>*

Grant (1998) further breaks doweo'st conditionsinto ‘scale economies and the ratio of fixed to
variable cost¥", elaborating upon the original nine determinamtsadding three more. From these
descriptions, a total difteengeneric structural factors are proposed as detamis of intense

rivalry among incumbent competitors (see tableb&dw).

Following Sterman (2000), these original terms waaglified and in some cases separated for the
purposes of clarity. Variable names suited foruefice diagramming should heunsor noun
phrasesand must have a clear sens@aditive directionMoreover, as described in the definition of
variables in Chapter 2; variables are defined by thbility to attain more then one value. Hence,
variable names must indicate the possibility ofrmeaseor adecreasen its valué® This should

not alter the meaning or logic of the words as theyused in the context of the original theory, bu
rather capture the implicit logic proposed by thedry. The modification of the variable names

identified in the above example is shown in tabR&low:

Structural determinants of intensity of rivalry

Original concept name Modified concept name
1 | Intense rivalry 1| Intensity of rivalry
2 | Numerous or equally balanced 2 | Number of competitors
competitors 3 | Equality of competitor size and resources
3 | Slow industry growth 4| Industry growth rate
4 | High fixed or storage costs 5 | Storage costs

6 | Fixed to variable cost ratio

5 | Lack of differentiation or switching cost

(7]

7 Léwéproduct differentiation

“8 Porter 1980:17-23

9 See Porter 198%hapter 1 and Johnson & Scholes 2002:118
0 Grant 1998:61

°l Grant 1998:63

2 See Sterman 2000:152-153
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8 | Buyers’ switching costs
6 | Capacity augmented in large incremen| 9 | Size of capacity augments
7 | Diverse competitors 10 Diversity of competitors
8 | High strategic stakes 11 | Strategic stakes in the industry
9 | High exit barriers 12 Height of exit barriers
10 | Entry barriers 13 | Height of entry barriers
11 | Scale economies 14 Economies of scale in primuct
12 | Concentration 15 | Industry concentration ratio
13 | Excess capacity 16 Excess production capacity

Table 3.2: Modifying variable names

The language ahfluence diagrammingvas used to illustrate tltBrectionand thepolarity of the
interrelationships between the identified variapdggin, in accordance with the original theorética
propositions. As an example, Porter (1980) desstibe relationship between the industry growth
rate and the intensity of rivalry between incumbsorhpetitors in the following way:

“Slow industry growth turns competition into a marlshare game for firms seeking expansion. Maikates
competition is a great deal more volatile tharhés gituation in which rapid industry growth insutieat firms can
improve by just keeping up with the industry, arlteve all their financial and managerial resourcag be
consumed by expanding with the industty.

Following Burchill and Fine (1997), thdirectionandpolarity of the relationship between the
industry growth and the intensity of rivalry camshbe captured in the following expression:

Industry growth rate—————— Intensity of rivaly
Figure 3.1: An example of a proposed relation

Thedirection of the relationship is thus made explicit throughdfrection of the arrow from the
causevariable (industry growth rate) to tieéfectvariable (intensity of rivalry). The assignment of
either a positive or negatiymlarity indicated by a ‘+’ or a ‘-’ respectively illusted thenature of
the relationship between the two variables. Folimasterman (2000), the implications of polarities
can be defined as follows

» A positivecausality between two variables means that itthesencreases the effect
increasesabove what it would otherwise have beand if the causdecreasesthe effect
decreasedelow what it would otherwise have bdeae figure 3.2a)

» A negativecausality between two variables means that o€#usdancreases the effect
decreasedelow what it would otherwise have beand if the causdecreasesthe effect
increasesabove what it would otherwise have bésee figure 3.2b)

It is important to note that the polarity of theusalities between the variables describesthacture
of the system, not theehaviourof the variables. That is, they describe what wdadperif there

were a change. In addition, note the phrakeve (or below) what it otherwise would have bé&en

53 Porter 1980:18
54 Sterman 2000:139
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the definition of polarities. A change in a causgiable does not necessarily meame#achange in
the effect variable; only grosschange because more than one causality might lemnaing the

effect variable.

X~ ™y Inthis sense, the causal relationships betweeitémeified variables should
Fig. 3.2a be seen alypotheticapropositions meaning that they are theoretical
statements that specify the connection betweewuatables informing us
— & how variation in one concept is accounted for byaten in anotherall
X Fig.a2p Y . . o . o
else being equal This form ofceteris paribusexperimentation is a central

feature of causal diagramming.

In addition, a central part of the language ofuafice diagramming is its ability to capture thadog
of feedback loopsThe concept of feedback was briefly touched upddhapter 2. Feedback occurs
when an initial change in a variable is fed backdelf through one or more relay variables. When
this occurs, the initial change can either be oeodd or balanced out through several iterations
around the loop. If the initial change is amplifdough the loop, it is called a ‘reinforcing’ or
‘positive’ feedback loop. Conversely, if the inlt@hange is cancelled out through the loop, it is
called a ‘balancing’ or ‘negative’ feedback loogiforcing feedback results in exponential growth
(or decline) as the initial change is continuousinforced while balancing feedback loops are goal
seeking, striving to achieve a state of equilibriasithe initial change is decreased through the
loop>®. The existence of feedback loops does not imgaly tiey work without restraints imposed by
the system in which they operate. Exponential gnomitl eventually level off as limiting
mechanisms compensate while states of equilibriambe disturbed, causing overshoot and
oscillation. In this respect it is important to $eedback loops as part of the system in which they
operate. As described in Chapter 2, all dynamise drom the interaction of these two kinds of
loops”’. Several feedback loops were identified in thatiehships between the variables
determining the five forces. The following propasit from Porter (1980) exemplifiesbalancing
feedback loopn which an initial change in the profitability ah industry is cancelled out through
negative feedback:

“The threat of entry into an industry can be eliatéd if incumbent firms choose or are forced by petition to

price below [the entry deterring price]. If theygar above it, gains in terms of profitability mag short-lived
because they will be dissipated by the cost oftiighor coexisting with new entran.

% Neuman 2000:47

%6 Sterman 2000:108-113
" Sterman 2000:12-13

8 porter 1980:14
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Following Burchill and Fine (1997), in the languaafeénfluence diagramming, the logic of this
statement can be captured in the expression dliggtrin figure 3.3. This balancing loop captures th
way in which industry profitability is kept in chieby the threat of new entrants. An initial change

Industry attractivene the profitability of the industry is balanced out

+ + through the loop and equilibrium is found. As it
@ can be imagined, more explanatory variables

Industry proftabiity Threat of new entrants could be added to this basic diagram, but in its

current form, it captures the essential meaning
) of the theoretical proposition. Here, the

Figure 3.3: An example of a balancing feedback 5151 cing feedback loop is indicated by circular
arrow surrounding aB’. Conversely, reinforcing loops will be indicatbgl an R’. This practice will
be exercised throughout this report.
Using Vensim PLE, the relationships between the identified variablere made explicit through
the development influence diagrams for each ofitteeforces, showing the relationships between
these and their determining variables in accordanttethe original theoretical propositions as
described above. These are illustrated in figu4e®3.8 below. Note that nature and significanice o
the individual variables are elaborated in apperdirlated to Chapter 4.
Causal diagrams like the one above will be dottedughout this thesis and forms the analytical
backbone of my chain of reasoning. They are, howgresented asxhibitsand do not need to (but
can) be ‘read’ in any great detail to understardntiessage of this report. | have taken care to

comment on the substance conveyed by these diagmthey are presented.

The first force: The threat of new entrants

Theentry barriersthat a potential entrant must overcome to entendunstry along with the
expected reactionf incumbent competitors determine the immediatedt level posed by would-be
entrants. Porter (1980) sums up this balance tirtheg concept of thentry deterring price the
price which just balances the potential rewardsifemtry with the expected cost entering the
industry®.

%9 This modelling program is freely available framvw.vensim.com
% porter 1980:14
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Economies of scale in production
+

Entry capital requirement:

Industry proﬁtabllrty Industry growthrate  Resourcefulness of incumbents
+

@ Industry artractweness O

+
Proprietarity of product technolo
Buyers' switching cos

Accessibiity of distrbution channeis—

+

Strategic stakes in the industry
Exclusivity of government policies

Experience curve effects
Importance of locatio

Figure 3.4: The determinants of the threatew entrant

As figure 3.4 illustraté®s, a large number of variables determine the thyesed by potential new
entrants into an industry. The variables deternginime height of entry barriers are displayed on the
left side of the diagram, while the determinantthefthreat retaliation to entry posed by incumbent
are displayed on the right. As it can be seenthteat posed by new would-be entrants is determined
by a careful balance between what potential erdrstaind to gain from entering the industry and the
barriers they must overcome to do so. In this g threat of new entrants imposes a limit upon the
overall profitability of an industry. Should prddhiility rise to significantly higher level than that
comparable industries, the potential rewards faryanto the industry will surpass the cost of
surmounting entry barriers and new competitors flattk to the industry, eventually competing

down profitability. As described in the example @abgathis is illustrated by the balancing feedback
loop between the threat of new entrants, the imgysbfitability and industry attractiveness. The
reinforcing feedback loop illustrates how the olgreofitability of the industry increases the
resourcefulness of incumbents and that this iif its@ determinant of the threat of retaliation to
entry they pose to new entrants. Naturally, pos&etntrants are not only drawn to industries, which
are currently profitable, but also by expectatiaheut future profitability. This is captured by the
influence of the industry growth rate upon the alleattractiveness of the industfyNotice also the
how proprietarity of product technology and ecoresrof scale are the main drivers behind the
overall entry capital requirements faced by enganfgain, it is possible to imagine that many more
explanatory variables could be included, but thevaldiagram adequately seems to capture the

essence of the theoretical proposition.

®1 Notice that all polarities are indicated by a 6¢'a *-* abovethe arrow. This practice will be exercised thromgh
this report.

%2 porter 1980:14

% Johnson & Scholes 2002:114
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The second force: The intensity of rivalry

Intense rivalry between incumbent competitors $icguntly drives down industry profitability as
competitors’ margins are spent on price wars, dbueg and jockeying for position within the
industry. As illustrated on figure 3.5, the intapif rivalry in an industry is determined by the

interplay of several variables increasing or desirgathe intensity of rivalry.

Diversity of competitor: Industry proftabilty

Strategic stakes in the industry

Height of exit barrier

Height of entry barrier\ * Fixed to variable cost rati +
- L -~

Equality of competitor size and resourees————Intensity of rivalry Economies of scale

. +
Level of product d'rfferentiation/ ~ T Ind ustry concentraton ratee—
+

+ -
Storage cost: ¢
Number of competitors

Industry growth rate

+
\» Size of capacity augments

Figure 3.5: The determinants of the intensity ey

Buyers' switching cost:

Excess production capch +

As already described in the example of variablatifieation and clarification above, several
variables were added from Grant (1998) to thosgirally proposed by Porter (1980). These
includedlevel of product differentiatigreconomies of scalendustry concentration ratiandexcess
production capacit}f. Notice here the central role of economies ofesdal addition to being a direct
determinant of the intensity of rivalry, this vdia also influences the fixed to variable costoraimnd
the industry concentration ratfalong with the size of capacity augments, whictum influences
the excess production capacity. Notice also howrttlestry growth rate influences the excess

production capacity and the size of capacity augsien

The third force: The competitiveness of substitutes
Competitors in an industry are not only competingagst themselves within the boundaries of a
particular industry. In the broader scope,

Industry proftabiy they are competing against any product

Product-for-product substituti +
\ ; capable of performing the same

Need substitutioR——= Competitiveness of substitutes

/ function needor occupying the same
Generic subsuti product categonas the product of that

Figure 3.6: The determinants of the competitiverdssibstitute

 See Grant 1998:61
% See grant 1998:63
% See Porter 1980:19
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particular industry. The competitiveness of substg thus limits the overall profitability of an
industry in that margins earned by incumbents caarceed the point at which buyers’ preferences
switch to a substituté Note that the original description in Porter (@9&as elaborated from
Johnson & Scholes (2002), differentiating betwdwad separate forms of substitution as illustrated
in figure 3.6 abov&,

The fourth force: The power of buyers

The power of buyers determines the ability of adusiry’s customers to demand lower prices and/or
better quality from incumbents along with theirlépito play competitors against each other,
squeezing the margins and lowering the overallifadofity of the industry. As illustrated on figure
3.7 below, the power of buyers is determined by figce sensitivity and their relative bargaining
power. This structure is a partial elaboration oft€r (1980) from Grant (1998), suggesting these
two mediating and explanatory variables throughclwhorter’'s determinants influence the power of
buyers. Likewise, Grant (1998) suggestsititensity of rivalryamong incumbents as a further

determinant of buyers’ price sensitivity

Buyers' switching costs

L ) . N Relative concentration of buyers
¥ Industry profitability +

Intencity of rivalry 4 Buyers' iormation
Buyers' purchase relative to selers' salek‘ - T /

+
Buyers' price sensitivity———Power of buyers‘; Relative bargaining power of buyess— Buyers' threat of backward integration

+
Buyer's purchase relative to buyers' costs— > \
- Industry’s threat of forward integration
Importance of industry’s input. - @ n ¥ 24 &

to buyers' product quality

Competitiveness of substitutes

Level of product differentiatio Buyers' proftabiity

Figure 3.7 Determinants of the power of buy

Buyers exercise their power to secure a greate¢op#ne value added through the industry’s
production chain, thus increasing their own prdiiity. As the buyers’ profitability is in itself a
determinant of their price sensitivity, this cresa#ebalancing feedback loop as illustrated abokies T
loop illustrates that the added power which bupdrtsiin through exercising price sensitivity
eventually increases their profitability, thus makithem less price sensitia# else being equal
Conversely, the added power forgone by buyers xericesing price sensitivity will eventually
decrease their profitability, again raising themnghasis on pricall else being equallhe loop thus

seeks equilibrium. Notice also the interconnectioetsveen the determinants of price sensitivity in

®" porter 1980:23

% See Johnson & Scholes 2002:115-116

%9 See Grant 1998:63-64. Porter likewise proposee mensitivity along with buyers’ profitability assource of
buyer power (Porter 1980:25)
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which the industry’s level of product differentiatiinfluences buyers’ switching coStsvhich in

turn influence the intensity of rivalry among incoemts.

The fifth force: The power of suppliers

Like buyers, powerful suppliers can exert their powver an industry through raising prices and/or
lowering quality of their products to raise thewroprofitability. As illustrated in figure 3.8, the
determinants of the power of suppliers are equntdtethose determining the power of buyers,
capturing the fact that, to its suppliers, an induis a buyer and that its power as a buyer regriss
one of the five forces in the suppliers’ industkg.above, | adopt the mediating variabledustry’s
price sensitivityandrelative bargaining power of suppliefiom Grant (1998).

Switching costs between suppliers

Industry profitabiity Relative concentration of suppliers
Intensity of rivalry among suppliers  +

@ - Industry's information
Industry's purchase relative to suppliers’ sk /

- + +
Industry’s price sensitivity——s=Power of suppliers&— Relative bargaining power of suppliers&— Suppliers' threat of forward integration

+
Industry's purchase relative to industry's costs/' \
+ Industry's threat of backward integration
Importance of suppliers' inp

to industry's product quality Availabilty of supplier substitutes

Differentiation of supplier groups' products

Figure 3.8: The determinants of the power of sigu§

The balancing feedback loop between the powermblgrs, industry profitability and industry’s
price sensitivity is the inverse of the balanciogd identified in the theoretical proposition abthe
power of buyers. The loop illustrates that the adolewer which industries obtain through exercising
price sensitivity eventually increases its profilih thus making it less price sensitiedl else being
equal Conversely, the added power forgone by industrggsexercising price sensitivity will
eventually decrease their profitability, again irsgstheir emphasis on pri@dl else being equal

Notice that to its suppliers, an industry is ireifts buyer. For this reason the above diagram is
consistent with the diagram developed for the pafdruyers.

3.3 From words to diagram
Identifying and making explicit the theoretical asgptions of the positioning school through

influence diagrams is essentially a procedsasfslationof the proposed variables and their
relationships expressedwords into logically consistenhfluence diagramd.ike most theories
outside of the natural sciences, the variablescandalities proposed by the positioning school are

expressed imexact wordsather tharexact mathematical equatianss we shall see, this is a

0 See Porter 1980:9
"l See Porter 1980:19
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necessity arising from the inherent uncertainty eadability of the type of systems the theory seek
to describe.

Describing the total number of variables and retathips constituting competitive environments is a
daunting task. This number is astronomical andeasribed in Chapter 2, it is not possible to
objectively define the boundary and structure @hssystems. To adequately describe systems of
such extreme levels of combinatorial complexityy dascription must necessarily be limited to a
sufficiently highlevel of abstractionin this sense, the level of abstraction can beaght of as a
continuum from the most concrete to the most abistfdne most concrete concepts refer to
measurable variables of physical objects (heigi#, aeight, etc.), while highly abstract concepts
refer to variables that we do not directly obsdbeargaining power, intensity of rivalry, speed of

technological development, eté?)

As a direct consequence of high levels of combmmtoomplexity, the description of the system
proposed by the positioning school is raised tofacgently high level of abstraction, in essence
aggregating whole subsystems composed of variablesver levels of abstraction. In doing so, the
theory reduces combinatorial complexity to manafgekdvels, while remaining relevant to the
problem under study — in this case, the profitgbdf industries and firms. The relevant variables
and relationships proposed by the theory are tberainly able to describe the operation of the real
world system at the level of abstraction consideetelvant by the theory. Also, the high level of
abstraction imposes serious limitations on the ipd#g of quantification. As it is clearly evident
from the highly abstract variables illustratedigufes 3.4 to 3.8 above, these are aggregations of
numerous variables at lower (and more measurable)d of abstraction. In essence, there is no
single ‘unit’ in which the values of highly abstract variablaa be adequately expressed. For this
reason, the positioning school is limited to expiag its variables and causalities in the inexact

language of words rather than in the exact langohgaath.

Following Goodman, influence diagramming, as itsed here, constitutedamguagewith its

simple set of ‘syntactical’ rules in which compliesues can be expreséednfluence diagramming
is a language significantiyore precise than that of English although significafgssprecise than
that of math. Influence diagramming of the theaadtvariables and causalities thus holds the
opportunity to use a more exact language thanrkedrowhich theory was originally expressed. By
not aspiring to mathematical exactness, influenagrdms make a trade-off between being able to

say what at the cost of being able to sdyow much Influence diagrams are thus able to indicate a

2 Neuman 2000:43
B TST 2006
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change in the form of an increase or decreasesdrubnly indicate the size of this change
qualitatively. By making this trade-off, influendeagramming bypasses the problem of
quantification of highly abstract variables facgdniathematical models, while retaining the ability
to capture the logic of complex problems in an Exphnd consistent manner. This ability will be

further explored and exploited in subsequent chiapte

3.4 From theory to empery
The theoretical assumptions about competitive enmrents expressed in the influence diagrams

developed above do not constitute a valid desonpif the competitive environment of the wind
turbine industry. These theoretical propositioresgamericin that the variables and relationships
proposed are meant to describe femmpetitive environmenghould theoretically be constructed.
They are not specific to the unique conditionsrof specificcompetitive environment. It cannot
therefore be assumed that variables and causarog®sed here are able to mimic the operation of
the real world system even at the high level ofralotion proposed by the positioning school. This
problem will be addressed in the following chaptéere the theoretical assumptions developed here
will be empirically grounded in the unique contekthe competitive environment of the wind

turbine industry.
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Chapter 4: The competitive environment of the windurbine industry

The competitive environment of any industry is waqgThis is no less true about the wind turbine
industry. A wind turbine is in itself a productitechnology, producing a highly politically charged
and increasingly demanded product: electricity. iObsly, theoretical propositions based on a
generic theory are unlikely to adequately desdtieeoperation of the competitive environment of
such an industry in the absence of empirical groygndrhe aim of this chapter is to ground
theoretical assumptions about the competitive enwnrent developed in empirical measurements
and analysis of the operation of the competitivarenmentspecificto that of the wind turbine

industry.

4.1 The wind turbine industry
The aim of the Five Forces Framework of the pasitig school is to describe ts&ructureof an

industry, which determines the nature of competiiad thus theompetitive environmenf\

relevant initial question in this regard is whettiex wind turbine industry can be considered alsing
industry. Significant attention has been giverhie topic in strategic literatuf®

An industrycan be defined as a group of firms supplying a etaikence the key to defining

industry boundaries is defining thelevant marketThe boundaries of markets are in turn defined by
substitutability of productdoth on the demand and supply side. The samédevatons apply to
defining whether the wind turbine industry is agbnglobal industry or a series of nationally disti
industries. The former is true if customers ardingland able to substitute turbines available on
different national markets, and/or if manufacturanes willing and able to divert their output among

different countries to take account of differentrgias’.

When looking at the wind turbine industry, it igat that this form of substitution is present ithbo
supply and demand, and has been, for quite a nuaoflyears. On the demand side, wind turbine
buyers are indeed capable of substituting turbomedifferent national markets, taking advantage of
differing margins, whereas suppliers are equalpatée of diverting their output among different
market$®. This form of substitution must be considered pamant to the nature of the competitive
environment of the industry. A global view of thentpetitive environment of the wind turbine

industry does not entail the assumption that natiand regional differences in supply and demand

" See Grant 1998 and Johnson & Scholes 2002
> Grant1998:69-70
®BTM 2005a:17-19
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does not exist. Rather, it assumes that the ovaraltture of competitive environment of the wind
turbine industry as a whole is taggregated produadf such differences. Also, the global industry
environment seems the appropriate perspectiverfegic considerations over extended time
horizons as long as a decade. Based on these emifids, the wind turbine industry will be

considered as single global market supplied by a single glolmalustry

Adopting this perspective, the global wind turbinéustry currently employs in the vicinity of
120,000 people worldwide with an estimated annualdver in excess of €12 billion. It is the fastest
growing energy technology industry in the worldiwén annual growth rate of more than 30% over
the past 8 yeaf§ Continued growth over the coming five years tinested at around 15-20%
annually®, Germany and Spain are the key markets, accoufatirigs% of the annual growth
experienced by the industry up until todfayn excess of 85,000 turbines are installed woideyw

with a total capacity of around 58,000 MW, meeting electricity demand of some 25 million
households. As a whole, the industry is concerdretd&urope, where 70% of this capacity is

installed®.

On the supply side, the business models of winlinermanufactures vary significantly. Depending
on their level of integration, manufacturers argdoying degrees active across the following five
vertical activities: component manufacturing, tadbassembly, project development, service and
maintenance and to a lesser extent; project owipeastu operatioft. Although the term ‘wind
turbine manufacturer’ includes highly diverse bessmmodels, in the context of this report, wind
turbine manufacturers will be definedfasns supplyinggrid connectable wind turbines to the global

wind turbine market.

The competitors performing these activities ardlyigoncentrated around five major suppliers with
a total market share of some 85-95%. The majoreptfyare: Vestas (DK), Gamesa (ES), Enercon
(GE), GE Wind (US) and Siemens (GE/BK)At year-end 2004, these five suppliers held al tot
market share of 85.5% The industry is thus highly oligopolistfc In addition to these major

""EREC 2006

8 Morgan Stanley 2005:11

" Morgan Stanley 2005:11

8 EREC 2006

8 Danske Equities 2003:8-12

8 What is considered a ‘major player’ by the indyéself is based not only on current market shace also on
their potential for gaining more. Siemens currehityds a market share of only 6.2%, but is stilisidered ‘major’
because of its competitive potential.

8 Morgan Stanley 2005:10

#BTM 2005a:16

8 Morgan Stanley 2005:7
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internationalised and internationalising playerbpat of smaller manufacturers exist; none with a
market share in excess of 4%. The smaller manutastare highly dependent upon single national

markets where several hold prominent posifitns

4.2 Grounding theoretical propositions
In grounding the theoretical propositions develojetthe previous chapter, | have drawn extensively

upon empirical studies and other industry literattwvering analysis, empirical measurements,
observations and assessments about the competitw®nment of the wind turbine industry. The
variables and interconnections suggested by thardlieal propositions developed in the previous
chapter formed the framework guiding a desk studxisting industry literatufé. Through the
proposed variables and their relationships, thertteal propositions suggest empirical informagion
which is initially relevant to understanding conipe¢ environments as described in Appendix A.
The process of grounding the theoretical assumgtiah focus on achieving the following two

principal tasks:

1. Excludingvariables and relationships suggested by theiposig school, which areon-
existentn the unique context of the competitive environinaf the wind turbine industry.
2. Includingrelevant variables and relationships not suggdsygetie positioning school, which

areuniquein the context of the competitive environmenthad tvind turbine industry.

In this sense, the empirical grounding of the te&oal propositions is a significantlgss rigorous
process than empirically testing the proposed diiesathrough linear regression analysis and
establishing mathematical relationship coefficieAis described in Chapter 3, the high level of
combinatorial complexity imposes serious limits nploe possibility of such quantification.
Grounding is thus a process of empirically elimimgtvalidating and modifying the theoretical
propositions to suit the specific conditions of wied turbine industry. The grounded propositions
developed in this chapter can thus be considengairically informed but not empirically tested.

In the following, | will consider each of the fiwtructural forces and their determining variabrtes i
terms of their influence upon the competitive eoniment of the wind turbine industry. The

systematic investigation of each variable can lbedon appendix A.

% BTM 2005a:16-19

8" The desk study initially identified a ‘core bodyf industry literature by a number of consultanid abservers of
the industry such as BTM Consult, Danske Equitiésrgan Stanley and Carnegie Securities Researciy alith
The International Energy Agency. Using these sayrite identified variables were assessed in tefrtizeir
relevance and effect upon the competitive envirartroéthe wind turbine industry. The variables adtressed in
the core literature formed the basis of lines afiéry into more specialised literature and emplrstadies such as
Takeuchi and Ancona & McVeigh, addressing the mhee and effect of more specific variables propased
Chapter 3.
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4.3 The first force: The threat of new entrants
From the investigation of the variables determirtimg height of entry barriers, it is clear that the

entry barriers that a potential entrant must oveeto enter the wind turbine industry are extremely
high. Economies of scale force potential entram&snterin force considerably increasing the height
of entry barriers, capital requirements and finahisks$®. Opportunities for entry are further limited
by proprietary of product technology and both taitegand intangible switching costs, linking buyers
of wind turbines to incumbent manufacturers. Initold, the desk study revealed that accessibility
of inputs is a significant entry barrier aroundumbents, as reliable component manufacturers with
sufficient capacity are scafte

These factors make buying an existing manufactiieemost plausible route of entry into the wind
turbine industry, offering the opportunity to gaiimect access to technology and a proven track
record of previous successful wind turbine proje€tes mode of entry is nonetheless a risky
venture. Warranty provisions issued by incumbextsrel as far as 10-12 years into the future. The
extent to which an incumbent is bound by such altikigs - along with their ability to meet them - is
largely unknown to a potential buyer of an incuntbeanufacturer. Warranties could therefore lead
to substantial compensation claims and thus preseahknown level of financial risk to potential
entrant’.

In addition, competitors in the wind turbine indysinust generally be considered highly resourceful
and pose a credible threat of forceful retaliatiddajor manufacturers have significant long-term
strategic stakes this high-growth and high-expexrtahdustry. This would indicate that incumbents
pose a highly credible threat of retaliation togmial entrants. However, in light of the currentia
expected growth rate, which has turned part ofjthbal wind turbine market into a seller’s

market?, the impact of a new competitor entering the itguhrough buying an incumbent may not
warrant such costly retaliation - at least not wlile industry growth rate remains sufficientlyrhig

A further factor discouraging entry into severalio@al markets is various forms of protectionism,
such as domestic manufacturing content requirempregerential tax breaks, exclusive or
preferential access to national R&D funds, favoleakeatment by planning authorities and political

contact&.

Although the entry barriers to the wind turbineustty are significant, recent history shows thaith
are not high enough to eliminate the threat frotepiial new entrants. The central theme of entry

into the wind turbine industry has thus far beegdadiversified utility companies integrating

8 Danske Equities 2003:14-16

% Takeuchi 2003:44

% Stephen Rammer, analyst, Handelsbanken in Beedifigkende, February 2006
L Carnegie Securities Research 2005:3

92 See e.g. CRS 2006
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backwards into wind turbine manufacturing, bringwi¢h them significant financial and
technological resources. The entry of General E&ttirough the acquisition of Enron Wind Corp in
2002, and the entry of Siemens through the acgunsitf Bonus Energy in 2004 are recent
example®’. BTM Consult foresees a continuation of this pattver the coming yeafs It is

unclear whether outsiders will purchase more incemtdin the near future, but stock market
speculation about the potential takeover of Vedtasd Systems by Royal Dutch/Shell reappeared as
late as February of this year (2006). With Ves&iadpthe only major single-business manufacturer
in the industry, this company takes up a speciaitjpm with regard to outside purchase. Although
analysts question the validity of these rumourscafation remairs. In spite of significant entry
barriers, recent examples of successful entrytimeandustry exist, and as the industry consolslate
and the technology matures, the threat of entrytimé industry remains substariffal

Based on the investigation of the determining \@es, the theoretical assumptions about the threat

of entry developed in the previous chapter are fremtlas shown in figure 4.2 below:

Economies of scale in product

‘Y

Entry capital requirement:

Industry proﬁtablllty Industry growthrate  Resourcefulness of incumbents

O Industry attractiveness A\y
e

Level of product dferentiatio ' Height of entry barriers—#= Threat of new entrantse—— Threat of retallatlon to entry

+
Proprietarity of product technolo
Buyers' switching costs_*

Extent of warranty procition-

Accessibiity of inputs
+

Exclusivity of government subsidies  +
Strategic stakes in the industry
Exclusivity of government policies

Experience curve effects

Importance of locatio

Figure 4.1 Empirically grounded determinants of threat of rawrant

In accordance with the investigation of the sigmafice of the individual variables described in
appendix A, the following changes were made talieeretical propositions developed in the
previous chapter. Firstly the varialfdecessibility of distribution channelgas eliminated as a
determinant of the height of entry barriers. Asadged in appendix A, project developers are the
only occasional intermediaries between wind martufacs and the final owners of wind projects,

and in this role, they are not markedly differeninf other large buyers of wind projects. Secondly,

%3 DWIA 2006

% BTM 2005a:20

% Jakob Risom, Berlinske Tidende, Fabruary 2006
% BTM 2005a:20
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the variableExtent of warranty provisionsas included as a significant determinant of thigt of
entry barriers as warranty provisions significam#lises financial risk of entry as described in
appendix A. Finally, a relationship was added betw&ccessibility of inputandimportance of
location as transport costs and the increasing necedsitgse development partnerships between

wind turbine manufacturers have become increasisiglyificant.

4.4 The second force: The intensity of rivalry
It is striking how many variables determining théensity of rivalry among incumbent

manufacturers remain latent because of high indggowth. Annual growth rates in excess of 30%
over the past eight yedfsind expected growth rates of 15-20% over the cgifive years® have
significantly limited the intensity of rivalry ineveral major markets. Among the latent sources of
intense rivalry are potentially high exit barriehggh fixed to variable cost ratios, large capacity
augments, high storage costs along with the paieioti significant excess production capacity.
These are all significant triggers of intense cotitipa in low-growth industries, as described in
appendix A. In addition, the intensity of rivalrgnang manufacturers is further kept in check by a
limited number of highly concentrated competitorstpcted by substantial entry barriers described

above.

In spite of high industry growth, current levelsralry is spurred by the absence of a clear ntarke
leader to direct competition and the relative eigpal terms of size and resources of the largest
manufacturers - as least in terms of resourcesdestl to wind turbine manufacturitigBecause of
favourable market conditions, the intensity of hiyan the wind turbine industry generally remains
moderate. However, the economic structure of tdastry would indicate that should the industry
growth rate decline; the intensity of rivalry woudd fierce as many of the latent variables ardylike

to step into force.

9" EREC 2006
% Morgan Stanley 2005:11
% Danske Equities 2003:16
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Figure 4.2 Empirically grounded determinants of intensity ivhiry

Buyers' switching cos

Excess production capci

Based on the investigation of the determining \@es, the theoretical assumptions about the threat

of entry are thus modified as shown in figure Zefotu:

As illustrated on figure 4.2 above, empirical evide could be found supporting the relevance of
most of the determinants of intense rivalry sugegsly the positioning school. With the exception
of the effect oDiversity of competitorsipon the intensity of rivalry between incumbermiswhich
no empirical evidence could be found, the invesiogeof the determinants showed that the
theoretical proposition developed in the previohapter seems to adequately describe the

determinants of intense rivalry among incumbentiwiirbine manufacturers.

4.5 The third force: The competitiveness of sulistt
Wind technology is only one amongst a wide rangeepéwable energy technologies, which in turn

is part of a still wider range of energy technoésgiconstituting the total enertgchnology stock
available to energy suppliers. In principal, angrgly technology capable of producing electricity is
a potential substitute for wind energy. The conpmetienvironment of the wind turbine industry is
thus subject to various levels of need substituiom three major technology grougessil fuels
nuclear powemndother renewablesThe relative competitiveness of any of these tsiuibes
technologies is subject to significant regional ardodic variation, depending on such factors as

local resource availability, fuel prices, wind cdrahs, subsidies, base load flexibility etc.

Fossil fuels currently hold a dominant positionhnat share of the global electricity market of 67%.
Of this share, coal is the largest contributor vaithestimated market share of 39%, while gas dnd oi
hold shares of 21% and 7% respectively. Lookingadhthe IEA estimates that coal and gas will
take the major share of new capacity installatiomd 2030; taking up 39% and 28% respectively,
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while the share of oil in new capacity installagda expected to be some 8% The competitiveness
of fossil fuels relative to wind energy is deteradrby the two major demand drivecimate
concernandsecurity of supplyMany energy markets are highly motivated by esrwinental
incentives. Historically, as well as today, goveemisubsidies awarded for environmental
performance plays a major role in substituting @nional energy technology with renewabiés
The so-callegxternal cosbf power generatiohas become a key competitive parameter in several
markets, seriously disadvantaging coal, oil and lesser extent natural §¥s The closest
competitors to wind in terms of environmental parfance are hydropower, nuclear and biomass,
and to a lesser extent; solar and tidal/wave poagethese technologies are either,@@utral or

emit no CQ during operatiotf®. On other environment parameters, (landscape e, waste
disposal and particle emissions respectively) alsedbstitutes are significantly disadvantaged. Also
from the first oil crisis in the early 70s till tay, security of supply has become a major issue for
conventional substitutes to wind such as naturslagal oil, benefiting role of energy technologies
with stable or no fuel supply deman¥sDue to recent increases in gas prices, the gémeosts

of wind is now generally lower than that of gas leliomparable to the cost of cHal

The second major technology group is nuclear pavech currently holds a share of the global
electricity market of some 17%. A share that IEAQ2) expects to decrease significantly by 2030 to
around 9%. Nuclear power is expected to take up 8 of new capacity additions over this
period®. Although benefiting from climate concerns, nuclpawer is thus only a minor substitute
for wind. In addition, nuclear power supplies b&sad generatiol{’, a role not suited intermittent
power sources. The generation cost of wind enexyggnerally significantly lower than that of
nuclear powéf®,

Other renewable energy sources constitute the tdatthology group. Renewable energy currently
holds a share of the global electricity market ¥l which is expected to increase by 2030 to about
19%. This comparatively small increase should le@ $e the light of an average annual increase in
total electricity demand of some 2.5% over thequerCurrently, hydropower is the most

competitive renewable energy technology with aslwdiithe world renewable electricity market of

1001EA 2004:196:200

1gee e.g. IETA 2006

1925ee BTM 2005a:41-43

103 ExternE-Pol 2005:27

194 See European Commission 2001

195 Carnegie Securities Research 2005:10
198 |EA 2004:200

197\WNA 2006

198 |EA 2004:195
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89%, with biomass as a distant second, holdingaeestif 7%. Wind takes up a shared third place
along with geothermal, both with a share of 2%.@dmg to IEA (2004) this picture is expected to
change significantly by 2030. Hydropower will degiby as much as 20 percentage points to 69%,
mainly at the expense of wind and biomass incrgasiri5% and 10% respectively. Tidal/wave
energy and solar power are expected to rise frameitly insignificant shares to about 1% and 2%
respectively. In terms of cost developments of waide energy, the capital and total cost of both
on- and offshore wind power is expected to dedigeificantly along with geothermal and biomass,
which will remain largely cost-competitive with vdrenergy. Conversely, the cost hydropower is

expected to increase significantly due to lackuitable site¥®.

Although wind energy is generally cost-competitivigh its major substitutes, wind technology
suffers from a number of unique disadvantages, rgdpenaking the technology dependent upon
favourable energy planning regim&¥ind is an intermittent power source and cannatetioee
substitute base-load generation technologies. \&éapacity requires flexible backup generation
capacity for periods of insufficient wilid. In addition, wind turbines are often locatedtia t
periphery of the energy system and must therefereolinected to the grid at low-voltage levels.
This adds to the complexity of the energy systehickvin turn increases installation costs where
weak grids must be reinforced This requires flexible energy systems and equtkible energy
planning™® Also, wind turbines are highly visible and thejreration entails considerable noise
emissions. Due to minimum wind-speed requiremeutbjnes are often placed rural areas, and thus
frequently conflict with natural conservation aeagnmeational interests. A major issue for the inqust
is increasingly well-organised local oppositiontimd project$™. Several such cases have illustrated
how dissatisfaction with the placement of onshoiredvprojects has led to increasingly restrictive

planning requirement¥"

In terms of future competitiveness, the rate aclwmew products emerge to keep potential need
substitutes at bay is a significant factor detemgjrihe overall competitiveness of wind power
relative to potential substitutes. However, the @tnew product discovery also increases product-
by product substitution. This form of substitutidetermines the rate at which existing turbines are
made obsolete by more cost-effective models. Tassehtendency to make buyers more hesitant to

invest in current models, in the expectation of iment improvements. In the context of the wind

199|EA 2004:192-233

101EA 2004:235

11 Carnegie Securities Research 2005:6
12 |EA 2004:235

113 5ee Morgan Stanley 2006
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turbine industry, this phenomenon was demonstriatéte mid 80s where rapid up scaling caused
turbine designs to become obsolete at an unpriditalie®. This form of substitution is the essence
of an industrial technology race. Throughout thetdry of the wind turbine industry, product-by-
product substitution has been synonymous with aprag, but advances in offshore technology and
specialised low wind-speed turbines along with mewposite materials have likewise become
important sources of new product discovétyNeij et al (2003) found that eight successive
generations (in terms of size) of wind turbines agad in the period 1980-2000, equalling an
average time interval of 2.5 years between gemergiti. Given these figures, the rate of new
product discovery in the wind turbine industry isignificant factor lowering the competitiveness of

substitutes - but also the profitability of windliine manufacturers.

When investigating the determining variables désctiin appendix A, it is clear that the
competitiveness of substitutes significantly inflaes the competitive environment of the wind
turbine industry in defining the overall limit ttsiprofitability. In accordance with the investigeit
of the significance of the individual variables, dgcific variables were identified additionto
those suggested in the theoretical propositionldped in Chapter 3. The proposed relationships
between these variables and the competitivenesshstitutes are illustrated in figure 4.3 below:

Competitiveness of

Security of supply——»- ; Industry profitabi
- fossils fuels + yp ity
+ + L.
Climate concera » Competitiveness of  +
nuclear power
+ +
Need substitutior——» Competitiveness of substitutes
I " +
orrenonae ot v oremea——" y
Product-by-product
+ ) substitution
+
Government substitutes® _ Competitiveness of + Rate of new product
for wind power wind power discovery @
+
+
Energy system  Regional planning Rate of new + Industry R&D
restrictions restrictions process discovery expenditure

Figure 4.3 Empirically grounded determinants of competitiveneksubstitute

As illustrated on figure 4.3 above, significant nfiedtions has been made to the theoretical
proposition developed in the previous chapter. mlagor part of these modifications is related to the
fact that a wind turbine is in itself a productii@echnology. The determinantséed substitution

are illustrated on the left side of the diagramiding the major substitutes to wind power intcetir

15 3See Kjeer 1988:20
11°5ee EWEA 2005b
17 See Neijet al2003: 38-42
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broad categories:dssil fuels Nuclear powelandOther renewablesThe competitiveness of wind
power relative to these substitutes is in turn meitged by the major demand drive8ecurity of
supplyandClimate concernwhich in turn influence&overnment subsididsr renewable energy. It

is important to note that not all types of governtsubsidies lead to increased competitiveness of
new technologies as has, to some extent, beeragieevdth fixed feed-in tarifts®. These tariffs have
lead to considerable capacity instalments, but Imat@ecessarily created an incentive to lessen the
dependency of the technology upon the subsidy.rGiligsidies such as green certificate matkéts
or competitive biddintf® have had greater success in creating incentivéadreased technological
competitiveness, but often at the cost of instatigplacity. This goes to say that the causality
betweergovernment subsidies for wind poveerd thecompetitiveness of wind poweroposed in
figure 4.3 may be true only in a strictly econosénse and may not lead to lasting technological
competitiveness. Notice the dual rolemmdustry R&D expenditurapon botmeed-andproduct-by-
product substitutionThe reinforcing feedback loop illustrates the ayics of technological rivalry
(or technology race) between manufacturers - adiegiturbines are made obsolete by new designs
introduced by competitors. Increased R&D expendithus becomes a necessary competitive
parameter, which again increageeduct-by-product substitutiomNotice also the relationship
between climate concern and the competitiveneasidear power further elaborated in appendix A.
As described in section 3 in appendix A, no emplrevidence could be found supporting the
relevance ofseneric substitutioto the competitive environment of the wind turbindustry. This

variable was thus eliminated as a determinant ofp=ditiveness of substitutes.

4.6 The fourth force: The bargaining power of bgyer
Historically, the market for wind turbines has belrided into four major buyer segments:

Individually owned turbinesuch as single turbines supplying individual faongusinesses;

turbines held byocal investor cooperativesarger wind farms owned hytility companiesand

finally developersfunctioning as an intermediary between manufactuand utility companies. The
importance and market share of each of these tmments has varied periodically and from country

to country; often in response to changing subsidiestax breaks. With the increasing globalisation

18 Although feed-in tariffs vary considerably betwg®anning regimes, this form of support is usuatpstructed
around a fixed government subsidy paid to the sepfir every KWh of electricity sold at the marlgrice. This
form of subsidy has been dominant in Denmark, Gegnaand Spain.

19 Green certificate markets are constructed arossuinig a certificate to a supplier for each MWielettricity
sold at the market price. These certificates aranitial assets, which can be sold to utility congenobligated to
present certificates equaling a certain (and dftereasing) percentage of their sales at year-Enid.form of
subsidy has been dominant in England, Wales, Swb#ad Ireland.

120v7arious competitive bidding schemes are constrlti@eward manufacturers able to install the nééda/
capacity requiring the least amount of subsidyubfocompetitive bidding. This form of subsidy hagb dominant
in the U.S.
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of the industry and still larger wind projects, tin latter segments have by far become the most

significant?*,

Modern wind turbine projects are increasingly skegiuyers as large, long-term investments in new
generating capacity, increasingly comparable tozentional power plants. As the size of both
individual turbines and entire wind projects hag@ased, so has the size of orders relative to both
manufacturers’ sales and buyers’ costs. The indalidrder has become more important to both
manufacturers and buyers. This has increased Byy@rs sensitivity. Although price per MW
installed is a central competitive parameter; bdlity, and thus the quality of the turbines arei@ity
important to the operational economy of wind tueoprojects. As the size of wind projects have
increased, manufacturers have been forced to #aresk of serial faults in wind projects through
extended warranty provisions. This has become @easingly important part of winning large
orderd?? and wind turbine manufacturers are thus ablefferdntiate themselves through
demonstrated performance and turbine reliabffityThis opens the opportunity of raising switching
costs by rewarding repeat buyers through exparekigiing service contracts and warranties on

favourable terms.

As buyers of wind project have become increasioglysolidated, professional and informed, they
have been able to exert pressure on the profitybiliwind turbine manufacturers. The ongoing
concentration of the wind turbine industry has bewtched by rapid concentration among the
buyers of wind turbines. As described above, laitgjgy companies and developers have by far
become the most important buyers of wind projegetang over from smaller private buyers and
local investor groups. Recent years have likewesa sapid consolidation among major developers.
These developments have significantly increasetangaining power of buyers, leading to
increased demands on manufacturers to co-inveshatage and even operate large projects as a
requirement to win large ordéf$ Also, these increasingly sophisticated buyers atgebable to

play manufacturers against each other to loweeprand raise quality through competitive bidding

for projects$®>.

The highly competitive substitutes for wind enedggcribed above are a further factor increasing

buyers’ bargaining power. Any technology capablgeaferating electricity is a potential substitute

121 gkytteet al2004:22. See also BTM 2005a:21

122 BTM 2005a:20-21

123 Danske Equities 2003:13, see also Alfred Berg 2006
124BTM 2005a:21

125 5ee Carnegie Securities Research 2005
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for wind power, and utility companied can chooserframong a wide technology stock when
expanding generating capacity. Although additiamahpetitive parameters such as environmental
performance, security of supply and governmenttgubss have favoured wind power in some
markets, the competitiveness of substitutes igmifgiant factor increasing buyers’ bargaining

power.

Through the investigation of the determining vakeabit is clear that powerful buyers are a
significant factor shaping the competitive envir@mhof the wind turbine industry. In accordance
with the investigation of the significance of timglividual variables described in appendix A, the

following changes were made to the theoretical psdmns developed in Chapter 3:

Buyers' switching co:

Relative concentration of buyers

. ¢ . + Industry profitability +
Intencity of rivalry + Buyers' information
Buyers' purchase relative to sellers' salesJ'\.‘ - /— Wind turbine demand

- +

, Buyers' price sensitivity———=Power of buyerst———Relative bargaining power of buyers
Buyer's purchase relative to buyers' 0587 —— " Buyers threat of backward integration
Importance of industry's inpt ; - @ * Industry's threat of forward integration

to buyers' product quality *

Competitiveness of substitutes

Level of product differentiatio Buyers' proftabilty

Figure 4.4: Empirically grounded determinants «© power of buye

As illustrated on figure 4.4 above, empirical evide could be found supporting the relevance of all
of the determinants suggested by the theoreticglgsition developed in the previous chapter. In
addition to the variables proposed by the positigrichool, the variabM/ind turbine demandas
identified as a significant determinant of the tiglabargaining power of buyers.

4.7 The fifth force: The bargaining power of supi
Today, a wide range of subcontractors is availebtée wind turbine industH?. In principle it is

possible to assemble a turbine entirely from pnédabed component§.. In spite of this, all the

major wind turbine manufacturers are to some exteqtived in component manufacturing. None of
them are, however, producing all the needed compsrie-house. Wind turbine manufacturers have
thus struck a balance between being in the busofessnponent manufacturirndwind turbine
assemblyAs described above, the business models of wirdrte manufacturers are highly diverse.
The degree to which wind turbine manufacturersvarécally integrated varies significantly, as does

the cost of procuring outsourced components indussethe individual manufacturer. The most

126 See DWIA 2005:48-57 and Danske Equities 2003:11-12
127 Danske Equities 2003:13, see also Alfred Berg 2006
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vertically integrated manufacturers are Gamesan&ig?® and Enercotf® while GE and Vestas
have adopted a lighter mod&l

The most expensive components of a wind turbingrereotor and the nacelle and machinery,
composing 20-23% and 25% respectively of the waat of a turbine. Gearbox and drive train
composes 10-15%, while generator systems and taesenpose around 5-15% and 10-15%
respectively*’. Generally, blades, nacelles and control systemshe most specialised and vital
components in terms of turbine efficiency. Thesewsually manufactured in-house, whereas
generators, gearboxes and towers are more oftenwaed to suppliet¥.

Although wind turbine manufacturers are generailg igood bargaining position relative to
component suppliers, they are notoriously senstowbe high quality and timely delivery of key
components. Serial faults in components for lavgad projects are equally serious as wind turbine
manufacturers often bear the financial liability foe quality of turbines through warranty
provisiond*3. Delays in component delivery are likewise extrBneestly to wind turbine project¥’.

In addition, high industry growth and the relatimewness’ of the industry have made component
shortages commonplace in the industry as a bottkehigh industry growth®. For these reasons,
component suppliers are often able link a certaanufacturer to them through raising switching
costs. If a manufacturer wishes to replace a gipphis often requires lengthy certification to
qgualify the new supplier’s input along with exterestesting to ensure reliability and compatibiby
new components. Hence, phasing in a new composertiine-consuming and expensive process
entailing significant switching costs. Also, duemanufacturers’ differing technical solutions and
patent rights, components are increasingly custeanis the individual manufacturer rather than
standardised. This further adds to the cost angtxity of switching between suppliers. In
addition, the physical location of component sugrglinear major markets has become an issue. As
the size of components have grown larger, minirgisiansport costs have become increasingly
important and strained the availability of sup@iith sufficient capacity near major markets. Also
components such as generators, blades, contrelnsgstowers etc. cannot be directly substituted by
alternatives. Only Enercon has successfully sultetitgearboxes, developing a product range of

gearless turbines based on its ring generator tdotyt>C. In addition to significant switching costs,

128 See Morgan Stanley 2005:19

129 5ee Danske Equities 2003:8

130 see Morgan Stanley 2005:19. It is worth noting t#everal manufacturers organise their sourcirajegies to
allow in-house component manufacturers to compéteexternal manufacturers to increase efficiefidyis
picture of the vertical integration of major maratfaer is thus indicative rather than static.

131 Ancona & McVeigh 2001:2
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substantial technological and financial entry agiaround component industries - especially
gearboxes, generators, blades and control systéamther limit rivalry between component
supplies®”.

In spite of the opportunities for suppliers to eassich switching costs, the relative bargaininggrow
of buyers most be considered comparatively weals iErespecially due to the high relative
concentration of the wind turbine industry, makammponent manufacturers dependent on only a
few large customers. Even small changes in a nrmagorufacturer’s sourcing strategy can have
serious implications for a supplier’s revenue. Tweasing size of both turbines and wind projects
has amplified this dependency. As the size of silmgtiers has increased relative to both suppliers’
sales and manufacturers’ costs, the importandeeoifidividual order from a manufacturer has been
emphasised®

Exploiting this advantage, manufacturers are ofisloyal to individual suppliers and are reluctant
to rely too heavily upon any single component maatufrer, favouring various types of hybrid
sourcing>®. Several wind turbine manufacturers are themsedigidy active in many areas of
component manufacturing. This is especially truediversified manufacturers such as Gamesa,
Siemens and General Electric, giving these compdraads-on experience with the production of a
wider range of energy technologies and/or compadéménufacturers are generally least active in
the production of generators and gearboxes, whiglhighly complicated to make. In spite of this,
GE Wind, and Gamesa both have in-house producfigererator§® and Vestas recently integrated
backwards into generator manufacturing in Chinertsure accessibility and quality of inpidts

The varying degree of vertical integration amontpitte manufacturers would likewise suggest that
wind turbine manufacturers pose a highly credibtedt of backward integration into several areas
of component manufacturing. Such a threat decrahsdsargaining power of suppliers in that they
have to meet the deterring price — the price thsttlyalances out manufacturers’ potential rewafds o
entry**2. Generally, technological and financial entry g into component manufacturing for wind

turbines are significalf, but this is only relative to the deterring pries,manufacturers perceive it.

As previously described, the primary threat of retrants into the wind turbine industry has been

posed by buyers integrating backwards into winditler manufacturing. However, FKIl plc., a

137 Danske Equities 2003:11

138 BTM 2005a:20

139 Takeuchi 2003:46

140 panske Equities 2003:9

141 See Vestas Stock Announcement 2006
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producer of turbo generators, recently took over@erman wind turbine manufacturer Dewind,
demonstrating that suppliers too are able to pasedible threat of forward integratitSh However,
because of the significant entry barriers protecimtumbent wind turbine manufacturers, few
component suppliers pose any credible threat @fdodt integration and wind turbine manufacturers

remain highly informed and sophisticated buyersarhponents.

When looking at the determining variables, it sarlthat the power of suppliers is not a majordiact
decreasing the profitability of wind turbine maretfaers. Danske Equities (2003) considers
component manufacturing the least attractive bgsineodel related to the wind turbine industry,
only protected by substantial entry barrt&tsin accordance with the investigation of the
significance of the individual variables descrilvedppendix A, the following changes were made to
the theoretical propositions in figure 3.8, Chajdter

Switching costs between suppli

Industry proﬁlabllny
Intensity of nvalry among suppller * + Relative concentration of suppliers

Industry's purchase relative to suppliers' s s
. / Industry's information
Industry‘s price sensmvnty—» Power of supplierss— Relative bargaining power of supphers

Industry’s purchase relative to mdustw‘s co s Suppliers' threat of forward integration

Importance of suppliers' |np

Industry's threat of backward integration
to industry's product quality

Differentiation of supplier
group's products

» Accessibilty of inputs

Figure 4.5: The determinants of the bargaining pafeupplier

As illustrated on figure 4.5 above, two major madifions were made to the theoretical proposition
developed in the previous chapter. The varidailability of supplier substitutesas excluded as
no empirical evidence could be found supportingatevance, while the variabfecessibility of

inputswas included as a determinant of the relative bangg power of suppliers.

4.8 The structure of the wind turbine industry
Based on the investigation of the determining \@eis described in appendix A, it is clear that

powerful, well-informed and price sensitive buyalsng with a wide range of highly competitive
substitute technologies are the main competitiveef® currently influencing the competitive
environment of the wind turbine industry. In spifethe high technical and financial entry barriers
protecting incumbent manufacturers, the threatef entrants remains credible although not at a
level at which the overall industry profitability significantly decreased. Also, the intensity of

rivalry among manufacturers is kept moderate by Imglustry growth rates offsetting many of the

4 Takeuchi 2003:43
145 Danske equities:11
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potential sources of competitive conflict curremghgsent in the economic structure of the industry.
Due to high industry growth rates and the relatneavness’ of the industry, accessibility of
components remains a problem for wind turbine mactufers. In spite of this, the bargaining power
of suppliers is kept moderate, as the wind turiowdestry is highly concentrated around just a few
major manufacturers, posing a highly credible thoddackward integration into broad areas of

component manufacturing.

From the viewpoint oforporate strategypowerful buyers and highly competitive substitute
technologies are the main factors driving downgidit potential of the wind turbine industry.
Likewise, from the viewpoint dbusiness strategyt is the ability of the individual manufacturter
create alefendable positioagainst these major forces, which determineditgyato earn a profit in

excess of its cost of capital relative to the induaverage.

Table 4.1: Summary of modifications | In addition to identifying a number of unique vénes, the

Included variables investigation of the five structural forces andithe

Extent of warranty provisions

Accessibility of inputs determinants revealed, that not all variables and

Importance of location relationships proposed by the positioning schoplyap

Competitiveness of fossil fuels

Competitiveness of nuclear power equally well to the specific competitive environrhehthe

Competitiveness of other renewables

RS 6 L e wind turbine industry. The empirical grounding bét

Security of supply theoretical propositions resulted in the eliminataf 4

Climate concern

— variables, while 1&ariables, specific to the competitive
Government subsidies

Government subsidies for renewable poweenvironment of the wind turbine industry, were it

Government subsidies

TS LR R0 BTG and added to the original propositions. These are

Wind turbine demand summarised in Table 4.1. Through these ex- andsiahs,

Energy system restrictions

Regional planning restrictions the theoretical propositions have been grounded in

Excluded variables number of additional assumptions from empirical

Accessibility of distribution channels

Diversity of competitors measurements and analysis of the operation of the

Generic substitution competitive environmergpecificto that of the wind turbine

Availability of supplier substitutes

industry.

In this chapter each of the five structural forees considered in isolation from one another.
However, this is clearly not a true representatibthe competitive environment of the wind turbine
industry, in which a change in one structural fascés determinants may affect other structural
forces and thus the competitive environment as@evi aking this into consideration, the following
chapter will be concerned with ti@erconnectednes¥ five structural forces and the way these

operate in concert as part of the competitive emvirent of the wind turbine industry.
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Chapter 5: Building an integrated conceptual model

The five empirically grounded propositions abow tompetitive environment of the wind turbine
industry developed in the previous chapter arerlgl@mt operating in isolation from one another. A
change in one structural force or its determinaotdd potentially trickle through the system,
causing one or more structural forces to changss, #iffecting the competitive environment as a
whole. Taking this into consideration, this chaptl be concerned with systematically identifying
and making explicit the interconnections betweenfive propositions. Consequently, the five
grounded propositions will be assembled into alsimyegrated strategic assumpti@mout the
variables and interconnections constituting the petitive environment of the wind turbine industry

at the chosen level of abstraction.

5.1 The interconnectedness of the structural forces
The first clue to the interrelationships betweenfilae structural forces lies in the fact that salef

the identified variables appeawore than oncacross the five propositions. The variables digda

Box 5.1: Variables appearing more than oncd: N 00X 5.1 appear in more than one of the propmssti
- developed in the previous chapter. On the basis of
1. Industry profitability P P P
2. Height of entry barriers these nine variables, the first interrelationships
3. Strategic stakes in the industry ]
4. Buyers’ switching costs between the five structural forces can be
5. Level of product differentiation bi v d by simplv eliminati
6. Industry growth rate unambiguously drawn, by simply eliminating
7. Economies of scale in production duplicate variables. These, however, are only thetm
8. Intensity of rivalry
9. Accessibility of inputs obvious interrelationships between the structural

forces and their determinants. To systematicakg ta
into consideration the full number of potentiakielationships between the structural forces and
their determinants, it is necessary to considetdtadity'*® of possible relationships between the 69
identified variables. Following Milest al (2003), this was achieved by representing the five
influence diagrams in the form of a singlieect influence matriXDIM) in which all potential
interrelationships could be systematically exploi®eke figure 5.1 below.

Direct Influence Matrix

This simple

—’ system composed AIB|C|D]|Totl

of four variables 1] 1] 1 3

and eight 110 1

causalities can be 0 1 2
represented in the 1] 1 2

@4—»@ form of direct

influence matri. Tot. D

(wii@livelp

R OO

2|1 3| 2

Figure 5.1: Example of the construction of a diiafitience matrix. Adapted from Milest al (2003:52).
146 See Zwicky 1969
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As it is illustrated in figure 5.1 above, directlience matrices are representations of causalities
between variables composed of 1s and Os. In tmtext DIMs are identical to the language of
influence diagramming, using the same syntactidakrdescribed in Chapter 3, although in a
different format. A one (1) indicates that a caus&tionship is proposed between a pair of
variables, while a zero (0) indicates that no chredationship is proposed.

The sum of a row represents togal direct influencehat a specific variable exerts over the system
(i.e. number ‘3’ at the end of the first row indig 5 indicates that variable A has three direusah
influences over the system). The evolution of highfluential variables will have the greatest
impact upon the system. On the other hand, theasuarcolumn represents thatal direct
dependencyhat a specific variable has on the system (uenlver one at the bottom of the first
column indicates that there is one causal relatipnrough which the system can influence
variable A). Dependent variables are those thatrarst sensitive to the evolution of the syst&n
will return to the significance of the influentigliand dependency of individual variables latethis

chapter.

The 69 variables contained in the five propositimese thus paired in the DIM and the 107
causalities already identified in Chapter 4 wertpt into the matrix. Pairing the identified
variables in this manner yields 4,588tentialcausalities in the matrix structureadditionto those
already identified in the previous chapter (458%% x 69) - 69 - 10712, Following Godet (1994),
the following questions were posed and answereddoh blank squale:

1. Does variable influence variablg, or is this relationship the other way round, ji®.i?

2. Doesi influencej, or does some co-linearity exist, i.e. a thirdafale k influences both and
j?
3. Is the relationship betweémndj direct, or does it operate through another listagable?

Resulting from this procedure an initial list of gdtentialcausalities was identified between the five
propositions of which the following 17 could be arngally, theoretically or logically substantiated.

Although rigorous and exhaustive, Godet’'s methaabigously not exact. It is, however, explicit and
leaves a clear audit trail, bringing underlyinguasptions to light. The proposed relationships shown

in table 5.1 are discussed in appendix B.

Cause variable Polarity | Effect variable

Height of exit barriers i Strategic stakes in the industry
Industry concentration ratio - Relative concentmatf buyers
Industry concentration ratio - Relative concentration of suppliers

7 Miles et al2003:52

148 No variable influences itself directly (althoudtist often happens indirectly through feedback)sTaaves a
diagonal line of 69 blank cells from the top leftthe bottom right of the matrix as illustratedigure 5.1, while
105 causalities were already previously identifre@hapter 4.

%% See Godet 1994:87
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Relative bargaining power of buyers + Extent ofnaaty provisions

Industry growth rate - Accessibility of inputs

Extent of warranty provisions + Importance of sugnal input to industry’s
product quality

Wind turbine demand iF Industry growth rate

Competitiveness of wind power + Wind turbine demand

Experience curve effects iF Competitiveness of wind power

Threat of new entrants + Buyers’ threat of backwategration

Threat of new entrants iF Suppliers’ threat of forward integration

Need substitution - Wind turbine demand

Wind turbine demand iF Experience curve effects

Rate of new product discovery + Proprietarity adgurct technology

Rate of new process discovery iF Experience curve effects

Industry concentration ratio + Resourcefulnessiofimbents

Threat of new entrants iF Intensity of rivalry

Table 5.1: Additional causal relationships idestiffrom cross impact analysis

On the basis of the identification of these relagiups, it is possible to assemble the five
propositions about the structural forces and thieierminants; creating antegrated conceptual
model(ICM) of the competitive environment of the winghine industry. This model is displayed in
the form of a single influence diagram illustratedigure 5.2 below®. Note that the ICM is
displayed here for illustrative purposes only amdat meant to be ‘read’ in detail. Following Marce
(1998), a model can thus be broadly defined as:

“[...] anything which claims to describe the relahips between the factors (the variables) involwedt least a
set of assumptions about these relationships whistbelieved will explain them®

ICM thus makes explicit the theoretical and empihicgrounded assumptions about the competitive
environment of the wind turbine industry at the s#o level of abstraction. As discussed in Chapter
2, the boundary and structure of the model areitiagly ambiguous and cannot be definitively

established. It is clear the variables and intati@hships proposed by the model could be expended

ad infinitum

150 Note that whenever possible polarities are ingitabove the centref each arrow. This practice will be
exercised throughout this report.
151 Mercer 1998:125
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Horizontally, the boundaries of the model could be expand@&tttode competing energy

technology industries or political systems involve@ranting subsidies to renewable energy.
However, because of the chosen level of abstradtiwould increase the level of combinatorial
complexity beyond manageable levels. Even if tras wccomplished; another ambiguous boundary
would necessarily have to be drawn at the endisfetfort, inevitably leaving other influential
subsystems outside the scope of the model. Thitation does not mean that changes outside the
boundaries of the model must be ignored, but rdttersuch changes appeaeaternalforces
influencing the competitive environment of the windbine industry from outside the scope of the
model.

Vertically, each variable contained in the model could b&dnwalown into a larger number of
variables at lower levels of abstraction or conglgrgrouped into fewer and more highly aggregated
variables. A variable such &#tensity of rivalrycould be broken down into various types and
frequencies of competitive efforts between subgsafpmanufacturers, while tli@mpetitiveness of
fossilfuelscould be subdivided into the cost structures oifoues types of oil, gas and coal
technologies. Again, this limitation does not méaat changes at higher or lower levels of
abstraction must ignored, but rather that thegaff are taken into account at the level of ab#brac

at which the model seeks to describe the competgiwironment.

It is important to note that these limitations dit anly apply when constructing explicit influence
diagrams like the one depicted in figure PRy strategic assumption involves a trade-off between
(1) its level of abstraction and thus its attentiomletail and accuracy and (2) the extent of its
boundaries and thus what is considdéreidethe scope of relevance. Depicting strategic
assumptions in the language of influence diagramisasthese limitationsxplicitand maintains
internal consistencylt is thus not the aim of the ICM to look as mui&e the real competitive
environment as possible. It would obviously beléuto depict the interaction of hundreds of

thousands of people, organisations and devicesdwing arrows between lines of text.

5.2 Analysing the structure of the integrated cqibgal model
As described in the example given in figure 5.1vahohe representation of the ICM, in the form of a

direct influence matrix, reveals the total numbeinluences and dependencies of each variable. As
described, the total numberdifect influence®f each variable is indicated by the sum of eash r
while the sum of each column indicates the totahber ofdirect dependencies

Following Godet (1994), thimfluentiality anddependencyf each variable in the ICM can be
represented in the form ofdérect influence-dependency chas illustrated in figure 5.3 below:
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Figure 5.3: Direct influen-dependency ch:

The influentiality and dependency of each variatale thus be understood from its position in the
influence-dependency chart. In this respect, tlatadtself can be divided into four principal

regions®

The top left regiorof the chart containdeterminant variablesThese high influence/low dependency

variables condition the rest of the system. Asiit be seen, the presence of economies of scale,
industry growth rate and industry concentratiomglwith the level of product differentiation falls

into this region of the charf. The top right regiownf the chart contain®lay variables These high

influence/high dependency variables are unstablealyre, as any change in these variables will
have repercussions for other variables as thalmitiange is fed through them and back to the relay

variables. As it can be seen, no variables fadl this region. The bottom right regi@ontains

resultant variablesThese low influence/high dependency variableshaylely dependent upon both
the determinant and relay variables. As illustratld intensity of rivalry among wind turbine

manufacturers and the height of entry barriersifiédi this regionThe bottom left regioontains

semi-autonomous variableshese low influence/low dependency variabledese intricately

12 Godet 1994:99

153 Notice that the variables with an influence orefegency ratindnigher than the mediaare indicated by name.
This practice will be exercised throughout thisaitpNotice also that as several variables sharadme
coordinate, the chart thus appears to containtess69 dots.
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connected to the system than the variables inhitee tother regions. As it can be seen, the renminin
63 variables of the ICM fall into this region.

The distribution of the variables across the fagions of the influence-dependency chart indicates
that the ICM is a relatively stable system. FollogviGodet (1994), a low number of relay variables
confer relative stability to the system. In unsgadystems the variables tend to cluster along tia m
diagonal of the chart, while the variables in stablstems tend to distribute themselves in an ‘L’-

shape along the x and y akX¥sin terms ofdirectinfluences and dependencies of the ICM, the latter
seems to be the case.

Beyond direct relationships

In addition to the direct relationships taken intmsideration above, the ICM contains numerous
indirect relationships in which one variable influencesisanfluenced by, another over several
intermediaries. These can be taken into accouotgjtr astructural analysis

Following Godet (1994), the indirect relationshgas be taken into account by multiplying the
original direct influence matrix described in figus.1 by itself, thus raising the matrix to a highe

power. This operation is illustrated in figure Balow:

Direct Influence Matrix Direct Influence Matrix Indirect Influence Matrix (DIM ?)
A/B|C|D A|/B|C|D A|/B|C|D| Totl
A 1111 A 1111 A 1 1|21 5
B |0 1ol X[ B |0 1lo|l=[ B [1]0]o0[1] 2
C 110 1 C 1|10 1 C 0] 2|21 5
D 0|11 D 0|11 D 10|11 3
Tot.D | 3| 3| 4| 5

Figure 5.4: Example of the construction of an iaedirnnfluence matrix. Adapted from Miles al
(2003:54).

The direct influence matrix takes into considenmatioedirect influence and dependency of each
variable DIM = A - B). By multiplying the direct influence matrix bysélf, all paths and loopsf
length 2 are taken into account in the sum of eashand column as shown in figure 5.4 above
(DIM?= A - B - C). By further raising the power of the DIM, pattsrreasing length are taken
into account@IM " = A - n... & K). Each time the DIM is raised to a higher powenew
hierarchy can be deduced in terms of the mostential and dependent variables displayed on an
influence-dependency chart. When raised to a cepiaiver, a stable hierarchy is found. Godet

(1994) terms and trademarks this hierarchy; the MINC® classification®>.

154 See Godet 1994:100
155 5ee Godet 1994:94-95
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Influence

Resulting from the structural analysis performedt@ICM illustrated in figure 5.1, a stable

hierarchy was found when raising the direct infeematrix developed earlier to th8 gower>®,
The MICMAC?® classification of the ICM thus illustrates thelirnce and dependency of each

variable, taking into accoustx intermediariesThe resulting influence-dependency chart is

illustrated below:
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Figure 5.5: ldirect influence/dependency chart (C7)

As illustrated above, taking thedirect influences and dependencies of each variable into

account significantly alters distribution of theriadles across the chart. In contrast to figure 5.4

above, R&D-related variables are now the most enftial along with several demand drivers

and important sources of cost reductions. The IQgests that these are thetermining

variables conditioning the competitive environmehthe wind turbine industrthroughthe five

structural forces proposed by the positioning sthaderms ofrelay variables, the

characteristic ‘L’-shape of the variable distrilmtiagain suggests a relatively stable system in

the absence of relay variables. The most depemaeiatbles are those closely related to the

profitability of wind turbine manufacturers and ghihe industry as a whole. This is not

surprising, as the drivers of industry profitalyilis focus of the Five Forces Theory, the logic of

1% For the purposes of this analysis | have devel@meBxcel program (the AutoDIM), which performssthi

operation.
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which is captured in the ICM. As described abokiese are theesultantvariables in the sense

that they are theutcomef the state of the determining variables.

The structural analysis of the ICM implies that mi@cturers controlling one or more of the most
influential variables are able to influence the petitive environment, thus creating a profitable
position. From this perspective, wind turbine maatidirers claiming R&D leadership within
process- and/or product discovery, while attairsofficient market share to take advantage of
economies of scale are in the best position ta@nfte the nature of competition. A number of
tradeoffs naturally limit any one manufacturer fraghieving a position of such superiority.

In a competitive environment, no competitor singédedly controls the influential variables.
Instead, these are the major competitive parametéiish incumbents compete to influence. In
addition, several of the highly influential variablare clearly outside the direct control of wind
turbine manufacturers. Highly influential deterrmitesuch as the competitiveness of wind power
relative to its substitutes, and thus the leveied#d substitution and wind turbine demand, alorig wi
climate concern and the overall industry growtle rare clearly influenced by forces beyond the
competitive environment itself. Other determinasush as product-by-product substitution are
highly contested through technology rivalry to tieent where it is outside the control of any single
competitor. As described in Chapter 2, the evotutbthese highly influential variables and thus th
competitive environment as a whole is subject toous levels of uncertainty. Addressing the
various levels of uncertainty connected to the tigraent of the competitive environment of the

wind turbine industry will thus be the topic of thebsequent chapters.

The construction of the ICM concludes Part | oftreport. The three preceding chapters have been
concerned with theoretically and empirically invgating the competitive environment of the wind
turbine industry and formulating axplicit and internally consistent strategic asstimpabout the
variables and the interrelationships between tleemsidered relevant to strategic decision-making.
In Part Il, the ICM will form the basis against whithe impact of the major forces of change

influencing the competitive environment over thenang decade can be explored.
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- Part Il -

Chapter 6: Predetermineds - what we know (we thinkjve know

This chapter will be concerned with identifying timajorknownpredetermineds influencing the
competitive environment of the wind turbine indysiver the coming decade. At the outset, it is
clear that we cannot limit our view to the variabéand interconnections proposed in Part |. The
competitive environment of the wind turbine indyss an intricate part of other social and natural
subsystems beyond the boundaries of the explreaitegfic assumption developed so far. The
identification of predetermineds will therefore élorative, drawing upon theory, industry
literature and a number of interviews with indusibservers and participants. The ICM will then
form the basis against which the impact of eacdegtermined upon the competitive environment is

explored.

6.1 What is predetermined?
For reasons described in Chapter 2, very few dewedmts are truly predetermined - in the literal

sense of the word. In the context of this repbe,termpredetermineds used with regard to
phenomena about which we can justify the assumpitatnwe have sufficient knowledge to predict
their direction over a given time periods described in Chapter 2, there can be varigstications
behind such an assumption. The phenomena canwekkinging, naturally constrained, already in
the pipeline or downright inevitabfé - given the chosen time period. In spite of sutifications,

it is almost always possible to imagine low-proligbhigh-impact events, which could make any
such assumption wrong. For this reason, predetedsican be considerddvelopments with a

single anticipated high-probability outcome or ditien.

6.2 ldentifying predetermineds
As described in Chapter 2, any strategic decisdrased upon assumptions about the future in

which it is to play out. The importance of such esfations to an industry becomes obvious when
studying industry literature and talking to indystbservers and participants — expectations are
everywher&® From the viewpoint of the positioning school, gteategic relevance of any
predetermined is determined by its impact uporfitteeforces constituting the structure of the wind
turbine industry. A further assumption is that iflpact of any predetermined should be taken into
consideration at the level of abstraction propdsethe positioning school. These are the underlying
assumptions embedded in the ICM. As previously rilesd, this does not entail that predetermineds

identified at comparatively higher or lower levefsabstraction or outside the scope of the model

157 Schwartz 1998:109-112, see also Heijden 1996187 Vdack 1985:77
1%8 See Selin 2006 for a recent dissertation on tipwitance and impact of expectations.
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must be ignored. Such predetermineds are eithentidto account at the level of abstraction at
which the model seeks to describe the competitnver@nment, or will appear axternalforces

influencing the competitive environment from ougsttie scope of the model.

Following Porter (1985), the identification of pegdrmineds took as its point of departure
expectationselated to the five competitive forces proposedheypositioning schob¥. Drawing
upon seven in-depth intervieW®$with industry observers and participants from @elrspectrum of
the industry, a number of loosely formulated exaiohs were compiled about the development of
the industry over the coming decdtfeThese expectations were subsequently specified an
empirically justified, as described below. Resugtirom this process, the following four

predetermineds could be identified:

1. Buyers of wind projects will become larger, morefpssional and geographically
diversified, demanding still larger wind projects.

2. The wind turbine industry will continue to consaltd around fewer, larger and increasingly
globalised wind turbine manufacturers, emphasistc@nomies of scale and scope.

3. Wind power will enter the mainstream of energy testhgies as it matures, shifting
emphasis from product to process discovery aselies@urce of cost reductions.

4. Wind turbine manufacturers will become less backategrated and will increasingly
emphasise partnerships with increasingly sharestialised and independent component

manufacturers.

9 porter 1985:448
%0 The list of respondents, the interview guide aedegal considerations can be found in Appendixi@ T
interview data used in this Chapter correspondkd@nswers to questions 1-5, excluding subseqlgeriits
clarified through question 6.
161 n spite of the efforts made to create an atmosphmgtuctive to ‘free thinking’, and selecting inteawees from
heterogeneous institutions and relations to thelwinbine industry (see appendix Gifuational biass likely to
have played a significant role among even the fifeestal-minded interviewees. The interviewees nsagly form
part of the general mindset and established correnbf the industry, inevitably creating blind pand
presupposed and unquestioned ‘truths’ about thedutevelopment of the industry (Heijden 1998; GR&04). In
scenario literature, it is still far from clear hawaddress this problem. A common answer is sgekin
‘remarkable people’ with a ‘unique’ outlook upondte developments (Schwartz 1998). This approamhelier,
raises issues about how to identify such individaadd if these unique outlooks have any specidlrieary other
than the fact that they differ from consensus. NMchsattempt has been made in this report and ¢fibwer accept
situational bias as an inherent weakness of thbadet

Overcoming potential obstacles to openness anddtpmbout expectations to industry developments
involved a trade-off against accountability. In ttentext of this report, interviewees are not qdat@ectly or
indirectly in a manner, which allows statementbédinked to a particular interviewee. Nor are thégws to be
interpreted as the ‘official policy’ of their resg&ve organisations but as their personal assegsmaly. It was
found that these conditions greatly improved thalitpiof the interview data (see appendix C).
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Following Kahn & Wiener (1967), these four predetareds constitute multifold trendfor the
anticipated development of the competitive envirentrof the wind turbine industry over the
coming decade. As such, these four predetermined®tdoperate in isolation from one another, but
can be seen as part of@mmon complex trend of interacting elem&atsMoreover, it is clear that
alternative categorisations of the identified ptedmineds at both higher and lower levels of
abstraction are possible. This should not, howeafégct the assessment of the impact of the
multifold trend upon industry structure as a whieThe most important consideration with regard
to each predetermined is the justifiable assumghanit is likely to continue to influence the
industry for at least another dec&teln the following, | will account for the justifition behind this
assumption for each predetermined, and exploimact upon the competitive environment of the

wind turbine industry.

6.3 The first fold
The first predetermined assumes that over the gpaecade, buyers of wind projects will become

larger, more professional and geographically difieds demanding still larger wind projects. The
assumption about the continuation of this foldash@ps the most widely held among the industry
observers and participants interviewed for thisorepAs we shall see, this belief may be justified
both in terms of historical precedence and assumptbout the underlying drivers of industry
development. The increasing size and sophisticatidnuyers of wind projects have been ongoing
throughout the history of the industry. Historigalbbuyers have changed from ideologically
motivated individuals, buying experimental turbifesfarms and businesses, over local investor
cooperatives exploiting subsidies and tax breaksational utility companies responding to
environmental incentives for cleaner energy prodntt. Today, this trend continues uninterrupted
in the form of consolidating international utiliépmpanies hedging against global uncertainties of

supply, increasing climate concerns and,®@rden sharing®.

162 Kahn & Wiener 1967:6

183 The derivation of the four folds from the intewielata was done on the basis of Heijden (1998)hichvthe
issues touched upon during each interview werallyitlisted. These issues were subsequently pomhetre-
categorised to achieve the broadest possiblaéjitesenting the collective concerns of the intamges. Perhaps
the most important consideration is theypresentatiorof all expressed expectations in the categorigrahan
areas otonsensusvere the focus of this exercise. It is inhererthis interpretation of interview data that this
cannot be cone objectively and that other legitintattegorisations are possible.

184 The construction of a multifold trend consistingrh mutually interacting elements can be seenasdhution to
the methodological problems facing the identificatof the so-calledoot causepredetermineds, e.g. as suggested
by Porter (1985:453-455). Dividing a number of itifsed predetermineds intindependentand‘dependent’
forces give rise to numerous ‘chicken-or-the-eggtdssions when searching for fundamentdéyermining
variables. As suggested by the presence of feedbapk, such determining variables may not eveprbsent as
variables can bmutually determininghrough positive or negative feedback as desciibéhapter 3.

165 gkytteet al2004:22

%0 See e.g. BTM 2005a:11
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This development has occurred as a result of treasing size of both individual turbines and entir
wind projects. Up scaling of the individual turbihas been the primary source of cost reductions
both in terms of installed capacity and final aofsélectricity productiotf’. The parallel increase in
the size of wind projects has been spurred by ¢el o spread fixed costs of installation and
operation over multiple turbin&§ profiting from economies of scale in project siZhese
developments have increased thi@imum profitable scalef wind projects and thus driven up the
initial investments necessary for owning a profgalind project. As a consequence, the buyer
segmentation of the wind turbine market has shifi@eburing larger and more professional buyers
able to handle larger investments and assess falaisks connected to volatile energy mark®&ts
The industry observers and participants interviefeedhis report expected buyers to become more
conservative in their assessment of financial gskisidering wind projects on increasingly similar
terms with traditional energy technologies. An atitéctor in the increased professionalism of
buyers is the growing experience and professiamatisutilities handling entire portfolios of
operational wind projects. These repeat buyershaWe a continuously improving basis for
comparison and assessment of bids from competingd turbine manufacturers. The trend toward
major buyers owning large fleets of wind projestsiliso the basis for anticipations about the
increasing importance of service agreeméhtnd repowering* as future sources of revenue for the
industry. In addition, a commonly held expectaiimimdustry literature is that, as a function of th
first fold, developers will eventually disappearaasintermediary between wind turbine
manufacturers and final owners of wind projectstifessize and professionalism of final buyers
increase, it is proposed, they will take over theadlopment wind projects themselves; cutting out
independent developéf§ This view is, however, contested by the industigervers and
participants interviewed for this report. The gahexpectation is that although smaller developers
will disappear over the coming decade, the spasedlskills of larger developers will continue to be
in demand. Historically, large utilities have ne#ln sufficiently competent in gaining local and
political support for large wind projects. This lgagen rise to organised local resistance to sévera
wind projects. Developers specialising in theséssire expected to prosper over the coming
decade. Current developments are inconclusiveisnsue beyond the observation that developers

follow the general pattern of buyers; undergoirgdaoncentration and consolidation into fewer,

%7 See e.g. Kjeer 1988:37 and EWEA 2004

18 See EWEA 2004:65-69

%9 See BTM 2005a:11

0 banske Equities 2003:9

1 BTM 2005a:49-50. The term repowering covers thpaeement of older wind turbines with newer onesuélly
larger) thus reusing the site.

172 3ee e.g. Danske Equities: 12
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larger and more professional firfi$ The extent to which wind turbine manufacturers integrate
further forward into electricity sales remains umam as the potentials of this business model is
largely unexploited among current manufactdrérd he future of private investor groups as large
buyers of wind projects are expected to be hea\alyendent on the ability of wind turbine
manufacturers to guarantee the quality and decfess®ial risks of large projects to a level where
these less professional buyers feel confident dmbtugivest. It is still unclear if this will be
achieved over the coming decade, but as discusgée third fold below, developments in this

direction are ongoing.

The assumption behind the continuation of the tteméhrd larger and more professional buyers,
demanding still larger wind turbine projects isghtioroughly based in historical precedence. In
addition, this trend is based on assumptions abeutontinued effects of various types of
economies of scale intrinsic to the physical atiésiof the industry and its product. These include
economies of turbine size, economies of projed, ®zonomies of scale in production and
economies of order size. In spite of these powe&dohomies of scale evident in many activities of
the industry and its customers, it is clear thaséhdevelopments will not continue indefinitelyt bu
are likely to pass through an inflexion point, éolling the familiar S-curve. Near saturation of
economies of turbine size has been predicted foadks but has continuously been proven wrong, as
still larger turbine designs have proven technaalgand commercial succesS@sToday, onshore
planning restraints and organised local oppostiatme visual impact of wind projects seem more
likely to limit the size of individual turbines ammtojects than limits to technological feasibiligd
economic viability’®. The general expectation among the industry oleseand participants
interviewed for this report is that such limitatsoare now visible for most onshore projects. Should
these restrains seriously limit onshore developmeénis likely that emphasis will shift to the dgly
untapped offshore resource, where diseconomiaglifie- and project-size are not yet in stght

As a function of this development, financial dem&ond buyers of wind projects are thus assumed to
increase, continuing the historical trend of larged more professional buyers — at least over the

coming decade.

Beyond larger and more professional buyers oflatifjer wind projects, this fold assumes

continuing geographical diversification of demaHdstorically, small national niche markets and a

1 See BTM 2005a:20-21

174 BTM 2005b:41

S EWEA 2004:14

178 See e.g. Morgan Stanley 2006
T EWEA 2004:28
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few, large international markets have driven th@ngh of the wind turbine industry. The Californian
market played an instrumental role in the intepratlisation of early wind turbine manufacturers

and later the Spanish and German markets emergtd asain drivers of industry growth. This fold

of the multifold trend expects this to change digantly over the coming decade, as a wider range

of large, international markets will become avdgaio the industry/®. Outside of Europe, which has
traditionally been the largest market, India, tH& Uapan and China have emerged in recent years as

new prominent markets and more are expected tdtjeim in the years to corié

The primary drivers of this development are foldfd-irstly, environmental concern followed by
government support favouring environmental perforogehas penetrated and spurred growth in a
wider range of national markets worldwitfe Secondly, uncertainty about security of supply,
especially with regard to oil and natural gas leastb increased emphasis and support for energy
sources with stable or no fuel demafdsThirdly, wind power has matured and become irsiregy
competitive with conventional energy technologied has thus diffused and penetrated the
mainstream of globally available energy technolgl§feAnd fourthly, global electricity demand is
expected to rise steadily by some 2.5% annually theecoming quarter of a centtfy The
continuation of the former two drivers - environrterconcern and security of supply - may be
considered highly probable over the coming decaltleough far from inevitabt&®, while the
growing electricity demand and maturity of windtaology are considered to peedetermined.
The latter of these will be considered in more itlatpart of thehird fold of the multifold trend
later in this chapter. Even if environmental concar security of supply (or potentially both)
levelled off in one or more large markets, the dresward geographical diversification of buyers are
likely to strengthen rather than stagnate, asehech for alternative markets intensify. It is thus
assumed that the geographical diversification gbnraarkets will continue over the coming

decade.

178 Morgan Stanley 2005:11

19 BTM 2005a:17., Morgan Stanley 2005:13, BTM 2008b:1

180 g5ee e.g. IETA 2006

181 See European Commission 2001

182 Carnegie Securities Research 2005:10. See alsthidst & Chandler 2004

183 |EA 2004:68-69 and 192

184 Environmental concern and security of supply viestrumental to the emergence of the wind turbitiistry in
the 70s and their continuation seemed assured. YHowia the 80s, oil prices once again settledl@seorical low
and demand for wind turbines levelled off, onlyégover well into the 90s, with the emergence afn@ay and
Spain as major markets (see Skytte et al 2004:L.7Fh8s goes to say the reversal of these drivenmot be
excluded as a possibility in the coming decade.

64



Exploring the impact of the first fold upon the gatitive environment

The strategic relevance of the first fold of theltifnld trend is determined by its impact upon the
competitive environment of the wind turbine indystdsing the methodology described in Chapter
5, the influence of the first fold upon the ICM wastematically investigated using a direct impact
matrix (Godet 1994). On the basis of the aboveidenations, the first fold of the multifold trend
was systematically paired against the variablahe@iCM. Resulting from this procesgven
proposed impacts could be theoretically, empincaillogically justified. These propositions are
made explicit in figure 6.1 below. Given these megdfirst order effectsthe ICM proposes a
number ofsecond and third order effedisrough the causal tr#a The causal tree does not ‘prove’
that these effects will follow from the progressmirthe first fold, but provides axplicitand
internally consistenhypothesis based on currently available infornmatA&lthough the methodology
allows the exploration of higher order effects, éxploration will be limited to the first, secorturd
order effects of each foltf. Also, it is important to note, that as describe@hapter 3, the polarities
of the causal tree descrithee structure- not the behaviour - of the causal tree. As am®le, the
causal tree implies thétthe first fold of the multifold trend were to ina®e (as anticipated), the
relative concentration of buyers would move inshene directioras the first foldall else being

equal

185 The term ‘first order effect’ thus signifies tH&ect impactof the fold upon the ICM, while ‘second and third
order effect’ signifies the secondary and tertigffects respectively.

186 As the exploration takes into consideration highretlers of impact, the number of effects to be mred grows
exponentially until a point of saturation, beyondieh only repetitive feedback loops exist.
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+ +
Buyers' purchase relative to buyers' costs— Buyers' price sensitivity— Power of buyers

+ +
Buyers' purchase relative to sellers' sales# (Buyers' price sensitivity}————- (Power of buyers)
=

+ . .
_____— Height of entry barriers )
Extent of warranty provisions+ > Threat of new entrants
Importance of suppliers' input - . L
; e ivity
to industry's product quality + Industry's price sensit

+ e . + ——® (Extent of warranty provisions
The first fold <—————————® Buyer's informaton———— = Relative bargaining power of buyers ~ + ( typ )
\ ———— ((Power of buyers))

+ - iy
. Relative concentration of buyers—> (Relative bargaining power of buyers) ((Extent of warranty provisions))
> (((Power of buyers)))

+ = (Intensity of rivalry)
Importance of locatioR———————————— (Height of entry barriers)_ (Threat of new entrants)

Intensity of rivalry

+
. _——% Competitiveness of wind power
+ Experience curve effects . )
— ((Height of entry barriers))

g/+—" (((Extent of warranty provisions)))
\+> ((((Power of buyers))))

Accessibilty of inputs

Wind turbine demand+—> ((Relative bargainin
power of buyers))

+ + Excess production capacity

Industry growth rate Industry attractiveness

\+> ((Intensity of rivalry))
Size of capacity augments

Figure t.1: The impact of the first fold upon the compegtienvironmen Threat of retalation to entry
As illustrated aboV’, seven impacts are proposed through which thefdits of the multifold trend
influences the competitive environment of the wimdbine industry. The first three of these imply
that as the multifold trend progresses, so Bulyers’ purchase relative to buyers’ cofsyers’
purchase relative to sellers’ salaad theExtent of warranty provisiongll else being equal. These
three impacts are proposed as a consequence aftibgated increase in the size of wind projects
as described above. Secondly, the impact of teefétd uponBuyers’ informatiorand theRelative
concentration of buyerare related to the expectation of increasing @k professionalism of

buyers, while the impact upon thaportance of locatiomndWind turbine demant related to the
increasingly geographically diversified buyers.a&wider range of geographically dispersed markets

become available, wind turbine manufacturers areeasingly required to have a global presence.

Given these seven impacts upon the competitive@mvient, the ICM proposes that, as a function
of the first fold, buyers of wind turbines are lik¢éo become increasingly powerful and price
sensitive over the coming decade. Firstly, as lsigam experience from several operational wind
projects, they will be in a better position to carpand evaluate bids from manufacturers, thus
improving their bargaining position. Secondly, las size of wind projects increase, the individual

187 The bracketed variables indicate that they aleénced more than once through the causal tree &lso that
the polarities are indicateabovethe arrows as will be practiced throughout thore
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order will become more important to wind turbinematacturers. And thirdly, the ICM suggests that
this relative improvement in bargaining positioriugher amplified as buyers of wind turbines
become fewer and larger over the coming decade.

As a result of the increasing financial risk rethte larger projects, especially with regard taoader
faults, buyers will become more conservative inrtagsessment of financial risk. In addition, bsyer
are likely to use their improved bargaining positio limit their financial risk by demanding
extended warranties from manufacturers. Warrarayipions are therefore likely become an
increasingly important part of winning orders. Thidl likewise strengthen the role of warranties as
a means of increasing entry barriers around the wirbine industry. The ICM proposes that this
tendency will increase the dependency of wind telthanufacturers upon the product quality of
component suppliers’ input. Wind turbine manufaetawill become less price sensitive when
dealing with component suppliers; favouring proveliability, closer cooperation and/or legally
binding quality guarantees. The first fold illusggthe increasing sensitivity of wind turbine
manufacturers to serial faults, as they bear arasing financial risk of defect components

purchased from outsourced suppliers.

As a function of the first fold, a wider range @agraphically dispersed markets will become
available to the wind turbine industry. The majenéficiaries of this development will be wind
turbine manufacturers with a global presence. Thel$®e in a better position to decrease transport
costs and hedge against volatile currency rateslantstic supply content requirements along with
other forms of protectionism. The ICM proposes thatimportance of a global presence will
increase the height of entry barriers around tdastry, as potential newcomers are forced to enter
globally to avoid competing at a disadvantage. Aapeffect of the geographical diversification of
markets is increasing demand for wind turbines feostill wider range of buyers. Potentially to a
point where accessibility of inputs will continuelie the major bottleneck for manufacturers as new

markets emerge.

High demand is also likely to moderate the bargamower of individual buyers in periods where
demand outstrips supply. The ICM proposes thahdrignit output spurred by increased demand
will likewise have a positive impact on experienceve effects - and thus the long-term
competitiveness of wind energy. This in turn walise the technological standards that a potential
entrant will have to meet; raising entry barriensuad the industry. Conversely, high demand will
likewise increase the attractiveness of the ingustpotential entrants and may likewise hamper the
willingness of incumbents to retaliate. This seaqeeof effects indicates that, in spite of high and

continuously increasing entry barriers, the windbitve industry remains highly attractive to
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potential newcomers in periods of high growth. Asrsher effect, the ICM proposes that continued
growth is the prerequisite for preventing exces&lpction capacity and limiting the intensity of
rivalry among manufactures. This sensitivity to @eeh fluctuations was touched upon in Chapter 4
and is likely to be amplified over the coming dezad a function of the first fold of the multifold

trend.

6.4 The second fold
The second fold of the multifold trend assumes ¢lvatr the coming decade, the wind turbine

industry will continue to consolidate around fewarger and increasingly globalised wind turbine
manufacturers, emphasising of economies of scalesampe. Like the previous fold, the second fold
of the multifold trend assumes the continuatiowefi-documented historical patterns of

development and thus takes historical precedenits psint of departure.

Historical studies of the Danish wind turbine intiysuggest that the number of Danish
manufacturers peaked around 1988, at which timaatienal market supported as many as 21
manufacturers. By 1998, that number was reducéolid®®. Today that number is further reduced to
somewhere between one and t#oThis development has, to a large extent, beeohadt
internationally where, in 1990, some 70 manufactuexisted, of which the top five manufacturers
held a market share of just 53%% compared to the present day 85'%%the hallmarks of a
significantly less concentrated industry. The readeehind this historical development, along with
the assumption that it is likely to continue ove toming decade, are closely related to the

mechanisms behind the first fold of the multifaldrid described above.

Economies - and thus advantages - of scale carelsemt at many levels of the activities of an
industry?®2 As the size of both individual turbines and wtndbine projects has increased, so has the
minimum efficient size of wind turbine manufactwwerhe presence of economies of scale means
that there is @ositive correlatiorbetween the market share of a wind turbine manufacand its
profitability. Increasing minimum requirements toancial strength, production capacity and
extensive R&D capabilities along with an impresdieek record of prior operational wind projects
have significantly disadvantaged smaller manufactufaced with larger and more professional

buyers®:. As described in relation to the first fold, thensland for larger and more cost-efficient

188 See Skytte et al 2004:121

189 Depending on whether Siemens (former Bonus) isidtex.
1%9BTM 2005b:35

¥1BTM 2005a:16

19235ee e.g. Porter 1980:7-9

193 Danske Equities:14
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wind projects is assumed to continue over the cgrdatade. In terms of continued consolidation,
the industry observers and participants interviefeedhis report considered the current number of
five large international wind turbine manufacturargeiling’, and all interviewees considered lower
numbers feasible within the coming decade. Manyllemaanufacturers not saved by privileged
home market positions or high growth rates are ebgokto be bought or go out of business,
increasing the distance between large and smallifaeturer$®™. This expectation is widely
supported by industry literaturé and longitudinal studies of industry populatiiisA recent theory
of industry evolution suggests that, if left puredyconsiderations of economic efficiency, indwesri
will eventually reach a state in which only threajon competitors have taken over all activities in
which significant economies of scale and scopet&%if\lthough this can be considered nothing
more than a ‘rule of thumb®, this eventuality cannot be ruled out in the aafste wind turbine

industry over the coming decade.

Closely related to advantages of scale, a key dhghind the continued consolidation of the wind
turbine industry is the necessity of a global pnesan response to increasingly geographically
diverse buyers. To fully utilize economies of sdal@roduction, a geographically well-diversified
customer base is a key requirement for achievialglstoperating margins and to avoid dependency
upon a single markef, particular currency rates and to lower transpost3®. This is currently a
major risk factor of many smaller manufacturerse feographical diversification of buyers
described in the first fold has been matched byemsing globalisation of wind turbine
manufactures. By 2004, wind turbine manufacturgpoeed on average 60.5% of their total
production (measured in MW capacity) outside ofrthespective home markéts This figure rose
from 51.9% in 20022 Although these figures cover significant variatlmetween individual
manufacturers, the general tendency moves the tiydaxway from home- and single market
dependency towards an increasingly globalised tngfd3 As it is to be expected, the least
globalised manufacturers are those located inciitteahome markets such as Spanish Gamesa
(12.5% export share), Indian Suzlon (0%) and GerEraarcon (34.9%). By contrast, Danish Vestas

YYBTM 2004b:41

19 5ee BTM 2005b:41, Morgan Stanley 2005: 12 and Kmfsjuities 2003:19

1% See e.g. Geroski & Mazzucato 2001 and Geroski &a\2801

7 See Sheth & Sisodia 2002

198 The wind turbine industry is by no means left fyte considerations of economic efficiency in titanarkets a
highly regulated, subsidised product influencedrany distorting factors such a patents and prateistin in
national markets. Taking such exceptions into aersition, very few industries are left ‘purely’donsiderations
of economic efficiency.

199 Morgan Stanley 2005:12

20 g5ee e.g. Vestas Annual Report 2005:21

201 BTM 2005a:19

292BTM 2003:19

3 3ee e.g. Morgan Stanley 2005:6
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(99.9%) is by far the most globalised wind turbinanufacturéf®. The assumptions behind the
continuation of the second fold of the multifoldnd are thus based on historical precedence, but
also on the continued parallel and interacting tgraent of buyers and suppliers of wind turbines

in response to underlying economies of scale aopesc

Exploring the impact of the second fold upon thapetitive environment

As illustrated in figure 6.2 below, by systematigglaring the second fold of the multifold trend
with the constituent variables of the ICM, two imfsare proposed on the basis of the above
considerations, through which the second fold efrttultifold trend influences the competitive

environment of the wind turbine industry over tloening decade.

(Buyers' price sensttivity)
(Intensrty of rwalry)\‘» (Industry profitability)

N umber of competntors—» (((((Intensity of rivalry))))))
Industry concentration rate——»- Relatlve concentration of buyef&» Relative bargaining power of buyers

\ elative concentration of suppllerh Relative bargaining power of suppliers
Resourcefulness of incumbents—» Threat of retaliation to entry
((((Intensr[y of rivalry))))

/> (Number of competitors)

The second fold
(Industry concentration ratio}—— (Relative concentration of buyers)

\+> (relative concentration of suppliers)
(Resourcefulness of incumbents)
Entry capital requwementS—» (Height of entry barriers)
/—-—> Fixed to variable cost raue—» ((Intenstty of rivalry))

Economies of scale % " » (((Intensity of rivalry)))
Height of entry ba&_» Threat of new entrants
Intens ity of rival ry/—> Buyers' price sensitivity
+ \> Industry profitability

Size of capacity augments , Excess production capacity
—— (((((Intenstty of rivelry)))))

Figure 6.2: The impact of the second fold upondbmpetitive environme

As illustrated above, as a function of the incregémdustry concentration ratiche ICM proposes a
number of second and third order effects. The mossistent of these is the decreasing intensity of
rivalry among fewer and larger wind turbine mantdaers, as cooperation between manufacturers to
keep prices stable becomes easier. Also, the lowmber of dominant manufacturers will be better
able to exercise direction to the industry and @ywblonged price wars — at least while growth
remains stable. As a third order effect, the ICMpmses that the lowered intensity of rivalry and

improved cooperation between manufactures willdedsuyers’ ability to play manufacturers against

204BTM 2005a:19
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each other, lowering buyers’ price sensitivity amcreasing the profitability of the industry. This
effect is further amplified as the concentratiorthef wind turbine industry increases relative tthbo
buyers and suppliers, all else being equal. The #&¥d proposes that as the wind turbine industry
consolidates, more resourceful and consolidatecdufaaturers will pose a greater threat of forceful
and coordinated retaliation against potential ensranto the industry. Seen in isolation, the ICM
proposes that the consolidation of the industry lnalve a potentially highly beneficial impact upon
the structure of the industry - especially witharjto countering powerful buyers. From this
consideration, it is clear that the first and setfoid of the multifold trend are highly

interdependent.

The increasing emphasis Blconomies of scale in productismmilarly produces a number of second
and third order effects upon the structure of titustry. The first of these is the amplificationtloé
industry concentration ratio and thus further enspdes the effects described above. Moreover, the
ICM proposes that, as a result of this anticipaledelopment, the entry barriers around the wind
turbine industry are likely to heighten over thening decade as entry capital requirements are
increased substantially from their already sigafficlevel. As the industry globalises, potential
entrants will increasingly be forced to enter theustry both in scale and in scope and thus at
considerable financial risk, or must face a sigaifit disadvantage relative to incumbents.

Another interesting second order effect of the icauattion of this fold of the multifold trend is the
increasing fixed to variable cost ratio of the istty, combined with the increasing size of capacity
augments — both spurred by economies of scaleuggested by the ICM, both of these effects are
likely to increase the intensity of rivalry in thedustry. If currently high industry growth ratega

not maintained, the heightened fixed to variabkst catios and increased size of capacity augments
are likely to lead to excess production capacitypted with the urgent need to fill this capacithig

is the recipe for extended price wars and low pabfiity and thus increased sensitivity of the
industry as a whole to volatile demand. This angdithe sensitivities underlined as part of th&t fir
fold above. As suggested by the ICM, the increasmghasis on economies of scale in production
and thus the transition of wind turbine manufacigiinto a volume driven industry is in itself a

catalyst for more intense rivalry among manufactire

6.5 The third fold
The third fold assumes that over the coming decaa power will enter the mainstream of energy

technologies as it matures; shifting emphasis fpooduct to process discovery as the key source of
cost reductions. This fold assumes the continuaifdhe technological and economic improvement
of wind technology over the coming decade. Thisnoistic outlook held by the industry observers

and patrticipants interviewed for this report is @idsupported in industry literature concludingttha
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wind technology has yet to reach its final form &éimak opportunities for further cost reductions

through increased industrialisation remain pletfifu

Historical advancements in wind technology havenbe®ressive. Empirical studies suggest that the
cost of wind power has declined by as much as 80e&&4980. In terms of learning curve effects,
this means a cost reduction of some 15% (Price/k&Vajy time the accumulative production
doubled®. The current cost of electricity generation froimavdepends on a number of factors
specific to the individual wind project and any me@ment therefore relies on a number of broad,
and often disputed, assumptions. Historical prayhes nonetheless improved the competitiveness
of wind technology to a point where Carnegie Sem#iResearch (2005) estimates that the
production cost of wind is now lower than that esgnd fully comparable to the cost of éJal

This fold of the multifold trend assumes that, dsraction of continued technological advancements,
over the coming decade, wind power will contingegihtry into the mainstream of energy generation

technologies.

Based on this historically steep learning curveumber of extrapolations have been made about the
future cost of wind power. It follows that the fotucost of electricity generation depends on even
greater number of factors than the current one yméawhich are inherently uncertain. Based on 20
years of depreciations, a 6% interest rate andrarage wind speed of 5.4 metres per second, Vestas
estimates the current price per kWh electricitEdR 0.03, and expects this price to fall to EUR

0.02 within the next ten to 15 yedts- an impressive, although hardly impartial figuE&VEA
estimates a cost reduction from EUR 0.05-0.06 f2@®2 to around EUR 0.044-0.056 by 2010. This
is assuming a cost reduction of 9-17% (Price/kVd)elvery doubling of cumulative installation and
an annual growth rate of installation of 7% andedimm sized wind turbine (850-1,500 kW)

installed in medium wirf@®. This kind of extrapolation based on experienaeesiis likewise a
dubious affait'’. It is worth noting the number of fixed assumpsiapon which these extrapolations
are based. As uncertain as these assumptions meyelyeare indicators of expectations of continued

progress. In the context of this fold of the molidf trend, the most important assumption is, tivat o

25 5ee e.g. EWEA 2004:37 and Danske Equities 2003:4

2% Carnegie Securities Research 2005:5

27 Carnegie Securities Research 2005:10

28 panske Equities 2003:13

299 EWEA 2004:106-107

210 Extrapolations based on the experience curve rdethgy hold the inbuilt paradox that the futuretonfsa
technology depends on its cumulative productiomstallation, which in turn depends on its futuostc In essence,
to know one variable you have to know the otheralde, which in turn depends on the first variaBler this
reason, most extrapolations based on historicajrpss ratios assume that the cumulative produidiargiven,
independent of future cost — as here, where a fixeaial growth rate in installation of 7 percerdassumed.
Important price thresholds at which demand and ginaduction could change rapidly are thus ignored.
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the coming decade, cost reductions will continue that wind turbine technology will become
increasingly comparable with mainstream energyrteldygies - an assumption widely shared in

industry literaturé".

A widely held notion among the industry observerd participants interviewed for this report is the
expectation of a shifting emphasis from produgtrimcess discovery as the key source of cost
reductions. This expectation corresponds to thiepaof development first proposed by Abernathy
& Utterback (1975). This model suggests that aptbduct technology of an industry matures, a
dominant design is eventually found and the rat@dical product innovations declines as
improvements become incremental. As the produdgddsecomes less volatile, the process through
which it is produced can now be optimised - fisbuugh radical process innovations, which
eventually also decline to incremental dfiésThe competition among rival product designs & th
wind turbine industry has taken place along numedmsign parameters: vertical or horizontal axis,
number of wings, pitch versus stall regulationeébor variable speed, etc. The emergence of a
dominant product design is widely agreed to hakeriglace in the 1980s, in the form of the three-
bladed, fixed speed, stall regulated turbine. Algfowind technology has developed enormously
since then, this basic design has remained domimaittoday*®. Because of the powerful
economies of scale in wind turbine production, glamth emerging onshore limits to up scaling this
fold assumes that, over the coming decade, emplvdsgradually shift to the optimisation of wind
turbine production. According to Klepper & Simond$997), this tendency will significantly amplify
the effects of the first and second fold, in tln& ¥alue of a reduction in average cost will be
proportional to a firm’s level of output. Largerrfis therefore earn greater returns from process
discovery than do smaller firms; strengtheningtémelency of the wind turbine industry and its
buyers to consolidat¥. This shift is an important factor in changing thied turbine manufacturers
to industrialise their means of production and Ipeedancreasingly volume-driven. As we shall see,

this development is further related to those predas the fourth fold described below.

Exploring the impact of the third fold upon the gmtitive environment

As illustrated in figure 6.3 below, by systematiggdaring the third fold of the multifold trend
with the constituent variables of the ICM on thaibaf the above considerations, four impacts
are proposed through which the third fold of thdtifald trend influences the competitive

environment of the wind turbine industry over tloening decade.

211 BTM 2005b:69-70

212 gee Abernathy & Utterback 1975
23 EWEA 2004:7-17

24 Klepper & Simons 1997:9
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+ - (Government subsidies for wind power)
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/ \> ((Wind turbine demand))
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. /,/__» ((Government subsidies for wind power))
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Rate of new process discovery (((Wind turbine demand)))
+

(Experience curve effecis) (((Competitiveness of wind power)))
\b (Height of entry barriers)

The Third Fold

Buyers price sensrtlvlty% Power of buyers

(Buyers' price sensitivity)
+

T
Buyers‘ switching costs—— = (((Height of entry barriers)))
Level of product drfferentlatlon - (Intensity of rivalry)

_ Intensity of rival
\ ((Height of entry barriers)) ((Intensty of ialey))

T » Threatof new entrants

+
_——® ((Buyers' price sensitvity))
Intensity of rivalry

T » Industry proftability
Figure 6.3: The impact of the third fold upon tlenpetitive environme

As illustrated above, based on these four imp#uesiCM proposes a number of second and third
order effects. As a consequence of the assumptioontinued technological and economic
improvement of wind technology it is proposed tiagbsolute terms, tHeompetitiveness of wind
powerwill increase over the coming decade. As in th& fold, increasing demand and high
industry growth will limit the relative bargainimgpwer of otherwise powerful. As a consequence of
the expected shift from product to process disogvers proposed that tHeate of new product
discoverywill decline while theRate of new process discovengreases. As a fourth effect, it is
proposed that thieevel of product differentiatiowill decline as the technology matures and the
product becomes increasingly standardised.

The parallel shift from product to process discgwas a key source of cost reductions will likely
lead to positive effects on R&D expenditure aslifieéime of products are extended. Also, increased
focus on improving the production process will haesitive impacts experience curve effects as a
source of competitiveness, as the industry becanugs volume driven. On the other hand, the ICM

proposes that proprietarity of wind turbine teclogyl is expected to decline as wind turbines
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become increasingly standardised. This is likelpwer the technological entry barriers around the
industry, giving way to increased licensing andtation of product technology.

As a consequence declining product differentiatiba,ICM proposes a number of adverse second
order effects, especially with regard to the industbargaining position relative to buyers of wind
turbines. Increasingly standardised turbine desighisncrease buyers’ price sensitivity while
lowering switching costs as products become inangssimilar. Closely related to these
developments is the increasing intensity of rivamyong manufacturers, as price is emphasised and

the number of competitive parameters decline.

6.6 The fourth fold
The fourth fold of the multifold trend assumes tba¢r the coming decade, wind turbine

manufacturers will become less backward integratetwill increasingly emphasise partnerships
with increasingly shared, specialised and indepeinciemponent manufacturers.

In terms of vertical integration, there is sigréiit variation among the business models of wind
turbine manufacturers. Among the major manufacg itiie most vertically integrated are Gamesa,
Siemens$® and Enercoft® relative to GE and Vestds Blades, nacelles and control systems are the
most specialised and vital components in termsarine efficiency and are usually manufactured
in-house whereas generators, gearboxes and toveensage often outsourc€d These general
sourcing strategies cover significant nuances,a@sibewith regard to so-callelybrid sourcingin
which wind turbine manufacturers combine in-house eutsourced production of certain
components. This allows benchmarking of the martufacs own performance against that of a
specialised supplier while improving the manufaetisrbargaining position relative to that supplier.
To further improve their bargaining position, witudtbine manufacturers actively avoid reliance
upon any single component manufacturer, often ptaguppliers against each othérAccording to
several industry observers and participants ineeved for this report, this has created an atmogpher
of distrust between manufacturers and componemtigup and has contributed significantly to
decreasing the attractiveness of specialised coamgananufacturing for the wind turbine

industry??°. This development has hampered component manuéasteommitment to the wind

turbine industry and may have delayed the developithe industry’s value chain as a whole.

215 3ee Morgan Stanley 2005:19

218 5ee Danske Equities 2003:8

27 See Morgan Stanley 2005:19

218 See Morgan Stanley 2005:18 and Danske Equitie8:800
19 Takeuchi 2003:46

220 Danske equities:11
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The industry observers and participants interviefeedhis report proposes that, as manufacturers
industrialise over the coming decade as a funaifdhe third fold, wind turbine manufacturers will
generally become less backward integrated. In deindhey draw upon a historical analogy to the
development of the automobile industry — a widedidmotion throughout the industry. The
justifications behind this assumption are closelgted to the developments proposed in both the
second and third fold. These two folds assume ereasing emphasis on economies of scale and
scope, paralleled by shifting emphasis from protegsoduct discovery along with an increasing

standardisation of wind turbine technology.

As a function of these developments, the fourtd tflthe multifold trend assumes that the
increasing scale of the industry will allow componhmanufacturers to profitably commit to the
industry, increasingly customising their componéatthe needs of the wind turbine induéttyThis
tendency is visible in several areas of componartufacturing tod&y Moreover, the increasing
standardisation of wind turbine technology willoall increasing utilisation of economies of scale
and scope in specialised component productlmeyend those available to any single wind turbine
manufacturer As wind turbine manufacturers internationaliséwtihe progression of the second
fold, component suppliers will increase their mad@pe by locating production near major markets
forming so-callecsupplier parks Coordinating such efforts will in itself requirecreased
cooperation. These advantages are already expioitgzl/eral areas of component production, the
most obvious example being the strategy of theialiged blade manufacturer LM Glasfib&r The
expectations of the industry observers and padrtgpinterviewed for this report, are widely
supported in industry literature and are closelymated to the increasing industrialisation of wind
turbine manufacturirfg®. Morgan Stanley (2005) assesses that the abséaasetwork of
specialised component suppliers has been the prireason for the adoption of highly integrated
business models among incumbent wind turbine matwiers, and goes on to conclude that when
such a network develops, most manufacturers wilbbe less vertically integratéd By analogy,
this proposed pattern of development has been decien in a number of other industries such as
the automobile industry and IT hardware industugdsere the impact of standardisation on vertical

integration has become appaféhtThis fold of the multifold trend thus assumes the utilisation

#2L|n this sense, the term ‘specialised’ componeppker is intended to imply that the supplied comext is
customised (and therefore optimised) to the neétiseanind turbine industry, as opposed to stanidartto suit the
requirements of a wider range of industries.

*22 Takeuchi 2003:56

223 geehttp://www.Imglasfiber.com/About/Strategy.aspast accessed 11/08/06

224 See e.g.Andersen & Drejer 2006

22> Morgan Stanley 2005:20

220 gee Christensen et al. 2001
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of economies of scale in component production dd to less vertical integration and increased

sharing of a of specialised component suppliersrmand turbine manufacturers.

Exploring the impact of the fourth fold upon thenpetitive environment

As illustrated in figure 6.4 below, by systematiggdaring the fourth fold of the multifold trend thi
the constituent variables of the ICM on the basihe above considerations, seven impacts are
proposed through which the fourth fold of the niald trend influences the competitive
environment of the wind turbine industry over tloening decade.

((Height of entry barriers))

(Accessibility of inputs)_—b (Importance of location)
Relative bargaining power of suppliers
. Differentiation of supplier group's PdeUC$—> Industry's price sens;tmty—» Power of suppliers

——®((Industry’s price sensitivi
Stiwthing costs between suppliers (« ysp W)

\> Intensity of rivalry among suppliers
Industry's information—— - (Relatlve bargaining power of suppllers)—b (Power of suppliers)

_
\* Entry capital requwemems—> Height of entry barriers N Threat of new entrants
—————» Intensity of rivalry
T

The fourth fold

Industry's purchase relative to industry's cests—> (Industry‘s price sensrtmty)—»((Power of suppliers))
Importance of suppliers' input to industry's pradmalrty» ((Industry's price sensntlvlty))} ((((Power of suppliers))))
Industry's threat of backward |ntegrat|eﬂ> ((Relative bargaining power of SuppllefS—»—» (((Power of suppliers)))

Fixed to variable cost rat;e—>(|mens|ty of r,\,a|ry)/_—> Buyers' price sensitivity

T Industry profabiity
Figuie 6.4: The impact of the fourth fold upon the cofitpe environmer

The first two impacts are proposed as a functiotmefincreasing specialisation and customisation of
suppliers’ input to wind turbine manufacturers. Transition from standardised to specialised
components will increase tliEfferentiation of supplier group’s products suppliers will
increasingly be able to offer components tailo@madlie needs of the industry. Also, as suppliers
become increasingly specialised, thdustry’s informatiorabout the specialised processes of
component manufacturing is likely to decline ingb@reas. The latter five causalities are proposed
as a function of decreasing vertical integratiomofd turbine manufacturers. Firstly tBatry

capital requirementsvill decline, all else being equal, as the nedgsdientering several stages of
the supply chain as well as that of wind turbingeasbly declines. The second effect is the increase
of Industry’s purchase relative to industry’s coatsthe proportion of outsourced components
increases. The third impact is closely relatechodecond - as the proportion of outsourced
components increases, so will wind turbine manufacs’ dependency on the input of specialised
suppliers. Consequently, thaportance of suppliers’ input to industry’s prodwaality will

increase. Fourthly, as a function of the generadéacy of less vertical integration among wind
turbine manufacturers, thedustry’s threat of backward integratianll decrease in several areas of

component manufacturing. Finally, the decreasingoad integration of wind turbine manufacturers
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into various areas of component manufacturingssimed to decrease thexed to variable cost

ratio, as the necessary production capacity is now dhaith specialised component manufacturers.

Assuming these seven impacts, the ICM proposesrdeuof second and third order effects. These
effects would suggest that as a function of thetfofold, the bargaining power of suppliers would
improve significantly over the coning decade. As shipply network of the industry develops it may
no longer be necessary for a new entrant to eataral areas of component manufacturing as well
as that of wind turbine assembly. This will lowetrg barriers around the industry and potentially
spur increased rivalry among manufacturers. Adsaguppliers’ products become more specialised
and differentiated, the opportunities for manufaetsi to sustain hybrid sourcing are likely to
become fewer. The tendency toward more powerfuliadependent component suppliers is
emphasised as manufacturers’ price sensitivityigiegland switching costs between suppliers
increase. The ICM further proposes that suppligpgortunity to build switching costs through
product differentiation will lessen rivalry amongppliers and hamper wind turbine manufacturers’
ability to play suppliers against each other. Idiadn, the bargaining power of wind turbine
manufacturers is further limited as they becoms ieformed about the production costs of

increasingly specialised suppliers.

6.7 Summing up: The anticipated structure of thedviurbine industry
Based on the exploration of the impact of the folds of the multifold trend upon the competitive

environment of the wind turbine industry, it isalehat powerful buyers will continue to dominate
the strategic agenda of wind turbine manufacturees the coming decade. Large, well-informed
and price sensitive buyers, placing large ordelisbeiin a continuously improving bargaining
position relative to wind turbine manufacturerse3$é@ buyers will be highly conservative with regard
to financial risk, demanding extended warrantiesd &itl consider wind projects on similar terms
with conventional investments in electricity genina capacity. Although potentially high demand
and the parallel concentration of the wind turbmaustry will to some extent counter this
development, powerful buyers will have limit thefir potential of the wind turbine industry over
the coming decade, especially in the absence afihdustry growth. Based on the continuation of
the multifold trend, rivalry among wind turbine mdacturers to service these powerful customers
will intensify over the coming decade as manufaatiindustrialise and product differentiation
declines and economies of scale and scope becamaagingly important. Large capacity augments
and high fixed costs will create a powerful inceatio fill excess production capacity in times of
volatile demand, creating fertile ground for intdiegl price competition. Although less vertical
integration will allow wind turbine manufacturesghare this risk with specialised component

manufacturers, the sensitivity of the industry ddatile demand will increase significantly over the
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coming decade as a function of the progressiohehtultifold trend. The major competitive
parameters emphasised by these developments witide per installed MW capacity, quality
guarantees backed by a flawless track record alesstul projects, and a global delivery system.
These requirements will ensure that the barrievarad the wind turbine industry will remain a
significant deterrent to potential entrants over tbming decade. Increasing requirements to a globa
presence, utilisation of economies of scale, &tracord of prior projects and increasing size and
resourcefulness of incumbents are all significéralenges to potential new entrants. The ICM
proposes that the height of entry barriers willibeted by continued technological standardisation
and thus decreasing proprietarity of wind technplalpng with the decreasing vertical integration of
the industry, allowing new rivals to successfulhte¥ the industry without being vertically
integrated. In spite of significant barriers torgnthese factors, coupled with periods of high
industry growth, will sustain the threat posed bywrentrants over the coming decade.

As a further consequence of the multifold trenghpdiers will become increasingly specialised and
more powerful as manufacturers industrialise theaduction and outsource components. Their
opportunity to raise wind turbine manufacturersitsting costs through increased customisation
and specialisation of their input will become gezats component suppliers commit to the industry.
Their bargaining position will be further improveg wind turbine manufacturers’ decreasing threat
of backward integration. Wind turbine manufactunsi§ however, generally maintain their role as
powerful and price sensitive customers as theynedewer and larger and, as a function of less
integration, will be placing still larger orders fromponents relative to their total costs. This
tendency may be amplified as manufacturers withomaproduct ranges become less vertically
integrated in response to an increasingly develspeglier network.

In terms of substitutes, the effects of the multiftend are inconclusive. It is assumed that the
competitiveness of wind technology will continuanmprove and that over the coming decade it will
enter the main stream of energy technologies. dévelopment merely suggests that current
competitive pressures will be replaced by othessyiad technology loses its privileged positioraas
new and promising energy technology and entersibre level playing field of conventional

technologies.

Through this chapter, drawing upon personally lexioectations, empirical observations and
assessments, and theoretical propositions, a caropkxplicit and justifiable expectations was
established in the form of the multifold trend. 3 iploration was necessarily limitedataticipated
changes in the competitive environment, leavingoiliethe major questions about changes that
mightoccur. The following chapter will thus be concetnéth the impact of major critical

uncertainties facing the industry over the comiegatie.
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- Part Il -

Chapter 7: Critical uncertainty - what we know we dn’t know

The previous chapter established a complex of exglkpectations about the forces influencing the
competitive environment of the wind turbine indysiver the coming decade. This chapter will be
concerned with identifying and exploring the impattnajorknown uncertaintiespon the
competitive environment. The identification of urteenties will be explorative, drawing upon
theory, industry literature and a number of intews with industry observers and participants. The
ICM will then form the basis against which the imapaf each critical uncertainty upon the

competitive environment is explored.

7.1 What is critically uncertain?
At the outset, it is clear that a very wide ranfdevelopments can, to some extent, be considered

uncertain. From the viewpoint of the positioningaal, the degree to which an uncertaintgrisical
is determined by its impact upon the five forcesstituting the structure of the wind turbine
industry. Important strategic questions often gatler this category. In this sense, the questand-
therefore the uncertainty - iscognisedbut the answer remains uncertain. In the corukttiis
report, the terneritical uncertaintywill thus refer to what can be identified )@gognised and

strategically relevant uncertainties

7.2 Identifying critical uncertainties
Following Porter (1985), the identification of acal uncertainties took as its point of departure

uncertainties and principal questionslated to the five competitive forces proposedhay
positioning schodf’. Drawing upon the seven in-depth interviews wittiistry observers and
participants, a number of loosely formulated questivere compiled about the development of the
industry over the coming dec&d® These uncertainties were subsequently specifiddempirically
justified, as described below. Resulting from ttriscess, the following two critical uncertainties
could be identified:

1. Will the growth rate of the wind turbine industryange significantly over the coming

decade?
2. Will one or more major new competitors emerge deeimto the wind turbine industry over

the coming decade?

22l See Porter 1985:448

228 The list of respondents, the interview guide aedagal considerations can be found in Appendixt@ T
interview data used in this Chapter corresponded¢@nswers to questions 6 and 7, including doadsimportant
guestions raised through questions 1-5.
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Using the terms of Kahn & Wiener (1967), frencipal outcome®f these critical uncertainties can
be consideredanonical variation®f the multifold trené™. In this sense, the impact of the possible
outcomes of these uncertainties should not be sed@gainst the wind turbine industry as it appears
today, but against itsxpected developmesis captured by multifold trend. Canonical variasio
essentially view the progression of the multifatehidin light of a number of strategically relevant
contingenciesOther categorisations than the ones chosen hemearly possible at both higher and
lower levels of abstraction, but this should natdamentally alter the assessment of their impact
upon the competitive environment of the wind tuebindustry>’. In the following, | will consider

the principal outcomes of these critical uncertagand their impact upon the competitive
environment of the wind turbine industry. The cafiuncertainties identified here do not, of course
capture the full range of uncertainties faced leywind turbine industry over the time horizon of a
decade. Some of these ar&knowablen the present. The critical uncertainties in\gestiéd here are
chosen because they address a wide range@nuncertaintiest their point of impactThat is to say;
there is a wide range &hownuncertainties which may affect the growth ratéhef wind turbine
industry, but that impact of these can be meanlhgfonsidered by examining the effect of volatile
growth upon the competitive environment. The caitiencertainties investigated in this chapter have
thus been chosen because they address the magioggeabout the competitive environment asked
industry observers and participants interviewedHda report, at their point of impact. Throughgsbe
guestions, it is demonstrate how the ICM could $&duas an exploratory tool to systematically

investigate a wider range of critical uncertaintrean explicit and consistent manner.

7.3 Growth — Stability, fluctuation or stagnation?
In spite of highly positive, medium-term expectadound in industry literature, some of the most

serious and widespread concerns among the indoissgrvers and participants interviewed for this
report are closely related to the long-term stgbdf growth and major growth drivers. In addition,
several interviewees expressed concern that thusirydmay be experiencing somewhat of a
‘growth-hype’, and that wishful thinking and oveptonism may cloud the judgement of investors as
well as forecasters. Although interviewees, to sdegree, share the short- and medium-term
optimism of industry analysts, they are uniforméyeful when projecting growth rates into the latter

half of the coming decade and all recognise thsipiisy of unexpected and prolonged growth

22 Kahn & Wiener 1967:9

230 The derivation of the two critical uncertaintiesrh the interview data was done on the basis gderi(1998)
in which the principal questions touched upon dyeach interview were initially listed. These issuwere
subsequently pooled and re-categorised to achimvbrbadest possible fit’ representing the coilectoncerns of
the interviewees. As in Chapter 6, perhaps the imgsbrtant consideration is thagpresentatiorof all expressed
doubts in the categories rather than areamo$ensusvere the focus of this exercise. It is inhererthie
interpretation of interview data that this cannetdone objectively and that other legitimate catisgtions are
necessarily possible.
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fluctuations in major markets. In the followingyill explore a number of potential sources of

volatile growth, which may influence the wind turbiindustry over the coming decade.

Exploring causes of volatile growth

Using the assumptions of the ICM, figure 7.1 betoyplores potential causes of volatile industry
growth through aeversed causal tred\s illustrated, a reversed causal tree propdsegdtential
causes of change by illustrating a number of deéteants of a chosen variabté- in this case, the

industry growth rate.

Energy system restrictio -
Regional planning restrictio —
+
Government subsidies for wind powensx

Rate of new process discovery + Competitiveness of wind power +

Rate of new product discov
¥
Experience curve effe ) . +
Wind turbine demand—— |ndustry growth rate

+
Competitiveness of fossil fu )
+
Competitiveness of nuclear power———— -
. + Need substitutio
Competitiveness of other renewables ———————
(Competitiveness of wind powel—)/

Figure 7.1: Determinants of industry growth

As illustrated above, the ICM proposes that theigtiy growth rate is determined by demand, which
in turn is determined by the competitiveness ofdypower relative to its need substitutes. The first
three determinants of the competitiveness of windgr are closely related to the dependency of the
wind turbine industry upon the political spherestdrically, the growth of the wind turbine industry
has generally been high, although highly volafilee most serious fluctuation was the collapse of
the Californian market, causing demand to dropsgnach as 75% over a period of just two years
from 1985-87%2 Since 1992, the annually installed wind capasityldwide has, on average, grown
by some 22%?3 This figure covers significant variation over theriod. The years 1995, 1997 and
2001 saw growth rates in excess of 40%, while 19968 and 2004 experienced zero or slightly
negative growth. The major cause of these fluabnatcan be largely attributed to the dependency of
the wind turbine industry upon the political sphang the highly politicised nature of the energy
sector as a whot&. The Californian Fluctuation as well as the emeogeof the German and

Spanish markets, and more recently, the Chinedgrrand Japanese markets can be ascribed to

1 Otherwise, reversed causal trees follow the stahsimntactical rules of influence diagrams desctimeChapters
3 and 6.

232 Kjser 1988:18

233 Calculated on the basis of EWEA 2004:119

4 political risk is notoriously present in all engffigrecasting. See e.g. IEA 2004:53
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various forms of political suppdrf. Political intervention through subsidies, taxake and other
forms of support have thus been instrumental ih bieé emergence and collapse of major markets,
causing highly volatile growth. This phenomenokriswn in the industry gsolitical risk’®. The
volatility of political support was most recentlgmonstrated by prolonged US indecision about the
extension of the Production Tax Credit (PTC), cagisiverall negative growth in 2084

Thoroughly rooted in historical precedence, theigtid observers and participants interviewed for
this report raised significant questions aboutldimg-term stability of political support for wind

energy in nearly every major existing and emergiagket.

The remaining three determinants of the competitgs of wind power proposed by the ICM are
related to its continued technological developm&hese variables were characterised by
considerable uncertainty during the early develauroéthe technology, where no dominant design
existed, and where technological failure was freiués described in Chapter 6, the continuation of
technological development, is now presumed tpreeeterminedas part of the third fold of the
multifold trend. The multifold trend assumes the¢iothe coming decade, the emphasis of
technological development will shift from procesgptocess innovation as the primary source of cost
reductions, and that wind technology will enter tha@nstream of energy generation technologies.
Although technological failufé® of wind technology, at this stage of its developimeust be
considered highly unlikely, the industry observansl participants considers the continued
technological development, especially offshoregtptial source of unexpectediigh growth rates
over the coming decade.

In accordance with some of the most widely citeticad uncertainties by the industry observers and
participants interviewed for this report, the ICkbposes the possibility of the emergence - or re-
emergence - of a significant competitive substitatevind power over the coming decade. The four
principal determinants of need substitution propdsgthe ICM are the competitiveness of fossil
fuels, nuclear power or another renewable techryoliogterms of fossil fuels, coal and natural gas
are forecast to be the major rivals of wind powesrdhe coming decade. Of these, natural gas is the
major uncertainty in terms of security of sugplyDue to unstable supply of natural gas ang CO
reduction policies, the cost of wind power is catlheassessed to be lower than that of naturét§as

Several industry observers and participants inégved for this report expressed concern that an

2%5BTM 2005a:6-8

23 EWEA 2004:116

237 BTM 2005a:6

238 Technological failure, as the term is understoed:himplies the widespread abandonment of thentdabical
principles of exploiting kinetic energy in movingasses of air for electricity generation.

“¥|EA 2004:195

2% Carnegie Securities Research 2005:10
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improved supply situation, resulting from negotias with Russia and/or a stabilisation of the
Middle East, might well bring natural gas priceslbdown to competitive levels, within a time
frame of a decad&. The possibility of an unexpected fossil fuel iesance is thoroughly based in
historical precedence, as this occurred in the8@glwith significant implications for the wind
turbine industry. These uncertainties might of sewalsadecrease¢he competitiveness of fossil fuels
over the coming decade, as recent developmentasai&? the Middle East and the widespread

ratification of the Kyoto Protocol would imply, ptsely affecting industry growth.

In addition to uncertainty about fossil fuels, al@espread concern among the industry observers and
participants interviewed for this report is the egemce of a competitive nuclear substitute to wind
power over the coming decade. On the basis of E®4), it is difficult to construct a plausible
scenario in which nuclear power can be considetatanuncertaintywith regard to industry

growth over a time horizon of just a decade. Téisue both in terms of expected cost reductions,
share of new capacity installations and, perhapst importantly, diffusion tim&”. Although
considerations about a highly competitive nuclegasitute may be prudent over longer time
horizons, taking this eventuality into considerataver the time horizon explored in this report
seems overly alarmist.

In terms of renewable substitutes, the IEA (2004ppses that biomass and hydropower to be the
most significant competitors to wind power botliérms of their cumulative capacity, share of new
capacity instalments and expected cost reductidnis.is somewhat contrary to the concerns of
industry observers and participants, proposingglataic (PV) technology as their main concern.
According to the IEA, PV will grow from a currentigsignificant share of the renewable electricity
market to a mere 2% by 2030. By comparison, windgyas expected to increase its current share of
2% to some 15% over the same peftadilthough one or more radical breakthroughs orxpeeted
diffusion of a renewable substitute remains a fagyi it is highly uncertain if this will have an
adverse effect on the growth of the wind turbirgustry, as renewable energy technologies are not
necessarily mutually exclusive. Conversely, ek of a competitive renewable substitute may cause

unexpectedihigh growth rates under generally favourable conditions

241 The IEA proposes a stabilisation of gas priceswalurrent levels. See IEA 2004:146

242\\ith referral to the Russian de-facto nationaiisabf Gazprom and increasing utilisation of itsumal gas
resource as a political asset, leading to the tdeesions between Russia and Ukraine, and latercle®a Russia
and the EU, over the price and security of supplyatural gas. See IEA 2004, Chapter 9.

243 With referral to the many ethnic, religious anditpmal tensions in the region currently emphasibgd
developments in Iraq, Iran, the unsettled Palestisituation, and most recently, the war betwergelsand
Hezbollah/Lebanon, ongoing at the time of this gt

*** See IEA 2004:195 and 200-202

% |[EA 2004:204
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In light of these considerations, it is clear thatumber of known uncertainties are related to the
future growth rate of the wind turbine industry.I®fility of political support in one or more major
markets, potentially spurred by volatile of foda#l prices, are the most obvious uncertainties
influencing the growth rate of the wind turbine uistty. In addition, one or more breakthroughs
and/or rapid diffusion (or lack of same), of a iable substitute may also affect the growth rate of
the wind turbine industry. However, given currexpectations and diffusion times this must be
considered significantly less likely eventualityawing explored a number of potential sources of
volatile industry growth, in the following, | witonsider the impact of unexpectetiigh or low

growth upon the competitive environment of the witbine industry.

Exploring the impact of volatile growth
Figure 7.2 below illustrates a number of first,@®t and third order effects of industry growth upon

the competitive environment of the wind turbineustty, as proposed by the ICM.

. Lt . . (Buyers' price sensitivity)
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/+,> Buyers' price sensitivityT> Power of buyers
Intensity of rivalry ) /—> (Industry attractiveness)
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Figure 7.2: The impact of the industry growth rap®n the competitive environm:

From the assumptions expressed in the above daeealt is possible to explore the low- and high-
growth canonical variations of the multifold trermahd their respective impacts upon the competitive

environment of the wind turbine industry.

7.5 The first canonical variation: The impact oMandustry growth
Chapter 4 initially implied that theurrenteconomic structure of the industry holds significa

potential for intense and prolonged rivalry, budtthvalry remains moderate because of high growth.
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Seeing this canonical variation in light of the gnession of the multifold trend, it becomes clear,
that over the coming decade, the industry will Imeeancreasingly sensitive to volatile growth. The
wind turbine industry will shift to more capitaltansive and volume-based means of production.
This will increase the fixed-to-variable cost rabiowind turbine manufacturers along with the
minimum size of capacity augments coupled with pdwéncentives to fill excess production
capacity in times of low growth. This implies thié potential impact of a growth fluctuation will

increasewith the progression of the multifold trend oviee toming decade.

As illustrated above, the ICM proposes that a §igenit change in the industry growth rate will have
a substantial impact upon the competitive enviramimghe upper three first order impacts are
directly related to the fact that low growth is ajor catalyst for intense rivalry among
manufacturers. As excess production capacity ise®avhile fixed costs remain high,
manufacturers will be forced to compromise theirgives and become more price-competitive. The
ICM proposes that the major beneficiaries of ingergalry among manufacturers will be powerful
buyers. This tendency will be amplified by the pesgion of the multifold trend, as buyers become
larger, more professional and geographically difieds demanding still larger wind projects. This
will significantly improve their ability to take adntage of rivalling manufacturers during a growth
fluctuation.

The next two first order impacts of low industrpgith are related to the effect of growth on the
attractiveness of the industry to new entrants,thadikeliness that incumbents will retaliate
forcefully to such newcomers. In case of low orhitygvolatile growth, the wind turbine industry will
become less attractive to potential entrants gedftability declines. Also, as market share
becomes scarcer, incumbents become more likestédiate forcefully to intrusion. The ICM thus
proposes that low growth may provide a shield ajaiew or emerging competitors — in essence,
affecting thesecond critical uncertaintgxplored in this chapter. From these consideratims

clear that the two critical uncertainties are soma&wnterrelated, in that entry is significantly rao
likely to occur if growth rates are high — and viegsa. The last impact, proposed by the ICM is
related to the role of the accessibility of inpassa current bottleneck for high industry growtheT
ICM proposes that in case of highly volatile growitie accessibility of inputs is likely to improve,
strengthening the bargaining position of manufagturelative to suppliers. Low growth will
therefore simultaneously strengthen buyers and &realppliers of wind turbine manufacturers.
These effects are likely to be amplified with tliegression of the multifold trend. In addition, a
low-growth variation is likely to speed up the imationalisation of wind turbine manufacturers, as

access to alternative markets becomes a key campegiarameter.
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7.6 The second canonical variation: The impactighhndustry growth
This canonical variation can be thought of as apete reversal of the above. This canonical

variation is comparatively insensitive to the pesgion of the multifold trend, as many of its etfec
will be nullified or diminished by unexpectedly higrowth.

In this variation, annual growth rates of 25-40% esmmonplace and excess production capacity is
a near impossibility. Both rivalry among manufaernsrand the bargaining power of buyers are kept
thoroughly in check as demand outstrips supply.t&b historical precedence, the ICM proposes
that accessibility of inputs may continue to belib#leneck for such extreme industry growth,
limiting the size of capacity augments and streagiig the bargaining power of suppliers. The
attractiveness of the industry to potential ensamitl increase as its profitability rises. In atiloin, as
excess demand and market share increases, thedhretaliation to entry posed by incumbents will
decline, as there will be plenty of orders to gouad. In this variation of the multifold trend, the
entrance or emergence of one or more major new etitors is highly probable. A high-growth
variation may delay the consolidation of the wintbine industry, as even small manufacturers,
unable to take advantage of economics of scalefagi little direct price competition in this matk

of plenty.

As we have seen, periods of unexpectedly highwrdmwth will significantly impact the

competitive environment of the industry. Furtherendhe growth rate will also affect the likeliness
of the emergence or entry of a new major competiver the coming decade. This critical

uncertainty will be considered in the following.

7.7 New competitors: Cooperation or antagonism?
The other critical uncertainty repeatedly voicedrmustry observers and participants interviewed

for this report, is the possibility and consequenakthe emergené® or entranc&’ of one or more
major new competitors over the coming decade. iie i substantial entry barriers around the
industry, recent years have seen the entranceafder of new and resourceful competitors.
Industry observers and participants are espeaaltgerned by the prospect of the emergence of one
or more Asian low-price manufacturers, aided byhhjigdavourable home-market advantages. This
notion is widely shared in industry literatéff® In the following, | will explore a number of paoial

causes of entry.

248 The term ‘emergence’ is understood here as atiryisompetitor significantly expanding its markéiare
through extensive capital investments and aggressimpetitive behaviour and/or through merging witle or
more existing incumbents.

247 As the term ‘entrance’ implies the introductioneofle-facto new competitor, either (a) created fsoratch
(which is very improbable in the context of the ditrbine industry) or by (b) outside takeover né@r more
existing incumbents.

#BTM 2005:11
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Exploring causes of entry
Figure 7.3 below illustrates the assumptions eméedad the ICM about potential causes of entry
into the wind turbine industry through a reversadsal tree.
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Figure 7.3: Determinants of threat of new e

The ICM proposes that the level of threat from reatrants is determined by the overall
attractiveness of the industry, the height of theyebarriers to be traversed, and the threat of
forceful retaliation posed by incumbents. As illagéd, each of these causes is in turn determiped b
a number of second and third order determinants.

The attractiveness of the wind turbine industrgrisnarily a result of current and expected
profitability and growth rates. Looking at profitty, wind turbine manufacturers have not been
one-sidedly profitable in recent years. The EBITrgimafor the major wind turbine manufacturers in
the period 2001-2004, was on average 13.5%. Tdusdicovers significant variation among
individual manufacturers (As low as 4.6% for Ves2883 to as high as 23.4% for Suzlon in 2001)
indicating that, at present, the industry is na-gidedly profitable, compared to similar produatio
industrie$*. Conversely, the growth rate of the wind turbingustry has been high, although highly
volatile. Expectations to continued growth and fatprofitability are the major determinants of the
attractiveness of the wind turbine industry. Ashveee seen, these determinants are subject to

considerable uncertainty over the coming decade .aftnactiveness of the wind turbine industry to

249 Morgan Stanley 2005:18
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potential newcomers may therefore prove a sigmfisaurce of either unexpectedly high@w
threat of entry.

The height of entry barriers is likewise a sigrafit determinant of the threat of new entrants. &s w
have seen in Chapter 4, incumbent manufacturensetgrotected by both tangible and intangible
entry barriers. These barriers must be considezeglstable and, as a function of the multifold then
the height of entry barriers is expected to inadasther as economies of scale become more
significant and as the industry internationalidesreasing technological standardisation may,
however, make the product technology less propitgt@nd this weakness may be exploitable by
resourceful entrants. The entry barriers arounduMihd turbine industry are likely to remain
substantial over the coming decade and are unlitkgbyove a source of unexpectedly high level of
entry. Successful entry barriers may, however, @tobe a source of an unexpectddiy level of
entry into the industry.

The third major determinant of the threat of newramts faced by incumbents is their ability and
willingness to retaliate to potential newcomers.ilAstrated in figure 7.3, the industry growtheat
again plays an important role. Although wind tudbmanufacturers will become larger and more
resourceful over the coming decade, unexpectedly iowth rates could hamper their willingness
to retaliate forcefully to a resourceful entrargv&ral large markets are currently sold*fiand
under such conditions, it is difficult for incumblsrio mount an effective retaliation. New entrants
may simply absorb excess demand, facing littlectlicempetition from incumbents. Furthermore, a
determined entrant, sufficiently resourceful tor@eene the substantial entry barriers, may
successfully deter retaliation by convincing incemis, in advance, that it cannot be forced to exit
the industry. In periods of volatile or low growthis is less likely as rivalry intensifies; loweg
industry attractiveness, while incumbents becomeerdefensive about their market shares. The
threat of retaliation to potential entrants mustréfiore be considered a potential source of both an

unexpectedlhigh or low threat-level over the coming decade.

In light of these considerations, it is clear taatumber of known uncertainties exist with regard t
the future entrance of emergence of major new ctitopeinto the wind turbine industry. The
perceived attractiveness of the industry alongctiedibility of the threat of forceful retaliatioroped
by incumbents must be considered the main soufa@scertainty over the coming decade. In the
following, | will consider the impact of bothlagh and dow level of new entrants upon the

competitive environment of the wind turbine indystr

%0 Carnegie Securities Research 2005:3
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Exploring the impact of entry
Figure 7.4 below illustrates the impact of entrpuphe competitive environment of the wind turbine
industry as proposed by the ICM.

Buyers' threat of backward integratieg—b Relative bargaining power of buyers+—> Extent of warranty provisions
* Power of buyers
+ Suppliers' threat of forward mtegratcen—»Relatwe bargaining power ofsupple#s—» (Power of suppliers)
Threat of new entran - /—> Industry attractwenss—»(Threat of new entrants)
. Industry profitabiity —+> Industry's price sens:tmty-—> Power of suppliers

Resourcefulness of |ncumbents—> Threat of retaliation to entry

Intensity of nvalry% Buyers' price sensntvvnty—» Buyers' power

+ Industry attractiveness

(Industry profitability) - (Industry's price sensiyi
(Resourcefulness of incumbents)
Figure 7.4: The impact of entrance upon the coitipeenvironmer

On the basis of the causal tree in figure 7.4 iassible to explore the high- and low-threat
canonical variations of the multifold trend, anditlrespective impacts upon the competitive

environment of the wind turbine industry.

7.8 The third canonical variation: The impact ofiigh threat level
Seeing this canonical variation in light of the tifald trend, it is clear that the height of thetrgn

barriers around the wind turbine industry will iease substantially over the coming decade. This
will occur as a function of the progression of feeond fold of the multifold trend, anticipatin@th
wind turbine manufacturers will continue to condate around fewer, larger and increasingly
globalised wind turbine manufacturers, emphasistwnomies of scale and scope. Increasing
minimum size of production and requirements ofabgl presence will present a significant obstacle
to all but the most resourceful entrants. Modegatire height of entry barriers, the fourth fold
proposes that, as the industry becomes less Jgriicgegrated, sufficiently resourceful entrantslw
not necessarily be forced to enter several sucaestages of the production chain. In addition, as
the multifold trend progresses, larger and moreueeful incumbents will be better able to retaliat
forcefully to newcomers. These consequences ghrthgression of the multifold trend suggest that
entrants overcoming the continuously increasingydvdrriers over the coming decade will be
extremely resourceful, potentially enough so targmarently change the competitive environment of
the industry.

As illustrated in figure 7.4 above, the ICM firspposes that an increase in the threat of newmstra
is most likely to apply to existing buyers and digyg. Before this threat is realised, the buyers o
suppliers (or potentially both) posing a crediliieetit of entry, are able to significantly incretdssar
bargaining power relative to incumbents. The ICMpases that, in the case of buyers, this is likely
to result in demands of increased quality guaranaeel extended warranty provisions as well as
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lower prices. In addition, a generally increasaédh of entry is likely to more broadly affect the
profitability of the industry as a whole. This wiltcur as threatened incumbents will attempt toepri
below the entry deterring pricéen an attempt to lower the attractiveness ofitickeistry — pre-
empting entry. The ICM thus proposes that the nople of increased threat of entry, the wind
turbine industry will be significantly less profitie, both as a function of the specific threat from
buyers and suppliers, but also as a function afrimments’ expected attempts to lower the general
attractiveness of the industry to deter entry. Basehistorical precedence, resourceful and well-
informed buyers of wind turbines are likely to be first to seize the opportunity to integrate
backward into wind turbine manufacturing. This modentry is likely to occur by means of a
takeover of one or more existing manufacturersessribed in Chapter 4. As illustrated in figure, 7.4
the ICM proposes that the entry of a new competiitiincrease the intensity of rivalry in the
industry. This will increase the power of buyersnafd turbines, while lowering the profitability of
the industry. As illustrated above, increased cdmpe resulting from new entrants will eventually
lower the attractiveness of the industry to a paihére the threat of still more entrants becomes
insignificant. One or more successful entrants thayefore deter subsequent entrants as industry
attractiveness finds a new equilibrium.

These considerations imply that the impact of tigh-threat canonical variation upon the
competitive environment is substantial. Firstly,iacreased threat of entry will markedly lower the
profitability of the industry, whether that thraatrealised or not. And secondly, if the threat is
realised, the increasingly high entry barriers eftisure that successful entrants are highly
resourceful, having significant long-term implicats for the competitive environment of the

industry.

7.9 The fourth canonical variation: The impact dba threat level
The low-threat canonical variation basically implieeabsencef the high-threat variation, and will

thus be treated in less detail. This variatiorhefmultifold trend assumes that the increasingyentr
barriers around the wind turbine industry will lbegely successful in deterring significant entrgiov
the coming decade. In this canonical variation atheerse effects of a high threat of entry desdribe

above will not markedly affect the competitive enviment.

The identification of the four canonical variaticarsd the exploration of their impact upon the
competitive environment conclude Part Il of thipag. Through the preceding two chapters, | have
identified a number dénown forces of change the form of predetermineds and critical
uncertainties, which will shape the competitiveissryment of the wind turbine industry over the
coming decade. The following part of this reporl e concerned with exploring tistrategic

consequencesf a changing competitive environment for windoine manufacturers.
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- Part lll -

Chapter 8: Strategic consequences - adaptation & premption

The third part of this report will be concernedwixploring the strategic consequences and
implications of the known forces of change ideatifin the preceding chapters. In this chapterll wil
develop a typology of thstrategic groupsn the wind turbine industry against which gteategic
consequencesf known changes in the competitive environmettitlvd explored along with

opportunities for adaptation and pre-emption.

8.1 Establishing a typology of strategic groups
The strategic consequences of any change in thpettive environment will necessarily be unique

to each wind turbine manufacturer, depending orp#récular sensitivities of its business model at
the time at which change occurs. Ideally, each rzatwrer will be the best judge of the particular
implications of any recognised change in its envinent. In the context of an industry-wide strategic
foresight, it is, however, necessary to resortseful generalisations, accepting the dangers of
lumping diverse competitors together into broadg@lanatory categories. This reasoning lies at the
heart of the positioning school, assuming thatoaltfin each competitor has unique features, they can
be usefully categorised according to the way inciwlihey seek to fulfil the economic imperative —
dealing with the five structural forces. Each soategory is termed strategic groupA strategic
group thus works as an intermediate frame of raferdetween looking at the industry as a whole
and considering each competitor separatelfhere is, of course, nmiversaldistinction between
competitors in an industry. In the context of sgat foresight, any meaningful distinction between
strategic groups must aim to provide the greaeglanatory powein terms thestrategic
consequenced known forces of change in the competitive enwnent. To this end, | will make
distinctions between competitors in the wind tuebimdustry based on two basic features: the
products offere@nd themarket servedEstablishing a typology of strategic groups ie wind
turbine industry necessarily involves choosing nieginl axesillustrating these basic differences.
Related to th@roducts offeregthe first explanatory axis adopted here is preddsy Morgan
Stanley (2005) emphasising the importance of theviing distinctiorf>%

1. Manufacturers offering aull, differentiated and technologically demandipgduct range.

2. Manufacturers offering aarrow, low-priced and technologically standardigg@duct

range.

#1porter 1980:132
%2 Morgan Stanley 2005:18-23 emphasised the princiglre of this distinction when comparing the hass
models of Gamesa Edlica and Vestas Wind Systems.
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Often proposed in various guises in strategic thebirs distinction is closely related to the two
generic strategiespst leadershimnddifferentiation proposed by Porter (1980jas well as the
distinction betweegeneralistsandspecialistgproposed by Sheth & Sisodia (2062)As is the case
for many production industries, this distinctio®ses no less relevant in the context of the wind
turbine industry. Distributing current top-ten méaaiurer$> along this axis, it is clear that Vestas
Wind systems, followed by Enercon, are by far tteuafacturers with the broadest and most
differentiated product ranges, being representedl iirbine size categori€d. Both these
manufacturers aspire to technological leadershigasnwvell as offshore, across their product
range$>’. Also Spanish Ecotécnia and German Nordex offatively wide product ranges in spite
of their small market sharé& German REpower and Indian Suzlon holds positi@as the centre;
REpower with the more differentiated product ranfjthe two, being represented in the mainstream
segment (with four modefSf and offering the largest turbine (5 MW) on the ked™®. Suzlon is
mainly represented in the small-sized segment (fmandlels), with a single model in the mainstream
segmerff’. At the opposite end of the axis we find Gamesic&6GE Wind and Siemens, having
narrow product ranges, gravitating toward the niegasn segment, offering little product
specialisatioff2. These manufacturers are often characterisedimwers’ in terms of product
technology®®. Mitsubishi constitutes a ‘pole’ on this axis, rmvly offering only two models in the

small-sized segmefit.

| terms ofmarket servedBTM (2005b) emphasises the highly oligopolistature of the wind
turbine industry, distinguishing between globagahchs and the host of smaller domestic and
regional players. BTM distributes manufacturersiglthe following explanatory axs:

1. Manufacturers with global market scopesupplying all major markets.

2. Manufacturers with aelective market scopsupplying only limited domestic or regional

markets.

23 porter 1980: Chapter 2

%4 Sheth & Sisodia 2002: Chapter 3

25 Established on the basis of total market shaimal2004 from BTM 2005a:16
2%°BTM 2005a:23

%7 Morgan Stanley 2005:18

28 5ee Ecotécnia 2006 and Nordex 2006 respectively.
%9 5ee REpower 2006

269BTM 2005a:22

%1 5ee Suzlon 2006

%2 Morgan Stanley 2005:18

23 Morgan Stanley 2005:18

24 See Mitsubishi 2006

25 BTM 2005b:42-43
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Market scope

Again, this distinction resonates in strategiaéitare, resembling not only thiecusstrategies
proposed by Porter (19865 but also Sheth & Sisodia’s (2002) distinctiorvibetngeneralistsand
market specialist§’. Among current top-ten manufacturers, BTM (200&pgnises only a single

global competitor, Vestas Wind Systems, but emgleadihe rapid emergence of Siemens, GE Wind,

Enercon and Gamesa, into this category. Among dise df smaller selective competitors, BTM
ranks Nordex AG, Mitsubishi MHI, REpower, SuzlordaBcotécnia. In addition to these, BTM

identifies a number even smaller of manufacturetdihg highly selective positions on their specific

national markefg®,

When pairing these two axes, it is possible tsitate the joint positions of the top-ten wind togb

manufacturers in the space between them. Theskuateated in Figure 8.1. As it can be seen from

the ranking of the manufacturers, thpFancipal strategic groupgan be distinguished along these

two axes. From their approximate positions in thart; | term these groupsarrow-line

industrialists full-line differentiatorsandselective market specialists

Narrow-line industrialist

Full-line differentiator

L—

A L
.27 Vestar,
Globa J/ \
/ \
L-"TTTT \\\ ! \
I,/ . \\ ’l “
J/ Siemen®, ! '
\ |
'll “I II ’:
' GE Winc \ K
_ | Gemas / \ /!
Regiona[ ) P . AN J/
+Mitsubish Norde> >+, *« Enercaov-
\‘\ - /’ \\ ===
S =" 1 \
1
' REpowe i
\ Suzlor o :
= Ecotéciia’ Selective market
N specialists
Domesti
Narrow Intermediat Wide”

Product rang

Figure 8.1 Three yrincipal strategic grou

As it can be seen from the
distribution of manufactures
across the chart, the
distinction between full-line
and narrow-line
manufacturers is much
clearer among global
competitors than domestic
and regional market
specialists. One reason for
this may be that
manufacturers limited to
selective markets will not

generally see it as an aim in

itself to offer a wide or narrow product range, it offer the particular product categories

demanded by their markets — whatever this may l@au¥acturers with a global market scope, on

the other hand, can afford a wider degree of spsai@n as a full- or narrow-line manufacturer,

without spreading efforts too thinly or sacrificimglume. | will return to this and other tradeoffs

between the strategic groups later in this

28 porter 1980: Chapter 2
%7 Sheth & Sisodia 2002: Chapter 3
28 BTM 2005b:42-43

chapter.
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Figure 8.1 is necessarily a highly idealised petoir competitive strategies, and it is clear thaten
explanatory axes could be added to the analysiheusubdividing the three strategic groups.
Experimentation with additional explanatory axesirket shar@andownershig®, however, revealed

that very little extra explanatory power was adttedugh these effort&.

In the context of strategic foresight, an additiaunsideration is needed with regard to strategic
groups; time. Traditional analysis of strategicuy®, for the purposes of strategic decision-making,
aims to provide a ‘snapshot’ of the positions ahpetitors in an industry. Over a time horizon of a
decade, it is possible (and highly likely) that qatitors will migrate between these strategic gspup
perhaps to the extent that one or more groupsbeilbandoned altogether. This process is integral
to industry evolution. Over the time horizon invgated in this report, the identified strategicupe
will therefore be analysed aschetypesAlthough no competitor is ever fully archetypieag.g.
sharing all the features of a ‘pure’ market spestialit may, through strategic choice, strive to

achieve such features. In the following | will cates the characteristics of each strategic group.

8.2 The full-line differentiator
The first archetypical strategic group considererkhs the full-line differentiator. When looking a

the current representatives of this group, theysat@apart by their wide and differentiated product
ranges relative to their competitors. Vestas anef&m are represented in every size category and
offer a range of highly specialised products ow@tsitimainstreafi’. These include turbine designs
optimised for low-wind ared¥, inaccessible sité§ as well as offshore sit€4 Enercon’s product
range is further set apart by its ring generatchnelogy, making its entire product range gearlass,
well as offering specialised diesel-wind off-grigsem$’>. A key characteristic - and necessity - of
full-line differentiators, is attaining and maimaig technological leadership to sustain proprigtar
and product differentiation relative to competitétsDifferentiation is a central advantage of this
strategic group as a way of dealing with powerfujdrs. Facing little direct competition, full-line
differentiators are able to offer technologicaltivanced wind projects at inaccessible sites - sffer
not easily imitated by competitors. As ideal onghsites are gradually exhausted and restrictions to

size and location increase in major markets, tagability may prove essential.

29 pistinguishing between diversified and single bess manufacturers.

20 Market shards highly correlated witlmarket scopewhile ownership merely emphasise the fact thetages
Wind Systems is the only single business amongnger manufacturers — a feature it shares a feWlasma
manufacturers.

2’1 See Enercon 2006 and Vestas 2006

"2 \/estas’ V82, V90-1.8 and V100, and Enercon’s E-53

2B yestas’ V52 and Enercon’s E-33

2 \/estas’ V120 and Enercon’s E-82

2> See Enercon 2006

2’® Morgan Stanley 2005:18-19
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Attaining and sustaining a position as a full-lai&ferentiator is a demanding task. To sustain
differentiation and technological leadership, bettercon and Vestas are integrated backwards into
many areas of component manufacturing and maietdensive R&D efforts in a number of core
component areas. This feature significantly inoeedbe fixed costs of their business madéls
Furthermore, the downside of technologically piaimeeprojects is the need to share the increased
financial risk with risk adverse developers anddrgy This involves issuing extensive warranty
provisions and a willingness to face substantadilities in case of product failure. Vestas igiang
example of this, issuing warranties of up to tweheard’® and incurred a loss of some €38 million in
2002 after a serial flaw in its pioneering offshorstallation at Horns Reef, Denmafk Substantial
financial risk, high level of backward integratiand the need to maintain significant R&D activities
indicates a high minimum efficient scale - and tthesneed for internationalisation. These factors
also suggests that significant advantages coutibtsned from being part of a diversified company,
lending financial stability to the business modehg with the possibility of leveraging technologjie
from other divisions to sustain product diversifioa.

Full-line differentiators are thus seeking to imfhce the competitive environment of the wind
turbine industry through three principal variablémir level of product differentiatigrtheirrate of

new product discovergnd theextent of their warranty provision¥he strategic consequences of this
are explored through the assumptions imbeddeckitGM as illustrated in figure 8.2 below:

+
- ((Buyers' price sensitivity)}——= Power of buyers

Buyers' price sensitivity
+
* Buyers' switching costs—— ((Height of entry barriers))

Level of product drffere ntlatlon (Intensity of rivalry)

/—b
(((Helght of entry barriers))) - (((ntensiy of rivay)))
) ~® (Threat of new entrants)
+
——» (Buyers' price sensitivi
((Intenstty of rivalry)) - (Buyers'p ®)
—— Industry profitabiity
—® Need substitution
_ Competitiveness of wind power
\> Wind turbine demand

+ /‘> Competitiveness of substitutes
Ful-line drﬁerentlator54> Rate of new product discovenys product- by-product substitution, P

+ \+> Industry R&D expenditure
Entry capitel requirements
" Proprletarlty of product technology, ) )
> Height of entry barriers
Importance of suppliers' input*

Extent of warranty prodisions to industry's product qualty _ Industry's price sensitvity

) . —» Intensity of rivalry
(Height of entry barriers) -

~—— Threat of new entrants
Figure 8.2: Key variables influenced by -line differentiator

2" See Danske Equities 2003
2’8 Stephen Rammer, analyst, Handelsbanken in Bedifakende, February 2006
29 Morgan Stanley 2005:18
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The ICM emphasises the role of product differemratn dealing with powerful buyers, moderating
their bargaining power and price sensitivity, whiésing switching costs. Also, through their
emphasis on product innovation, full-line differi@tdrs take up a central role as technological
pioneers of the industry, increasing the competitess of wind power relative to its substitutes Th
ICM proposes that the highly differentiated andhtesdogically proprietary products along with
extensive warranties are all sources of substamiadlility barrieré®® around this strategic group.
Although extensive warranties make full-line diefatiators financially risky for potential entramnds
take over, they also increase reliance of thisrtess model upon high quality inputs from suppliers.
The ICM further suggests that competition amongliné differentiators take the form of
technological rivalry, as the rapid emergence o peoducts increases product-by-product
substitution. This suggests a continuation of tisehcal pattern of high rate obsolescence among

existing products within this strategic group.

8.3 The narrow-line industrialist
The second strategic group considered here isatrewr-line industrialist. The four representatives

of this group illustrated in figure 8.1 are chaeaisted by their focus upon a relatively narrow,
mainstream product range and a fairly broad masgepe. Unlike full-line differentiators, the
primary focus of the narrow-line industrialistsisst - and over time - cost reduction. Low pricd an
highly reliable products are the central capabsitihrough which narrow-line industrialists deathwi
the economic imperative. Perhaps the most impomanédient in achieving cost leadership is
volume and predictability in production, which wdulinderline the need for either an attractive
home market or a global presence. Gamesa has adHiee highest volume through a global market
share of some 18.1% (making it the second largasufacturer in the world), with an export share
of a mere 12.5%, giving testament to the attrantigs of its Spanish home marRetGamesa has,
however, undertaken successful internationalisatibiatives and is set to increase its export shar
significantly in the years to corffé. In terms of volume, Gamesa is followed by GE Weamndi
Siemens, holding market shares of 11.3% and 6.B%eaport shares of 75.8% and 98.8
respectively. Mitsubishi has, so far, attainedl#ast volume among current narrow-line
industrialists, with a market share of just 2.6%significant share, 65.6%, of this output is expdrt
outside its Japanese home mafKeThe most obvious advantage of volume is econoofigsale in

production, which is a significant factor in winatine manufacturirf§®. A second advantage is the

280 Mobility barriers are the equivalents of entryrens when discussed at the level of strategic msoSee Porter
1980: Chapter 7.

81 BTM 2005a:16-19

22 Morgan Stanley 2005:5

*3BTM 2005a:16-19

#4Danske Equities 2003:14-16 and Morgan Stanley 2@05
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benefits of cost reductions attained through preaasovation, which are proportional to a firm’s
level of output. Spreading an average cost reduci@r a large production volume yields the
greater absolute benéfit For this reason, process innovation as a measisstdining cost
leadership is a major feature of this strategiagro

Unlike full-line differentiators, the manufacturersthis group are followers in terms of product
innovation; favouring reliable and standardisednmseam turbiné&®. This lessens the need to issue
extensive warranties and thus the financial riskath with buyers.

In terms of backward integration, Gamesa seems thdexception, being active across all main
components categories, while the remaining narine/ihdustrialists favour significantly lighter
models than those of the full-line differentiaf8fs

Narrow-line industrialists are thus seeking touefice the competitive environment of the wind
turbine industry through two principal variablegtainingeconomies of scale in productiand
maintaining a highate of process innovatioff he strategic consequences of this are explored

through the assumptions imbedded in the ICM astiifded in figure 8.3 below:

) (((Intensity of rivalry))))
(Number of competitors)
+ (Industry concentration ratlo)—> (Relative concentration of buyers)

(relative concentration of suppliers)

(Resourcefulness of incumbents)

+ Entry capital reqU|rement5—> (Height of entry barriers)

* leed to variable cost ratne—» ((Intenstty of rivalry))

Economies of scale in productlon

/> (((Intensity of rivalry)))
+ -
Helght of entry barrle\»rs Threat of new entrants
Intensity of rivalry ——* Buyers’ price sensitvity
\> Industry profitabilty

Narrow-line industrialists ; ;
Size of capaciy augmens , Excess production capacity
\> (((((Intenstty of rivelry)))))

/———> ((Government subsidies for wind power))

/> ((Competitiveness of wine poweryy—® ((Need substitution))

Rate of new process discovery \‘“ (((Wind turbine demand)))
+

(Experience curve efiects) (((Competitiveness of wind power)))

Figure 8.3: Key variables influenced by nar-line industrialist T (Heigntofeny barers))

The ICM emphasises the determining role of econsmiescale in production as a means of building
mobility barriers around this strategic group amdetting minimum standards for the size of narrow-
line industrialists. Size in particular is essdntiadealing with powerful buyers as a means of

lessening the importance of individual orders. T&Rl also proposes that competition between

2> Klepper & Simons 1997:9
26 5ee e.g. Morgan Stanley 2005:18
%7 See Danske Equities 2003:8 and Morgan Stanley:2605
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manufacturers in this strategic group takes thenfof struggles for market share to achieve volume,
and aggressive price wars in times of failing dethdmrough the emphasis of narrow-line
industrialists upon process discovery and prodei@lility, this strategic group takes up the rote
‘mainstreamers’ in the industry, improving the proompetitiveness of wind turbine technology

relative to substitutes.

8.4 The selective market specialist
The third strategic group considered are the seteatarket specialists. These manufacturers are

characterised by their limited market scope and #i#lity to tailor their product range to the se

of their selective domestic or regional marketitss important to note that more manufacturersexi
in this strategic group than illustrated in fig@&&, accounting only for top-ten manufactut&ts

When looking at the top-ten representatives ofghisip, it is clear that Indian Suzlon, Chinese
Goldwind and Spanish Ecotécnia are the most outspekamples of selective market specialists.
These manufacturers’ presence is exclusive to bogire markets, holding domestic market shares of
42.8%, 20.1% and 9.4% respectivdfyBoth Suzlon and Goldwind focuses on narrow produc
ranges favouring the smaller turbines traditiondynanded in their home markets, while Ecotécnia
offers a wider range of models on its selected etk REpower and Nordex are based in the
attractive German market, where the larger patheif turbines is sofd’. Both these manufacturers
have product ranges focused on the mainstream sggjmevhich may account for their ability to
attain minor market shares in a number of otheimarily European - markét$. If these two
manufacturers continue to increase their markgiesto attain volume, they may eventually migrate
out of this strategic group and become narrow-iakistrialists.

As the name implies, careful selection of markets$ the attainment of ‘home court’ advantage is the
instrument through which selective market spedglieal with the economic imperative. Beyond the
technological and economic necessity of a speeisoduct range ideally suited for the conditions
of the selected market(s), various forms of prav@ctm are likewise part of creating home market
advantages. Domestic manufacturing content reqeinesn preferential tax breaks, exclusive or
preferential access to national R&D funds, favoleakeatment by planning authorities and political

contacts are all part of the competition in varioagional wind turbine markété. Such policies

288 |n fact, the remaining wind turbine manufacturensside top-tem can be considered representativiigso
strategic group.

289 BTM 2005a:Appentix A

20 5ee Suzlon 2006, Goldwind 2006 and Ecotécnia 288gectively.

291 BTM 2005a:63

292 5ee REpower 2006 and Nordex 2006 respectively.

293 BTM 2005a:Appentix A

24 3ee e.g. CRS 2006
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present significant mobility barriers to potengatrants into this strategic gradp Also less
tangible factors, such as seniority with buyer$tucal insight, etiquette and linguistic skills may
equally play a role when locally based buyers debietween bids for wind projects.

Selective market specialists are thus seekingflioeince the competitive environment of the wind
turbine industry through three principal variabliesportance of locationexclusivity of government
subsidiesandexclusivity of government policiéBhe strategic consequences of this are explored

through the assumptions imbedded in the ICM astilaied in figure 8.4 below:

Importance of location +

/-> Intenstty of rivalry

+
Exclusivity of government subsidies—sHeight of entry barriers._
- Threat of new entrants

Selective market specialis
+

Exclusivity of government polici

Figure 8.4: Key variales influenced by selective market specic

As illustrated in figure 8.4, the ICM suggests ttieg variables influenced by selective market
specialists all have the same essential effectise entry barriers around their selective maslet(
In the absence of highly differentiated productéutirprice competitiveness, selective market
specialists seek to lower the intensity of rivairgheir home markets, while keeping potential

entrants at bay.

8.5 The strategic consequences of the forces ofgeha
It is clear that the strategic groups identifiedehare — and will be — in very different positiomish

regard to dealing with the challenges posed bystrigichange over the coming decade. The strategic

consequences of change upon the strategic groaepiuatrated in figure 8.5 below.

2% 5ee Windbitz 2006
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Figure 8.2: The strategic groups and the forcahahg
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In figure 8.5, the four folds of the multifold trémnd the two critical uncertainties are symbolised
arrows 1-4 and 5-6 respectively. The first fold &wds more conservative, professional and
geographically diverse buyers of large wind prgjetiil cause a gradually widening market scope
over the coming decade (arrow 1). The second @@itds increasing importance of scale and scope
in wind turbine manufacturing, is a separating éofarrow 2) increasing the gap between the few
truly globalised wind turbine manufactures andrtihegionally and nationally based competitors.
The third and fourth folds of the multifold trenak{ows 3 and 4) are depicted along an additional
axis which will be of growing importance to windine manufacturersndustrialisation

Increasing standardisation and maturity of windhtedogy and the development of an increasingly
specialised and independent supplier network widlrpthe strategic groups toward serial rather than
order production and increased outsourcing. Thesddrces are likely to be instrumental in the

final phase of the transition of the wind turbindustry from entrepreneurial order production to
industrial serial production as described in chaftd he major critical uncertainties are likewise
represented in figure 8.5 above. During the comdiecade, volatile industry growth could cause
unexpected drops or increases in market scopevasmexisting markets develop or stagnate (arrow
5). Also, the possible entry or emergence of nempetitors (arrow 6), can occur as existing
competitors fortify their position within their sttegic group through a strategic alliance or buygyut

another company and/or if they decide to abandein turrent group and enter into another.
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In the following | will consider these strategicnsequences in light of the circumstances of each
group. Such explorative considerations must necbsba speculative, and for the individual
manufacturer the options outlined here will natiyradvolve many more considerations specific to

their particular circumstances.

Strategic consequences for full-line differentiator

The progression of the multifold trend and the cacal variations pose a number of unique
challenges to this strategic group. A major issudull-line differentiators is maintaining product
differentiation in the face of increasingly consaive buyers and ongoing technological
standardisation.

Professional buyers will increasingly consider stweents in wind large wind projects on similar
terms with other long-term investments in genegatiapacity. These buyers will likely not pay a
premium for wind projectbecausdhey are differentiated (gearless, offshore, laege), but
because they are cheaper or more reliitsughtechnologicalifferentiation. The trade-off
between proprietarity and reliability of differestitd and pioneering projects has been, and iylikel
to remain, an important issue for full-line diffat@tors dealing with powerful buyers. In this
context, extensive warranty provisions will congrto be imperative as a way for full-line
differentiators to offer to share increased finahdsk with risk adverse buyers.

With the ongoing standardisation of wind turbinehteology and the development of an independent
supplier network, full-line differentiators may ket from rethinking their relationship with
component suppliers. An obvious opportunity fof-fune differentiators is to lower both cost and
fixed costs by outsourcing components which dodiretctly contribute to product differentiation. In
doing so, it will be vital to retain in-house pration of a selected number of R&D-heavy and
proprietary core components to maintain differditrmand technological leadership. The line
between in-housed core components and outsouraedastlised components need not be sharply
defined. Development partnerships between manufastand independent component suppliers
will become more common over the coming decadedsfaild trend progresses. Such partnerships
may prove an important instrument for full-linefdilentiators, not only as a means of sharing R&D
expenditures and risk with suppliers, but alsaniprioving product quality. Because of extensive
warranties, full-line differentiators have a strangentive to induce a ‘culture of accuracy’ upon
component suppliers — as well as upon themselves.

Although full-line differentiators are highly setige to periods of low or volatile growth - because
relatively high fixed costs - they do, however, @anumber of unique options open to them.
Because of their wide product ranges, they haveptien to shift emphasis from one product

segment to another, or alternatively; adapt theidpct range to the conditions of a more promising
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market. Also, in periods of high growth they aréeab fully utilise a seller's market across their
entire product range. One interviewee commentediiearecent stagnation of the offshore market
was in fact caused by growth in the onshore/maastrsegments. The ‘safer’ onshore projects are
usually preferred by manufacturers in times of lggbwth. Should this situation be reversed,;
manufacturers with broad product ranges and oféshapabilities are able to shift their emphasis,
while narrow-liners are stuck. The ability to retdlexibility across wide product ranges and masket
is likewise an important instrument in hedging agaemerging or entering competitors. As one
product segment or market becomes unprofitablelifid differentiators has the option to last itou
using profits from other segments or markets -yoshifting emphasis altogether. Seen in this light,
there is little doubt that the technologically dbaging offshore potential the major opportunity

for full-line differentiators over the coming de@ada market that highlights the relative advantage
of this strategic group. The offshore segment is@portunity to continue the historical up scaloig
the turbine and to maintain focus on product discpv in spite of ongoing standardisation.
Full-line differentiators are perhaps the strategmup with the most to gain from integrating
forward into project development - a possibilitynaning largely unexploited among wind turbine
manufacturers today. Being a developer opens the possibility to dertratespioneering

technology in self-developed projects, which cantbe sold on under warranty then (if) reliability
and profitability has been demonstrated. A furiy@ion is hedging against cancelled orders — an
attractive option for manufacturers with high fixeasts — by installing these turbines in ones own
projects. It is clear that influencing the compegitenvironment through rapid product discovery,

product differentiation and warranties will becomereasingly challenging over the coming decade.

Strategic consequences for narrow-line industrtalis

It would seem that narrow-line industrialists dre major beneficiaries of the progression of the
multifold trend. Powerful, professional and consgine buyers will emphasise price and reliability
over other criteria, and this is what narrow-lindustrialists are designed to deliver. The
geographical diversification of wind turbine maskand the increasing size of orders are likely to
emphasise advantages of scale in wind turbine matuing as wall as continued
internationalisation. These tendencies are botloppities and requirements for narrow-line
industrialists. Market share and market scopeblimperative in achieving volume of production
and reliability of demand, while hedging againstrency rate fluctuations and low or volatile
growth. Also, the ongoing standardisation of wintbine technology will allow narrow-line

industrialists to reduce cost and streamline askeama production.

2% Only Gamesa is active in project development.
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Outsourcing components and R&D expenditures topaddent component suppliers is likewise an
opportunity to lower fixed- and capital costs. Thiay be especially relevant for narrow-line
industrialists seeking to internationalise withth& necessary means to build their own production
facilities abroad. As narrow-line industrialistgoit the opportunity to become ‘efficient
assemblers’ of mainstream wind turbines, an impoitsue will be dealing with increasingly
powerful component suppliers. Placing large simgtiers, while maintaining partial in-house
component production, will be important tools withich to improve their bargaining position.

As a consequence of the progression of the mudtif@nd, the most significant opportunity for
narrow-line industrialists over the coming decadgyiibe a partial or full shift from order production
to serial productiofi’. Crossing this barrier may prove a cardinal shithe history of the wind
turbine industry as new ‘unbeatable’ cost recordssat. The risks involved in this form of
production are related to storing large amountsidifines in theexpectatiorof future sales. Product-
by-product substitution may render stored turbmlesolete, or a low-growth canonical variation may
cause storage costs to rise to unacceptable lénddsth events, serial producers will be forced to
sell the stored turbines at a discount. This igtto¢otype for the initial stages of a prolongeter
war. As price is already a central competitive pater in the main stream segment, narrow-line
industrialists are particularly sensitive to prajed price wars as an instrument to defend market
share in periods of low demand or against new ctitopg In terms of the latter, increasingly
standardised technology and the development aidependent supplier network are perhaps the
most important factors allowing new major compesitm enter or emerge into the wind turbine
industry over the coming decade.

Another opportunity for narrow-line industrialisiser the coming decade lies in their role as
‘mainstreamers’ of the industry. By emphasisingidtadised and reliable products, they gain the
confidence of less professional and more risk astvbuyers such as private investor groups, not
available to full-line differentiators and seleeimarket specialists.

Industry evolution seems to favour narrow-line isidialists seeking to influence the competitive

environment through process discovery and achiex@mpomies of scale.

Strategic consequences for selective market sp&sial

At face value, the challenges posed by the progmesd the multifold trend and the canonical
variations seem to present the greatest threattharfdwest opportunities to the selective market
specialist. During the coming decade, manufacturésis strategic group will have to meet the

challenge of maintaining a home court advantagherface of increasingly global competition. The

297 Order production is scheduled after incoming csdesile serial production aims at a constant bentise
optimal production flow.
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forces of change identified in this report wouldigate that this will become significantly more
difficult in the years to come.

As buyers become increasingly professional, ecoa@mnsiderations, rather than national
affiliation, will likely play a greater role in p&ang orders. This may disadvantage selective market
specialists as their ability to utilise economiésaale and scope will be limited to the confinés o
their home market. Also, as large wind turbine niacturers globalise; the risk of entry into the
home markets of selective market specialists irsg®al his consideration will especially relevamt fo
market specialists located in highly attractive kets, experiencing a prolonged high-growth
canonical variation — or the mere expectation @&. &kiso, the increasing size of orders - in finahci
terms as well as MW capacity - will disadvantagaken manufacturers relative to their global
competitors. Many of these may find that they ldek financial backing and production capacity to
complete for them. The most lucrative - and mostaleding - buyer segments may thus move out of
reach and revenues will have to be generated frbat vemains. Discovering and specialising to the
requirements of such remaining demand — segmengd=ryed too small, special or otherwise
inaccessible for global manufacturers — are likelipe primary opportunities for selective market
specialists facing global competition. Pre-emp&ngry may require selective market specialists to
emphasise political lobbyism as a means of maiimmgiantry barriers around their domestic markets.
Several governments have explicitly expressed thesire to sustain national wind turbine industries
in the face of global competition. Although dir@alustry support is usually prohibited, various
indirect forms of protectionism and preferentiaiatment are already advantages commonly
exploited by selective market specialists. Systamisfforts to maximise this advantage seems a
natural response to increased global competitigegure.

From the viewpoint of selective market specialigis, increasing standardisation of wind turbine
technology and the ongoing development of the carapbsupplier network are more positive
developments. As more components, customised éondleds of the wind turbine industry, will
become available from independent suppliers; baakiwdegration into several areas of component
manufacturing will be less of a requirement. Outsmg R&D and capital intensive components,
such as blades and control systems presents aousbwpportunity for smaller manufacturers to
lessen capital requirements as well as fixed cagtewise, cancelled orders may well be ‘wiped off’
on suppliers with positive effects on the financisks of small manufacturers undertaking uncertain
or large projects. Emphasising wind turbine assgmdther than production will allow increased
focus on locating and serving selected market satgrievhich is where the competitive advantage
of this business model lies. The ability to bargaith independent component suppliers to achieve

these advantages will likely be an important iSsemesmall manufacturers over the coming decade.
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A low-growth variation is a particularly seriousesx for any selective market specialist, as they ar
less able to ‘retreat’ to more attractive mark¥isatile or low demand may, however, have some
longer-term positive effects for this strategicigyoDeterring global competitors from entering thei
market(s) is a key priority for a selective margpécialist. Volatile or low growth keeps potential
entrants at bay and is likely to make future engramore hesitant if uncertainty about growth is
prolonged or perhaps even permanent. Taking adyamtfuncertain demand, while deterring
competitors may be achieved if market specialistsadle to last out a low-growth period and take
advantage of a subsequent upswing, facing lessefitiap pressure. Hedging against a low-growth
canonical variation is a primary reason for thratglgic group to lower fixed costs by outsourcing
components. This eventuality also highlights theeptal benefit for small manufacturers of
engaging in a supplementary business, which magrgansurvival revenue in low-growth periods.
Nonetheless, influencing the competitive environntbrough a favourable home market, while
enjoying exclusivity of government support and piels will become increasingly challenge over the

coming decade.

8.6 Pre-emption: Fortification, mobility or exit?
Thus far, | have considered strategic consequdncegnd turbine manufacturers determined to

defendstatus quoA perfectly valid conclusion, however, of a windtbine manufacturer, having
considered the forces of change, may be to pre-ampaibandon its current strategy. In this event, a

number of options present themselves to each gicageoup.

Because of the substantial capital requirememtantial risk and extensive R&D activities needed to
maintain product proprietarity, discovery, diffeti@tion and warranties; some full-line
differentiations will likely see it as an opporttynito become part of a larger diversified company.
Vestas is an obvious candidate for this possibiitgynversely, this would indicate that large
diversified narrow-line industrialists, such as @fnd and Siemens, are obvious candidates for
entry into this strategic group. Because of thensatile skills, a number of more direct mobility
strategies are likewise open to full-line differiatdrs seeking to abandon their strategic group. Th
most obvious of these would be to spin off periphproduct lines, streamline production, cut back
on R&D expenditure and outsource component prodactand become a narrow-line industrialist.
Investigating the option of redirecting R&D and knbow to process discovery and taking
advantage of scale may in all cases be time weltsior full-line differentiators. Conversely, & i
more difficult to imagine an already globalised miacturer intentionally limiting its market scope

to become a selective market specialist - thisoogs nonetheless available. Another option open to
backward integrated manufacturers with large exgsR&D competences, is to become an
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independent component supplier in an area of pgaticompetence. The particular capabilities of a

full-line differentiator failing to be profitablenithe face of change may be well suited for this.ro

In spite of the relative attractiveness of thiatggic group, some narrow-line industrialists mesf f
that their capabilities are more fully utilisedeskhere. As described above, this may particulaely b
the case for large, diversified firms which areeatol leverage extensive R&D resources across many
divisions. A widely held notion in the industrytlsat if GE Wind and Siemens decide to commit
fully to the wind turbine industry, they will expdrheir existing product lines; perhaps to the poin
where they could more rightfully be considered-fue differentiators. Developing proprietary, path
breaking product technology while using their fio@h strength to bear the risk may grant these
manufacturers greater relative advantages thaim tive ‘dogfight’ among industry mainstreamers.
As is the case for full-line differentiators, itdgficult to imagine internationalising narrow-én
industrialists intentionally limiting their activés to a few selective markets in order to become
selective market specialists. This option seemsqodarly prohibitive for narrow-line industrialist

seeking to achieve advantages of scale in productio

Mobility or exit strategies seem a particularly wowile consideration for selective market
specialists seeking to improve their prospectiénface of unfavourable change. A selective market
specialist may attempt to internationalise to nfaly utilise advantages of scale and scope, and
seek to become a full-line differentiator or a partine industrialist. These options naturally requ
substantial resources and, as the oligopolistigreaif the industry would suggest, there is only
room for a very limited number of global manufaets: In a decade from now, there may well be
room for fewer than today. Although these optiori§prove prohibitively resource demanding for
the majority of small manufacturers, it may be lavant option for selective market specialists
supported by an attractive home market and backedi&rger parent company. Establishing a
strategic alliance with a larger company may bedsrupon many selective market specialists
seeking to internationalise. Suzlon is an obviowswple of a candidate for becoming a narrow-line
specialist. It seems much harder to identify likedydidates for entry into the full-line
differentiators’ strategic group. More realisticasegies for most selective market specialists by
to retreat vertically into either project developther component manufacturing. The former option
seems the most obvious way for a selective mapegtialist to redeploy its proprietary knowledge
of its selected market by becoming a domestic gzl Local knowledge of legislation, regional
planning, public perception and culture are muatdee skills for international utility companies
seeking public backing for wind projects. Backwantggrated selective market specialists may

likewise exploit proprietary knowledge to becomedradependent component supplier. In either of
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these positions, the firm would no longer be aalicempetitor to global wind turbine manufacturers

in its domestic market — but a potential customer.

In this chapter | have considered a number ofesjratconsequences of the progression of the
multifold trend and of the canonical variationsadédished in Part Il. At this point, it is importatot
realise that these forces of change representtbalynajor anticipations and questions which are
known or believed to be known, in the present. In fastiould be highly surprising if no surprising
changes occurred in the competitive environmeti@fvind turbine industry over the coming
decade. In the following chapter, | will considee strategic consequences of the forces of change

which we have yet to recognise.
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- Part lll -

Chapter 9: Deep uncertainty - what we don’t know wedon’t know

This chapter will concern itself with all the st&gically relevant information that was missed,
forgotten, wrongfully omitted, not recognised, ¢tnerwise ignored so far. Because of the influence
of combinatorial and dynamic complexity, sensitiuid initial conditions, and self-altering prophesy
this report is likely to have merely scratchedsbeace of how the future will unfold over the
coming decade. Strategic foresight must necesdagilimited to what is known or believed to be
relevant at the time at which the foresight is mawlehis chapter | will consider the possibilitl o
mitigating the strategic consequences of such ogrésed uncertainty through monitoring and early

warning.

9.1 What is known, and what is not
As we progress toward some future point in timeughly the year 2016 in the context of this report

— more information about the final state of thetaysat that time is gradually made available.
Immediately before transpiration of that pointime, information about the final state of the sgste
will be near-perfect and we can regard nearly @tess of change as deterministic. As we pass that
point in time, the state of the system finally b@es history and is rendered utterly unalterablés Th
is a gradual process through which expectations@mérmed or disconfirmed, questions are
answered, and previously unrecognised issues @oglited. As the point in time considered in the
context of this report is still a decade aways itlear that much information about the state ef th
competitive environment is inaccurate, uncertainrdgnown. In recognition of this, it is the purpose
of monitoring and early warning efforts to discowemw, strategically relevant information as the

earliest possible time at which it becomes avadiabl

9.2 Monitoring and early warning
The perpetual question arising when searchingifmssof change, which have yet to be recognised,

is what to look for. Some common answers have beécused environmental scanritfgvarious
forms of sensitivity and risk analy$i§and competitor monitorirfe. An alternative to these
approaches is presented by the explicit establishofahe multifold trend and its canonical
variations. Having made recognised expectationsnaegdr questions about the future explicit

provides a natural focus for obtaining new, straty relevant information.

2% See Van Wyk 1997
29 See Gilad 2004
300 5ee Porter 1980

109



Monitoring the progress and pace of the individolds of the multifold trend provides a systematic
basis for continuously verifying and updating gt expectations about the competitive
environment. As new information becomes availafoliels that are no longer strategically relevant
can be excluded from the multifold trend, while nexpectations can be included. Folds progressing
unexpectedly (reversing, oscillating, changing pate), proving the initial expectation wrong, can
be reconsidered as a canonical variation. Conwenslnitoring canonical variations provides a
systematic basis for continuously verifying and afptyy strategically relevant eventualities worth
hedging against. Clarified canonical variations tars be included in the multifold trend as
predetermineds, while outcomes of new strategistipes can be taken into account as new

canonical variations.

In recognition of the existence of deep uncertaititg multifold trend and the canonical variations
identified and explored in this report are notistabnstructs which will remain equally relevant fo
strategic decision making throughout the comingadec Rather, they form a basis for strategic
decision makingn the presentand provide a framework for systematically angliexly verifying
and updating assumptions about forces of chang¢handstrategic consequences over time. This

concludes Part Il of this report.
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Chapter 10: Conclusions & Perspectives

Through Part | of this report, | first made exgli@inumber of assumptions about the variables and
interconnections relevant to strategic decisioninglkn the competitive environment of the wind
turbine industry. Part Il identified a number ofokyn forces of change assumed to influence the
competitive environment over the coming decadet IRahen explored the strategic consequences
of these forces for wind turbine manufacturers.tiiat basis, this chapter will be concerned with
answering the research question posed in Chapéer\iell as discussing the perspectives of

strategic foresight in general and the one contkimehis report in particular.

10.1 Answering the research question
So, what forces will shape the competitive envirentrin the global wind turbine industry over the

coming 10 years and, what will be the strategicsegaences for wind turbine manufacturers?

Briefly, the known forces of change identified iarPll can be summarised as a number of

challenges posed to wind turbine manufacturers theecoming decade. These include:

» The challenge of concentrated, conservative, psajaal and international buyers of still larger
wind projects

» The challenge of increasing importance of scalesmoge in wind turbine manufacturing

» The challenge of increasing standardisation andityabf wind technology and the increasing
emphasis on process discovery

» The challenge of the increasingly specialised adépendent supplier network

A\

The challenge of volatile industry growth and madeope

» The challenge of entry or emergence of new conggstit

As described in Part Ill, wind turbine manufactsrare — and will be — in very different positions

with regard to meeting these challenges and thraitegjic consequences over the coming decade:

» Full-line differentiators must maintain cost adwage through product differentiation and
technological leadership in the face of an increglgimature technology and standardised
components. Exploiting the emerging offshore mavkate seriously considering becoming part
of a larger differentiated company, are the keyospmities for this type of manufacturer.
Failure to do this can be favourably pre-emptethégoming a narrow-line industrialist or by
retreating backward into component manufacturing.

» Narrow-line industrialists must streamline theioguction to cut cost and increase reliability,
taking advantage of the developing supplier netywatkle seeking scale, scope and volume in
production. Achieving full serially optimised prattion is the key opportunity for this type of
manufacturer. Narrow-line industrialists with exdame R&D capabilities may favourably pre-

empt by becoming a full-line differentiator.
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» Selective market specialists must maintain entryiéxa around their selected national and/or
regional markets in the face of increasing gloleahpetitors exploiting superior advantages of
scale, scope and technological capability. Idemtgfyand specialising to market segments which
are unattractive or inaccessible to larger compatitwhile forming protectionist alliances with
governments, are the key opportunities for thigtgpmanufacturer. Selective market specialists
can pre-empt this development by increasing thanket scope and become a full-line
differentiator or a narrow-line industrialist. Attetively, the proprietary market knowledge

possessed by selective market specialists maydeplayed through becoming a developer.

10.2 Perspectives
A valid question, first posed in Chapter 2, is wisetthe research question of this report can eeen b

answered in any meaningful way. Given the congsamposed by the major sources of uncertainty
on any attempt to consider the long-term futures dlear that no current answer to the research
guestion can be exhaustive. Hence, the findingkisfreport are necessarily incomplete - but are

they meaningful, and to whom?

It is implicit to the findings that they should, some manner, be meaningful to decision-makers
faced with the problem of designing business oregoance systems over the coming decade. In
saying this, it should be noted that this reposubject to academic standards appropriate tafteat
master thesis, and would no doubt have looked d#igrent if written directly to specific industry
decision-makers. Although theoretical and methagickl considerations would have been
marginalised and practical use of the findings easpged and specified, the substance of the report

would have remained.

Through the somewhat experimental method emplogee, the substance of this report is a
systematic exploration of the strategic consequentthe expectations and major questions
currently held by industry observers and participaipout the future of their industry. Imbedded in
such an exercise is both a principal strength andakness. On the one hand, the expectations and
major questions explored are ihdustry’s own and must therefore hold intrinsic meaning and
relevance to that industry. On the other handtHervery same reason, the expectations and major
guestions may be inherently rooted in the existiregtal models of the industry, and therefore be
firmly ‘inside the box’.

The same argument can equally be directed atgbeotisness of the method employed in the
systematic exploration of expectations and maj@stjans. The ICM too is firmly rooted in a
specific — and inherently limited — mindset; thatte five forces framework. A valid, question is

weather five forces are enough to meaningfully dbe@a competitive environment as complex as
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the wind turbine industry - an industry firmly setpolitical systems as well as economic ones.
Likewise, there may well be a trade-off betweengygematic rigorousness of the method and the
intuitive imagination, which would otherwise take place. Unstructured participatory methods or,
more commonly, unaided intuition does not, howegagrantee an unlimited and sufficiently
imaginative mindset. Rather, as it is often theectige reasoning remains implicit, leaving no audit

trail and little internal consistency.

Failing to take into consideration the truly unesgeel events for which business and governance
systems are unprepared, and which is currentlyidered ‘off design’, is a danger implicit to all
assumptions about the long-term future. Such assonspare nonetheless an unavoidable part of
decision-making, whether made implicit and intwgtivor explicit and systematically. As | will
argue, it is the role of strategic foresight toyide a rationally defendable basis for thinking

imaginatively and playfully about strategic choice®r the long-term future.
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Appendix A: Variables, terms & descriptions

This appendix accounts for the desk study throulithvthe variables identified in Chapter 3 was
empirically grounded in Chapter 4. The desk stunilyailly identified a ‘core body’ of industry
literature by a number of consultants and obsemvktise industry such as BTM Consult, Danske
Equities, Morgan Stanley and Carnegie SecuritieeReh along with The International Energy
Agency. Using these sources, the identified vagmblere assessed in terms of their relevance and
effect upon the competitive environment of the witibine industry. The variables not addressed in
the core literature formed the basis of lines aflery into more specialised literature and emplrica
studies such as Takeuchi and Ancona & McVeigh, eghing the relevance and effect of more
specific variables proposed in Chapter 3. Througtimeidesk study, variables considered important
to the competitive environment but not propose@liapter 3 were considered and included. As
described in Chapter 4, the aims of this processrgdirical grounding were two-fold:

1. Excludingvariables and relationships suggested by theiposig school, which areon-
existentn the unique context of the competitive environinaf the wind turbine industry.

2. Includingrelevant variables and relationships not suggdsygetie positioning school, which
areuniquein the context of the competitive environmenthad tvind turbine industry.

In the following, each of the variables considerethe context of this report are outlined in ordér
their impact upon each of the five forces.

1. Determinants of the threat of new entrants

Economies of scale in production

‘Y

Entry capital requirement:

Industry proﬁtabllrty Industry growthrate  Resourcefulness of incumbents
+

@ Industry attractweness O

+
Proprietarity of product technolo
Buyers' switching cos

Accessibiity of distrbution channels—

+

Strategic stakes in the industry
Exclusivity of government policies

Experience curve effects
Importance of locatio

Figure 3. The determinants of the threat of new enti

Economies of scale in productiofihe existence of economies of scale implies thattst of a
product, operation or function declines as the ibswolume per period incread¥s Like many
manufacturing industries, economies of scale gmfsggant in wind turbine manufacturing, making
market share a central prerequisite for long-terafitability>° In addition to advantages of joint
operations and specialisation, the sheer sizeeobttiers to be filled puts minimum requirements on

391 porter 1980:7
392 Danske Equities 2003:14-16

119



the viable size of turbine manufacturers. Econorofecale therefore present a significant entry
barrier to potential entrants and smaller incum&ht

Level of product differentiatiorDifferentiated products imply product familiari;d thus a certain
degree of product loyalty to incumbents’ produ@tsis can present a significant entry barrier to
potential entrants. In wind turbine manufacturitigg main parameters of differentiation identified
were: turbine size, reliability, deployment (onskloffshore), wind speed specialisation, warranties
and after sales service. Of these parametersbilélidhas proven especially important. Althougle th
entry barriers for assembling wind turbines frorafabricated components bought from
subcontractors are low; product reliability andraven track record of prior successful projectsaare
key selection criteria among the increasingly infed and sophisticated buyers of wind turbines. In
the absence of a solid track record, buyers willdhectant and financing will be considered risky
and therefore expensive. For these reasons, prddierentiation is an effective entry barrier anou
the industr§®*. See also switching costs below.

Entry capital requirementsin entry capital requirement is the initial intil@ent necessary to enter
an industry in absolute terms. High entry capiégjuirements lower the number of potential entrants
willing and able to make the necessary investmientsuccessful entry into the industty

Economies of scale (described above) and propoietapitel requirements (described below)
significantly increases capital requirements farcassful entry, forcing potential new entrants to
enter the industrin force thus limiting the number of potential entrantsl amcreasing financial

risk. Entry capital requirements for successfuhyemtto the wind turbine industry must be
considered a very significant entry barrier arotimindustry.

Buyers’ switching costS he total costs borne by buyers; including tieféort, capital, risk etc.
involved in switching between competing sellerag@iroduct. As already mentioned, demonstrated
performance and turbine reliability are major cotitpye parameters in wind turbine
manufacturing®. These are the major sources of brand identifioaind customer loyalty. In
addition to these ’intangible’ switching costspgdl buyer can obtain a number of negotiating
advantages through repeated orders to the samdanamer. Utilising the same turbine technology
opens the possibility of economies of scale in nwoimg and maintenance of the turbine fleet.
Existing service contracts and warranties with auf@cturer can often be extended on favourable
terms in connection with subsequent orders. Taagiht intangible switching costs related to
changing manufacturer and thus turbine technolpgsents a significant barrier to potential
entrants.

Accessibility of distribution channelsogistical access to points of distribution te final buyer.
Occasionally, third party project developers ach asediating link between wind turbine
manufacturers and the final owners of wind projeleteject developers locate suitable sites for wind
projects and negotiate with wind turbine manufaatsiand develop the proj&tt When operational,
the wind project is finally sold off to the finauier/utility companie$®. However, in this respect,
developers are no different than other large bugevand turbines. For this reason, accessibility o
distribution channels cannot be considered in ignlaas an entry barrier.

Proprietarity of product technologyhe difficulty (total effort) involved in imitatig the features of
a product for commercial benefit. A single modeindmurbine is estimated to contain more than

393 Morgan Stanley 2005:12

304 Danske Equities 2003:13, see also Alfred Berg 2006

395 See Johnson & Scholes 2002:114

3% 5ee also description of the significance of wagrgmovisions below.
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10.000 highly specialised componéfitsModern wind farms are composed of multiple tuelin
required to operate as a single power plant withimmim maintenance for up to 25 years. This
requires specialised knowledge in many fields @frsze not easily found in adjacent industties
Experiences with new entrants into the industrygestithat developing cheap and reliable turbine
technology from scratch to a level where it is cefitive with current standards is implausible. All
recent entry into the industry was done througltipase of existing manufacturers (GE bought
Enron Wind Corp, Siemens bought Bonus Energy) acrbgting a joint venture with existing
players (Gamesa set up a venture with VeSta®roprietarity of product technology must therefor
be considered a major entry barrier around the wirlsine industry.

Accessibility of inputsThe outsourcing options available to an industrg firm. Today, a wide

range of subcontractors is available to the wimbite industry*?, and in principal it is possible to
assemble a turbine entirely from prefabricated comept3™® This, however, is not sufficient to
guarantee accessibility to required inputs. Becafidégh growth rates in the industry as a whole,
component shortages are commonplace. The wincheuibdustry is notoriously sensitive to the
quality and timely delivery of key components. Dslan component delivery are extremely costly to
wind turbine project8® Type faults in components for larger wind progeate equally serious as
wind turbine manufacturers bear the financial resyality for the quality of turbines through
warranty provisions> (see below). Accessibility of inputs is a sigréiitt problem for experienced
incumbent competitot¥’, especially those with a lesser extent of veriicggration such as Vestas
and GE Wind", and must therefore also be considered a signifieatry barrier to potential
newcomers. Access to components also significafiicts the importance of location (see below)
for wind turbine manufacturers. As components iaseein size along with continued up scaling of
turbines, transport costs has become an incregdmglortant component in the cost of large
components. In addition, a close physical locattomajor component suppliers is also an advantage
in terms of R&D cooperation and partnerships betwaebcontractors and wind turbine
manufacturers®,

Exclusivity of government subsidid$e degree to which one or more national govemnimehrough
subsidies, are able to exclude or disadvantagednarestic firms. Although government subsidies
provided for the production of renewable energgational markets are not directly exclusive to
incumbents, research grants, and resources of gmeert institutions such as research centres and
educational facilities can significantly influenae incumbent’s competitiveness in its home market.
This was to a large extent the case in Denmark evther resources of Risg National Laboratory
played a central role in the development of theigtig? ™.

Exclusivity of government policieEhe degree to which one or more national govemseéehrough
policy or legislation, are able to exclude or disttage non-domestic firms. Local manufacturing
content requirements, preferential tax breaks éoneistic manufacturers, exclusive or preferential
access to national R&D funds, favourable treatrbgrglanning authorities and political contacts are
all part of the competition in various nationalttime market&°. Such policies present a significant
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311 Morgan Stanley 2005:12

312 5ee DWIA 2005:48-57 and Danske Equities 2003:11-12
313 Danske Equities 2003:13, see also Alfred Berg 2006
34 See e.g. Vestas' First Quarter Report 2006

3153See e.g. Vestas Annual Report 2005

%1% Takeuchi 2003:44

317" Morgan Stanley 2005:19

%18 Takeuchi 2003:50-51

319 See Skytte 2004:19

32035ee e.g. CRS 2006

121



barrier to potential entrarits. This picture is confirmed when looking at the dioamt position
attained by certain manufacturers in their homeketarsuch as Gamesa in Spain, Enercon in
Germany and Suzlon in Indf&

Experience curve effectEhe relative cost reduction per unit for every doupof accumulative
production. Empirical studies suggest that the obstind power has declined by 80% since 1980. In
terms of learning curve effects, this means a@hiction by as much as 15% (Price/MWh) when
the accumulative production doubl€s This finding is backed by studies of the histatic

importance of experience curve advantages in thd wirbine industri?*. Powerful experience

curve effects significantly benefits experiencetlimbents and constitutes a significant entry barrie
not easily overcome by potential entrants.

Importance of locationThe relative competitive advantage of locating dlativities of a firm in a
specific geographical location. Domestic manufaotucontent requirements, import restrictions and
other forms of protectionism along with varying @mncy rates and transport costs are important
incentives for turbine manufacturers to locate poidn facilities in or near certain markets. This
has been a long-standing issue for European manuacseeking access to Asian and American
market$” and must be considered a significant entry bafoiepotential entrants, placing extended
requirements on where to locate production faegitBeing located near major component
manufacturers is also a significant advantagerimgenf accessibility to inputs (see above) and R&D
partnerships.

Height of entry barriersThe total effort involved in entering an industAs illustrated in figure 3.4
Chapter 3, the height of the entry barriers ardinedndustry is determined the interplay of the
eleven variables described above. Economies of saal experience curve effects forces potential
entrants to enter in force considerably increasimigy capital requirements. Opportunities for entry
are further limited by proprietarity of product kemlogy and switching costs, which forces potential
entrants into buying existing manufacturers to gaicess to technology and a proven track record of
previous successful wind turbine projects. Foréhesasons, the entry barriers around the wind
turbine industry must be considered extremely high.

Industry growth rateThe industry growth, measured as the differengeercentage between one or
more growth indicators (total revenue, MW instalétd.) from one year to the next. Industry growth
may thus be negative. All else being equal, higiwtin industries are more attractive to potential
entrants than low growth industries. In additidre industry growth rate determines an industry’s
ability to absorb new entrant without depressirminbent’s sales and financial performafite\s
described above, the wind turbine industry is &{ggpwth industry, which over the past eight years
grew by more then 30% annudfyand with an expected growth rate of 15-20% overcttming

five yeard?® High industry growth must therefore be considexaignificant contributing factor to
the ability of the industry to absorb potential nemirants and therefore also a limiting factor in
terms of incumbent’s threat of retaliation. Thistpre is confirmed in some of the fastest growing
markets such as the U.S. where several vendorgpoeted to have sold dat Incumbent’s threat

of retaliation to entry in such market conditionsghbe considered limited.

¥2L see Windbitz 2006
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Resourcefulness of incumbertecumbent’s threat of retaliation to new entraatsignificantly
enforced if incumbents can deploy substantial nessuto counter would-be entrants. Such resources
could include excess cash, unused borrowing capaciequate excess capacity to meet all future
needs or great leverage with distribution chanaetsustomer§®. As described above, the wind
turbine industry is a highly concentrated industoyninated by a few large competitors. This would
in itself indicate that should determined retatiatoccur, it could involve significant resources. |
addition, several of the major incumbents are plldrger diversified energy companies. These
include GE Wind, Siemens, Enercon and Gamesa hatmoticeable exception of Vestas. The
resourcefulness of these diversified competitoesrasreased by the fact that they have the option o
drawing resources from their parent companies.nri@nts in the wind turbine industry must be
considered resourceful.

Strateqic stakes in the indugtin the broadest sense; incumbents’ commitmenbo(@mal, financial
etc.) to the industry. Incumbent’s threat of rettidin to new entrants is increased if incumbergs ar
highly committed to succeeding in the industry. iHexpectations to future growth and profitability
of the wind turbine industry significantly contriteuto heightened strategic stakes. This in turn
increases the determination among competitorsfendeor strengthen their position in the industry
and this increases the intensity if rivalAfthough the specific strategic stakes in the wimdbine
industry vary between individual competitors, tivermll stakes in the industry is closely related to
the high future growth prospects of the wind tuebimdustry>".

Threat of retaliation to entryPotential entrants’ knowledge of the probabilitgt incumbents will
expend resources to actively defend market sha@stga newcomer. The threat of retaliation to
entry is determined the interplay of the three s variables described above. Incumbent
competitors in the wind turbine industry must geaiigroe considered resourceful and their long-
term strategic stakes in this high-growth indusiry significant. This would indicate incumbents
pose a credible threat of retaliation to poterdigrants. However, in light of the current and
expected growth rate, turning part of the globaldmurbine market into a seller’s market, the intpac
of a new competitor entering the industry by buyangmaller incumbent may not warrant a forceful
retaliation. At least not while the industry growtte remains sufficiently high.

Industry attractiveness'he assessment of a potential newcomer abosizbeof the entry deterring
price relative to the size of its expected benefitentering the industry. The attractiveness of an
industry is determined by its current and futurefipeibility. Profitable industries work like a magn
for potential entrants. The same is true for indesexpectedo become profitable. The EBIT
margin for the major wind turbine manufacturershia period 2001-2004 was on average 13.5%.
This figure covers significant variation among widual manufacturers (As low as 4.6% for Vestas
2003 to as high as 23.4% for Suzlon in 2001) indigethat, at present, the industry is not one-
sidedly profitable compared to other productioruistdes2 The expectation of future industry and
market growth described below, and thus the pakftiure profitability, is a significant incentive
for potential entrants to overcome entry barriers.

In addition to the variables included in the théiosd propositions suggested by the positioning
school, the following additional variables wereritiged:

Extent of warranty provisiong he number of turbines under warranty and the f@riod covered
by warranties. As described above, based on therpisf entrants to the wind turbine industry, the
most likely route of entry would be to buy an induent manufacturer. A significant barrier to

%09 porter 1980:14
31 Carnegie Securities Research 2005:3
332 Morgan Stanley 2005:18
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buying incumbent wind turbine manufacturers isdhsessment of long-term risk of such a venture.
Many incumbents have issued long-term warrantiesiad turbine projects extending as much as
10-12 years into the future. The extent to whiclir@mmbent is bound by such obligations along
with their ability to meet them is unknown to pdiehentrants. Extensive warranties could therefore
lead to serious compensation claims and thus pieaerunknown level of risk to potential
entrant3®,

2. Determinants of the intensity of rivalry

Diversity of competitor: Industry proftabity

Strategic stakes in the industry

Height of exit barrier

Height of entry barrier - * Fixed to variable cost ratiee— "

Equality of competitor size and resourees—— = Intensity of rivalry Economies of scale

- +
\ Industry concentraton ratia/

: v

Number of competitors

Level of product differentiatio

Storage cost:

Industry growth rate

+
\» Size of capacity augments

Figure 3.5: The determinants of the intensity wélry

Buyers' switching cost:

Excess production capci +

Number of competitor§’he number of significant competitors in an indysindustries populated

by numerous competitors are more prone to inteasgetition, driving down profitabilit?*
Cooperation to keep prices stable and to avoicbpg®d price wars is difficult to sustain among
many competitors. Also, competitors’ ability to keteack of each other is usually lower, increasing
the incentive to make covert moves to undercut @iitipn, thus igniting competitive wars. As
described above, the wind turbine industry is gigjcstic and highly concentrated among only a few
truly global players. The major part of the winddine market is divided between five main
competitors; Vestas (34.1%), Gamesa (18.1%), Engi®.8%) GE Wind (11.3%) and Siemens
(6.2%)>°. From the point of view of the positioning schabis is significant factor limiting the
intensity of rivalry in the wind turbine industry.

Diversity of competitorsStrategically diverse competitors with highlyfdient backgrounds, goals
and assumptions about the industry in which thegpete, are more prone to intense competition for
similar reasons as industries populated by numesonmpetitors. It is more difficult to read

intentions and cooperate to keep prices stable grighly diverse competitot¥. Although the
diversity of business models is high in the winbine industry, no empirical evidence could be
found that this factor contributes significantlytt@ intensity of rivalry among incumbent wind
turbine manufacturers.

Strategic stakes in the industs described above, competitors’ strategic stakéise wind turbine
industry are related to the promising future gropsthspects of the industry. High strategic stakes

333 Stephen Rammer, analyst, Handelsbanken in Bedifigkende, February 2006
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must be considered a significant contributor todbmmitment of incumbents to the industry and
therefore also to the intensity of rivalry betwekam.

Height of entry barriersAs described above, the entry barriers aroundavihd turbine industry are
very significant by any standards. Although theyndb completely eliminate the threat posed by
potential new entrants, they do ensure that entoythe industry is rare and that the number of
competitors is kept relatively low and that potahéintrants are forced to enter in force and uguall
by means of buying an incumbent. The height ofethiey barriers is a significantly limiting factor
for the intensity of rivalry in the wind turbinedaostry.

Height of exit barriersThe total cost involved in leaving the industrygh exit barriers indicate that
excess capacity is slow to leave the industry, thissng the probability of extended price wars
among competitors as supply exceeds derfar@iven current expectations to industry growth of
around 15-20% over the coming five yeatsalong with the history of buy-outs as a means to
entering the industry, leaving the wind turbineustly is not likely to be costly as long as growth
prospects remain high. According to BTM Consultesal potential entrants would be prepared to
buy their way into the industry should such an apputy present itself®. General Electric’s
takeover of Enron Wind is a recent example. Higih lerriers cannot be considered a major
contributor to the intensity of rivalry.

Equality of competitor size and resourc&hle diversity of the resourcefulness of incumbdaee
above). Equal competitors are more prone to inteasgoetition because they have yet to establish a
clear balance of power. Equal competitors mutuadlye the resources for sustained price
competition, prolonging price wars until equilibmius found*°. Although Vestas is usually
considered the market leader in the wind turbieistry, based on its higher market share and first
mover status, a balance of power has yet to bedfanmng the major competitors in the indu¥fry
Equality of size and resources among the largeapetitors in the wind turbine industry is therefore
likely to be a major factor contributing to theensity of rivalry in the wind turbine industry.

Level of product differentiatiorAs described above, the main parameters of éffiteation identified
were: turbine size, reliability, placement (onslioffshore), wind speed specialisation, warranties
and after sales service. Although some level dédhtiation exists along these paraméférthe
overriding factor is price per MW instalf¥dand for this reason, product differentiation i$ litely

to be a major limiting factor in terms is rivalgs product-by-product substitution remains higle (se
below).

Storage costsThe total cost of storing a product per time uHigh storage costs create a powerful
incentive to sell products as soon as they areymex In times of overcapacity, this leads to price
wars to avoid storage. The sheer size of wind hedbimake them expensive to store, making storage
costs a significant contributing factor for theeinsity of rivalry in case of low demand.

Buyers’ switching cost#\s described above, buyers are faced with batpilide and intangible
switching costs in the form of demonstrated pertmoe, reliability, brand identification and
decreased bargaining power when changing betweanfawurers. In terms of intensity of rivalry,
this must be considered a limiting factor.
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Industry growth rateHigh industry growth offsets competition becaiigarns competition into a
plus-sum game. Wining an order does not necessadabn that competitors will have to loose it.
This is most clearly exemplified by the recent sition to a seller’s market in the U.S., where
several vendors are reported to have sold out amdifacturers have successfully raised prices in
response to increased dem#AdAs described above, the wind turbine industryliggh growth
industry, a fact that contributes significantlyiéavering the intensity of rivalry among manufactsre
and in effect offsetting many of the contributiragtiors outlined here. As described above, thés ha
significantly lowered the risk of price competitiand thus the intensity of rivalry in the indusfry

Fixed to variable cost ratioThe size of fixed costs (costs that cannot rgdmkl reduced) relative to
variable costs. High fixed operating costs creatpewerful incentive to fill capacity, which leatis
price wars when excess capacity is spfénthis is also true for the wind turbine industmhere

fixed production costs are high, increasing martufacs’ sensitivity to timely component delivery

(as described above) along with their sensitivotgeasonal variations in demand. Increased demand
at the end of the year, in response to the wirgas@n, remains a capacity utilisation problem for
several manufacturéfé. High fixed to variable cost ratios of wind turbimanufacturers must
therefore be considered a significant contribubahe intensity of rivalry, should wind turbine
demand decline.

Industry concentration ratidn this context of this report; the total markeare held by the top-five
manufacturers relative to the rest. Closely relébeitie number of competitors described above,
highly concentrated industries are less pronetemse competition because coordination of pricing
decisions are more easily maintained among fewapetitors. Dominant competitors can thus
exercise direction and avoid prolonged price Warés previously mentioned, the wind turbine
industry is highly concentrated around five majompetitors.

Size of capacity augmeni&he size of the increments in which new productiapacity is added.
Competitors adding production capacity in largeeneents run the risk of creating a situation of
temporary overcapacity and thus price-cutting ltcéipacity*®. This must be considered a
significant factor in wind turbine manufacturingh&re economies of scale and capacity utilization
both play a major role. Although a potential cagalpr intense rivalry, this variable is largelysut
by industry growth rates as high as 15-20% annualBaning that large capacity augments are
necessary just to follow the market. This mighngigantly change should the industry growth rate
decline.

Excess production capacityhe production capacity in excess of a firm’s kefishare. Due to
economies of scale and high fixed to variable catébs described above, wind turbine
manufacturers are highly sensitive to excess pitamlucapacity. Like the size of capacity augments,
this variable could be a serious catalyst for isgenvalry should the industry growth rate decliime.
this situation, manufacturers have a powerful itigerto increase capacity utilisation through
lowering prices.

Economies of scal@ he strength of the correlation between incumiientairket share and profits.
Economies of scale may create a powerful incembrapete on price and market share to attain
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greater volume in productid!. The need for market share along with strong itices for efficient
capacity utilisation must be considered a signifidactor contributing to increased rivalry among
wind turbine manufacturers. However, as it is thgecwith the size of capacity augments and excess
production capacity, economies of scale as a cdtafyintense competition is limited by high

industry growth.

3. Determinants of the competitiveness of subssitut

Industry profitabilty

Product-for-product substitutiun\ T
+

Need substitutioR——= Competitiveness of substitutes
/
Generic substitutic

Figure 3.6: The determinants of the competitiverdssibstitute

Product-by-product substitutioi his form of substitution occurs when a prodscsubstituted by
another performing the same function, only cheapéetter®.. As wind turbines are the only
plausible means by which electricity can be gereréiom wind, product-by-product substitution
happens when one turbine generation substitutdbemd®ue to the high rate of new product
discovery, this form of substitution is a signifitdactor determining the profitability of the instay
as a whole. See industry R&D expenditure and rbitew product discovery below. This
phenomenon was demonstrated in the mid 80s whpie wa scaling caused turbine designs to
become obsolete at an unprofitable Yate

Need substitutianThis form of substitution occurs when a new pidar service fulfilling the same
needrenders an existing product or service reduridanthe primary function of wind turbines is the
generation of electricity, and in this sense, wigxhnology is only one amongst a wide range of
renewable energy technologies, which in turn i$ pba still wider range of energy technologies,
constituting the total energy technology stock mé to energy suppliers. Depending on the
context, any energy technology capable of produelagtricity is a potential substitute for wind
energy. This is the primary form of substitutiorttwivhich wind turbine manufacturers should be
concerned.

Generic substitutionThis form of substitution occurs where produatservices compete for the
same portion of buyers’ disposable incdtfieAs wind projects are in themselves consideredatbj
of investment, rather than a portion of disposaideme, generic substitution is not relevant imtgr
of the wind turbine industry.

In addition to the variables included in the théiosd propositions suggested by the positioning
school, the following additional variables wereritiged:

Competitiveness of wind powdihe degree to which wind power is preferred atgesubstitutes.
The major need substituting technologies to wirtduide coal, oil, gas, nuclear, biomass and
hydrc®™®. The relative competitiveness of any of these tuits technologies is subject to significant
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regional and periodic variation, depending on dachors as local resource availability, fuel prices
wind conditions, subsidies, base load flexibilitg.eDue to significant increases in gas prices, the
generation costs of wind is now lower than thagas and fully comparable to the cost of &al

while significantly lower than that of nuclear pawé. Although wind power enjoys substantial
advantages along the major competitive paramedertified here, it is clear that significant
competitive pressures exist from a wide range béstute technologies. In terms of price
competition between energy technologies, IEA (20@tes that althougtotal costs remain
comparable, theoststructure varies significantly. In terms of costisture, wind power generally
has hng3 transmission costs and carries the nedzhfdkup capacity (see energy planning restriction
below)™".

Rate of new product discoveiihe rate at which new products emerge to keeprnpial need
substitutes at bay is an important factor detemgjthe overall competitiveness of substitutes.
However, the rate of new product discovery alsogases product-by product substitution, making
existing turbines obsolete. Throughout the histdrthe wind turbine industry, this has been
synonymous with up scaling, but advances in offsliechnology and specialised low-wind turbines
along with new composite materials have becomelgugportant sources of new product
discovery®®. Neij et al (2003) found that eight successive generationsimd turbines emerged in
the period 1980-2000, equalling an average timenal of 2.5 years between generatihGiven
these figures, the rate of new product discovesynsajor factor lowering the competitiveness of
substitutes.

Rate of new process discovemne rate at which new processes emerge to imghevproduction of
the product. This variable is closely related toremnies of scale and experience curve effects
described above. New production processes hadisatly contributed to cost reductions and thus
to the competitiveness of wind turbine technof8gy

Industry R&D expenditurdJsually measured as the percentage of reveneesfasresearch and
development. The rate of new product and proces®dery described above is in turn determined
by the industry’s R&D expenditure. In addition tmnepetitors’ own R&D expendituré,
considerable public R&D funds have been channelted the wind turbine industry throughout the
history of the industry® contributing significantly to the technologicaMééopment and cost
reductions of wind technology.

Government subsidies for renewable- and wind poWee extent to which government subsidies
influence the competitiveness of renewable powestdrcally, government subsidies for renewable
energy production have been a major factor in trgan emerging market for wind technoldty
Price/KWh electricity generated is stifle major competitive parameter in electricity prodoictand

in this respect; wind power does not enjoy undisgwost leadershify. Various forms of
government subsidies continue to be an importaorfan the competitiveness of wind power,
especi?&y relative to conventional energy techgigs such as coal, gas and to some extent
nuclear™.
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Competitiveness of fossil fuelthe degree to which fossil fuels are preferregrdkieir substitutes.
When looking at the global market for electricitpg@uction, fossil fuels hold a dominant position
with a total market share of 67%. Of this shar@| @the largest contributor with an estimated
market share of 39% in 2002, while gas and oil selares of 21% and 7% respectively. Looking
ahead to 2030, coal and gas will hold the majoreshnew capacity installations, taking up 39%
and 28% respectively, while the share of oil in reapacity installations is expected to be around
8%%". The competitiveness of fossil fuels is therelikely to remain a major contributor to need
substitution in the global energy market. In tewhsost structure, combined cycle natural gas has
the lowest investment costs but the highest vagiabkts, as the price of natural gas varies
significantly (see security of supply below). Tinwestment cost of coal plants is relatively high bu
fuel costs account only for a smaller part of thialtcosts. In addition, coal prices are signifiban
more stable than gas pric&s

Security of supplyThe perceived probability of the conditions oéegy supply remaining within
acceptable limits. The price of fuel is a critiparameter in the competitiveness of substitutes to
wind power. From the first oil crisis in the eans till today, security of supply has become aomaj
issue for conventional substitutes to wind suchassand oil, emphasising the role of energy
technologies with stable or no fuel supply demafid&uaranteed security of supply is a major
competitive advantage of wind power in that it riegg no fuel. The closest substitute technologies
with respect to high supply security are coal, byaind biomass technologié’

Competitiveness of nuclear pow&he degree to which nuclear power is preferrest g
substitutes. Nuclear power currently holds a sbétbe global electricity market of around 17%,
which is expected to decline significantly to 9%28980. Nuclear power thus takes up only 3% of
new capacity installations. In terms of cost stoet the investment cost for nuclear power is high
although running costs are very [ In addition, nuclear power has almost zerg@®missions,
which could become an increasingly important coitipetparameter (see climate concern below).
As a substitute for wind power, however, nuclear@osupplies base-load generatféna role not
suited intermittent power sources like wind, limgithe role of nuclear as a need substitute fodwin
energy.

Competitiveness of other renewabl€ke degree to which renewables are preferred ttrear
substitutes. Renewable energy has a share ofabalgtlectricity market of 18%, which is expected
to increase to 19% by 2030. Currently, hydropowehe most competitive renewable energy
technology with a share of the world renewableteldty market of 89% with biomass as a distant
second with a share of 7%. Wind takes up a sharatiglace along with geothermal, both with a
share of 2%. According to IEA (2004) this picturél shange significantly to 2030 as hydropower
will decline to 69%, mainly at the expense of wartl biomass increasing to 10% and 15%
respectively. Tidal/wave energy and solar powereapected to rise from currently insignificant
shares to 1% and 2% respectivélyln terms of cost developments, the capital atal tmst of both
on- and offshore wind power is expected to dedigeificantly along with geothermal and biomass
which will remain largely cost-competitive with vdrenergy, while the cost hydropower is expected
to increase significantly due to lack of suitatites’.
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Climate concernThe perceived importance of potential changdbkerclimate. Many energy
markets are highly motivated by environmental inives mainly linked to climate concerns about
continued C@emissions. Government subsidies supplied for enuiental performance plays a
major role in substituting conventional energy tembgy with renewablé&’. The so-calle@xternal
costof power generation from has become a key conigefilarameter in several mark&fs

seriously disadvantaging coal, oil and to a lesgéznt natural gas. The closest competitors to wind
in terms of CQ emissions are nuclear, hydropower and biomasspicig comparatively high
performanc®”.

Regional planning restriction$hysical and legal constraints to the designiatiyprojects. Not

only is wind power highly dependent upon favouratergy planning, but also on favourable
landscape planning regimes. Wind turbines are higisible and their operation is connected with
considerable noise emissions. Due to minimum wpekd requirements, turbines are often placed
rural areas, and thus frequently conflicts withunalt conservation and recreation interests. Several
cases have illustrated how dissatisfaction withpllaeement of onshore wind projects has led to
increasingly restrictive planning requireméfitsThis is a major reason for the further developmen
of offshore wind technology, where continued ugdisgeof turbines is possible.

Energy planning restriction?hysical and legal constraints to the integratibwind power into the
broader energy system. Compared to most subst#cimologies, wind power suffers from a
number of unique disadvantages making the techgdiaily dependent upon favourable energy
planning regimes/Aind is an intermittent power source and cannatefoee substitute base-load
generation technologies and thus requires flexbalskup generation capacity for periods with
insufficient wind. IEA (2004) estimates the additi cost of backup capacity to be in the range of
$5 to $10 per MWH®. In addition, wind turbines are often locatedtie periphery of the energy
system and must therefore be connected to theagtwv-voltage levels. This adds to the complexity
of the system, which in turn increases installatiosts where weak grids must be reinforéed his
requires flexible energy systems and equally flexénergy planning. IEA (2004) estimates added
grid costs to be $2.5 to $4 per M¥¥th Grid connection has been a major obstacle inrSpaie of
the most important wind power mark&fsIn spite of these disadvantages, recent studies h
indicated that it is possible to integrate consatde wind capacity in national energy systems
without any fundamental alterations in the existinigl structuré®®,

4. Determinants of the power of buyers
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Switching costs between suppliers

Industry profitabilty Relative concentration of suppliers

Intensity of rivalry among suppliers  +

@ - Industry's information
Industry’s purchase relative to suppliers' salés\L /

- + +
. Industry's price sensitivity—#Power of supplierse— Relative bargaining power of supplierse— Suppliers' threat of forward integration
Industry's purchase relative to industry's costs/' \
+ Industry's threat of backward integration
Importance of suppliers' inp . N .
to industry's product quaity - Availability of supplier substitutes

Differentiation of supplier groups' products

Figure 3.8: The determinants of the power of s

Buyers’ switching cost#\s described above, it is possible for wind tngbmanufacturers to impose
both tangible and intangible switching costs wheyens change between wind turbine
manufacturers. Switching costs therefore decrdasbdrgaining power of buyers.

Intensity of rivalry The proportion of profits absorbed by various petitive activities. As
discussed above, the intensity of rivalry amongdaiirbine manufacturers remains moderate
because of high growth. However, large orders fodvurbine are won or lost in a process of
competitive bidding and negotiatifin which price per installed MW capacity is thejara
competitive parameter. Although the intensity @ity among manufacturers is decreased by high
demand, the intensity of rivalry, especially forgar projects, must be considered a significartbfac
increasing the bargaining power of buyers.

Buyers’ purchase relative to sellers’ sal@se proportion of total sales attributed to agrbuyer
over a given time period. As the size of turbineisd projects and buyers of turbines has increased
so has the size of ord&% As this trend continues, the individual order hasome increasingly
important to manufacturers thus increasing buygtise sensitivity.

Buyers’ purchase relative to buyers’ costse proportion of a buyers’ total costs attrilolite a

single purchase over a given time period. A buyig considers a wind turbine project a major
investment relative to other investments, will dachanore in terms of lowering risks and
guaranteeing returns. In this respect, the winkiimgrindustry has seen two simultaneous
movements. Buyers have changed from individuaiedr power companies while wind projects
have gone from single KW size turbines to markshafti MW turbines. In spite of the changing size
of customers, a modern wind turbine project isgaificant long-term investment. Consequently,
such an investment will be subject to the scrugingl increased demands of a major investment,
increasing bargaining power of buyers.

Level of product differentiatiorif buyers can purchase the same product everentheir
bargaining position is significantly improved asyitan easily switch between competitors. As
described above, differences between manufactarernarked enough to create significant
switching costs between manufacturers. Additionf&icinces in terms of turbine size, reliability,
placement (onshore/offshore), wind-speed specialisavarranties and after sales service means
that product differentiation decreases the barggipower of buyers.

Importance of industry’s input buyers’ product dtalThe degree to which buyers’ profits are
affected by the quality of an industry’s produsthen the quality of buyers’ product is affected by
the industry’s product, buyers’ are generally jpsse sensitivé®. The quality and thus the
reliability of wind turbines are of primary importee to the operational economy of wind projects.
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As wind projects have grown bigger, wind manufagetsihave increasingly been forced to share the
risk of serial faults in wind projects through exted warranty provision%. The importance of
guality to buyers has therefore lowered buyer'segensitivity only at the expense of extended
warranty provisions.

Buyers’ profitability Buyer’s gains minus buyers’ losses. Lower prdfitsease buyers’ price
sensitivity as they attempt to cut cd&tsin recent years, major energy markets in Euroypkthe

U.S. has been deregulated and privatised and cdrmopdietween power suppliers has increased
significantly’®®, driving down the profitability of buyers’ of wintlirbines. Also, the introduction of
government subsidies directly or indirectly rewargihe cheapest renewable technologies has made
buyers increasingly price sensitive.

Buyers’ price sensitivityThe degree to which buyers’ value price over ofiteduct features. When
taking the seven determining variables investigatsal/e into consideration, buyer’s price
sensitivity is a major factor increasing the powebuyers. Modern wind turbine projects are
increasingly seen as large, long-term investmeamtshased by highly concentrated and informed
buyers. These in turn market renewable energy aeasingly competitive power markets, price
sensitivity of buyers is further increasgd

Relative concentration of buyerBhe size and number of buyers. The ongoing cdraion and
consolidation of the wind turbine industry has targe extent been matched rapid concentration on
the buyers’ side. As described above, large utiidgnpanies and developers have become by far the
most important buyers of wind projects, taking ovem smaller private buyers and local investor
groups. In addition, recent years have seen catsan among major developers and increased
attention from major utility companies startingtéde wind power seriousi¥y. These developments
have significantly increased the concentrationwfdss, increasing their relative bargaining power,
leading to increased demands on manufacturers-itavest, co-manage and even operate large
projects in order to win large contratts

Buyers’ information The accuracy of buyers’ information about thedoiciion cost of their

purchase. As described above, the increasing dagattisn of buyers also increases their ability to
play manufacturers against each other to loweeprand raise quality through competitive bidding
for project$®®. Buyers with significant experience with a wide raraf energy technologies

including past wind projects are better informedewichoosing one energy technology over another
and also when choosing one turbine manufacturaravether. This increases the emphasis on the
operational characteristics of the wind projectsas price, durability and the extent of production
and operational guarantees the manufacturer imgilb issue with the project. The increasing
sophistication of buyers increases their and thigiiity to play manufacturers against each other to
lower prices and raise quality through competibigding for project®*.

Buyers’ threat of backward integratiowind turbine manufacturers’ knowledge of buyers’
assessment of the entry deterring price relativba@actual benefits of integrating backwards. As
described above, major buyers integrating backwiatdsvind turbine manufacturing have been the
primary mode of entry into the industry and therefalso the primary threat. Due to the significant
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entry barriers around the wind turbine industrys th a threat posed by only a very small minooity
buyers and can therefore not be considered a daneeams by which buyers can increase their
bargaining power with regard to the individual jexdj

Industry’s threat of forward integratioBuyers’ knowledge of wind turbine manufacturers’
assessment of the entry deterring price relatithéactual benefits of integrating forward. In the
business of wind turbine manufacturing, it is watifierentiating between two levels of forward
integration: integration in to wind projedevelopmenand wind turbineperation and ownershign
terms of project development, Gamesa is the mgsiyhactive of the major manufacturers, but also
GE Wind and Vestas have development activitiesolirament in project development may become
significantly more common for wind turbine manufaets in the years to come, although not as a
function of the threat manufacturers pose to eistadd developers, as described above. In terms of
project ownership, only Gemesa has significanvdigs, indicating that the threat of forward
integration posed by wind turbine manufacturerssduos significantly decrease the bargaining
power of buyer$®.

Competitiveness of substitutés the broadest sense of the word; the degreénich substitutes are
preferred over of wind power. As described abowg,tachnology capable of generating electricity
is a potential substitute for wind power. Althouagliditional competitive parameters such as
environmental performance, security of supply aodegnment substitutes narrow the range of
potential substitutes in some markets, this musidnsidered is a significant factor empowering
buyers.

Relative bargaining power of buyerBhe degree to which buyers’ are able to demaweigrices

or better quality from sellers. As described abadke,relative bargaining power of buyers of wind
turbine is substantial. As buyers of wind projegté become increasing consolidated, professional
and informed they have been able to exert sigmfipaessure on the profitability of wind turbine
manufacturers. In addition, as wind turbine prgdwve increased in size, winning individual large
orders has become increasingly important, furthemiasing buyers’ bargaining power.

In addition to the variables included in the théioed propositions suggested by the positioning
school, the following additional variables wereritiéed:

Wind turbine demandrhe number or value of turbines demanded by &etawver a give time

period. Closely related to high historic and expddhdustry growth rates, rapidly increasing
demand due to political support for renewable epergpecially in the U.S. market has turned it into
a seller’'s market as several vendors in the UsSreported to have sold out for 2006, effectively
raising price¥®. High demand is thus a factor decreasing botlbéngaining power and the price
sensitivity of buyers.
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5. Determinants of the power of suppliers

Buyers' switching costs
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Figure 3.7 Determinants of the power of buy

Switching costs between suppliefge total costs involved in switching from oneplier to

another. Wind turbine manufacturers are highly depat upon their suppliers due to high
sensitivity to timely delivery and high product ¢jtyg as described above. Switching between
suppler and thus components often requires cetiific to qualify the supplier’'s input along with
significant testing to ensure reliability and corilpidity. Phasing in a new component is a time
consuming and expensive process entailing sigmifisavitching costS’. Also, due to
manufacturers’ differing technical solutions andepd rights, components are often customised the
rather than standardisgg further adding to the cost and complexity of shihg between suppliers.
In addition, the physical location of componentsigrs near major markets have become
increasingly important as the size of component® lggiown larger adding to transport costs. This
has made available suppliers with sufficient cagaszarcet’. Switching costs between suppliers
must be considered a significant factor decreasiagrice sensitivity of wind turbine
manufacturers.

Intensity of rivalry between supplierBhe proportion of supplier’s profits absorbeddmynpetitive
activity. As described above, the opportunity teate substantial switching costs for manufacturers
lessens the intensity of rivalry among componeppBars. Also, because of high industry growth,
reliable component suppliers and sufficient capasita scarce resource resulting in prolonged
component shortages for wind turbine manufactuteraddition, both technological and financial
entry barriers around component manufacturing (m®eaes, generators, blades, control systems etc)
are substanti#l®. Although these factors decrease the intensitivafry among component
suppliers, wind turbine manufacturers are oftetogla to individual suppliers and are reluctant to
rely too heavily upon any single component manuiaf’. Also, because of the high level of
concentration of the wind turbine industry, compatreuppliers are highly dependent upon only a
few customers and are therefore also highly seesiti changes in manufacturers’ sourcing
strategy2

Industry’s purchase relative to suppliers’ sal&sippliers will experience more price sensitive
customers when large orders are placed relatitteetsuppliers’ total sales. As the concentration of
the wind turbine industry is increased along wité size of wind projects, manufacturers’ purchase
relative to suppliers’ sales have likewise increlasignificantly. This development has made the
individual order more important to suppliers, tinseasing the industry’s price sensitivity.
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Industry’s purchase relative to industry’s coskfe proportion of an industry’s total costs aiited
to a single purchase over a given time period. l#s/a, suppliers’ customers will be more price
sensitive when suppliers’ input is a large porwdhuyers’ total costs. As discussed above, the
degree to which wind turbine manufacturers ardcadly integrated varies significantly and so does
the cost of procuring outsourced components. Theat rertically integrated manufacturers are
Gamesa, Siemetfd and Enercoft* while GE and Vestas have adopted a lighter nmi&tién

addition, some components represent a larger piopasf the total cost of the turbine than others.
Wind turbine components can be grouped in theviolig way: Rotor (20-30% of total cost),
Nacelle and machinery (25%), Gearbox and drive t{fh0-15%), generator systems (5-15%) and
tower (10-15%3°°. Blades, nacelles and control systems are the spesialised and vital
components in terms of turbine efficiency and aneally manufactured in-house whereas
generators, gearboxes and towers are often outsfitfrdianufacturers’ purchase relative to their
total costs must therefore be considered a sigmifitactor influencing manufacturers’ price
sensitivity.

Differentiation of supplier group’s product¥he substitutability of the products from partau
suppliers. As described above, wind turbine marufacs manufacture the most highly specialised
components themselves, while outsourcing more ataligbd components to suppliers. However, as
we have seen, customisation of components to théhsuneeds of individual manufacturers are not
uncommon, allowing suppliers to differentiate thetass from their competitot¥. Also, product
guality and reliability along with timely deliveare important parameters of differentiation valued
by manufacturers. Differentiation of suppliers’ guats must therefore be considered a significant
factor influencing manufacturers’ price sensitivity

Importance of suppliers’ input to industry’s produgiality. The degree to which an industry’s
profitability is affected by the quality of suppig products. As described above, quality and
reliability of components are essential to the fyalf the final turbine. Because of extended
warranty provisions, wind turbine manufacturersrtzesignificant part of the financial risk
connected to serial faults. Suppliers’ input igéhere of very high importance to the quality of
manufacturers’ product quality significantly deseg the price sensitivity of manufacturers.

Industry’s price sensitivityThe degree to which an industry values price oteer features of
suppliers’ products. Based on the investigatiothefsix above variables, the price sensitivity of
wind turbine manufacturers are significantly linditey high switching costs and the importance of
suppliers’ input to manufacturers’ product qualitye price sensitivity of manufacturers is however
improved as the size and thus the importance ahtfieidual order increases. The low price
sensitivity of wnd turbine manufacturers must tfieme be considered a significant factor decreasing
their profitability.

Relative concentration of supplierBhe size and number of suppliers relative tovwirel turbine
industry. The wind turbine industry is highly contmited around only a few major manufacturers
and so is the demand for components. The relatleglyconcentration of suppliers means that
component manufacturers have only a few custonmetsteat even small changes in a single
manufacturer’s sourcing strategy can have majofigaons for demand and thereby suppliers’
earning8”. In addition, manufacturers may demand comporgatifications suited to their specific

93 See Morgan Stanley 2005:19

04 See Danske Equities 2003:8

%5 See Morgan Stanley 2005:19

“% Ancona & McVeigh 2001:2

07 See Morgan Stanley 2005:18 and Danske Equitie8:800
% See Takeuchi 2003:47

% Danske Equities 2003:11

135



turbine models, which cannot therefore be soldhemmanufacturers in case of failing demand. The
low relative concentration of suppliers is a sigrant factor decreasing suppliers’ bargaining power

Industry’s information The accuracy of the wind turbine industry’s imf@tion about the production
cost of outsourced components. As described alseveral wind turbine manufacturers are partially
or wholly vertically integrated into component méaaiuring. This is especially true for diversified
manufacturers such as Gamesa, Siemens and Gelesaicegiving them hands-on experiences
with the production of a wide range of energy tetbgies and components. Manufacturers’ are
generally least informed about generators and gaad) which are highly complicated to make and
where only a few reliable suppliers exist. In spitehis, GE Wind and Gamesa both have in-house
production of generatdf$. Wind turbine manufacturers must therefore be idened highly

informed buyers.

Suppliers’ threat of forward integratioffhe knowledge of the wind turbine industry abinet
assessment of suppliers of the entry deterringepatative to the actual benefits of entering
integrating forward. As described previously, bwyetegrating backwards into manufacturing have
posed the primary threat of entry into the windiae industry. However, FKI plc, a producer of
turbo generators recently took over the German Wlinbine manufacturer Dewind, demonstrating
that suppliers too pose a credible threat of fodwategratioi**. Because of the significant entry
barriers protecting wind turbine manufacturerss ttannot generally be considered a major leverage
for suppliers in terms of bargaining power.

Industry’s threat of backward integratioBuppliers’ knowledge about wind turbine manufeets’
assessment of the entry deterring price relatitbéactual benefits of integrating backwards. The
varying degree of vertical integration among tuebmanufacturers also suggests a credible threat of
backward integration posed by manufacturers interse¢ areas component manufacturing. Such a
threat decreases the bargaining power of supptid¢tsat they have to meet the deterring price, dpein
the price that just balances out manufacturergmal rewards of entfy”. Generally, technological
and financial entry barriers into wind turbine campnt manufacturing (gearboxes, generators,
blades, control systems etc) are considered ratget? but this is only relative to the deterring
price, as manufacturers perceive it and as we s@@e, wind turbine several wind turbine
manufacturers have significant know-how in manyaref component manufacturing. The threat of
backward integration is a significant factor desmeg the bargaining power of suppliers.

Availability of supplier substitute3 he ability of wind turbine manufacturers to stitoge suppliers’
inputs with a principal alternative. Componentshsas generators, blades, control systems, towers
etc. cannot be directly substituted with alterregivOnly Enercon has successfully substituted
gearboxes, developing a gearless turbine baseid@generator technology. In spite of this, in the
sense that this term is used in Porter (19803, bt meaningful to discuss supplier substitutdbeén
context of the wind turbine industry.

In addition to the variables included in the théioed propositions suggested by the positioning
school, the following additional variables wereritiéed:

Availability of inputs Wind turbine manufacturers’ ability to purchasgsmurced components. As
previously described, component shortages are corplace in the wind turbine industry. Wind
turbine manufacturers are notoriously sensitivih&oquality and timely delivery of key components.

*1% Danske Equities 2003:9
“11 Takeuchi 2003:43

“12 porter 1980:14

“13 Danske equities:11

14 Takeuchi 2003:43
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Delays in component delivery are extremely cosilwind turbine projecf$®. Type faults in
components for larger wind projects are equallyossras wind turbine manufacturers bear the
financial responsibility for the quality of turbiséhrough warranty provisioft§. Accessibility of
inputs is a significant problem for experiencediimbent competitofs’, especially those with a
lesser extent of vertical integration such as \&eatad GE Wintf®

“15See e.g. Vestas’ First Quarter Report 2006
“1®See e.g. Vestas Annual Report 2005

*" Takeuchi 2003:44

“18 Morgan Stanley 2005:19
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Appendix B: Relationships

This appendix contains descriptions and considmraif the 17 additional causal relationships
proposed through the cross impact analysis in @nd&ptTheceteris paribusargumentation used
here is elaborated in Chapter 3.

Height of exit barriers2 + strategic stakes in the industryhis relationship is proposed by Porter
(1980). From the viewpoint of the positioning schdle exit barriers around an industry is a
determinant of the price of failure and thus thech® succeed in an industry. High exit barrietsth
imply high strategic stakes, all else being equal.

Industry concentration ratie? - Relative concentration of buyeihis relationship is proposed on
the grounds of the inevitable logic that, as amgtd/ concentrates into fewer and larger firms, the
relative concentration ratio of its buyers are libtmdecreasall else being equal.

Industry concentration ratie? - Relative concentration of supplieiss above, this relationship is
proposed on the grounds of the inevitable logit &saan industry concentrates into fewer and larger
firms, the relative concentration of its suppliare bound to decrease, all else being equal.

Relative bargaining power of buyet + Extent of warranty provision®\s the size of wind projects
have increased, so has the bargaining power ofichdil buyers relative to wind turbine
manufacturers. As a consequence, manufacturersimereasingly been forced to share the risk of
serial faults in wind projects through extendedramaty provisions as an increasingly important part
of winning large ordefd® as described in Chapter 4.

Industry growth rate> + accessibility of inputsUnexpectedly high industry growth rate coupled
with high sensitivity to component shortages hanlt@e principal cause of industry wide
component shortages as described in appendix Aeabgeeaccessibility of inputg section 1 in
said appendix.

Extent of warranty provisions* + importance of suppliers’ input to industry’s mhact quality As
described in appendix A above, wind turbine manufacs are notoriously sensitive to the quality of
components because they bear the financial riskpef and serial faults through warranty provisions.
Extended warranties thus increase the importantigeauality of components as manufacturers bear
the financial risk of technical flaws.

Wind turbine demane? + Industry growth rateLogically, an increase in the growth rate of an
industry presupposes an increase in demand, albeisig equal.

Competitiveness of wind powe¥ + wind turbine demandJnder normal market conditions, an
increase in the competitiveness of a product wdbl to an increase in demand, all else being equal.
Wind turbines are considered no exception.

Experience curve effect® + Competitiveness of wind pow&ixperience curve effects are felt
through cost reductions as a function of cumulabiwgput. Cost reductions will improve the
competitiveness of a product, all else being equal.

Threat of new entrants> + Buyers’ threat of backward integratioAs described in Chapter 4,
buyers have posed the principal threat of entry ihé wind turbine industry. As the general thi&fat

“9See e.g. BTM 2005a:21
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entry changes, so does the threat posed by bwajeetse being equal. The causes of the general
threat level are presented in Chapter 7.

Threat of new entrants® + suppliers’ threat of forward integratiori-ollowing the same logic as
above, as the general threat of entry changege®ttie threat posed by suppliers, all else being
equal.

Need substitutior? - wind turbine demandAs described in Chapter 4, the level of need tsuition
indicates the degree to which a substitute is @bfelfil the same need as the product of an ingust
Need substitution is thus a determinant of demalhe@]se being equal.

Wind turbine demane? + experience curve effectds experience and thus cost reductions are
gained as a function of cumulative output, it falothat demand is a determinant of experience
gained, all else being equal.

Rate of new process discovety+ Experience curve effectdn increased or decreased rate of new
process discovery will affect thErogress ratioof a conventional experience cufffand thus the
effect of experience gained as a function of cutiudaoutput, all else being equal.

Rate of new product discovety + Proprietarity of product technologyA rapidly advancing

product technology is more proprietary and visasaeNew product discovery produces the need to
‘keep up’. This involves specific costs borne byamators and imitating followers that would not
have existed otherwise. These costs increase ptapty of the product technology, all else being
equal.

Industry concentration ratie? + Resourcefulness of incumbems an industry consolidates around
fewer and larger competitors, it follows that tkeaurcefulness of each of these competitors insterm
of retaliatory power to a new entrant will increased visa versa. Thaarket powenf a competitor

is thus equal to its relative market share.

Threat of new entrants> + Intensity of rivalry Any threat of new entrants faced by incumbents is
ultimately the threat that more competitors wiltearthe industry with which they must share profits
and market share as described in Chapter 7. Thattlavel is thus equal to the potential profits
forgone by entry multiplied by the probability aftey in a given time period. Threatened industries
have a higher probability of an increasing thensity of rivalry than do none-threatened industries
all else being equal.

420 See Neijet al2003
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Appendix C: Interviews — considerations, interviewes & questionnaire
This appendix accounts for the interviews conduetegart of Chapters 6 and 7.

Selection of interviewees

The industry observers and participants interviefeedhis report were selected to represent the
broadest possible spectrum of the industry giverithited resources available for the project. The
larger part of interviewees represents major winbdihe manufacturers, willing and able to share
their knowledge with the author. In addition to @ifa) turbine manufacturers, it was the aim of the
selection of interviewees to cover representatin@s (b) suppliers, (c) buyers in addition to (e)
outside industry observers. These groups are reqiexs in(X) interviewees listed below.

The protection of interviewees

Overcoming potential obstacles to openness andshpabout expectations to industry
developments involved a trade-off against accoulitialin the context of this report, interviewees
are not quoted directly or indirectly in a manneijch allows statements to be linked to a particula
interviewee. Nor are their views to be interpreasdhe ‘official policy’ of their respective
organisations but as their personal assessmentslowias found that these conditions greatly
improved the quality of the interview data at tlostoof a clear audit trail.

The interview process

With two exceptions, the interviews were condudigghone in sessions lasting from half an hour
to an hour and a half. Bjrane Lundager Jensen atet Riels Hauge Madsen were interviewed in
person in one hour sessions. Notes were takengditimninterviews and a full summary (usually one
normal page) was returned to the respondents bgike-fine interviewees were given the
opportunity to correct, clarify and amend these mames, aligning them with their expressed views,
before final approval. Two thirds of the intervieageused this opportunity to modify the summaries
before approval.

Theinterviewees
For the purposes of this report, the following dustry observers and participants were interviewed:

» Adrian Cronin, International Policy Advisor, Vestasd systems
» Bjarne Lundager Jensen, Director of the Danish Wldistry Association
» John Thomas Olesen, Assistant Vice President, ¥&¥tad Systems

* Niels Mgller Jensen, Manager, Technology & Proje¢tgtenfall Generation Nordic
Countries, Wind Power

» Per Hornung Pedersen, Managing Director, Suzlord\brenmark

» Peter Niels Hauge Madsen, Consultant, Risg Natioaladratory, and former long-term
employee of Siemens Wind

» Steen Broust Nielsen, Head of Corporate CommuuicgtiLM Glasfiber
The interview considerations
The interview guide was designed on the basiseptinciples outlined in Kvale (1996), Schwartz

(1998), Heijden (1998) and Porter (1985). The dirtinese principles are summarised in the
following:
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» To ensure that, although the interview necesshalya point of departure, it remains open-
ended and avoids prefixed conclusions;

» That the interviewee, to the widest possible extseils the agenda,;

» That the questions are general and minded on loeerfy conversation;

* To ensure that the interviewer, to the widest gos®xtent, responds only in a reactive
mode, restricted to elaborating questions, claiians, and feedback to the interviewee;

* To allow the interviewee to reflect, contemplate aephrase responses;

» To create an informal and relaxed atmosphere atigvio the widest possible extent, free
thinking and imagination in the absence of conwenti

In spite of the efforts made to create an atmospimeluctive to ‘free thinking’, and selecting
interviewees from heterogeneous institutions atatioms to the wind turbine industrsituational
biasis likely to have played a significant role amangn the most liberal-minded interviewees. The
interviewees necessarily form part of the geneiiabiget and established conventions of the
industry, inevitably creating blind spots and pmsesed and unquestioned ‘truths’ about the future
development of the industry (Heijden 1998). In scemliterature, it is still far from clear how to
address this problem. A common answer is seekihg@uarkable people’ with a unique outlook
upon future developments (Schwartz 1998). This@qougr, however, raises the issues of how to
identify such individuals and if these unique oaks have any special legitimacy other than the fact
that they differ from consensus. No such attemptiieen made in this report and | thus accept
situational bias as an inherent weakness of thaadet

The interview guide
Based on the above principles, the following questiwere posed to interviewees in the order
described belof™*

1. What, in your opinion, will be the most importariferences among the buyers of wind
turbines over the coming decade compared to tadaywhat will be the consequences for
wind turbine manufacturers?

2. What, in your opinion, will be the most importaifferences between what is required for
winning an order over the coming decade comparéaday, and what will be the
consequences for wind turbine manufacturers?

3. What, in your opinion, will be the most importanfferences between the wind turbine
manufacturers occupying the industry over the cgndiecade compared to today, and what
will be the consequences for wind turbine manufara?

4. What, in your opinion, will be the most importarferences between the subcontractors to
the wind turbine industry over the coming decadagared to today, and what will be the
consequences for wind turbine manufacturers?

5. What, in your opinion, will be the most importanfferences between the competitive
pressure from substitutes to wind power over thming decade compared to today, and
what will be the consequences for wind turbine nf@acturers?

6. What, in your opinion, are the most important uteieties faced by the wind turbine
industry over the coming decade — what could makewrong?

21 These questions were often posed in a more infdenguage than presented here according to theiptes
described above. This should not alter the esdentianing of each question.
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7. If you were to pose three questions to an oraabeitathe development of the wind turbine
industry over the coming decade, what would the¥ be

As described above, these general questions wehef@éowed by elaboratory questions, probing
the details and rationale of the general answer.
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