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ABSTRACT

Forty years ago, awind power industry did not exist. Today, it not only exists but it flourishes.
This development is surprisng because it has involved the spread of aradica new technology
through a sector that is higtorically both very risk averse and characterized by high barriers to
entry. This thegs tries to explain the success of wind power by examining exising hitoricd

dudies, quantitative data sources, and a set of origind interviews with key industry participants.
It uses ideas from two sociologica subfidds—Socia Congruction of Technology and New
Indtitutiondism—to go beyond smple ideas of technologica or economic determinism. It looks
a how the success of wind power involved the co-evolution of physica technologies that are
believed to work, and new organizationa arrangements thet are perceived to be beneficid. The
development and use of windmill technology was not smply the direct result of technica
breakthroughs or industry deregulation but was caused by the interaction of these factors with
changes in indudry organization, resulting in the development of a new organizationd field in
which a particular kind of wind generator makes sense. The thess dso looks a how the
perceptions of the stability of this technology/field combination feed back into the indtitutiond
Setting and hence push future development in a particular direction.






INTRODUCTION

This research takes a single case—the wind power industry—and explores both its
technologica and organizationa development within the context of the eectricity industry. The
centra task isto explain the success of this new industry by combining the insights from the
Socid Congruction of Technology and New Inditutiondlism in order to get beyond smple
technical or economic explanaions. Technologies are not just socialy congtructed through
complex processes of negotiation between various interest groups in the early phases of
development; in fact technology is never stable. The socid groups which negotiate the
condruction of a“working” technology are themsdves congtructed and changing, such that the
perception of stability itsdlf is defined by the nature of the inditutiona context a any given time.
Thusin order to explain the processes of industry and technology formation and success,
snapshots and cross-sections smply will not do. Understanding the dynamic nature of
technologies and organizations in the broader context of socid, economic, politica, and cultura
changes over timeis essentid for understanding economic and organizationa behavior.
Examining in detail the case of wind power demongrates this dam.

The case of wind power was chosen because it provides a unique opportunity to
combine technologica and organizationd sociology, as neither paradigm done provides a
satisfactory explanation for thisindustry's success. Furthermore, energy issues present
tremendous mord, socid, economic, politica, and environmenta chalenges for contemporary
society. The dependence of the United States on fossil fuels such as cod and oil when there
seem to be dternatives that make so much more sense from a socid and environmental—and
even economic—standpoint is, to say the least, concerning. Understanding how and why
society has become locked into ways of behaving that are far from the mogt efficient or hedthy
courses of action for the long term is essentid for creating a better world in the future. Because
thisissueinvolves at its core technologies, and because these technol ogies are embedded and
used by actorsin complex organizationa networks and ingtitutions, both of these broad aspects
need to be examined smultaneoudy. Understanding in detail how current possible choices of
action are introduced and how they become accepted by a particular set of organizations once
they become aredlity is, therefore, essentid.

The modern energy sector is frequently engaged by political scientists and economists
but rardly by sociologists.® Thisfact is somewhat surprising given that so much recent

! There are several notable exceptions here. Organizational sociologists have begun to address aspects of
the electric power industry in the last several years, focusing on changesin institutional environment and
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sociologica work has been amed at understanding economic behavior and the structures of
markets, politica processes, and culturd change. However, a Sgnificant body of sociologica
work has confronted generd issues relating to technologica change and organizationd
dynamics. Research on technologicd change in particular takes amultidisciplinary stance,
positing that the economic, the socid, the palitica, and the technicd are dl intimately connected.
In order to understand technologica change one must dso understand the context in which this
change takes place. Research on organizations and ingtitutions has thus been successful at
providing some insights into the ways that these contexts influence economic decision-making
and how such choices are shaped by amilieu of non-economic factors, aswel as how al of
these factors then interact to form complex systems which help guide organizationa behavior.
These two aress of research offer many andytica and methodologica tools for understanding
wind power in particular.

Perhaps the apparent avoidance of the electric power industry by organizationd
sociologists semsin part from the uniqueness of the product: with dectricity, demand must
exactly equd supply a dl times. The energy flowing into the lights of the room in which the
reader now ditsis being generated at that moment and flows ingtantaneoudy through thousands
of miles of cables from the power plant to the light bulb. When the consumer flips the switch, it
is expected—and demanded—that power be provided at that moment, without dday. The
physicd dructures involved in accomplishing this feat are tremendous, and the organizationd
components are perhagps even more astounding. But the mgority of socid scientific work on
this sector cannot get away from notions of efficiency and cos—as conceptudized in classcd
economics—as immutable independent variables. Asthe field of economic sociology has
reveded, even these concepts are socidly constructed and influenced by ingtitutional
environments. The eectric power industry is thus an gppropriate field of sudy for sociology as
well asfor economics.

While the physica nature of the product provided by the power industry is unique, O
too isthe palitical and socid environment surrounding it. Because this product is so essentid to
modern life, the range of stakeholdersis extremdy broad. All persons and organizations have a
gake in the way that eectricity is provided and produced. 1t thus becomes extremely difficult to
andyticaly bind the suject of study and to focus on only a single aspect of the industry; one
cannot explain choices of technologies by deferring to cost done, as policy and culture influence
both the perceptions of cost and the nature of the environment in which costs are caculated.
Smilarly, one cannot explain such choices by deferring to policy or culture done, as technology

the emergence of new fields. Both Russo’swork (2001) and the work of Sine, Haveman, and Tolbert (2002)
focus on the formation of the independent power production industry in the context of policy and
regulatory changes affecting the entire power industry starting in the late 1970s.



INTRODUCTION 3

and organizationa relaionships are distinct from such factors but are intertwined with them
aswell. In order to understand more completely how organizations and technology interact to
shagpe economic behavior relating to a particular type of product, the changing nature of the
meanings assgned to such constructs and the perceptions of viable courses of action is
examined in detall.

This thess makes such an examination by focusing on the forma rearrangement of
organizationd actors within an organizationd fidd as aresult of federd and sate policies.
Starting in 1978, a system of competition in wholesae generation was dowly introduced into an
organizationd field with an established natural monopoly structure. As aresult, two
organizationd forms (utility and nonutility) have come to coexigt in an organizationd field
historically dominated by one. Throughout this thes's, these two organizationd forms are
conceptudized as belonging to separate organizationd fidds. Electric utilities, condtituting the
established dectricity industry, belong to FIELD 1. Nonutility independent power producers
(IPPs) belong to FIELD 2, which was created by a politicd action. Understanding its evolution
and relaionship to FIELD 1 isacentrd concern of thisthess, asthis organizationd change has
been coupled with changesin the types of technologies used to produce power aswell. New
renewabl e technologies including solar, biomass, geothermd, and wind have increasingly been
pursued as dternatives to the more traditiona types of foss| fuels and even older renewables
such as hydropower. Thisthes's argues that these two changes, whileit is perhaps possible to
separate them conceptualy and andytically, are in redity interdependent and co-evolving
congtructs that smultaneoudy affect each other. Focusing on both a new technology (wind
power) and anew organizationa form (nonutility 1PPs) within the context of broader industry-
wide changes affecting the cognition of organizationa actors, the potential courses of action and
technologies available to them, and the relationships between them demondtrates this clam

The structure of thisthessisasfollows. Chapter One provides the theoretica
frameworks of the two subfields of sociologica research most heavily drawn from. Thefirst
section of Chapter One introduces the Socid Construction of Technology (SCOT) by
highlighting the work of Wiebe Bijker, a prominent researcher in the field. Researchinthisvein
posits that technology evolution is not asmple linear process; the prevaence of agiven
technology cannot be explained smply by the fact that it “works” Instead, what it meansto
have a“working” technology isasocia congtruction built by various redlevant socid groups
(RSGs) with different definitions and meanings of what a given technology should look like. The
second section of Chapter One then provides the conceptua foundations of New Indtitutiond
sociology, abody of research which began by trying to explain the gartling homogeneity of
organizationa forms by addressing the context in which economic behavior takes place. It later
incorporated organizationd innovation and heterogeneity. Centrd to work in thisfield isthe
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notion that economic and organizationd behavior—Iike technologies—cannot be explained
functiondly. In other words, the prevalence of some organizational forms rather than othersis
best explained by addressing the relationships between actors as they Strive for legitimacy within
exiging sysems and ingtitutiond frameworks. Although Chapter One combines the conceptud
indgghts from each theoretica subfied, it draws the most from the methods of SCOT. Chapter
One ends with a summary of the methodology used in this current thesis, as well as some of its
strengths and weaknesses.

Chapter Two examines the physicd technology of the modern windmill and the
processes of its development within industry research and development (R&D) firms and field
testing settings. In the SCOT tradition, this chapter highlights the fact that the perceptions of a
“working” modern wind turbine are socidly congtructed, and that these congtructs actudly
influence the physicd design of the machine. Understanding the nature of the relationships
between organizational actors—or RSGs—is then essentid for explaining the evolution of wind
technology. Chapter Three, by contrast, focuses on how the RSGs involved in wind technology
have themsalves been congtructed. In the tradition of New Ingtitutional sociology it looks at
how mgor public policies have dtered the ingtitutiond setting of R& D, caused industry-wide
restructuring, and changed the roles and perceptions of the participants in relation to each other.
Chapter Four concludes the andysis by considering some significant barriers that appear to be
magor problems for participantsin terms of the future success of the industry. It shows how the
causal processes discussed in Chapters Two and Three come together, highlighting the ways
that technological change, organizationd form, cognition, and policy interact with one another.
While each of these chapters are separated andytically asaway of presenting the data, these
diginctions do not definitively exigt in redlity; in fact thisis the central argument of thisthess.
Technology and organizationd forms co-evolve and cannot redlly be separated from each other.

Asafind comment before dl of this gets underway, it seems appropriate to note who
this current research isintended for. This study crosses severd disciplinary boundaries even
though it is most firmly rooted in sociology. This study—while it engages policy issues
throughout and views policies as essentid explanatory variables—is not a policy sudy per se
and does not take a stance about the gppropriate or ided direction of future policies. It offers
few recommendations for practical action. In other words, this study isfirst and foremost a
descriptive endeavor in the sociologica and historicd traditions intended to inform sociological
theories, not a prescriptive endeavor intended to shape future policy choices. This being said,
the participants themselves, many of whom are directly and indirectly involved in the policy
process, are s an audience for this current work and many of them will receive copies of it
upon its completion. Asaresult, this study will become a part of the ongoing didogue between
all of the various types of organizational actors—including academia









CHAPTER ONE - Literature Review and M ethods

Two mgjor threads in sociological research attempt to grapple with the complex
interplay between groups and the objects that these groups use: Socid Congtruction of
Technology and New Indtitutionalism. While these seem rarely to connect in the literature, both
take an integrated, holistic gpproach to problems of organization and change. In fact, the lack
of discourse between them is surprising considering their many smilarities. Both recognize the
importance of socid, palitical, economic, cultura, and technologica factorsin their analyses.
Both aso understand that the level of anadlyssis an essentid variable. Perhaps most
importantly, both redize that an adequate understanding of the behavior of socid actors, of the
emergence and change of organizations over time, and of the invention, ateration, and adoption
of technologies by organizations must take into account exigting inditutiona structuresin order
to explain outcomes. In other words, context matters, and it mattersin many very specific
ways.

The wind power industry provides an opportunity to integrate these two fields around a
sngle, complex case. Aswill become quite clear throughout this paper, questions about why
certain organizations act in particular ways when confronted with specific technologies are
intimately tied up with socid, politicd, culturd, normative, lega, economic, and technica
explanations. At the same time however, specific technologies themselves are not stable entities
but are congtantly being revised, adapted, and dtered as the socid, politicd, cultura, normative,
legal, and economic contexts change around them and in response to them. This chapter
focuses on two main topics: 1) how new technologies and new organizationa forms and
relations emerge and change in the context of exigting organizationa structures and
environments, and 2) how these developments feedback into the environment to further dter the
contextua landscape of future activity. This chapter thus is Smultaneoudy areview of the
relevant literatures and an attempt to integrate these literatures into a coherent conceptual
framework to help guide the current research on the wind power industry.

The Social Construction of Technology (SCOT)

Sociologicd studies of technology borrow much of thelr theoretical ingghts from socid
condructivism. Perhaps the defining characteristic of such sudiesis, not surprisngly, aclam
that objects and practices are shaped by socid forces and not only internd or economic factors.
Many taken for granted objects—and even abstract concepts like redity—are constructed and
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maintained through ritua socid interactions structured by socid inditutions (Berger and
Luckman, 1966). This notion has helped direct research into more specidized areas, most
notably that of scientific knowledge. Long held to be immutable, “objective,” and “true,” even
scientific knowledge, it is argued, is sgnificantly influenced by the formd and informd
indtitutiond relationships among scientists and between science and other inditutions (Latour and
Woolgar, 1979, Latour, 1987; Collins, 1992).

Smilarly influenced by the congtructivist paradigm have been researchersinterested in
the processes of technologica change. Socia Congruction of Technology (SCOT) emerged in
the 1970s as a pointed reaction to model s of technological change that placed the locus of
innovation in the individua genius and which explained the success or fallure of atechnology by
its performance. Bijker's (1995) work on the socid congtruction of individud technicd artifacts
isexemplary of the SCOT gpproach, which posits that technol ogies result from the socid
shaping processes of actors within networks. Figure 1 isadiagram of this conception of
technology and its embeddedness in socid networks. The development of atechnology isnot a
linear process, and the “working” and “not working” of

Figure 1: Network of Factors That I nfluence Technological Outcomes
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an atifact is not enough to explain its success or falure. Rather, these are meanings assigned to
artifacts by rdevant actors. The SCOT gpproach tries to be more symmetricd in its analyses
by accounting for failed technologies as well as successes, something that linear moddls of
development and progress leave by thewayside. As Bijker states, both the “ nuts and bolts’ of



LITERATURE REVIEW AND METHODS 9

technologies and the larger socid context in which they develop are essentid for any complete
andyds (1995: 10).

Bijker (1995) offers an interesting heuristic methodology for understanding how new
technologies emerge, how they change over time, and how they stabilize into solid, uncontested
forms. This methodology contains five parts, the firgt of which isidentifying whet he cdlsthe
relevant social group (RSG). These groups are defined by the participants themsdves using a
technique often cdled “snowballing.” Thistechnique is adgpted from the sociology of scientific
knowledge where the andlyst defines a core set of actors through interviews whereby actors
themselves generate alist of centrally located participants.” By doing so, the analyst hopes to
avoid making any a priori choices about who is rdevant and who isnot. It isonly by trying to
understand the problems and solutions as they are presented by RSGs in times of disturbance
that the andlyst will ever understand the fluid nature of artifects.

The second andyticd tool, interpretive flexibility, is meant to capture the notion that it
isnot only thet different RSGs see the same objects differently, but that the meanings they assgn
these objects actualy congtitute the objects themsalves (Bijker, 1995: 77). This notion of
interpretive flexibility, that actors see and vaue things differently, reveds that the development
of artifacts and innovations are not innate to these objects but take shape through a socid
process of competing definitions. While thinking along these lines has long been taken for
granted, for examplein politica conceptions of agenda setting and the production of culture, its
application to technologica innovations alows for a very different modd of technologica change
than classical histories of technology employ.

Anaogous to the Kuhnian paradigm? and to Giddens' s (1984) structuration concept,
Bijker’ sthird andyticd tool, the technological frame, provides a setting for the activities of the
relevant actors (192). The technological frameis built up by the induson of new RSGsand is
congtituted by key problems, problem solving strategies, current theories, tacit knowledge,
testing procedures, user’s practices, and exemplary artifacts, among other things. As new
groups enter into this system, they bring with them new definitions, new perspectives, and new
problems. Thisinteraction smultaneoudy enables and condtrains the behavior of actors. Bijker
thus conceptualizes the technol ogical framea sort of hinge between RSGs and artifacts.

The catalys for changeis embodied in the fourth andlytical tool: degrees of inclusion.

It emerges from the following question and observation: if atechnological frame structuresthe
interactions among members of socid groups and between socia groups, what happens when

! Bijker specifically draws on the work of Collins (1981) for hismethodology concerning the “core set.”

2 One major distinction between Bijker’ stechnological frame and Kuhn’s paradigm is that the
technological frame allows for amore heterogeneous conception in which all RSGs, not only engineers (or
scientists), actively participate in the shaping of outcomes.
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an individud isamember of more than one group? Bijker’s answer isthat these differing
degrees of inclusion help to congtruct the technological frameitsdf as well as account for the
process of cregtion and change. Invention is not the result of individua genius operating in
isolation; it isthe result of gpplying new ways of thinking to old questions or problems. Part of
the process of technologica change and invention is this notion that actors often span multiple
RSGs at once, and in doing so they facilitate the spread of new problems, solutions, and
meanings, thus broadening the technol ogical frame and creating catalysts for change.

Work in the SCOT framework understands the emergence of new technologies as the
result of actors shifting from one frame to ancther and providing new ingghtsinto old problems.
The*working” or “not working” of atechnology isasocid congtruct. A technology “works’
when dl RSGs agree on a definition and when dl of the competing meanings converge on a
gngledesign. Usng thisframework, awide range of studies have explored the development of
gpexcific technologies and more complex technical systems, ranging from stedl (Misa, 1992) to
modern arcrafts and military missile accuracy (MacKenzie, 1996), and from clinica budgeting
practices (Ashmore, Mulkay, and Pinch, 1989) to nationd systems of eectrification (Hughes,
1983). In most of these cases, the resultant product is not viewed as the most “efficient” or
“best” modd. Ingtead, these studies highlight how the very concepts of “ efficiency” and “best”
are congtructed and negotiated by all actors embedded in complex systems of socid
interaction.

The SCOT modd is a powerful anayticd tool for undersdanding the factorsinvolved in
shaping the designs of specific physicd technologies. Itisadso a powerful methodologica toal,
asit provides aframework for conceptudizing interest groups and away of andyzing these
interests and exploring their various influences. However, this does not mean that the SCOT
modd is complete or that it offers an entire explanation of technology evolution. As described
above, SCOT podgitsthat astable design isthe result of the cessation of the different views of
RSGs. But what happensif the actors are never able to agree on a meaning because the
context in which they are embedded continudly changes, subsequently changing their visons
and the meanings they assign to the objects? In other words, how do we understand a
technology if the meanings assgned to it by a given RSG congtantly change and arere-
negotiated as a result of larger macro-inditutiona developments? How istechnicd sability to
be conceptudized in such agtuation? SCOT does not provide answers to these questions and
is thus partidly inadequate a reveding the dynamic nature of technica change and development
when the indtitutiond and organizationd roles of the various RSGs dso change.

In light of this, the SCOT modd cannot fully explain why and how wind power
technology has become a prevaent dternative in the dectricity industry. Applying the SCOT
model and using its andlytical insghts would help us understand how different groups and ther
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different interests and desires served to mold the design of windmills so as to achieve a resultant
“stable’ design accepted by al the rdlevant actors. As discussed in the next chapter, however,
dability itself is not an asolute but is a cognitive congtruction that itsdf changes. The sability of
atechnology does not aways coincide with perceptions of stability. Furthermore, SCOT does
not tel us anything about where relevant socid groups come from and why they vaue objects
differently. Thusif we want to understand the processes by which technologies emerge,
develop, and become accepted, we aso need to know something about the larger environment
that shapes and influences the very organizations that are involved in technical development.
Thisiswhy the sociology of organizations embodied in New Ingtitutiondism is essentid, for
New Ingtitutionaism focuses on how economic and socid organization are—like technologies—
not functiona givens but socia congtructions built up by repeated interactions between actors
embedded in networks. What is more, New Indtitutionalism argues that organizationa behavior
is best understood by being placed in an indtitutiona environment. 1t isto these theoreticd and
andyticd ingghts that this chapter now turns.

New I nstitutionalism and the Social Construction of Organizations

A summary of al the research that has been done on “indiitutions’ is far beyond the
scope of this paper and has been engaged el sawhere (Powell and DiMaggio, 1991; Scott,
1995). What primarily concerns the current research is, more than anything, the fundamental
principles behind New Indtitutiona sociology. These fundamental organizationd principles are
important in part because they offer an integrated, multidisciplinary, and explanatorily powerful
set of concepts for the ways that indtitutions and organizations interact, and in part because
these principles have informed awedlth of other research focusing on specific organizationd
mechanisms. However, before the branches of sociology that sem from the New Ingtitutiona
trunk can be presented in more detail, the fundamentals of New Ingtitutional thought need to be
highlighted and explained.

Even before these fundamenta's, some definitions and clarification of terms are in order.
To use Scott’s (1995) definition of indtitutions,

[They] consist of cognitive, normative, and regulative structures and activities that

provide stahility and meaning to socia behavior. Ingtitutions are transported by

various carriers—cultures, structures, and routines—and they operate at multiple
levels of jurisdiction. (33)

Institutions refer to the forma and informa rules that govern the behavior of actors. An actor
can be anindividua person, afirm, agroup of firms, apolitica party, or an entire nation,
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depending on the levd of andysis. The key feature of an actor isthat it be an entity capable of
behaving and making decisions as a coherent whole.® Outcomes refer to the formal and
informa ways of organizing and to the physical compostion of technica sysems. An outcome
isthe result of adecison made by an actor embedded in aframework provided by
institutions.

New Inditutionalism rgjects the premise that specific organizationd outcomes are the
sole result of interna characterigtics of those organizations, of the populations they help
condtitute, or of reductionist economic factors. Just like technologies, organizationa outcomes
do not spring forth as rationd solutions to problems of control and competition; rether, they are
shaped by the “taken-for-granted” frames of appropriate action that are constructed by the
indtitutions within which organizations are embedded (DiMaggio and Powell, 1983,
Granovetter, 1985).* Perhaps most importantly, actors seek legitimacy by atempting to aign
themsealves with cognitive, normative, and regulative forces which exiging inditutions help to
structure (Scott 1995: 45). In the New Indtitutiona paradigm, the cognitive is an essentiad
factor, not because actors behave according to objective rationa interests but because “the
means by which interests are determined and pursued” are defined by inditutiond frameworks
(Scott, 1987: 508). In order to understand why groups are organized asthey are, the ways that
actors perceive the context of their actions must be consdered. While the linking of interna
perceptions and externa environments is not a new concept, New Ingtitutiond theory stresses
that central to these interna perceptions are normative, cognitive, and regulative pressures which
are digtinct from—and indeed help constitute—what is considered rational, appropriate action
a agiventime.

Focusing on the organizationd field,> DiMaggio and Powell (1983) identify three
mechanisms driving the convergence of organizationa forms around a dominant modd . Instead
of asking why there are different types of organizationd forms, the authors ask “why thereis

% School teachers, for example, as individual persons are not considered an organizational actor unless they
are joined together in a professional association that representstheir collective interests as asingle entity.
While aone they may each be actors within the organization of the school, itisonly asaformalized,
collective body that they are considered an organizational actor. The definition thus depends on the level
of analysis, but it also spans multiple levels.

* Thisis not to say that actors are not able to act “rationally;” it is simply arecognition that what it means to
act “rationally” is not independent of the systems of meanings that institutions provide. The very notion of
“rational economic behavior,” for example, isasocia construct influenced by the structures of markets and
systems of exchange; it isnot a“natural” phenomenabut a socially constructed one.

® Anorganizational field is defined as “those organizations that, in the aggregate, constitute a recognized
areaof institutional life: key suppliers, resource and product consumers, regulatory agencies, and other
organizations that produce similar products or services’ (DiMaggio and Powell, 1983: 148). This definition
is meant to create a unit of analysisthat includes all relevant actors, not just formal networks and
competitors. It isanalogousto the Bijker’ stechnical frame.
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such gartling homogeneity of organizationd forms and practices (148)7" Coercive, mimetic,
and normative forces drive this process of isomorphism. These forces play themsalves out in
politica influence, in standard responses to uncertainty, and in professiondization, respectively.
In the most smple terms, actors within an organizationd field tend to resemble each other
because they seek legitimacy, and in trying to achieve this end, they are susceptible to politica
influence, to the activities of the other actors they interact with and depend on for survivd, and
to the specific training and problem solving Strategies embodied in speciaized schools of thought
that traverse industry and field boundaries. Just as with technologies wherein the forces exerted
by different groups shape the resultant design, so too do organizations tend to converge around
adominant mode because these three forces influence the behavior of individud actors within
thefidd. Also smilar to technology, this convergence around a dominant modd constrains the
activity of actors, thereby limiting options for future behavior.

One shortcoming of this conception of isomorphism isthat it does not adequately
explain the emergence of new forms. If coercive, mimetic, and normative forces congrain and
direct activity toward a single form, how then does change occur? How are new models
generated? Research amed a trying to explain the emergence of new forms has been
categorized into three centra theoreticd camps, with little consensus taking shape among them
(Romandli, 1991). The first camp posits that new forms emerge from random events arising out
of everyday activity. This camp focuses on the internd characteridtic traits of organizations and
how these traits or characterigtics limit an organization’ s perception about appropriate and
acceptable actions when confronted with random events in the environment. Romandli terms
such studies as adhering to aform of “organizationa genetics” For example, organizations are
said to possess certain “genes’ that express these characterigtic traits and are copied by other
organizations, such as routines that can be defined by forma and informd rules of behavior
(McKevey, 1982; Nelson and Winter, 1982). Organizations with routines that are better able
to cope with specific environmenta conditions thrive while less capable organizations will not
(Nelson and Winter, 1982). It isimportant, Romandli points out, that “the nature of these
redlized variationsisrandom’ (86). Thus changesin the environment do not dictate subsequent
changesin organizationa form, athough they do exert the impetus for adaptation and “ gene’
transfer. While this conception of organizationd evolution is appeding because it offersafairly
comprehensive conceptud apparatus, identifying these “genes’ provesto be avery difficult a
task in practice (Romanelli, 1991: 87).

The second camp podits that the emergence of new formsis dependent upon the
environment in which actors are Stuated. Certain environments are conducive to specific types
of forms, and changes in the environmenta context in which actors are located will drive a
subsequent change in form. Born out of the work of Shumpeter (1939, 1950) on business
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cycles and capitaism, population ecology studies such as Hannan and Freeman’s (1987) work
focuses on the interdependent relationships of existing organizations (Romandli, 1991: 89).
Tushman and Anderson (1986), as another example, showed that competency-enhancing
innovations produced by new actors will be readily adopted by existing organizations
(Romandli, 1991: 90). Other work in thisvein has highlighted the importance of environmental
changes for resultant organizationa forms and the extent of variationsin these forms. Sdznick
(1949) has demonstrated how paliticad ideologies influenced the formation of the Tennessee
Vadley Authority by “imprinting” certain types of adminigtrative procedures that continued to be
part of the organization’s operations, thereby reducing overdl variation. Fligstein (1990) has
aso shown how a specific legidative act amed at preventing certain types of mergers ended up
unintentionaly spurring mergers of atotaly different type, thereby increasing variation
(Romandlli, 1991: 90-92).

The third camp posits that new forms emerge from the embeddedness of socid-
organizationd interactions and their collective pursuit of new systems of organization.
| ndependent entrepreneurs perceive a potentia to create a new organization, and in the process
of seeking out resources, interdependencies among smilarly independent actors are established.
These interdependencies lead to the sharing of information in an attempt to establish legitimacy
and isolate the new form from competitors. Over time, networks between actors who compete
and those who cooperate are formed, thus creating an industry which is defined by particular
relationships to an innovative technology (Van de Ven and Garud, 1989). Thisview combines
the internal and the externd to explain organizationd activity.® Perhaps most importantly, it
focuses on the ways that dl organizationd forms revolve in one way or another around specific
products, services, or technologies, be they ancient practices or brand-new innovations.

These various literatures dl explain the developmert of organizations without relying on
notions of absolute, objective efficiency. Instead they highlight the importance of the pressures
exerted by regulations and culturd norms aswell as the differences in these indtitutiona forces
and their variations depending on the type of product around which organizationd activity is
gructured. Different products require different types of organizationa formsto achieve
legitimacy, and seeking this legitimacy drives isomorphism such that new forms tend to resemble
those that dready exist. What is more, the structure of organizations aso affects innovation and
change. As organizations provide the frames of meaning that are used to interpret environmenta

® The Minnesota I nnovation Research Program (MIRP) began in 1983 and is been aimed at “tracking the
diverse set of innovations over time as they develop in their natural field settings’” (Van De Ven, Angle, and
Poole, 1989). This research program generated quite a substantial body of work which is compiled in an
edited volume by the above authors published by Ballinger in 1989. Interested readers are referred to this
volume for more information, as a complete summary of the findings of this program is not feasible in this
current paper.
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pressures as they are exerted on the organization itsdlf, they dso provide the context for inter-
organizationd interaction. These theoreticd insghts open the doors for awhole dew of case
sudies amed at identifying both the didtinctive features of specific industries and their
emergence. These studies aso touch on the mechanisms driving and congtraining indtitutiond,
organizationd, and technologica change.

While it would be difficult—perhaps even impossible—to place dl of the findings from
researchers deding with ingtitutions, innovations, and organizations into neet and orderly
categories, this does not mean that their findings are necessarily incompatible with each other.
Thisinahility to nestly summearize the findings of existing research semsin part from the fact that
many researchers examining Smilar phenomena gpproach their topics from completely different
theoreticd stances with little discursive overlap. To complicate things further, even researchers
engaging Smilar theoretica issues pursue the cases a different levels of andlyss, and more
importantly, at different phases of change and development. In some cases, for example,
federd regulation seemsto be the main force spurring variaionsin organizationd behavior in
early ralroad foundings (Dobbin and Dowd, 1997) and in the independent power industry that
emerged in the 1980s in the United States (Russo 2001; Sine, Haveman, and Tolbert,
forthcoming). In both these cases, regulation was important because it directly atered the
competitive environment of these organizations. This shift in the legd and palitical environment
forced organizations to adapt. But what looks like a straightforward answer isin fact quite
complicated, as this regulatory shift aso caused a change in the normative environment and
perceptions of legitimacy. Inlight of this, did organizations change becauise of coercive or
normative forces? Explanations become hopelesdy tangled, asthe “three pillars’ of
inditutionalism (normative, culturd, regulaive) seem dl to play smultaneous rolesin driving
change. What is more, their influence may vary depending on the phase of industry
development, and it is unclear if the same processes are a work during the emergence of a
completely new industry and during the adoption of a new practice among existing
organizations.

Itisclear that indtitutiona forces play asgnificant role in the process of industry
emergence, market creation, and technologica change, dthough the specific circumstancesin
which they each function gtill remains an open debate. This may be because while the “three
pillars’ are andyticdly distinguished by researchers, they may in redity be extremdy difficult to
tease gpart. Thuswhile politicsis important for the shaping of markets and therefore structuring
economic activity (Higstein, 1990, 1996), how can we determineif the “political” is a coercive
or anormative pressure? In other words, the harder we look for the mechaniam driving
organizationa change, the more we see that change results from different but interrel ated
mechaniams functioning at different timesin the innovation process, a different levels of andysis,
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and in different contexts. What is more, applying the conception of technica change from the
SCOT mode to organizationd innovation is suggestive, for perhaps organizations, like
technologies, are shaped into coherent and stable forms through ongoing interactions between
participants. The nature of the ties between organizationd actorsis thus important for
transferring meaning and normative, cultura, and regulative pressures from one organization to
another.

Despite the obvious amilarities between SCOT and New Indtitutiondism, few existing
sudies incorporate the ingghts of both. Most New Ingtitutiona studies tend to abandon
“internd” characterigtics as important for explaining organizationd outcomes, and just as SCOT
treats RSGs as black boxes, New Ingtitutionalism assumes that technology itself can be treated
as an independent varigble. When technology is engaged in the New Indtitutiond framework; it
assumes that objects are stable and are smply adopted by organizational actors. Such diffusion
studiesfail to recognize that objects and practices change as they spread and are adopted by
new organizations in different ingtitutiond locations. Asthis thess argues, content and context
cannot be separated quite so easly. Thisisnot to say that they are one and the same thing; in
fact both SCOT and New Inditutiondism explicitly rgect this. What it does mean, however, is
that one cannot assume that organizationa outcomes are structured around stable physical
artifacts and technicd systems. Ingtead, these artifacts and systems are shaped by existing
organizationa forms and relationships within fieds, and they aso feedback into these systems to
shape organizationa forms. In other words, SCOT and New Ingtitutionalism need to be
combined, as technology and organization co-evolve within changing inditutiona frameworks,

Conclusions: Combining Two Constructivist L iteratures

Thetwo main literatures discussed in this chapter are intimately connected in their
conceptudizations of the forces that shape organizationd behavior even though they remain
theoreticaly and discursively disconnected. SCOT and New Ingtitutionalism refuse to teke as
explanations for behavior Sngle variables associated with interna organizationa characteritics.
SCOT studies focus on specific technologies and seek to discover the multiple frames of
meaning that different RSGs project onto artifactsin order to shape and change them to suit
their desires. But because most technologies involve interactions between RSGs from different
technical frames with different degrees of inclusion, emergent designs dways embody a
compromise. Similarly, New Ingtitutiona studies focus on the ways that specific forms of
organization become dominant and on how new forms emerge to challenge this dominant mode!.
Thefocus hereison inditutiona forces—mainly normative, cognitive, and regulatory—which
provide modds for economic behavior and shape organizationd frames embodied in different



LITERATURE REVIEW AND METHODS 17

organizationd fidds. While each certainly acknowledges that some internd characteristics are
important, the focus is on contexts created by macro-ingtitutiona forces and the organizationd
and technical decisons made by actors embedded in these contexts.

Both literatures emphasize the importance of the cognitive for explaining outcomes. In
SCOT, technology is shaped by different cognitive perceptions of what an artifact should like
and of what the problems associated with existing artifacts are. In New Ingtitutionaism,
organizationd form is shaped by different cognitive perceptions of what gppropriate courses of
action arein aparticular inditutional environment. Likewise, one camot assume that the
meanings assgned to technologies are Sable either, as the cognitive frames influencing the shape
of artifacts dso change with ingtitutiona context. \When these theories are combined,
technology and organization can no longer be treated as independent from each other. Instead,
technology and organization must be treated as inter dependent aspects of the same
ingtitutional system. New Ingtitutionalism must recognize technologies as socid congiructs that
are digtinct from but connected to normative, regulative, and legd factors. Smilarly, SCOT
must recognize organizations as socid congructs that frame and give meaning to the problems
and solutions that shape technologies. As aresult, research deding with industry emergence
and change must take into account the systems of feedback between technology and
organization.

SCOT and New Indtitutiond studies both recognize that new organizational and
technologica arrangements Sgnificantly affect the activity of existing actors aswell as new
entrants by atering fundamenta distributions of power, resources, and legitimacy. In trying to
undergtand the emergence of anew industry using a specific technology, each theoretica
paradigm proposes a complete explanation. On the one hand, SCOT posits that the process by
which a specific technology comes into being and takes a solid form involves a complex
interplay of socid networks, of conflicting inditutions, of malleable norms, and of competitions
between groups. Technologies thus are indirectly shaped by stable inditutiona forces acting
through relevant socia groups. Thismodd conceptudizes adoption as a phase of technological
development when dl the rdevant groups come to agree upon definitions and meanings. On the
other hand, New Indtitutionalism pogits that innovation results from specific types of inditutiona
and organizationa arrangements that serve to establish legitimate practices. A practice or
technology is stable and is adopted or not adopted because it serves a purpose in the actor’s
quest for legitimacy; decisons are made based on cognitive perceptions of appropriate activity.

Asthe case of wind power will make clear, these paradigms need to be combined in
order to congtruct a complete picture of industry emergence and success. The success of wind
power involves the smultaneous development of perceptions concerning technologies and
organizationd arrangements. A sudy solely in the SCOT vein would examine the shapes and
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gzes of windmills and their changes and transformations until a design was achieved that
satisfied the needs of dl the actors. But identifying these needs—how they came to be and
what they exist in relaion to—is of central concern and isnot asmpletask. Furthermore, to
explan behavior based on some st of internd needs revertsto a sort of functiondism that both
SCOT and New Indtitutiondism strive to escape from. SCOT assumes that these needs are
gable, something that New Indtitutionalism rgects. But New ingtitutionalism treets technology
as dable, something that SCOT rgects. A study soldly in the New Ingtitutiond vein would
examine the types of relationships between organizations and the legd, normative, and regulative
inditutiond environment. In light of this, the current research blends together these conceptual
frameworks in order to clarify each of them and provide aricher, fuller account of industry
emergence and success.

M ethods

The methods employed in the current research combine anayses of existing historica
studies, quantitetive data sources, and origind interviews with key participantsin the wind
power industry. Almost al of the extensve exigting historical studies on thistopic pull froma
multiplicity of sources ranging from newspaper and trade publications to technical specifications
for gpecific windmill designs, and from policy memos and legidative actsto interviews with
participants involved in various aspects of the industry. This study uses ingghts and findings
from many of these sources to provide the context for the development of the wind industry as
well as many of the problems and barriers confronting the industry. In fact, largely because
these sudies are dl of such high cdiber, the current research is aimed not at verifying and
contesting previous findings but instead at expanding upon them to clarify details. Furthermore,
because the mgjority of these studies were completed in the mid 1990s, the current research
seeks to explore more recent devel opments taking place a the end of the 1990s up through the
fird two years of the new century.

Following in the footsteps of Gipe (1995), Serchuk (1995), Righter (1996), Asmus
(2001), and Sawin (2001), origind interviews were conducted with key participantsin order to
understand recent developments and gain perspective on historica events. Most of these
participants were identified indirectly by using a publicly available data set called the Renewable
Electric Plant Information System (REPIS) compiled by the National Renewable Energy
Laboratories (NREL). This database contains information about al of the organizations and
firmsthat currently own or operate wind facilities in the United States. These include traditiond
verticaly integrated and regulated utilities, public and cooperative utilities, nonutility Independent
Power Producers, and individual owners usng small scale technologies. After identifying the
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main firms usng wind power in the United States, persons at those firms with an extensve
higtory in the wind industry (who had preferably been with the company for a number of years)
and who were directly involved with organizationd decison making were located usng
company websites. These persons then received aletter of introduction and arequest for an
hour-long, tape recorded interview over the phone or in person (see Appendix Il for sample).
The mgority of letters were printed on Reed College Department of Sociology stationary and
mailed directly to the potentid interviewee. Severd |etters were dso sent via email.

Because previous studies noted the interdependencies between power producers and a
number of other actors in the industry, requests for interviews were aso made to persons
associated with federd research and devel opment programs and agencies, industry and trade
asociations, consultants, and state and regiond policy making. These persons were identified
through web ste searches of organizations dready identified asinfluentid from previous
research. In some cases, the initia letter was forwarded within the receiving organization to an
individua identified as more able to gpeak on the current topic or with more experience.
Additiondly, some participants gave references to other individuas not on the origind list who
they felt were qudified or who could offer specid ingghts. In these cases, these references
were contacted and dmost dl resulted in aninterview. A total of Sxty letters of request were
sent out; of those sixty, twenty-five responded, leading to nineteen interviews, nine of which
were conducted in person and ten of which were conducted over the telephone (see Apendix |
for ligt of interviews). Table 1 shows the breskdown of the digtribution of interviews by
category. Investor Owned Utilities and consultants make-up the two largest groups, while
municipd utilities and trade associations

Tablel1: Digtribution of Interviews

Category Number of Interviews Conduc ted
[trwestor Owmed Utility 4
Independent Power Producer 4
Ilurd cipal Tiality 1
Federal F.esearch Agency 2
State / Regional Palicy 2
Industry / Trade Association 1
Consulting / Academia 3

make-up the smdlest. All but four of the interviews were tape recorded and transcribed with
the consent of the participants.
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The interview format could be characterized as a semi-gructured, informal
conversation. Three participants did not receive the initial |etter and were not recorded. ” All
other interviews began with a request for permission to record followed by abrief eaboration of
the purpose and extent of the research and the confidentiality of the materid revealed. Because
each interviewee was from a different part of the industry with a different history, questions were
tallored to each interview. Topicdly, the interviews tended to focus on the current status of the
wind industry or on more recent history since the mid 1990s. At the end of each interview,
participants were given the opportunity to ask questions, and permission to use direct quotes
was requested. A fina letter of closure and gratitude was sent on department Stationary to each
participant, dong with contact information (see Appendix 11 for sample).

It should be noted that even though the interviews spanned many different organizations
in thewind power industry, they did not encompassthem dl. Unfortunately, no interviews were
conducted with turbine manufacturers or with the American Wind Power Association dueto a
lack of response from these organizations. However, saverd interviewees offered a perspective
on turbine development and numerous participants had extengve involvement with turbine
manufacturers. Furthermore, multiple existing studies contain interview data from these sources,
and this materid helped inform the current research. While the lack of incluson of thisgroup is
perhaps regrettable, it Smply means that future research should include this group to examine if
such incluson ggnificantly dters the story congiructed in the chapters that follow.

Before ddving into the specifics of the construction of wind-power technologies and
organizations, however, agenera note about the anaytica method used in the remainder of this
thessisin order. Animportant thread that runs through each of the following chaptersto tie
together the argument is afocus on two different organizationd fields and the changing nature of
their relationships over time. Thefirg field, cdled FIELD 1, is condtituted by the established
eectric power indudtry. It includes asystem of legdly structured relationships between
organizationd actors as well as a system of technologies that these organizations are used to
usng. Thisorganizationd field, and its technicd frame, are dominated by regulated dectric
utilities. The second field, caled FIELD 2, is congtituted by anew class of nonutility
independent power producers (1PPs) with a fundamentally different set of legally structured
relationships and a different technical frame. Using the field as a guiding framework for the
following analyss helps demondtrate the claim that technology and organization must both be
conddered in order to explain industry emergence and success.

" These interviews were conducted on avery informal basis. Participants were aware of the goals of the
interview and gave permission to be identified.



CHAPTER TWO - Congructing Technology: Wind Turbine
(R)evolution

It isdifficult to tel the higtory of atechnology without reverting to a smple chronologicd
listing of events and developments. After al, technology does change as time moves forward.
But as SCOT points out, it isamistake to tell the history of technology from a purely functiona
point of view or to assume that “progress’ isauniversd, easly measured characteristic.

Instead, understanding technology—the way it comes into being and changes form—requires an
awareness of the context in which it develops. But more than that, it requires an awareness of
the cognitions of those directly and indirectly involved in shaping the technology itsdf. Inthe
case of wind power, these contexts can best be understood as levels of andysis that are distinct
from each other but are dl interrdlated. Technology is embedded in many types of
organizations, indudtries, and inditutions, each functioning at different levels. An anayss of wind
power must look a how the physica technology was shaped by the individua and collective
gods of the organizations developing it.

Chapter One argued that it is difficult to separate technology, organizationd form, and
policy from each other. Thethree are interconnected. But for the purposes of this andysis, the
three are separated andyticaly in order to lend clarity to the data and findings. This chapter's
focusis mainly on the physica technology, but in fact agpects of organizations and policy both
creep in as part of the sory. Indeed, thisisthe whole point of thisthess: technology,
organizations, and policy al affect each other. This chapter begins with abrief overview of
FIELD 1, the dectric power industry and its historical context. This overview is meant to
provide the essentid backdrop againgt which FIELD 2 (nonuitility independent power
producers) developed and into which it subsequently was accepted. While this chapter mainly
addresses technology, this first section includes materid related to policy and organization as
well, for the emergence of wind power must be viewed in the context of the exidting
organizationa and technica structures that condtitute the eectric power industry more generdly.
The formation and maturation of the wind power industry involved the acceptance of particular
types of technologies and the construction of an infrastructure to support them. Actorsin both
FIELD 1 and FIELD 2 wereinterested in wind power technology. In order to illustrate the
differing conceptions of this technology by field, the nature of the research and devel opment
environment and the demands and pressures exerted by RSGs are explored in depth. In
generd, then, this chapter follows wind turbine technology from itsinfancy to its adolescence,
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highlighting the ways that the actors in different fields have changed their cognitive perceptions of
the technology as “working” or “not working” in different ways at different phases of industry
formation and maturity.

Overview of the United States Electricity | ndustry

The modern eectric power industry—FIELD 1—has not dways looked like it does at
present. In generd, the historical structure of the industry can be separated into three phases:
1880-1935, 19351978, and 1978—present. These phases largely correspond to specific
types of policy environments affecting the nature of the relationships between actors aswell as
the types of technologies used by them. Thefirst period was characterized by afair amount of
variation in both the types of technologies used and the structure of the organizations using them.
During thisfirst phase, both distributed and centrally produced power were used by a
multiplicity of actors. By the mid 1930s, most urban residents received their power from
regulated monopoly utilities using centrally generated power technologies and fuels, such as cod
fired plants (Granovetter and McGuire, 1998). During the second phase, this model of central
power dominated the electricity landscape, dthough there was some limited diversification of
fud types. Specificaly, hydropower became alarge part of the nation’s e ectricity mix during
the Second World War, and nuclear power entered the scene briefly during the 1960s and
1970s. While afew parts of the country till used distributed power technologies, this second
phase largely involved the expansion of the centra power grid to dmogt dl parts of the nation
and the increasing dependence on foss| fuels for generating eectricity.

In 1978, five years after the OPEC oil embargo, a system of limited competition was
introduced into the wholesa e generation market as aresult of the Public Utilities Regulatory
Policy Act (PURPA), which marks the beginning of the third phase. One major consequence of
thisfederd legidation was thet it created anew organizationd fild—FIELD 2—asalegd entity
focused on a specific technologica mission: develop new renewable energy sources. It had
become clear that dectric utilities would not take on this task because of their historical risk and
innovation averson. FIELD 1 tended to stay with established and proven technologies and not
develop new, cleaner methods for producing power. In part, this averson to innovation was
due to the regulatory structure of the industry, asit provided no interna incentives for eectric
utilities to innovate or increase the efficiency of their generation techniques. The calculated rate
of return for regulated utilities does not include research and development or investment in new
technologies. If

... autility makes a substantial investment into a new technology . . . [and] the
technology fails to meet expected performance standards, operating costs will
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increase but rate setting commissions may delay or completely disalow a pass-
through to the customers. . . . On the other hand, if the technology performs as
well or better than expected, operating costs may decrease, but rate-setting policy
would typically pass most of the benefit to the ratepayer and not the stockholder
whose money was at risk. This situation reinforces risk aversion and is not
conducive to experiments with new technology at investor expense. (March,
Dlott, Korn, Magio, McArthur, and VVachon, 1982)

This drove the industry toward conservative courses of action. While PURPA did open up the
wholesale generation market, it did not transform the nation’s power supply overnight.

Since 1978, wholesale power generation has become increasingly divided between
these two organizationd fields—the older modd of the regulated eectric utility and the newer
model of the unregulated nonutility independent power producer (IPP)—called FIELD 1 and
FIELD 2 in thisandyss, respectively. To use the definitions of the U.S. Department of Energy,
an dectric utility is,

[a] corporation, person, agency, authority, or other lega entity instrumentality

aligned with digtribution facilities for deivery of eectric energy for use primarily

by the public. Included are investor-owned electric utilities, municipa and State
utilities, Federa dectric utilities, and rural dectric (:ooperatives1

A nonutility 1PP, on the other hand, is,

[a] corporation, person, agency, authority, or other lega entity or instrumentality
that owns or operates facilities for electric generation and is not an electric utility.
Nonutility power producers include qualifying cogenerators, qualifying smal
power producers, and other nonutility generators (including independent power
producers).?

Figure 2 shows the percentage of the industry occupied by type of power provider in 1999 and
Figure 3 shows the breakdown of fuel usage by these two types of organizationa

! This definition was accessed from the online EIA glossary on April 9, 2003 at
http://www.eia.doe.gov/glossary/glossary _e.htm#el _utility.

2 This definition was accessed fromthe online EIA glossary on April 9, 2003 at
http://www.eia.doe.gov/glossary/glossary_n.htm.
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Figure2: Shareof Total Industry Capability by Industry Sector and Owner ship, 1999
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Figure 3: Sharesof Net Generation by Energy Source and I ndustry Sector, 2000
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formsin 2000. While the 1978 legidation was intended to promote cogeneration facilities,® one
unintended consequence was thet it alowed entrepreneurs interested in new renewable
technologies’ to try and bresk into the market. The centra story engaged in this thesis focuses
on how this new organizationd field (populated by 1PPs) co-evolved with a specific type of
innovative technology (the modern wind generator) and became established alongside the old
organizationd field (electric utilities).

Figure 4 shows the cumulative wind capacity in the United States starting in 1980.

% Cogeneration facilities use excess heat and energy from industrial processes to generate power, often for
on-site use.
* New Renewabl e technol ogies most often refer to solar, biomass, geothermal, tidal, and wind.



CONSTRUCTING TECHNOLOGY 25

Figure4: Total U.S. Installed Wind Capacity, 1980-2002
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Source: The datafor thisfigureis publicly available from The American Wind Energy Association. It was
accessed on April 12, 2003 at http://www.awea.org/fag/instcap.html.

It isimportant to note that 5000 MW of power produced from wind turbinesin 2001 is till a
miniscule portion of dl the eectricity produced in the United Statesin ayear. Wind power
occupiesasmal portion of the “other” category in Figure 3, which itsdf only congtituted 2.2
percent of the nation’ s dectricity in 2000. However, the generd sentiment in the industry today
isthat wind power is the fastest growing new renewable technology on the market and that it is
being pursued even by dectric utilities. In 1980, wind power was dl but nonexigent in the
world of large eectric utilities, and by 2003 it has become a flourishing industry using a“proven”
technology. To say that wind technology seems to have become accepted smply because it
became a*“proven” technology is not an adequate or complete explanaion. Smilarly, to say
that nonutility 1PPs using wind technology broke into the electric power industry because they
are “best suited” to provide dectric power isjust asinadequate and incomplete. As SCOT and
New Inditutionaism argue, technologies and organizations do not “prove’ themsalves by
“working better;” instead these cognitive perceptions themsalves are socia congtructs that can
be observed, studied, and explained. The development of wind power has thus involved the
gmultaneous co-evolution of wind technology and a particular type of organizationa form within
anew organizationd fidd.

Early Wind Power

Before the late 1970s, awind power industry—constituted by aformaized group of
consumers and producers participating in stable economic reationships—did not exist. FIELD
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2 as presented in thisandysis did not yet exist. From the turn of the century until the advent of
the Rurd Electrification Adminigtration (REA) in 1936, most rurd parts of the country were not
connected to a centrd dectric grid. The REA was formed in part because it was believed that
these rura areas should “modernize’ and receive the benefits of central power. Electric utilities
during that time often would not provide services to these parts of the country becauise these
areas had such asmall customer base and low energy demands that it was not worthwhile to
build aline servicing them. In an attempt to rectify this Stuation, the REA provided funding to
help start municipa and cooperative utilities in these areas and it dso subsidized power lines.

Before the REA, many businesses manufacturing smal scade wind turbines for rura
home and farm use off the utility grid did quite well. Thelack of utility interest in servicing
isolated rura areas ensured an adequate market for these few windmill manufacturing
companies, and athough there was little cooperation and organization among them, there was
ggnificant competition among companies championing their own unique designs. But the advent
of the REA brought about strong normative pressures for farmers to connect themsdlves to the
expanding nationd transmission system even though many of them dready owned turbines that
generated more power than they could use. What had been ardatively successful (though
informal) wind industry in the beginning part of the century collgpsed as the nation became tied
together with large transmisson systems providing centraly generated power (Righter, 1996:
60-130).

The rdevant socid groups (RSGs) in thefirg hdf of the century involved with wind
were thus primarily afew windmill manufacturers and many of the nation’srurd famers. The
federad government and the large monaopoaly utilities were not involved a dl in the shaping of
these windmills, as neither had much interest in small scale power production, especidly in areas
outsde of traditiona service territories. Furthermore, the technology that was needed to keep
the windmills operating reliably was relatively smple, required little maintenance, and did not
need the expertise of large industria firms.> But the lack of any forma standards or industrial
organization spurred each businessto distinguish itself from its competitors by offering something
unique. Thiswas coupled with agenera aura of experimentation with tower height and blade
arrangement, aslittle was known about the detalls of actudly generating dectricity using an
intermittent power source such as the wind.

The multiplicity of early designs reflected the lack of formd inditutiond arrangements
between manufacturers, and consequently no universally accepted standards emerged. The

® Righter (1996) comments that the windmills made during this time were so reliable that the manufacturers
began to run out of clients, as the windmills almost never broke down and the market became saturated. In
fact, asthe interest in windmills resurfaced in the 1960s, many inventors and tinkers were able to look at
these earlier designs for guidance, as they often still stood on many rural farms and even worked with some
basic maintenance some 40 years | ater.
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lack of a dominant design was dso a consequence of the remova of an end user market, as
centraly located power plants distributing power through large voltage transmisson systems
came to dominate the energy landscepe after the 1930s. However, even though the specific
windmill desgns were diverse in their component arrangements, the size of the windmills was
influenced by the perceived market for the product (i.e. smdl farmswith low dectricity
requirements). Gigantic windmills serving entire cities were not pursued as a viable option
because the end customers for such power were aready being served by utilities with monopoly
control of the market using a different set of technologies. In other words, actorsin FIELD 1
were successful a promoting their definition of the technica frame. Thus early wind technology
was shaped by the existing (or nonexistent) ingtitutiona arrangements, whichincluded (or
excluded) wind power as a possible form of power production.

When the OPEC oil embargo of 1973 caused sharp increasesin the price of ail, the
nation began to reconsder its dependence on fossil fuels for dectricity. Starting in the early
1970s, the federd government began research on new renewable technologies such as solar
and wind. But with wind, for example, the only turbines that existed were for smdl scale use
and could not provide anywhere near as much power as eectric utilities and the public
demanded. Inthissense, a“working” wind turbine for utility scale gpplications did not exist in
1973. Thisexternd shock to the system redefined what a“working” wind turbine meant, as
well as what was an gppropriate technology for FIELD 1 to pursue. Such atechnology had to
be large enough to provide significant output to eectric utilities but aso chegp enough to
compete with dl of the entrenched technol ogies that the established organizationd field had
become so dependent on.

Whereas for the firgt three quarters of the twentieth century the number of actors
involved in shaping wind power technology was relaively small, as soon as wind power became
apossible technology for FIELD 1 to pursue, the number of relevant socia groups dramaticaly
increased. Thiswas because the product provided by FIELD 1 (electricity) had become
central to dmost al agpects of modern American society. Everyonein the nation had astake in
the way that dectricity was provided and produced, evenif this stake was as minor as Smply
desiring the chegpest rates. Thisfact makesiit difficult to bind the technologicd frame of wind
power because so many RSGs became increasingly included in the shaping of the technical
system. By 1980, for example, actorsin both FIELD 1 and FIELD 2 were involved, but so
were actors not directly involved with either fidd. In FIELD 1, for example, the range of actors
included: federd and state oversight and regulatory agencies such as the newly established
Department of Energy (DOE) created in 1977, the Federd Energy Regulatory Commission
(FERC), and state Public Utility Commissions (PUCs); existing power producers and
digtributors such as regulated eectric utilities, energy holding companies, federa, municipd,
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rurd, and cooperative utilities, and large research and development (R& D) organizations such
asthe federd government, NASA, the aerospace industry; and the Electric Power Research
Ingtitute (EPRI, founded in 1973). In FIELD 2, independent power producers, naturd gas
companies, indugtria firms operating cogeneration facilities, and afew smadler companies such
as foreign and domestic turbine manufacturers and plant operators were aso involved. Outside
of both these fields, unorganized environmentad advocates, nuclear fud opponents, and utility
customers dso became involved in shaping wind power technology.

The point isthat any socid constructivist account of how modern wind turbines came to
their current incarnation is forced to consder amost dl socia groups as rlevant ones. Such an
account must dso acknowledge that the technicd frame itsdf congtantly changed as new groups
entered the scene. A blow-by-blow technica history of the designs of specific turbines made
by individual companiesis beyond the scope of this current paper. However, some genera
trends and competing definitions can be highlighted and traced over time as the industry
evolved. The congruction of the modern wind turbine redly began with the research carried out
by the federd government and afew private corporations during the decade of the 1970sin
response to the percelved needs of FIELD 1. Thisresearch program was guided by a
particular conception of what a“working” wind turbine would look like. On top of the
conceptud gods of this program, the vantage of historica perspective aso revedsthat certain
tactics and practices were essentid for the evolution of wind power technology. Field testing
was incredibly important for wind turbine design as it gave researchers hands-on experience
with the technology in red world contexts outside of the laboratory. But the nature of thisR&D
environment was essentid for more than just technologicad improvements; it dso helped build
relationshi ps between actors from different fidds. It was the Smultaneous congtruction of wind
power technology aongside the congtruction of organizationd networks and relationships
between fields that lay the foundations upon which the success of FIELD 2 was built in the late
1990s. In order to understand the qudity of these relationships, however, the R&D
environment of FIELD 1 needsfirst to be discussed.

The Federal Wind Energy Program in the 1970s

As noted in the last section, the ail crisis of 1973 caused RSGs associated with FIELD
1 to recongder the technologies that the nation had become so dependent on. Knowing that
exiging dectric utilities were not likely to develop new technologies on their own due to their
averson to innovation, the federal government began a research program aimed a developing
new renewable technologies. One of these programs, called the Federd Wind Energy Program
(FWEP), began in 1973. This program was aimed a developing wind technology for use by
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exiging dectric utilities. This meant that the new technology had to fit into the existing technical
frame of FIELD 1. In other words, a“working” wind turbine meant massive output on the scale
of exiging fossi| fud plants. The perceived needs of actorsin FIELD 1 thus directed the
research agenda toward the development of very large scale turbines.

The federal program partnered with severa aerogpace corporations like Boeing,
Generd Electric, and Westinghouse who had expertise in economies of scde aswell as
helicopter and propeller engineering (Williams and Porter, 1989:224). As Serchuk writes,

. . . [tlhe FWEP chose to develop megawatt-scale horizontal axis machines,

which they believed showed the greatest potential and modest devel opment risk

as low-cost energy generators. . . . As successive designs sought to lower capital

cost, for example by reducing weight, engineers pursued maximum economies of
scale by constructing larger and more powerful turbines. (1995: 103)

The FWEP did experiment with anumber of different turbine designs, most notably awindmill
that used verticaly mounted blades and looked smilar to an eggbeeter. Even though this design
had anumber of potential advantages,” it was abandoned in favor of the horizontal blades
primarily because technical data from the aerogpace industry and turbine designs from earlier in
the century “lowered development risk and time” (Serchuk, 1995: 118). The ideawasthusto
creste machines of massive proportions using lightweght materias that would be able to
produce power to compete with conventiond fuels.

A number of socid and technica barriers presented themsalves in the process of
designing these large scale turbines. On the socid side, Serchuk notes, for example, that “[t]he
spinning meta blades of the big turbines interfered with television reception—a shortcoming
guaranteed to enrage even those Americans normdly unlikely to aly themsdves with
environmentalists (1995:134). Other barriers were alack of accurate information about wind
resources and permitting and zoning regulations prohibiting industria development. On the
technica sde there were aso many problems. They ranged from being able to safely connect
an intermittent power source to the exigting utility grid to redesigning blades to reduce noise to
minimizing blade vibration at high speeds to prevent cracking and damage to the tower.
Perhaps most importantly, investing in a gigantic machine meant thet al the resources went into
one object, and if something went wrong the whole thing was often lost.” Whereas airplanes

® One advantage was that all of the electrical equipment was at the base of the turbine and not four-hundred
feet in the air, which made replacing parts and maintaining the windmill much easier.

" Righter explains how one of Boeing’ stest sitesin Medicine Bow, Wyoming displayed one 2.5 and one 4
MW turbine. After four years of periodic functioning, the main bearingsin one of the machines broke and
the replacement cost was $1.5 million. Instead of fixing it, the company decided to take the whole thing
down. They dynamited the base and let it fall, and then when no one would buy it as aturbine they sold it
as scrap metal for $13,000 (1996:176-179).
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and helicopters could be serviced every couple of days and run intermittently, wind turbines had
to be rdatively maintenance free and run dl the time, day and night, rain or shine. The federd
government and the aerospace industry started designing turbines with the ideathat skillsfrom
other industria experiences were transferable and that a big turbine operated the same way asa
small one, only it needed bigger parts. Both of these assumptions turned out to be incorrect, as
congructing alarge turbine was much more difficult than anyone had anticipated.

By the end of the 1970s, the federal program had little to show in terms of aworking,
cost competitive turbine despite the dmost $150 million dollarsit hed invested in wind R& D
from 1975 to 1979 (Serchuk, 1995: 165). While in retrospect the program had its flaws and
was perhaps misdirected, its actions seemed the most rationd at the time given the
circumstances and were amed at achieving what at the time were redistic gods based on an
undergtanding of the problems and potentias of the technology. It is clear that the perceptions
of the FWEP, of the aerogpace industry, and of the dectric utilities themsaves were largely
influenced by the historical and ingtitutiond context of FIELD 1. The structure of the market
environment significantly shaped the perceptions of central RSGs, which caused subsequent
changes in technological design even though these designs may not have been the most
“efficient” or “best” technicd arrangements.

The Emer gence of the Wind Power | ndustry

The relevant socid groups and the technologica frame that condtituted the wind industry
in the 1980s were largely the same groups from the previous decade, with some notable
exceptions. PURPA in 1978 created a new class of actorslegdly able to generate dectricity
outside of themodd of FIELD 1. It also ensured amarket for this type of power, and it was
soon booming with companies aso ready to take advantage of the investment credits now
offered by the federal government for aternative, green energieslike wind. While there were
some smdl turbine manufacturersin the 1970s, these companies were largely unsuccessful at
securing the necessary capitd investments to make their turbines efficient and cost competitive.
As such, exiging utilities would not purchase them and saw them as a potentid thregt to their
market share and would therefore refuse to carry this type of power over their transmisson
systems. Furthermore, these smal companies often found themsalves subject to the regulatory
dructure of the exigting industry if they produced enough capacity. PURPA removed two of
these mgor inditutiond barriers by requiring thet utilities offer a“fair rate of return” for this
power and that they accept it into the grid. PURPA dso exempted these smdl facilitiesfrom
the rate ceilings that the regulatory system imposed, opening the door for tremendous profits to
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be made if the turbines actudly worked. Furthermore, because the fud was virtudly free, wind
held a competitive edge over exigting fuels.

But to say that the rdlevant socid groups were largdly the same is somewhat mideading,
astherole of the federa government and the aerospace industry, for example, receded
sgnificantly from the wind power landscape. Instead of enormous companies receiving large
federd grantsfor research and development, the wind industry was populated with small
entrepreneurid startup companies pursuing smaler, more manageable turbines. These new
companies congtituted FIELD 2 (populated by nonutility 1PPs). As opposed to the vison of the
FWEP where afew enormous machines were purchased by utilities to replace conventiona
fuds, the vison of the nonutility 1PPs and turbine manufacturersin the early 1980s was of
clusters of medium sized machines making up wind farms (Serchuk, 1995: 230). Thesewind
farms were till envisoned as working within the framework of the centrally located power plant
(FIELD 1), but the risks associated with turbine failure were lower if many turbineswerein
operation. The owners and inventors who five or Sx years before had made up asmall
periphera counterculture of renewable energy junkies now found themselves courting bankers
and investors on wall street and running private companies.

This new field congtituted the new wind power industry. Whereas the federa programs
of the previous decade attempted to engineer a“working” technology according to the
perceived needs of FIELD 1, there redly had never been the establishment of awind industry.
It was not until the 1980s that a sector of like-minded organizational actors converged to
collectively shegpe the industry’ s economic and ingtitutiond future. During thistime, actorsin
FIELD 1 by and large held back and waited for the technology to become more reliable and
lessexpendve. They were rductant to sign long term contracts using an unproven technology,
and this reluctance hindered some developersin FIELD 2 from securing the capita needed to
manufacture and ingtal enough turbines to produce a Sgnificant output. In this environment,
field testing became a very important aspect of the wind industry for old and new developers, as
it gave them first hand experience with the technology outside of the laboratory. Cdifornia
became the center of the wind industry in the 1980s—Ilargdly due to afavorable political
environment—and much of the essentid field testing was carried out in the hillsin the northern
part of the state.

In the early 1980s, Cdlifornia s lucrative Sate tax credits, when combined with federa
credits for renewables, meant that many investors were digible for up to fifty percent tax credits
by invegting in the emerging wind industry (Serchuk, 1995). Cdifornia thus became the hot spot
for commercid investment in wind power. Much of thisinvestment, however, was not based on
an ideological vison of afuture of renewable energy as much asit was on the possibility of
making aquick buck. Thewind farmsthat came to populate the Cdifornialandscepe were



32 CONSTRUCTING TECHNOLOGY

known as “tax farms,” and many of the companies that put them up had little experience with
turbine design and maintenance (241). Furthermore, because the tax credits were tied to
investment and not to production, there was little incentive for wind farm ownersto fully test and
design the most efficient turbines before erecting them. Asaresult, many of the turbines broke
down or fell apart and failed to generate the eectricity that had been promised. When the tax
credits expired in the middle of the 1980s, companies that had been quickly expanding were left
hanging, asthey could not offer a viable product for anywhere near areasonable price. Thus
while the owners of the initid companies were often skilled practica engineerswho had
experience desgning and maintaining smal windmills, the craze a the beginning of the decade
created arush to put up as many turbines as possible whether or not they actualy produced any
power. Thetax creditslargdly failed to create athriving wind power industry that Sgnificantly
contributed any power to the state’'s energy supply. However, the credits did provide the much
needed capitd in order to get the machines out into the field and to learn from their
performance.

The Importance of Field Testing in the 1980s and 1990s

For most of the 1980s, turbine development in both FIELD 1 and FIELD 2 involved a
process of educated trid and error. It consgsted mainly of field testing and experimentation to
see what worked where and, perhaps more importantly, to see what failed. As Righter (1996)
and Gipe (1996) discussin their research, often times the early machines smply did not work.
Manufacturers would build a machine and put it up, and sometimes it would spin so fast it would
literdly fly gpart and other times it would not spin at dl. Thiswas aso noted by Robert
Thresher, Director of the National Wind Technology Center at NREL, when he said,

[iTn some ways the 1980s was a disaster, these machines didn’'t work very well
they needed a lot of repair they were very high cost. It was redlly a tremendous
learning experience from a technica point of view of putting the machines in an
operational environment and making them work and begating the cost out of them.
(Interview 1)

On thetechnica sde, fidd testing reveded problems that engineers would not have even
thought were problems before the turbines went into operation. In spesking of the DOE/EPRI
Turbine Verification Program, Rick Waker, Director of Renewable Energy for American
Electric Power (AEP) answered,

.. . we learned that there is alot more lightning in Texas than on the West Coast
and it does a lot more damage to wind turbines than the manufacturer thought it
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would, and that the dry soil in west Texas is not very good grounding material. . . .
We had to do alot of work to improve the lightning protection. (Interview 14)

Lightning was aso a problem mentioned by Glenn Cannon, Genera manager of Waverly Light
and Power (WLP), the public utility for Waverly, lowa. Thefirgt turbine WLP ingaled was
gruck by lightning and was down for severd months, athough new turbines have different
lightning protection so now there are no problems. But, Glenn Cannon sad, “lightning is dways
anisue’ (Interview 4).

Vice Presdent of Generation for PG& E Greg Rueger relayed another such story about
the importance of field testing. One developer in the Altamont Pass areain Cdifornia, he said,

. . . was not getting the same generation out of their turbines compared to the
other developers operating in the same wind area, and when we finadly anayzed
what it was that was affecting their performance it was the color of the paint they
were using on the turbine blades. . . . They picked a color that the bugs seemed to
like and the bugs would sit on the blades and that would mess up the hydrofail. So
it is little things like that made a big difference in wind project performance.
(Interview 11)

Along the same lines, he dso commented that, “. . . you didn’t think about and discover the
problems until you started to deploy the technology and find out what some of the issues were
that would make the difference between amargina economic wind generator and one that was
doing better” (Interview 11). Field testing was extremely important for discovering problems
associated with the interaction between the machine and the natura environment and for future
turbine designs.

In many of these cases, the “working” versus “not working” of the technology was
wholly physicd: did it spin when the wind was blowing and did it produce energy? But as
certain components became more reliable (i.e., more stable), the innovations became
increasingly smaller and smdller until the very process of technologica change became more and
more incremental. Robert Thresher’s comment is exemplary. He said,

[i]t has redlly been a sort of a brute force and ignorance approach . . . you put
some experimental machines together, you don't know a lot, you make some
mistakes, you learn from the mistakes, you build better codes, you build standards,
you build an industry, and you build a cadre of people that learn from that
experience . . . it is a complicated process that does not go in big jumps, it is
much more evolutionary than revolutionary. Back in the science is where you
see some of the revolutions and some insights, but making technology work is sort
of aday to day "rat killing" process . . . you find the problems and you fix them,
like debugging a computer code . . . and that’'s a lot of what technology evolution
involves. (Interview 1, emphass added)
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This stlatement highlights that the early years of the industry were characterized as atime when
things were in much greeter flux. Astheindustry matured, the devel opments become aimed
more and more a refining existing designs to increase efficiency and prevent the problems that
arose as the machines operated on adaily basis over anumber of years. Asthe industry grew
and more experience was gained with these types of turbines, this basic design increasingly
became the industry standard. Smreller incremental modifications were continualy being made
to increase performance and keep the machines from flying gpart.

Rdiahility and availability were dso sgnificant forces shaping the technology. Because
the god of utility scae turbines was to be connected to the existing power grid, they needed to
operate within the context of the normative and technica expectations of system operators and
utilities. Thus wind turbines needed to consistently produce power in order to be considered a
viable dternative to other sources of generation. As Ed DeMeo, former manager of Wind
Power Integration at the Electric Power Research Indtitute (EPRI) stated,

. . . go back to the 70s early 80s, costs were in the 25 cent/KWH range,
equipment was young, there was difficulty keeping it operating over extended
periods. Utilities talk about availability, the measure of its rdliability, and a typica
utility has a power availability in the 90% range and above meaning that they are
ready to operate that amount most of the time. In the early 80s with wind you
were lucky if you got 80%. Today with all the experience that has been accrued
over the years, availability is typicaly 97 or 98%, which is terrific, it's excdlent,
and that is alarge part of the reason why the costs have come down, is that these
plants are producing energy when the wind is blowing instead of ditting there
being fixed. So costs have come down because of experience factor and because
of ongoing product improvement in the components and the operating strategies,
and the machines have gotten bigger. (Interview 12)

Feld testing dlowed this sort of ongoing product improvement to take place. New problems
aros2 with the actud operation of the machines and as the technical system into which these
machines were being integrated demanded certain types of outputs that directed the technology
to take certain types of forms over others.

Field testing remained a centrd feature of R&D in both FIELD 1 and FIELD 2 inthe
1990s. Despite being highly risk averse and not being likely to directly undertake R& D efforts
within their own companies, dectric utilitiesfrom FIELD 1 were ill interested in using new
technologies to help cut costs or make operations more efficient, as long as the risks associated
withthem were low. This support is demonstrated by the fact that in the 1980s and early
1990s, many utilities were significant contributors to the Electric Power Research Indtitute, the
utility trade association with sgnificant R&D activities Indirectly, then, utilities were involved
with R&D by providing capital through membership contributions that were important for R& D
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on unproven technologies such aswind, R&D that was essentid for their refinement and
subsequent decrease in cost.

In the early 1990s, the budget of the Electric Power Research Ingtitute (EPRI) was
quite large and membership was srong. EPRI’smain role as an industry association was to
market, help distribute, and educate its members about products that came out of research
programs. In asense, EPRI was the research and development arm of FIELD 1, representing
the interests of the established dectric utilities. As Chuck McGowin, Manager of Wind Power
a EPRI sad, “EPRI’srole higtoricaly has been to manage rather than perform R&D”
(Interview 8). When asked to clarify what was meant by the “management of R&D,” he
responded,

when you think of a research ingtitute you think of labs where you do

measurements and there are people with white coats, and we do actualy have

some facilities and cases where that is done . . . but what | mean is that we are

managers of the programs, we have resources that we receive from members of

EPRI . . . and our job is redly to look at the big picture, design a research

program, receive input from our members about what they need, and help get

input about priorities and about how funds and resources are used, and then we

go out and hire the contractors and manage the research and publish the results
either in reports or demonstration projects. (Interview 8)

EPRI was very receptive to the needs of utilities and worked closaly with manufacturers to
ensure that those needs were met. In commenting on EPRI’ srole, Robert Thresher from
NREL sad,
EPRI was great at this boundary operating as a bridge between pototypes of
commercia hardware and actualy running machines of sufficient size to make
them profitable, EPRI bridges this gap, the "valley of death" where you can get a

great prototype ditting there running but everyone is afraid to take the risk to go
into production to make 100 units and try and sl them . . . (Interview 1)

Asthese comments reved, EPRI had alarge role in hel ping legitimate wind technology to its
members—the end- users—as wdl asin helping refine exigting technologies to make them
cheaper and morerdiable,

Although indirect utility involvement in the form of trade association membership has
historicaly been a centra feature of large scale wind R&D for FIELD 1, severd utilities were
aso more directly involved with R&D by taking part in testing programs. In the early 1990s,
EPRI and the DOE started a program cdled the Joint EPRI/DOE Turbine Verification
Program. The goal of this program, like the FWEP of the previous decade, was to promote
wind power to dectric utilitiesin FIELD 1. The Turbine Verification Program was away for
manufacturers to have their turbines placed in test Stes with willing eectric utilitiesin order to
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see them operate in the fild and help the utilities gain confidence with the technology. AsEd

DeMeo, former manager of Wind Power Integration at EPRI commented on the Turbine

Verification Program,
its focus was to take wind turbines that were beginning to emerge from
development programs that were looking pretty good and then to find interested
and willing utility partners who would agree to test a smal number of these
machines to get some statistica info about how they would operate in the fidd. So
we wanted to test machines that had had the early bugs run out of them and were
now ready for utility service, and that turned out to be a very successful program
in that we verified the performance of some of the turbines, we also helped the
manufacturer shake out some remaining bugs that helped them to avoid having
those problems on their first sale of a 100 machines. So it helped the
manufacturer, but what it redly did for the utility was to help them gain
confidence in the technology, and that was really what we were about, to try and
seed the market for the technology. (Interview 12)

This comment reveas some important agpects of the Turbine Verification Program.

It took machines that were being developed by manufacturers but had not yet had extensive
field experience and placed these machines with potentia customers. This helped refine the
technology and get the potentiad customer more familiar with it through experience. This
program aso involved afair amount of cooperation and communication between actors
respongible for actualy making physica changes to the technology as well as the ultimate end-
USers.

While EPRI was involved with managing R&D and pursuing technologies thet it
believed were needed or its members had a specific interest in, the National Renewable Energy
Laboratory (NREL) was much more involved in the basic science of wind technology. The
literature has criticized the Federd Wind Energy Program (conducted mainly through NREL)
for not being sengtive to utility demands and for not working closely enough with potentia end-
usersin FIELD 1 to get ther input on designs (Serchuk, 1995). Thisview was generdly
confirmed in the interviews. Interviews reveded that 1PPs had little interaction with NREL and
that the few utility viewpoints represented in the data were positive but vague in terms of
NREL’srole, dthough to varying degrees. Thusit isimportant to note that when Robert
Thresher a NREL comments that, “[w]e do R&D but it is redly industry driven, we have cost
shared contracts with the industry so we work pretty closely with them. We can't decide
everything, so thereisalot of discussion becauseitisalot of their money . . . ,” the perceived
indugtry in this caseis dectric utilities but alack of communication between the two sets of
actors may hinder technology deployment (Interview 1). While the data from this current
research is not representative enough to make solid conclusions about NREL ' s effectiveness or
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success in generating aworking technology, the following comment from one interviewee is
illuminating. In talking about some current NREL research, the interviewee said,

NREL recently embarked on developing more highly efficient, high-speed turbines
with lighter materials. But people in the industry told me that it was yet another
“NREL project” and that these turbines are not going to make it into the market.
They are too expensive, too loud, and too noisy. “Y eah, maybe it is more efficient,
but I can't sell it, because no one will buy it.”

While NREL was perhaps uniquely Situated to carry out research on high risk innovations
because it was a branch of the federad government, its reationship with potentia end-users
appeared to be different—and somewhat |ess effective—than that of EPRI, itsindustry
association counterpart.

Even though mogt utilities hitoricaly have been quite risk averse, the interview with
Greg Rueger from PG& E reveded that, at least in the 1980s, his utility had been quite actively
engaged in performing in-house R& D on renewables. Part of the reason was that PG& E saw
the potentia for renewables early on and part was dso that California had afavorable politica
climate that encouraged renewable development in the sate. When asked to discuss the
company’s R&D efforts, he answered,

When you go back to the late 80s early 90s we actualy looked at wind as the
technology that had perhaps not the largest potential, because we thought that you
could use PV [photo voltaic] more extensively, but it was the closest of what was
then referred to as renewable and non conventional projects to being competitive
with conventiona generation. . . . We were actually fairly disappointed in what
was going on a the time [with R&D] and we supported various pieces of

legidation to try to encourage these types of technologies since our fegling was
that these technologies did have promise—though they still had to go quite aways
to be fully economic—but we felt wind was further along than others . . . [and]

that you would never actudly have them here unless you were willing to put some
additional funding in, and the industry itself, the wind industry, was too smal to do
al of its funding itself without some rt of subsidy. (Interview 11, emphasisin
origind)

PG&E dso worked closdly during this time with EPRI and with California state agencies.
When asked about PG& E’'srole in thewind industry more generdly, Greg Rueger answered,

[i]f you go dl the way back to about the mid 1980s PG& E developed what we
caled the green resource plan, which focused on energy efficiency and
renewables to meet a good portion of our future demand. As a part of that we
had a fairly good size R&D program that was funded by the California PUC and
our rates but administered by [our utility] to develop some of these technologies. .
.. We owned a very large Boeing designed wind machine, with blades the size of
a football field, that generated more electricity than any other turbine ever . . . but
it had alot of stress corrosion problems and we eventudly took it down but it ran
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for quite afew years . . . we did quite a bit of research on that. In addition, we
would fund through our research program some of the development that a number
of wind development firms were doing themselves, we would provide some
additional dollars . . . and some advice from our perspective on how to go about
developing this technology. (Interview 11)

PG& E was thus both directly and indirectly involved in testing and developing early turbines.
The utility owned and operated test turbines in the field, it worked with developers to shape the
technology, and it was one of the larger supporters of EPRI at that time.

As much asfidd testing helped improve the designs of the machines, it so brought the
concerns of new RSGsinto the R& D environment, further changing the technology. Asthe
literature extensvely documents, the history of the wind industry has been intimately entwined
with public perception and environmenta demands focusing on the issues of noise, vighility,
televison interference, wasted subsidies, and avian and bat mortdity (Asmus, 2001; Gipe,
1995; Righter, 1996; Sawin, 2001; Serchuk, 1995; and Thresher, 2002). The demands of the
public a large and locd residents living near wind farms have had a sgnificant role in shaping the
desgns of individua wind turbines and of wind farms more generaly.

Perhaps the most commonly mentioned problem with wind turbines relates to the death
of birds as aresult of them flying into the moving blades. This was a much more substantia
problem with the earlier wind farms than it istoday, dthough it is dtill perceived asalarge
problem by askepticd public. Thefirgt turbinesthat developers erected in the Cdiforniahillsin
the 1980s used a lattice tower and operated at higher RPMs. Birds would roost in the tower
framework and would frequently be killed by the rotating blades. Dead birds scattered at the
feat of windmills—especidly when some of them were endangered species—angered many
environmentaists and animd rights activists who began to vehemently oppose wind farm
development. This opposition drove developers to study the problem and learn about Siting
wind farms outside of migratory paths. 1t dso, however, led to changesin the physica design of
the windmill itsdlf.

Gerad Jacobs commented on how a project undertaken in southern Wyoming by
Public Service Company of Colorado (PSC) in the late 1990s was affected by such concerns.
“Initidly to keep cost down,” he said,

they looked at using a lattice work tower . . . [which is] an easy tower to erect

and fairly inexpensive, but the problem that people saw with that type of tower is

that they were attractive to roosting birds, especidly in that part of Wyoming

were there were few trees. . . . A lot of the overall opposition to the project was

because of the choice of tower. But the site was not in aflyway at al . . . [and]

they did a longitudina and habitat study in the area to see about resdent bird

populations . . . and they found that there redly was not much of a bird
population. . . . What eventualy happened is tha they did go with the solid
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cylindrical type of tower, and | think that had to do with the fact that those types
of towers were more widely produced . . . [and] many of the turbine
manufacturers were going to this type of tower because you can run al the wiring
interna and there is no bird problem. So eventualy that was the type of tower
that got used in the end. (Interview 3)

Because the project relied on some federa grant money, the company was required to do an
environmental impact study and be receptive to public concerns about avian mortaity. Even
though the initia proposed design was deemed acceptable in the end, an dternative was chosen
that the industry had established as a viable design which minimized bird kills and &t the same
time concedled the eectrical equipment. In relation to the design of the tower, the enclosed,
solid tower that has become the industry standard resulted in part from public opposition to
earlier designs but also became readily accepted because it offered some other identifigble
functiona purposes.

Oftentimes the noise crested by the earlier high RPM machines aso spurred opposition
from local residents to wind development. This opposition pressured developers to design
different blades and rotors that spun more dowly. Pressure to increase rdliability dso came
from the public, as wind farms with machines that were congtantly being fixed did not go over
well in the public eye and led to opposition from local residents that would make siting and
permitting more difficult. As Righter (1996) has noted, wind technology devel opment has been
uniquely open to public scrutiny because many of the early test Stes werein placeswith the
highest winds which are aso the places with highways and other public travel. Coupled with
this was a sgnificant amount of Not-In-My-Backyard (NIMBY') opposition where residents
support the use of renewables in theory but oppose them in locd areas. Asaresult, developers
increasingly sought out Sites that might have lower wind speeds but would not stir-up opposition
to the facility because of amore remote location. Aswill be discussed later in Chapter Four,
locating wind farms in more remote areas has dso created significant problems associated with
transmission, as many of the most ideal wind Sites are quite far from urban centers. Especidly in
the earlier years of the industry, wind turbines were subject to afair amount of public scrutiny
which led to sgnificant changes in turbine design and the locations of wind farms.

Asthe industry matured, however, and the designs became increasingly established and
gable, public scrutiny and opposition has had less influence on the physica design of the turbine.
Thisis partly because instead of redesigning a turbine, developers have learned to educate the
public and assure stakeholders that perceived problems are not redlly issues of great concern.
For example, Rick Walker from American Electric Power (AEP) relayed a situation in Texas
where aloca TV dation was concerned that the new wind facility would interfere with
broadcast signds. Asaresult, further testing was done by the utility before and after the project
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was built in order to prove that the facility had no effect, and the issue was dropped (Interview
14). Had there been an effect, it is likely that the utility would have chosen another location
instead of going back into the lab and redesigning a machine that interfered lesswith TV sgnds.
Smilaly, ZenaEl-Azizi, Development Manager for Cido Wind, a privately owned operations,
maintenance, and development firm, acknowledged that one of the firgt things the company does
when it locates a potentiad Steisto establish areationship with land owners, environmentdigts,
county planners, locad paliticians, and universities to educate people about how the facility
works (Interview 10). Thusfidd tegting initidly brought new RSGsinto the R& D environment
who subsequently exerted influence to shape the designs of wind turbines. Astheindustry has
matured, including these RSGs and educating them about wind power technology has become
regular practice.

European Influence

Thelast section highlighted the importance of fidd testing for the R& D efforts of actors
inboth FIELD 1 and FIELD 2. It also suggested that field testing caused many RSGs not
typicaly directly involved with R&D to become involved with wind power technology and exert
their influence on the designs of the machines. It isimportant to note, however, that despite
these early R&D efforts, many industry participants and scholars give neither FIELD 1 nor
FIELD 2 much credit for developing the modern wind turbine despite the substantid efforts of
the federd research program and turbine manufacturers over the last two decades. Infact,
many participants fed that it is only because wind power matured in Europe firgt thet it has been
ableto take hold in the United States. The federa wind program and the efforts of
manufacturers, even with substantial funds and fidld testing, were largely unable to create a cost
effective, reliable wind turbine. Severd interviewees explicitly commented on European
technological development as an essentia influence on the modern wind turbine. When asked
about the history of wind technology and why wind as opposed to other renewables has
become so prevadent, Arnold Leitner, Senior Consultant at Platts Energy, answered that, among
other things, “. . . there was a mature technology coming back from Europe. .. " (Interview 7).
Furthermore, he said,

. . . wind came from Europe with a couple of characteristics. production
capability, dependable technology, and a good price. Wind power returned as a
ready technology; it was proven and no longer an experiment. There is really
nothing experimental now about buying wind. But no one in the U.S. can clam
much credit for that. No one in this country can really say we are the ones who
had the vison and foresight to make it happen. Instead, the foresight and the
vision occurred in Europe. . . . (Interview 7)
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Although the current analysis does not reved how much of the physica technology from Europe
has been adopted by American firms, it is clear that wind' s acceptance in Europe has led to
increases in production and further field testing, both of which drove the price of turbines down
and make wind more gppeding to American developers. This beginning of a stable world
market has also alowed for some standardization of parts. Doug Larson, Executive Director of
the Western Interstate Energy Board, commented that,

... [wind'g| revivdl is fundamentally due to economics. They have improved the

turbine technology, a lot of that is due to, | think the fact that, not the U.S. but

Europeans in particular, have begun to reach economies of scale largely due to
the introduction of wind in places like Denmark and Germany. (Interview 9)

These comments reved that some in the industry believe that the influx of European designs and
the stabilization of an international market have been important factors for the recent increasein
wind technology applicationsin the U.S.

However, this sentiment is not shared by everyone. While dmost no interviewees
dismissed European designs as being influentid, the level of importance varied. Obvioudy
persons deeply committed to the DOE program at NREL were less forthright about the
criticisms of ther supposed failures. From their point of view, and from the point of view of
severd utilitiesand of EPRI, NREL has been an extremdy instrumenta force in shgping modern
wind technologies. While thiswill be further explored in the following chapter when the context
of industry R&D is discussed, it should suffice to say for now that participants do not seem to
explicitly share the same opinions about which designs from which nations have been most
successful. Despite this, it is clear from the interviews that European companies represent a
ggnificant portion of modern turbine manufacturers.

Almogt dl interviews with regulated utilities, 1PPs, and wind farm devel opers reveded
that European companies have been able to repeatedly offer reliable, low-cost bids on wind
projects. Whether or not these turbines are selected is a more complex matter. When a
company wants to undertake awind farm, they essentialy send out a Request For Power
(RFP) and then recelve bids from manufacturers. The company models these bids to determine
the best option and then makes a selection based on these factors. While the models vary from
company to company, severd factors came up in multiple interviews. For one thing, financing
the project is of course extremdly important. The comments of Zeina El-Azizi at Cido Wind are
suggestive. When asked about how Cidlo decides which turbines to use, she answered,

[t]here are severa things that go into place. The perception of the finance

industry of the turbine manufacturer. So someone like a Bonus or a Vestas or a

Mitsubishi is much more likely to get financing than someone like a Nordex whose
had trouble financing their turbines in the past because of a warranty or
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operations issues® So experience in the market is extremely important when it
comes to choosing your turbine. . . . At least in the U.S.—and the variance is
sgnificant between here and Europe—there tends to be a handful of turbines that
are used that are much more successful . . . you have to balance the cost and the
power output when you model this and essentidly you get bids from different
manufacturers and you run the model and there is a point at which cost, power
curve, and [financing] meet, and that is essentially how you make your turbine
choices. (Interview 10)

The use of internationd turbines was adso highlighted by Greg Jaunich, President and
CEO of Navitas Energy, an |PP with facilitiesin over ten Midwest states. When asked about
turbine selection, he answered,

[w]e tend to work with . . . the same manufacturers, just the major ones, we've
used al different kinds of equipment. In the past, we've used GE, NEG Micon,
we've used Vestas. Currently our company is using Gamesa wind turbines
because of the ownership relationship they have with us and because the
equipment is the best in the industry . . . (Interview 13)°

These comments reved that the modern wind indudtry istruly internationd in nature. Itisclear
that the European influence is strong, but it istoo Smple to see things only in terms of the Danes
“getting the technology right,” perceptions of technologies from other countries have also
improved and stabilized.

Interviews aso suggested that the use of European turbines may be more prevalent
among | PPs than among regulated power producers. Regulated utilities gppear to typicaly use
U.S. machines, and part of this may have to do with the nature of the ties between federd R&D
and utilities (i.e. the direct influence of the government asan RSG). In some cases, grants to
help finance wind projects stipulate that a significant portion of the turbine be manufactured in
the United States. The joint DOE/EPRI Turbine Verification Program, in which manufacturers
would get help placing test turbines with willing utilities, required that these turbines be U.S.
made so as to encourage the domestic wind market. Rick Walker, Director of Renewable
Business Development for AEP, stated that,

[t]he Fort Davis wind farm was the first project built under the EPRI/DOE

Turbine Verification program. One of the dipulations of that was that the

developer had to use an emerging U.S. manufactured technology. We used the

very first commercially produced turbines from Zond, which became Enron Wind
and is now GE Wind. (Interview 14)

® Bonus and Vestas are both Danish firms, while Nordex isaUS firm.

Micon isaUS company, Vestasis Danish, and Gamesa is Spanish. It should also be noted that Navitas
and Gamesa just recently signed ajoint stock agreement in which Gamesawill acquire seventy-five percent
of Navitas stock. This helps explain why Navitas would use Gamesa turbines while few other participants
mentioned them.
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But as the turbine market has become increasingly internationd, the boundary between U.S. and
non-U.S. machines has become increasingly blurred. When talking about a project undertaken
by Public Service Company of Colorado (PSC) in the late 1990s,"° one of the environmental
consultants for the project, Gerad Jacobs, commented that the project used a significant
amount of federa grant money as a source of funding and that one of the DOE requirements
was that turbines needed to have asignificant U.S. component. He said that because PSC was
working with a European turbine manufacturer at the time, what ended up happening was that
the towers were domestic and the turbines and components were from Denmark but were
assembled in the U.S. (Interview 3). Thiswas aso expressed by Ed DeMeo, former manager
of Wind Power Integration a EPRI, when he gated that,

as time goes on the whole industry is now becoming more and more internationa
in that, yes we are ill putting many Danish and German machines in, in this
country, but more and nore of the components and in some cases the whole
machines are being assembled in the U.S. from parts made in the U.S. by a
foreign company. . . . Plus we now have American firms that are setting up
operations in Europe . . . s0 its becoming a globa industry and that’s a sign of
maturity. (Interview 12)

Wheressin the early years of the industry many developers using federd funds were required to
use U.S. technologies, this has become increasingly difficult as the technology itself has become
more and more internationa. At the same time, companies that face no restrictions about
turbine sdlection find that European technol ogies are often chegper, more rdiable, and have an
established track record that lowers the risks of using them.

Of course, seeing European technology as "objectively better” aso begs the question of
the socid context of its own development. While the scope of this current research does not
alow a complete account of the rise of this internationa market and of the specific technologica
differences between European and U.S. turbine designs, interview data offers some ingghtsinto
the reasons for success in Europe as well as some of the forces that helped shape turbine design
inthe United States. As Arnold Leitner from Plaits Energy commented,

[E]uropeans are just ten years ahead of the U.S. because of a culturd attitude. . .
. [In Europe] there was alot of willingness to accept [wind]? some of which was
not a al economic; it is just purely cultura. People wanted it, for reasons that
related to deep seated European traditions of a more mature and settled society . .
. more educated, more awareness, more global integration. (Interview 7)

19 PSC of Colorado was an operating utility and a holding company that merged with Southwestern Public
Service company in 1997 to form New Century Energies, a holding company. New Century Energies merged
with another holding company, Northern States Power, in late 2000 to form Xcel Energy, one of the largest
U.S. IPPs.
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In terms of how this cultura attitude trandated into turbine design, he further stated that,

. . . the Cdlifornia turbine was an aero-derivative, very high speed and high
performance but with poor reliability. The Europeans took a pedestrian approach
and built very big turbines with very big blades that spun dowly. The made the
turbine blades out of wood and made everything as cheap as possible. European
turbines looked more like windmills than propellers on planes. The advantages
were that they were cheaper, more reliable, and quieter. It was an example
where less was more; the simple solutions worked best. (Interview 7)

While culturd differences may have played arole in the acceptance of wind in Europe, many
interviewees aso commented on the different political atmospheres and the scarcity of other
resourcesin many European countries. These other factors have been explained in detail by
Sawin (2001) and will be addressed in the following chapter when policy is explicitly discussed
as one extremely important driver for the modern wind industry in al countries.

The maturation of the globa wind industry has thus been one very important factor for
the U.S. wind power industry. In particular, even though the R&D effortsin the U.S. may have
faled from atechnica point of view, they succeeded in establishing relationships between actors
in both FIELD 1 and FIELD 2 that were essentid for the spread of the “best working” wind
turbines coming from Europe. Without the foundations that this earlier R& D helped put in
place, wind technologies from Europe may not have been so readily accepted by actorsin both
fieldsin the 1990s.

Technical Stability and Future Change

Even though radicd innovations may have become less and less likely asthe industry
has matured, wind turbines continue to evolve. In fact this evolution involves Smultaneous
perceptions of stability and change on the part of actorsin both FIELD 1 and FIELD 2. In
2003, most participants agree that, by and large, turbines have settled around the three bladed,
solid tower, upwind facing machine producing upwards of 1.5 MW of power. However, most
participants o agree that the future of wind turbines involves bigger machines with smpler
gearboxes and lighter-weight materids operating in areas with lower wind speeds or in offshore
locations. How isit possible for these ssemingly opposing views to be conveyed, sometimesin
the same sentence? A statement by Chuck McGowin, Manager of Windpower for EPRI, is
exemplary. “We recognize that some technologies like wind,” he says, “with current
configurations are pretty mature right now, but there are still some issues that need to be dedlt
with [laugh], which they are deding with . . .” (Interview 8). Theseissues are mainly mechanica
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and have to do with the wear and tear on machines during the course of their operating lives.
Ashe dso Hates,

.. . the technology is approaching maturity. There was a lot of experimentation in
the 1980s and before . . . there is till alot of experimentation, we get letters dl
the time about new designs, some are very wild ones that people have built
without knowing about al the commercia experience. . . . There are some new
ideas that are being looked at, [but] other than some minor changes in the tower
type things are pretty stable and they operate more or less the same way.
(Interview 8)

The technology is thus both * goproaching maturity” and till subject to afar amount of
experimentation and minor changes. ZeinaEl-Azizi of Cido Wind commented on the amount of
Subgtantid innovation occurring in terms of turbine design by saying, “. . . | think the essentia
sructure of theturbineisthere. | haven't been approached with an eggbesater [pause] ever
[laugh]. | would say the advances are mostly within the three blade technology” (Interview 10).
These statements do not mean that industry participants cannot make up their minds about the
current state of wind technology. That isnot at al the case. Rather, participants have avery
clear sense about turbine design and possess agreat ded of knowledge about how they work
and about the fundamentd science behind their engineering. What these satements do reved is
that the very concepts of innovation and stability need themsalves to be revisited in light of how
technologies are perceived by the people who use them. For developers, the technology is
mostly stable and “works pretty well.” To utilities, the foundation is there but bigger and bigger
machines are fill the end god. The technology could still “work better.” While not adirect
one-to-one correation, the perceptions of stability seem to vary between IPPs and 10Us.

The current design of modern wind turbinesis overwhdmingly an upwind facing, three-
bladed machine with a solid tower and a 1.5MW output. Figure 5 shows NREL’s version of
the evolution of utility scde U.S. wind technology since the 1980s. The future
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Figure5: The Evolution of Commercial U.S. Wind Technology
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of turbine technology is by most accounts moving toward larger and larger Szes 0 asto achieve
economies of scale and access lower wind speed locations. Within the federd research
program, the current god isto reduce codis by using lighter materias, by smplifying design, by
accessing new, untapped, commonly occurring wind resource regimes, and by increasing the
output of the machine so as to achieve economies of scae (Interviews 1 and 2).

Many industry participants from different ingtitutiona locations stiressed the upcoming
trend of offshore facilities. Arnold Letner from Platts Energy stated that “. . . offshore power is
where the second wave isheaded . . .” (Interview 7). Smilarly, Zeina El-Azizi from Cido Wind
dated, “[o]ffshore will probably be next and they [i.e. turbines] will be alot bigger there’
(Interview 10). Offshore locations have anumber of advantages that make devel opment
aopeding. Interms of turbine design, offshore arrangements theoreticaly alow for larger
turbine Szes because trangportation and ingtdlation cogts are lower than for land facilities.
Especidly in the United States, where most ided wind locations are in the Midwest, getting
gigantic turbine parts to these locations can be codtly and difficult. An offshore facility,
however, can be erected by contractors that have experience working on the ocean with heavy
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equipment building ail rigs, and turbines can be carried directly to the Site via ship and offloaded
into place. Locating turbines farther out to sea dso minimizes NIMBY complaints, one of the
barriersto industrid development that will be addressed in relation to wind in alater section. In
terms of efficiency, offshore winds have alower shear factor that causes less srain and
increases rdliability, and ocean winds are less gusty which leads to steedier capacity. Thuswhile
offshore wind plants have yet to become the dominant modd and will surely present new
technica chalenges rdlated to anchoring in degp water and sdt-water corrosion, this seemsto
be the direction that utility sce wind is moving.™*

Conclusions: The Application of SCOT to the Wind Industry

This chapter has demonstrated how technology is shaped by competitions over
meanings associated with physical technologies. Buit it is aso apparent that RSGs differ in their
ability to establish their vison as the vison ultimately accepted by other actors. During the
early years of wind power technology, complaints about bird desths, noise, and view-shed led
to sgnificant changes in turbine design as developers were forced to reckon with environmenta
concerns and loca opposition to projects. Asthe industry matured and some aspects of the
technology stabilized, the concerns of many of the same RSGs became dlayed by education
and communication efforts on the part of manufacturers and developersinstead of making
physica changes to the technology itself. In other words, RSGs had a sgnificant impact on the
ways that technologies are marketed, sold, and presented without actualy changing the physica
artifact itsdlf.

This confirms some of Bijker’s (1995) notes about power asymmetries, as certain
groups are more cgpable of framing decisions and presenting solutions in order to retain control
over the technicd frame. It also engages some of the more generd criticisms leveraged againgt
the SCOT methodology about the unequd distribution of power, as the case of wind power
shows that some less powerful groups were able to participate in the debate but had little
influence in the actud design process (Klein and Kleinman, 2002). Thisis captured by the
comment of Zeina El-Azizi when she says, “[r]ight now the only market for wind is large scde
wind” (Interview 10). By and large the definition of “working” wind turbine technology isa
machine that produces consstent, reliable, and cost-effective output from centraly located wind
facilitiesin order to supply power into the existing eectric grid for purchase by large eectric
utilities

™ Although not directly quoted here, many of these insights about offshore wind facilities and their
potential benefits came from Arnold Leitner during the interview with author on January 3, 2003.
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This definition came out of FIELD 1, as established dectric utilities helped define the
overarching context into which wind turbines ultimately needed to conform. FIELD 1 presented
atechnica framethat was the result of older historicd and technical developments. The desires
and competing meanings that other less powerful RSGs (outside of FIELD 1) brought to the
table did play arolein shgping the “nuts and bolts’ of early wind turbines, but the relationships
within the technica frame were asymmetrica in terms of power digribution. Whileit is true that
the current turbine designs might have been different had noise or bird degths not been a
concern, it isaso true that aspects of the current design were very much influenced by the
exiging framework into which the technology was being integrated. In this case, large-scale,
centraly located plants better served the exigting ingditutiona and technica framework (of
FIELD 1) in which more powerful actors were entrenched, even though these technical
arrangements were perhaps less efficient and more cogdtly in the long run (Interview 15). Thus
the context of technicd development is extremely important and is highly correlated with the
nature of the relationships between actors as structured by organizationa fields.

This chapter has shown that wind power technology did not evalve in adrictly linear
manner, and that the modern wind turbine underwent substantial changes as a result of multiple
types of pressures and demands exerted from many different sources of influence. Thefirst
sgnificant pressure affecting the modern wind turbine was exerted from FIELD 1 itsdf, asthe
perception in the 1970s was that wind power could replace polluting types of power plants by
using a cleaner technology. Thisfirgt pressure established an end god held by both FIELD 1
(dectric utilities, federa research and development |aboratories, and private companies from
other indudtries) and by FIELD 2 (newly formed nonutility 1PPs). Despite thissmilar god,
however, organizationsin each field had differential access to resources as aresult of ther
position within a network of the eectric power industry, and this position subsequently
influenced their opinions of what the gppropriate design for such amachine should be. Utilities
and federd R& D focused thar efforts on gigantic machines so as to achieve economies of
scope and scde (in linewith FIELD 1). Ther ideawas to produce smal moddsin the
laboratory by understanding the basic science and then to scale dramatically upward to
construct enormous machines so as to increase output. Nonutility 1PPs, however, like
European manufacturers, focused on medium sized machines arranged into wind farms (in line
with FIELD 2). Their ideawas to achieve economies of production in order to reduce cost and
gpread the risk of failure out over alarger number of turbines.

Both approaches in the United States largdly failed to produce a turbine that “worked”
by dl definitions. Firg of al, many of the turbines of the 1980s literdly did not function and did
not produce consstent, reliable output. They flew gpart or did not spin at dl, they killed birds,
or they were “ugly” and scarred the landscape. Although practicd testing for both approaches
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was essentid for incrementa improvements to be made, neither gpproach was successful at
producing aturbine that was believed to be competitive with the cost of other fuels without
federal and state subsidy, an issue of centra importance to the story of wind power that will be
addressed in more detail in the next chapter. While early attempts at creating aworking wind
turbine did not come to full fruition, these attempts were essentid for the later success of wind
power because they set the technica and organizationd foundations upon which the modern
wind power industry was eventudly constructed.

The next chapter shifts the focus of andyss to the organizationd environment since
1978 and emphasizes how the nature of the relationships between RSGs from each
organizationd field involved with R& D changed with the smultaneous maturation of the wind
power industry and the restructuring of FIELD 1. Understanding these relationshipsis essentid
for understanding the success of the modern wind power industry because they served to
edtablish wind power as alegitimate pursuit by giving eectric utilitiesin FIELD 1 direct
experience with the technology. Even though neither FIELD 1 nor FIELD 2 was successful at
ultimatdly designing the wind turbine that was eventually adopted by both, these early
experiences et the stage for the acceptance of “the working” turbines that came from Europe.
Perhgps more fundamentdly, this shift in focus emphasizes that the congtruction of the modern
wind turbine was not only a processes that involved shaping physicd artifacts but dso involved
the creation of a new organizationd field (FIELD 2) containing nonutility 1PPs. Even though
early turbines may not have “worked” in the sense that they failed to produce power, they
“worked well enough” to secure FIELD 2 afoothold in the eectric power industry. This
foothold was subsequently used to push for political and regulative changes that alowed the
industry to move forward and become an established force in the power production landscape.
The following chapter expands upon some of the data dready presented to emphasize further
the ingght that technology and organizationa form co-evolve with each other.






CHAPTER THREE - Constructing Groups: Policy and the
Reshaping of Organizational Fields

The lagt chapter focused on wind technology and the context in which it emerged and
developed. Fidd testing was shown to be extremely important, and pressures exerted from the
organizationd fidd of the existing dectric utility industry significantly influenced the ultimate vison
of what a“working” wind turbine would look like. The last chapter also discussed the
relationships between R& D organizations and, perhaps most importantly, it showed how the
relationships created as aresult of R&D activities—which often spanned between FIELD 1 and
FIELD 2—set the stage for the acoceptance of “working” technology from Europe by both sets
of organizationd actorsin their respective fiedds. This“mature’ technology, while continualy
being atered as the industry grows, was by and large accepted as “working” by members of
both organizationd fidds. So far in thisandyds, policy and indtitutions have largely been aosent
from the discussion except to provide a backdrop for the activities of membersin each fidd.
The last chapter thus focused on technology as the object of analyssin order to show how wind
turbines developed and changed within the contexts provided by FIELDS 1 and 2. This current
chapter, on the other hand, turns away from technology as the immediate object of andysis and
focuses on the organizationa environment, specificaly as reaed to changesin policy.

Making thisanaytica shift isimportant for understanding the success of wind power
because this successis not only about wind turbines but also about a new organizationa form—
as contained in FIELD 2—that managed to secure a place within the framework of the
edtablished FIELD 1. The primary cause of this change has been public policy, which has
structured the nature of the relationships among the rlevant groups both in terms of R&D on
wind technology and in terms of the perception of this technology by powerful actors.
Furthermore, policies have fundamentally altered the self-perceptions of organizationsin
both fields concerning their respective rolesin relation to each other, and this has caused
changes in fundamental distributions of power, influence, and resources. Asthis chapter
will show, policies have both helped and hindered the devel opment of wind power, but they
have nonethel ess been essentia for its success,

The new organizationd field of nonutility IPPs (FIELD 2) was formed in the late 1970s
by apublic policy that partidly deregulated the established dectric utility industry (FIELD 1).
One of the consequences of the Public Utility Regulatory Policy Act (PURPA) of 1978 was that
it created a new type of power provider charged with creeting a technology that would compete
with the exigting technology aready used by dectric utilities. Since that time, continuing
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deregulatory efforts have sgnificantly affected the nature of R& D onwind power technology by
redigtributing financid resources and redefining organizationd rolesin both fields. In addition to
these regulatory changes, subsequent policies have dso affected the ways that actorsin both
fields make investment decisions related to specific technologies. Concerning wind power, such
policies have included subsidies (in the form of tax credits) and other environmenta regulatory
actions (in the form of Renewable Portfolio Standards). This chapter will discuss the impact of
these three kinds of policy—deregulation, subsdies, and renewable requirements—in turn,
demondrating how the success of the wind power industry has involved the smultaneous
development of policies encouraging particular ways of acting toward specific technologies and
the development of those technologies themsalves. The success of the wind industry is best
understood as the merging of two organizationa fields (FIELDS 1 and 2) to create a new model
for providing dectric power. This merging has involved the co-evolution of both fields—
individudly and in reaion to each other—in terms of their relative power, their roles, and their
perceptions of specific technological options, dl of which have been shaped by different
policies.

Der equlation and Restructuring

The restructuring of the old dectricity industry (FIELD 1) was not asingle event
experienced smilarly by dl industry participants. However, there are some generd trends and
features of this deregulatory process that affected participants both directly and indirectly. It
should be noted that what is termed “restructuring” varies from date to state. In generd,
restructuring is defined by the U.S. Department of Energy as

[t]he process of replacing a monopoly system of electric utilities with competing

slers, dlowing individua retail customers to choose their eectricity supplier but

dill receive ddivery over the power lines of the loca utility. It includes the
reconfiguration of the vertically-integrated electric utility.*

This section is not a comprehengve overview of the restructuring movement in al its details and
consequences. Ingtead, it isaimed a explaining restructuring in very generd terms and then
engaging what the data reved about the ways in which these regulatory changes have affected
technology sdection and development in the dectricity industry more broadly.

In response to the sharp increase in the price of oil as aresult of the 1973 embargo and
out of the growing redization that the nation was extremely economicaly vulnerable dueto its

! This definition was accessed from the online EIA glossary on April 16, 2003 at
http://www.eia.doe.gov/glossary/glossary_r.htm.
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dependence on foreign ail, President Carter drafted PURPA,, which was approved by Congress
in 1978. One of the purposes of the Act, broadly stated at the time, wasto diversfy the
nation’s eectricity supply by encouraging the use of newer, more environmentally sound, and
more efficient generation technologies, primarily natura gas (Corrigan and Kirschten, 1978).
Thiswas done by creating a new class of eectricity providers—nonutility independent power
producers (IPPs)—who were largdy exempt from the existing regulatory restrictions thet
gpplied to dectric utilities. 1PPs could not be more than fifty percent owned by aholding
company owning aregulated utility, and they could apply to operate Qudifying Facilities (QFs),
which were smdl scae plants using renewables or cogeneration technologies producing under
50 MW of power. Companies operating QFs could also apply for federal grants and were
eigible for tax bresks and investment incentives.

PURPA removed many of the mgor indtitutiona barriersfor renewable energy
development by opening up the regulatory system <o that innovation and investment in new
technologies was actively encouraged and financidly supported by the federd government
(Gipe, 1996: 31). Perhaps most importantly, PURPA required that eectric utilitiesfrom FIELD
1 purchase surplus dectricity from the IPPs of FIELD 2, thereby ensuring a market for their
product. The size limitations of QF s for solar and wind facilities were removed in 1990, and in
1992 the Energy Production Act (EPACT) was passed by congress which renewed many of
the credits and incentives provided by PURPA which had expired in the late 1980s (Sawin,
2001:123-125). EPACT aso opened up the renewable energy market to regulated utilities,
introducing direct competition into the power production industry for the first time since before
regulation began in the 1930s.

During the 1980s, severa additional legidative acts alowed these QFs to increase their
capacity, and the new organizationd form within FIELD 2—the unregulated, nonutility 1PP—
became increasingly prevaent. 1n 1992, EPACT further opened the industry to competition by
requiring that utilities congder the full range of fud source options when planning their future mix
of energy and by further requiring open accessto tranamisson (Sawin, 2001: 106-107; EIA,
1993). After EPACT, anumber of states began to require that regulated utilities divest of
generation dltogether. In essence, the modd shifted so that utilities were responsible for
transmission and distribution but would purchase dl the power they needed—as they needed
it—from the wholesale generation market.

These changes had sgnificant effects on both the R& D environment for wind power and
on the ways that dectric utilities perceived their energy options and their roles within the
industry. On the most basic level, deregulation increased the risk adversity of an dready risk
adverse indugtry. This sentiment was expressed by participants in dmost al categories of
interviews conducted for this current research (see Table 1). While these comments varied in
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terms of their leve of gpplicability—from speaking of wind in particular to dl technologies—it is
clear that introducing a system of competition fundamentally dtered many of the normetive,
legd, and regulatory ingtitutions that framed the perceptions of gppropriate action for eectric
utilities, for nonutility I1PPs, and for both federd and private R& D organizations.

Surprisngly perhaps, restructuring seems to have impeded the introduction of wind
technology and hindered its continued development within FIELD 1. When asked how
gructurd changesin the 1990s influenced the perception of wind by eectric utilities, Robert
Thresher at the National Renewable Energy Laboratory (NREL) answered,

... | actudly think it delayed the introduction of wind. Now it's a much more

compstitive industry so you are much more likely to be held [accountable], you

can try a new technology when you had a regulated utility and you could put in

your rate base and you could use some arguments with the utility commission

about diversfying your fuel base. . . and now it is strictly based on dollars. . . . If
anything, it [changing structure] has put stumbling blocks in the way of new

technologies that weren't pruned and didn't have a track record. . . . | think
deregulation actually made things worse because it added risk and uncertainty.
(Interview 1)

This statement highlights the fact that competition decreased wheét little incentive there was for
utilities to innovate and try new technologies. Not only would it be difficult to justify the
innovation if the technology failed or was unpredictably expensive, but dectric utilitiesin FIELD
1 were less encouraged to own generation al together. Commenting on the Stuationin
Cdifornia, Greg Rueger from PG& E stated,
. .. the utilities were being told that over time they were going to divest their
generation and just purchase power from the market, so the utilities themselves

started having less interest and less push towards developing new generation
technologies. . . (Interview 11)

In some dates this divestiture was aforma requirement and utilities had little choice about
whether or not to stay involved in generation (Interview 11), while in others, the decison to
divest of generation was a voluntary choice (Interview 14). In both cases, however, the genera
consensus that emerged from the data was that the 1990s was a time when electric utilities were
becoming less and less directly involved in the processes of generating ectricity and that this
was largdly Ieft to nonutility 1PPs.

In addition to FIELD 1 utilities being less inclined to actualy own and operate
generating facilities under the new market modd, they were dso lessinclined to invest in R&D
of new technologies. The comments of Glenn Cannon are reveding in thisregard. Even e the
smal public utility of Waverly Light and Power (WLP), changes in the way that the industry has
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acted toward new technolog es have been noted. When asked how deregulation affected
WLP s operations, he answered,

[u]tilities are very nervous and skeptical of adding new resources, and you can
see dramatic declines since talking about deregulation in R&D programs for
utilities. EPRI funding has gone down, people are unwilling to test new
technologies, they are hunkering down, everyone is worried about the bottom line,
larger utilities are merging and spending al their time worrying about next quarter
and not about the technological advancements, so | see deregulation as being
disadvantageous to the long term health of the industry. (Interview 4)

When asked what lowa s regulatory status was, he answered that “lowa came dangeroudy
close to passing deregulation . . . it has been a huge collective sgh of reief that they didn’t pass
it" (Interview 4). These comments reved two things. One, deregulation is generdly not
welcomed by actorsin FIELD 1 (dectric utilities) because it forces them to substantidly change
the way they do business and introduces uncertainty into their operations. Two, many electric
utilities are currently in dire financid gtraits and are not able to invest asthey once did in R&D.
Deregulation forces these utilities to take a short term outlook, both in terms of where they will
get the power they need to serve their customers and in terms of where the future of the industry
is headed technologically.

The comments of Greg Rueger from PG& E are dso reveding in terms of how
deregulation has changed R& D among dectric utilities. “With deregulation,” he sad,

there was a change in terms of how R&D dollars would be managed and spent.
Funds used to be provided through rates to PG& E and PG& E managed its own
R&D program. We spent about 40-50 million a year, not only on renewables but
on dl types of R&D. After deregulation in California the utilities were essentialy
taken out of R&D and the CEC [California Energy Commission] was given
ownership of the state's energy R&D. The state still allocated about the same
amount toward R&D but it was and is now treated as a pool for the whole state
that the CEC manages. So the utilities become the collection agent to pull those
dollars out of rates but they get turned over to the CEC, the CEC then hands out
contracts for doing R&D. (Interview 11)

Asthis comment suggests, deregulation fundamentaly atered the roles of the various actorsin
relation to each other. These changes aso sgnificantly affected industry-wide R&D.

One of other ways that R& D was affected in FIELD 1 was through declining
contributions to the Electric Power Research Indtitute (EPRI), amain FIELD 1 R&D
organization. For example, Chuck McGowin at EPRI mentioned that the organization had been
“greamlining” in recent years. When asked to clarify, he answered with the following
comments:
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As our industry has been streamlining, the contributions to EPRI have been
decreasing so we have had to streamline also. It used to be, when | first came
here in the mid 1970s, we had a lot of members that were contributing millions of
dollars a year, individudly, and they were buying 100% of the program whether
they needed it or not, including nuclear power, so we were under a much different
Stuation than we are now . . . so now they dictate where they put their dollars
and what the priorities should be. | suppose that puts us in a pretty good position
now relatively speaking because of the growing interest in renewables, but it till,
athough there is growing interest, | am not sure that the growing interest is
enough [laugh] to offset the declining ability of our industry to support research.
They are very cost constious, it has been in economic straits and it is hard for
them to justify spending money on research when they are trying to survive
economicaly . . . sothese are challenging times for the industry, and | guess you
could say for EPRI aso. (Interview 8)

Comments like this do not mean that EPRI no longer has any role to play in the indudtry.
Instead, they reved that its role has changed as has the structure of the industry, and eectric
utilities have increasingly become focused on the short term hedlth of their businesses. Inthe
world of the middle and late 1990s, eectric utilities and EPRI were decreasingly involved with
directly refining wind technologies and putting them into operation.

The dtate of industry restructuring at present (in 2003) isincredibly muddled. The so-
cdled “energy criss’ in Cdiforniain 2000 caused many states to reconsider their deregulatory
efforts and put restructuring on hold. While spacein this paper does not dlow for a
comprehensve review of the situation in Cdifornialeading up to this crisis or for afull
explanation of what happened, it isimportant to note that the perception &t the time of the event
was that restructuring had hindered the development of new generation and that thisled to a
large energy shortage, causing rolling blackouts in several aress of the date. Let it be said that
thisinterpretation is highly contested and the jury is till out concerning what actudly happened
and who, if anyone, can be held responsible (McCullough, 2002). The essentia observation for
the purposes of thisresearch isthat this crisis was perceived as being directly related to
restructuring and, subsequently, anumber of states halted this process within their own borders.

The future of restructuring isthus unclear. Many interviewees commented that the
current erais largely one of areturn to aregulated framework, adthough thisisfar from certain.
On the surface, this was expressed in the interviews when participants did not have a clear
definition of what even to cdl the state of the indudtry at the present time. At one point it was
referred to as the * post-deregulation” era, but with atone of uncertainty, amost as a question.
In other words, many participants are unclear about their roles and thereis afair anount of
variation in terms of what is now consdered gppropriate action. This uncertainty has serious
consequences for R&D. When asked how PacifiCorp was currently involved in R&D, Virinder
Singh answered,
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[tlhisis a big problem in post deregulation. With deregulation utilities were doing
less and less R&D, it is more of along term thing you don’'t get rewarded for it in
the short run . . . and BPRI used to get a lot of money for R&D. When that
started drying up they had to change their business plan . . . now that we are back
to regulation, that exit from R&D has not been corrected, and we don't do R&D
but | don't know who is doing it. From what | understand the energy sector
spends a lot less on R&D than other sectors and you read about all sorts of
internationa innovations but not as much in the U.S. We get phone cdls al the
time from people with great ideas and | just don't know how to help them
because we don’'t have any mandate to do R&D right now. (Interview 5)

Smilarly, when asked who was doing R& D in the industry right now, Adam Serchuk answered,
“I've been told that EPRI used to be about a 550 million dollar organization and now it is about
300 million, soitsnot just that R& D is't happening at utilities but that less of it ssemsto be
happening & EPRI aswdl” (Interview 6). EPRI and NREL 4ill have substantia programs and
are continudly working to refine wind technology in particular, but the overd| senseisthat R&D
in these organi zations and among utilities has dramaticaly decreased as the sructure of the
industry has changed since the early 1990s.

Asthe industry has backed away from deregulation and dectric utilitiesfrom FIELD 1
might again have the opportunity to invest in new technologies and perform internal R&D, there
are severd pragmatic reasons why this might aso not occur. Electric utilities have been out of
the loop for so long (technologicaly speeking) thet they are mostly unfamiliar with the gpecifics
of new innovations and even with technologies that have now become mostly sable in thelr
designs and have been accepted by actorsin FIELD 2 (nonutility IPPs). Pragmaticdly, it
makes more sense for utilities to leave R& D to those who took over that role as restructuring
occurred and to use these new experts as outside contractors rather than undertake R& D
internd to the firm. As Greg Rueger from PG& E commented,

I think now [after the failure of deregulation in Cdifornia) the utilities are going

back into long term contracting to meet the power needs of their customers . . .

and those relationships [between utilities and developers] will be built up again as

we go forward, and they actually may in some ways be stronger because there

used to aways be at least the potentia that the utility developed most of their

generation themselves and could be viewed as a competitor to the developer.

Widll, in the future, | don't think we can totaly turn back the clock [to before

deregulation] and even though California is looking at getting the utility back into

the development of generation it owns, | think most of the utilities, to the extent

that there is still a viable power market out there, we are more likely to contract
for power than develop it ourselves. (Interview 11)

In the post-deregulation era, even though in some cases utilities might consider getting back into
the generation Sde of things, there is dso a mature industry (FIELD 2) with large firms who
possess expertise about innovative technologies that they can do businesswith. In this Situation,
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actorsin FIELD 1 seem to be pursuing a particular course of action not because it isinherently
“better” in some abstract functiona sense, but because “thet isjust what you do.” AsNew
Ingtitutiond theory points out, thisis precisdy the sort of taken for granted frame of appropriate
action that is defined by the indtitutiona and organizationa context.

While up until this point this section has focused dmogt entirely on the R& D efforts of
EPRI, DOE, and dectric utilities, restructuring aso further opened the market to nonutility 1PPs.
As Doug Larson from the Western Interstate Energy Board (WIEB) Stated,

[€e]lectric restructuring has had one very beneficial effect and that is that it has
opened up the generation market, a lot of new players came into it, the utilities no
longer were the predominant builders of generation so their old biases no longer
drove the decisions as to which kinds of electricity generation technology to buy.
(Interview 9)

It was these nonutility 1PPs from FIELD 2 that became increasingly involved with refining and
developing wind technologies outside of the FIELD 1 framework by continudly gaining field
experience with the machines and absorbing European innovations and designs more reedily
than utilities or the DOE were willing or ableto. Nonuitility |PPs became experts on this
innovative technology and were ensured a niche in the market due to EPACT (see below). As
aresult, they have became an established force in the industry such that they are now able to
compete directly with FIELD 1 actors who at one point dmost completely held the upper hand.
As Doug Larson aso commented,
. . . there are big companies in this now like Enron Wind, which became GE
Wind, and FPL . . . these utilities who are accustomed to dealing with large
corporations, comfortable doing that, now have people in the wind industry who

look like people they have dedt with over the years. So the level of comfort in
investing in wind goes up somewhat . . . (Interview 9)

All of thisillustrates that nonutility 1PPs (FIELD 2) not only were aole to enter the market asa
result of deregulation, but the organizationd form that they ended up taking meshed closely with
that of the established, powerful actors. Furthermore, this integration has been important for
thelr success. Thisfinding of mimetic isomorphism on some leves of organizationd functioning
isdsoin-line with previous New Inditutiona work. 1t meansthat in the current mode of power
production, eectric utilities are only confronted with a new technology and not an entirely new
system. In other words, they only need to change their perceptions of the risk associated with
an innovation—perceptions that are dlayed by these new firms expertise and by the reiability
and competitive cost of the product—instead of substantially changing the way they do
busness. This shift toward adivison of [abor in the wind industry helps explain how a
“working” wind turbine devel oped even in the face of decreased R&D in FIELD 1.
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But deregulation has not been the only politicd change affecting the behavior of
organizationa actors and firmsin each field separately. In fact, as mentioned briefly in Chapter
Two, subsdiesin the form of tax incentives have been extremey important for encouraging
investment in wind power technology. While restructuring changed the types of rdationships
between actors associated with each field by redefining roles and responsibilities; tax incentives
served to make the wind power industry appedling to dectric utilities (FIELD 1), to nonutility
IPPs (FIELD 2), and to fields outside of the dectricity industry, such asinvestment banks. The
tax incentives helped integrate these two main fields and other RSGs. These subsidies have thus
been important for helping to make wind power a profitable business venture by stabilizing the
perceptions of FIELD 1 actors about the new model of power production. Because thiswas
frequently mertioned in the data by participants in both fields, the following section focuses on
these policies and their role in shaping the modern wind power industry.

Tax | ncentives and Subsidies

As mentioned in Chapter Two, investment tax credits existed in the 1980s and these
subsidies were largely successful at helping developers build wind farms. Unfortunately,
however, because these subsidies were tied only to investment and not to production, there was
little impetus to make sure that the technology actualy worked and produced dectricity as it
was supposed to. By contrast, EPACT in 1992 implemented a production tax credit that was
tied to output, and this credit has been viewed as one of the most essentid factors driving wind
development in the United States. While the datareved thet thereis afair amount of
uncertainty concerning the continued importance of these credits, it is certainly clear that they
make wind more gppeding for developers and subsequently increase the actua implementation
of wind power. When asked if wind would still be considered an option by many developers
without the tax credits, Doug Larson from the Western Interstate Energy Board (WIEB)
answered,

[y]es, but it would be a pretty low level. The tax credits are area sweetener. . .

. As long as the industry can get money they are going to take it, just like any

other business . . . clearly if the tax credits were not there this level of
development would not be occurring . . . (Interview 9).

Investors and developers respond to these credits, which makes wind an increasingly gppeding
option.

This fact was perhgps most directly reveded in the comments of Zeina El-Aziz from
Cido Wind. “With the introduction of the production tax credit,” she said,



60 CONSTRUCTING GROUPS

it became extremely viable for large scale wind to be competitive with coal, gas,
any sort of generation, plus you got the added benefit of renewable energy credits
if they existed in a particular state. (Interview 10)

Sheraterated this point later in the interview. “What you cannot do away with,” she sad, "is
the production of tax credit.”

Wind energy in the U.S. is not cost competitive without the tax credit. It is a
significant increase in the price of power. Even utilities are shocked when we
give them what the difference would be . . . $18/MWH is on a pre-tax basis, so if
you run a model, and most people don't realize this, but on a real dollar basis the
dollar amount is significant in what the power price ends up being. So let's say
you are looking at a facility and the price is, say in Cdifornia, $35/MWH, wdll if
you try to pull out the tax credit, the price will jump up to about . . . $60/MWH. So
it is more dollars per MWH than it looks like in the documentation. (Interview 10,
emphasisin origina)

Even as anonutility 1PP with asmall appetite for tax credits, Cielo Wind positsthat it would be
very difficult to get investors interested in a project and to be able to offer a competitive price
without the production tax credit’s substantia subsidy.

The importance of the credit was repeated by Ed DeMeo, former Manager of Wind
Power Integration at EPRI. When asked what he thought the significant drivers were for the
recent boom in wind, he answered,

| don't know if 1 would cal it a boom yet but it is significant, it is a lot of activity.

What drives it? More than anything else are public policies. You will find that the

states which have ingituted some sort of incentive, that is where wind is

happening. Mother nature has to cooperate here, the economics of the machines

have to be somewhat affordable also . . . what has happened is that there is a
convergence of this policy driver aspect and the reduction of cost. (Interview 12)

Subsidies appear to be extremely important for getting investors and devel opers to consder an
innovative technology, but this policy aoneis not enough. The product also hasto be
aufficiently developed so as make the investment pay off intheend. But even these subsdies
are problematic for the industry, not because they create a dependence on federal and State
funds for continued growth, but because their implantation is cyclica and the expiration and
renewd of the credits creates substantia uncertainty which leads to bust and boom cycles of
development.

The intermittency of the production tax creditsisa sgnificant problem facing the industry
and was mentioned by dmogt dl interviewees. But the perspectives on the purposes and future
role of the credits vary and can be classfied into two main categories. On the one hand there
are those who believe that the credit levels the playing field and dlows wind to compete with
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other heavily subsdized technologies. Its continuance is therefore essentid.  The intermittency
of the credit is a problem that can be solved by extending the credit for longer periods of time.
On the other hand there are those who believe that the credit is no longer essentia and that wind
can make it on itsown. Aslong asthe credit continues to be extended, companies will wait to
take advantage of it instead of just moving on without it. Theintermittency of the creditisa
problem that can be solved by removing the credit dtogether. Both of these perspectives, while
differing in their views on the purpose of the credit, agree that intermittency—and therefore
uncertainty—serioudy hinders the progress of the indudtry.

The reasons for the cyclicd expiration and renewd of the credit are not soldly tied to the
cost of the technology. In fact, some of the pressure to continue the credits smply comes from
politica pressure from beneficiaries of the credit. The justification for continuing the creditsis
often the observed decrease of development every time the credit expires. When asked if wind
was competitive with other technologies, Arnold Leitner, Senior Consutant a Platts Energy
answered,

[i]t probably dready is. But right now critics say: “Y ou know, when the tax credit

expires and people stop building wind farms that's proof that the tax credits are

needed and that wind can't make it on its own and that it's not competitive.” Well,

there isa dip of logic in there. If | know that | can make a killing by holding off

building [a new wind farm] for two weeks until the credit is renewed, why in the

world would | want to start building now? Tell them that there will be no tax

credit, period, any more, and see if they build turbines. But as long as you tell

them that you are working on an extension you would be out of your mind to build

anything in the interim. That cyclicality [which was recently seen in the North

American wind market], the boom and bust, is no proof that the credits are
required. (Interview 7)

Similarly, when asked if the tax credits were no longer needed for wind to be competitive,
Chuck McGowin from EPRI answered,
there are people that think tat. The wind industry is of course out there saying

that they are needed. . . . My fedling is that we ought to phase it out because we
are getting close to the time when it will make it on its own. (Interview 8)

This view that subsidies should be phased out was shared by Robert Thresher at NREL as well.
“Thegod,” hesad, “ isto diminate the need for subsidies, and we see that happening in the
next decade’ (Interview 1). Asthese commentsreved, thereis a sentiment shared by somein
the industry thet the technology is close to cost competitive and that the credits may no longer
be essentid, but that they continue because of the obvious financia benefits they provide. Or,
as Robert Thresher dso gtated, “1 think as long asthere are creditsit will move forward. Itis
cost effective’ (Interview 1).
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While most agree that the bust and boom cycles are problematic, some fed that the credits
should remain a permanent feature of the wind energy landscape. Interviewees who held to this
latter stance used as a judtification the perpetua subsidiesthat are granted to amogt al other
technologies currently in use by the industry today. When asked he thought the credit was il
important for wind to be competitive, Greg Jaunich of Navitas said, “[y]es. . . . All forms of
power receive some form of subsidy from the federd government, and the tax credit is
something that is very important for the dynamic of how profitable awind project is. . .”
(Interview 13). Similarly, when asked if the idea behind the credits was to spur initia growth to
decrease costs and then be phased out, Rick Waker from AEP answered,

| guess | would not necessarily agree with the first assumption because | think
you probably still have alot in incentives to invest in oil and gas, and that has been
around along time, right? | think credits are more used to influence national policy
whichever direction we want to go. So | think that the U.S. may say renewable
energy is good and we want to encourage it, it is coming aong right now and we
want it to continue to come along, [so] there might be reasons to aways give a
tax credit for wind energy if it is better than importing oil . . . (Interview 14)

Thus severd participants believe that credits are still needed in order to leve playing fied.

This belief was perhaps most clearly presented by the comments of Ed DeMeo, former
Manager of Wind Power Integration at EPRI. “If the credit were to disgppear a this point,” he
sad,

my sense is that some wind development would still continue because the costs
have come down enough that it begins to make sense in some cases even without
that credit. But, what really arrests development is uncertainty . . . [and] as long
as there is uncertainty about whether or not it is going to get extended, nothing
happens because people don't know which game they are supposed to be playing.
You can wait and get a better deal, but on the other hand if you know there isn't
going to be a better deal, you go ahead and you do the best you can, you play by a
little different set of rules but you play. So what is really needed is consistent
policy for some extended period of time, not two or three years but ten, and then
whatever the game is people will play it. . . . Now, but should be there be a
production tax credit? Well, people complain that wind is no good because it has
to have an incentive. Well, those people are ignorant of the subsidies in place right
now for conventiona energy. All the energy we buy in this country has some
sgnificant subsidy that has been internalized into our whole economic system that
doesn't show up in your eectricity bill. (Interview 12)

He continued to explain some of these other subsidies, none of which are usudly included in the
costs of energies associated with other fuels. “The whole point,” he concluded, “isthet this
production tax credit for wind goes part of the way toward leveling the playing field for wind
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because dl of the things it competes with dready get very sgnificant subsdies that are built into
our systenT’ (Interview 12).

This section has presented data reveding that subsidies are incredibly important for the
growth of the wind power industry, even though the technology might be “cost competitive’ by
some accounts. Some participants fed that subsidies should eventualy be phased out, while
othersfed these subsidies are till essentid because they level the playing fidd. Whether or not
they are till needed, subsides do encourage investment in wind power by organizations in both
fields. Electric uilities (FIELD 1), on the one hand, some of whom may have alarge appetite
for tax credits, find it in their best interest to invest in wind technology instead of other types of
fuds. Nonutility IPPs (FIELD 2), on the other hand, find that the existence of these incentives
send strong signas to investors and thus helps them secure the capitd they need to build wind
plants. Thispolicy keeps these two fields working together, and the viability of ther
rel ationships has nothing to do with the standards of the technology or the efficiency of thistype
of organizationa arrangemern.

It is clear that the apparent disagreement over the continuation of the subsidy contrasts
with the consensus over the stability of wind power technology itsdf. In other words,
participants accept that the technology “works,” but only in the context provided by a particular
policy framework. This demongrates that technology and organizationa form co-evolvewithin
the environments structured by policy regimes. However, direct subsidiesin the form of tax
incentives are not the only policies that affect the perceptions of wind power by organizations.
While perhaps not as essentid, environmenta regulations also serve to signd to organizationsin
both fields that wind power is atechnology worth pursuing. The next section examinesin detall
one type of this regulation, the Renewable Portfolio Standard (RPS).

Renewable Portfolio Standards

Renewable Portfolio Standards (RPS) are important policies for renewable technology
diffuson, dthough they are not as essentid as tax incentives and subsidies. An RPS usudly
accompanies date-level restructuring legidation and requires that utilitiesinclude acertain
percentage of renewable energy in their generation mix. Cdifornia, for example, recently
implemented an RPS in 2002. It requires that the state “increase the use of renewable energy
by 1 percent per year until 20 percent of retall sales are generated from renewables. Investor-
owned utilities and direct access providers must reach the 20 percent mark by 2017." PG&E

? Information concerning California RPS was accessed from the EIA website on April 16, 2003 at
http://www.eia.doe.gov/cneaf/electricity/chg_str/california.html.
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is required to enter into some short term contracts to raise the amount of renewablesin their mix
by one percent this year as aresult of that requirement (Interview 11). The RPS serves severd
purposes: it mandates the adoption of non-foss| fud technologies, it helps establish a credit
trading system which encourages the addition of more capacity than required by the RPS, and it
sends a symboalic statement to industry participants about the future direction of the industry.
This last agpect was expanded upon by Ed DeMeo, former Manager of Wind Power
Integration at EPRI. When asked about the importance of afederal RPS, he answered,

[w]hat an RPS does is provides a strong direction for the electric power business
in the sate. . . . What has become redly clear is that the utility industry, left to its
own priorities, will not begin wind development, or development of any new
technology. It is not that they are bad people, it isjust they have a different job to
do. Their job is not to try new stuff; their job is to keep your lights on. Reliable
power, and to try to do it as low cost as they can. . . . So if you go beat on the
utility and say “why don't you put in more of this new wind or solar or whatever it
is?’ they say “you know, we'd like to do that but redlly it is such a tremendous
change in the way that we operate that it makes us really nervous and really we
would rather not.” And you can't really blame them. . . . [This] means that if
society realy wants this change and wants clean energy, then society has to
make this known and tell the utilities that we redly need this. [We] have to help
them not get burned by letting them recover the cost. . . . So you take the driver
out of the hands of the uilities and put it in the hands of the public, and policies
are created, that's what happened in Europe, and that is what a RPS is.
(Interview 12)

This comment stresses the importance of such policies for helping to frame the context in which
eectric utilities make decisons. If the public desires renewable energy, it has to make this
known to the businesses that provide it with power, and an RPSis one way of doing just that.

Other interviewees were less adamant about the necessity of an RPS for wind
development, although most agree that it can be an important driver in many cases. When
asked if there are important roles for the federa government to play in helping the industry dong
other than direct subsidies, Robert Thresher from NREL answered that afederal RPS “would
probably make a big differencein terms of driving the initid stages of infrastructure change.” He
continued,

[tlhe Europeans did it solely with very high tax credits, but | think that the

portfolio standards make sense, and | believe that once people get started and

used to wind and . . . get over some of the operation concerns associated with
variable generation technology . . . then the comfort level rises. (Interview 1)

Part of the issue, then, is helping dectric utilitiesin FIELD 1 get comfortable with the innovation
by sending a strong message that renewables are something they should actively pursue. In
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talking about the recent interest in wind from public and private utilities dike, Chuck McGowin
from EPRI commented that,

[a] lot of them [i.e, utilities] have been driven not by a great desire to look like

great public citizens but by [laugh] state renewable portfolio standards, and they

don't mind being able to get credit for doing it ether. It's not something they

would ke doing necessarily unless they were told to do it, [at least] not at the level
they have been doing it. (Interview 8)

Interestingly, PacifiCorp is one of the few utilities that actualy supports the implementation of an
RPS. Virinder Singh commented that PacifiCorp was interested in pushing for these
requirements a the nationa level and that this stance was not widdy held by many other utilities
(Interview 5).

Although it is clear that State mandates in the form of an RPSwill certainly encourage
development, these palicies are not viewed as being as essentia astax credits. Thisis
demonstrated by the many states across the country, including Oregon and Washington, that do
not have an RPS but till have significant wind development.* When asked if companies would
be able to offer wind a competitive prices without the forced demand created by an RPS,
ZenaEl-Azizi answered,

| think it depends on the state and what the wind regime is. In states that have a

lot of wind then you can get the a competitive price without the RPS, | think it is

reasonable that you could get to a point of being able to say that you could sdll the
power without the RPS. (Interview 10)

This view was supported by the activities of Navitas Energy, which operatesin over ten
Midwestern gtates, few of which have an RPS. When asked what was then mandating
renewable development in these states, Greg Jaunich responded,

[slometimes their public commissions have sad you should add a certtan
proportion of green power to your energy mix, sometimes their customers have
wanted it, sometimes . . . and Minnesota is an example, Exel Energy . . . has
requested to store radioactive waste on Prairie ISand, and in exchange for doing
that they had to add a certain amount of renewable energy to their energy mix. So
there are quite a few different programs. (Interview 13)

Asthis comment revedls, thereis no one policy that is respongble for driving wind facility
development, and the variation of development across states with different supports this

® The Renewable Energy Policy Project website (http://www.repp.org/rps_map.html) contains amap of all
the United States that have an RPS. Comparing this map to the map available from The American Wind
Energy Association website (http://www.awea.org/projects/index.html) reveals several states that do not
formally have Renewabl e Portfolio Standards but do have significant wind development.
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concluson. The datareved that these policies are percelved as being important, though not
essentid, for the continued growth of the wind power industry.

So far this chapter has shown that policy is extremely important for providing actorsin
both organizationd fields with cues about appropriate and rationd behavior. But policies dso
define the types of relationships among actors from different organizationd fidds. Changesin
policy over the last thirty years have smultaneoudy re-arranged and redefined actors from each
field in relation to each other aswell as dtered the perceptions of al actors toward an innovative
and risky technology. Theselegd changes would not have been effective at causing the wind
power industry to grow without atechnology that “worked.” But the perceptions of this
technology as“working” dso largdy depended on anew legd environment in which a particular
type of technology made sense. Because the current success of the wind power industry
involves the selection of wind technology by members of both FIELD 1 and FIELD 2 asa
viable dternative to other fuds, it isimportant to discuss this process, dbeit briefly, because it
highlights the cognitive perceptions of actors asrelated to their understanding of ther
environment. This discusson points out that policies influence the selection of both technology
and organizationa form. In deciding to pursue wind power, eectric utilities from FIELD 1 have
two options: 1) they can own and operate wind farms themsalves to provide their own power,
or 2) they can negatiate to purchase wind power from facilities that other firms own and
operate. Asit turns out, most dectric utilities from FIELD 1 choose the latter, and this has
important repercussions for the development of the wind power industry.

Selection of Technology and Or ganizational Form

Mog of the wind power in the United Statesis currently provided through long term
contracts between dectric utilities from FIELD 1 and nonutility IPPsfrom FIELD 2. AsEd
DeMeo, former manager of Wind Power Integration at EPRI, stated: “. . . generdly wind plants
are owned by |PPswho negotiate a power purchase agreement with the utility” (Interview 12).
In discussing the current model of power generation, Rick Waker from AEP dso sad,

[p]rimarily that is the way it works these days, for the last severa years, new

generation is built by 1PP and it is usualy owned by some non-&ffiliate company.

That is just the way it has been evolving for some time now, but there is not an

outright prohibition on us building our own wind farm and sdlling to our own

afiliated retail companies, it is just a lot harder to do that because of the
regulatory process. (Interview 14)

Asthese comments reved, the inditutiona environment affects the types of Strategic decisions
made by actors regarding power production. During most of the 1990sin Cdlifornia, for
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example, these decisons were mandated by policy. In this Situation, eectric utilities from
FIELD 1 did not own and operate new generation facilities. In other cases, dectric utilities
turned to IPPs from FIELD 2 because these organizations had substantial experience with the
technology.

All of these decisions concerning technology sdection play themsalves out in economic
modeing. If an eectric utility from FIELD 1 looks into the future and projects that demand will
increasg, it then has to determine how it will meet this projected demand. In the current market
Stuation, these utilities have a number of options: 1) they can purchase power from the spot
market, which isrisky and often times quite expensive because of its unpredictability; 2) they
can pursue long term contracts with power producers, or 3) they can build their own facilities.
Legd, normative, and technologicd factors al influence this decision. For example,
PacifiCorp’s most recent Integrated Resource Plan (IRP) came out quite favorableto wind. As
Virinder Singh said, “[t]he biggest impactsin our modeling that benefited wind were carbon,
production tax credit is very important, though periodic availability isabit of a problem, and
naturd gasprices’ (Interview 5). After commenting on the increased, industry-wide
dependence on natura gas since the early 1990s, he continued,

... well, our supply [of natural gas] is not as plentiful as we thought it was and
demand keeps increasing. So you look at your options. gas has voldtility, cod has
this environmenta regulatory issue, nuclear is too prohibitive and of course you
have terrorism to worry about now, and then you have hydro, and there is not
much room for hydro expansion, so what do you do? And that is where wind is
coming in right now. It's because this country is running out of other options. So
that is where wind comes in for us. It is in our most economic plan. We have
1400 MW of wind in the plan because it has low variable cog, there is no fue
cost, and it’s good on carbon. So that's why it's doing well . . . and of course the
technological innovations have made it a viable technology . . . (Interview 5)

These comments reved that first, the technology had to be developed enough; it had to “work.”
Second, financid incentives were needed. And third, other options were less desirable. This
third agpect contains multiple factors, ranging from supply and demand issues associated with
entrenched technologies (naturd gas) to expenses associated with existing technologies dueto
fud prices and the possibility of future environmenta regulaions. Choosng wind power at
PecifiCorp involved legal, technologicdl, and organizationd consderations.

Also sgnificant in terms of influencing the choice of wind power isthe current financid
date of both fields. “I think what we are seeing now,” said Doug Larson from the Western
Interstate Energy Board,

is that there is concern, not just from folks concerned for the environment, but
from pure risk management, there is concern from utilities . . . of being too
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dependent on natural gas for generation because of price volatility, and that leads
to companies looking around, so what are the aternatives? . . . Right now you
see companies looking at wind, companies who historically had not, partly
because the economics have improved, partly because of the hedge against gas
prices, partly because the magjor aternative is cod fired generation and . . . the
part that creates the uncertainty is what happens with carbon in the future.
(Interview 9)

This comment reveals that uncertainty surrounding possible environmenta regulation of CO, and
the voldtility of other fuels makes wind increasingly appeding to companies that are seeking new
generation. Coupled with thisisthe dire financid straits many companiesfind themselvesinasa
result of restructuring. As Doug Larson aso commented,

restructuring of the industry has led companies to not want to make long term,
large capital investments because the uncertainty about where the market is going
to be in a few years out is so immense and the consequences, as we saw in the
electricity criss in the West, are so enormous. . . . [There are] lots of
bankruptcies in the industry related to restructuring . . . lots of downgrades in
stock . . . al the new players in the business are al either bankrupt or junk status
and are sort of hanging on by their fingernails. . . . So the bottom line is that it's
not the sort of environment where you want to walk into the board room and say
"Hey, I'd like to put down two hillion dollars for an investment which will start
generating electricity in 8 or 9 years’ . . . so dl of those things lead you to the
conclusion that, well, maybe we ought to take a look at this wind stuff . . .
(Interview 9)

These comments reved that athough regulation and subsidies may help shape the perceptions of
actors by providing cues about appropriate action, they do not function in a vacuum, nor are
they solely responsible for the success of the modern wind power industry. In fact, asthe next
chapter discusses, changes in policy can create profound uncertainty, thus potentidly inhibiting
future growth.

Conclusions: New Institutionalism and Wind Power

This chapter has focused on how changesin the ingtitutiona environment of the dectric
power indudtry in generd have affected the organizationd fields and the technologica
development associated with wind power. It has highlighted how policy created anew
organizationa field by partidly deregulating an old one, and how the perceptions of actorsin
both fields concerning wind technology and their relationships with one another have
subsequently been reshgped. Specificaly, tax incentives simulated invesment in an emerging
indugtry that was intimately connected with an old modd of generating eectricity. At the same
time, deregulation changed the perceptions of actorsin the old field about their rolesin providing
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eectricity dtogether. These deve opments dso shaped the nature of the R&D environment for
wind technology and the perceptions of what a“working” wind turbine looked like. Inthe
1980s, a machine that looked like awindmill “worked well enough,” and hel ped the emergent
industry establish itself asamgor player providing eectricity generated from thewind. This
conception of “working,” however, was not satisfactory to dl RSGs, and this drove additiona
changesin policy and technology, thus forcing actors to reevauate their activities. In short,
fluctuations in policy created profound uncertainty about the respective roles of eech fidd in
relaion to the other, and the success of the wind industry involved the S multaneous congtruction
of anew “working” wind generator and a stable set of relationships between actorsin both
organizationd fidds.

This chapter has combined the ingghts from SCOT about the mallegbility of technica
options with those of New Ingtitutiona sociology to reved aframework in which technologica
and organizationd changes could be viewed. The data provides evidence for the notion that
changesin the lega/palitical environment of an organizationd field influence organizationa
behavior by changing the perceptions of actors about appropriate courses of action concerning
technological choices. Organizationd outcomes are not the result of smple economic factors
but involve the complex interplay of inditutiona forces that frame and give meaning to certain
types of behavior over others. If gpplied inisolation to this case, the New Ingtitutiond puzzle
would be to understand how a new industry—as new organizationd fidd—survived and
flourished in an inditutiona environment higtoricaly consdered extremely barren and harsh
toward anything new at al. However, because the wind power industry aso involved a new
technology, this puzzle was engaged by combining SCOT and New Ingtitutiondism into asingle
andysis. The result has been encouraging, asindustry emergence gppears to involve the co-
evolution of technology and organizationd form.

In order to demondtrate this connection ill further, the next—and last—chapter
presents findings from the interview data concerning the perceptions of actorsin both fields
about the barriers that face the wind power industry in the future. A discussion of these barriers
isthe essentid last piece of thisanalysis. On the one hand these barriers involve the entrenched
technicd frame of the nation’s tranamission system that actorsin both organizationd fields are
forced to confront as each field moves forward. It isclear that dtering thistechnicd framein
order to overcome these barriersis essentia for dl eectric power technologies, not only wind
power, and involves highly contested palitical decisions, of which thereislittle agreement among
actors even within each field. On the other hand these barriers dso involve normative and
cultura perceptions about wind power in particular that are framed by entrenched organi zationa
and inditutiond relationships among actors in multiple fidds, not only the two mgor fidds that
thisandyss has focused on. The data presented in the next chapter suggests that the future
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success of wind power does not only involve having a*“working” technology, as organizationd
factors continue to hinder its widespread acceptance. But neither does this success only involve
policy or organizationa factors, as larger technica systems dso hinder its proliferation.
Discussing these barriers will hep complete the andysis undertaken in this thesis by emphasizing
the systems of feedback between organization and technology.



CHAPTER FOUR - Feedback and the Co-evolution of
Technology and Organization

Whileit is dear that the wind industry as the combination of FIELDS 1 and 2 has
become established at the present time, its futureis far from certain. In fact, for as many
obstacles as the industry has overcome since it began in the late 1970s, equdly as many il
remain. These obgtacles range from the inditutional—Ilegal codes and normative practices—to
the technical—an entrenched, inflexible nationa transmisson system. This chapter focuses on
these barriersin order to demongtrate how technica systems feedback into organizationd
relationships, and vice versa. Looking at the problems currently facing the industry helpsto
clarify not only the process of wind power development and acceptance, but also industry
emergence and success more broadly. In other words, thislast chapter highlights how the
perceived gability of atechnology and an organizationd field feed into each other and hence
push future development in a particular direction.

The andys's conducted so far in this thes's has dready touched on some of these
obstacles. For example, Chapter Three discussed how the cyclical expiration and renewa of
the production tax credits leads to a bust and boom cycle of industry growth and technologica
development. This crestes sgnificant uncertainty among organizationa actors in both fields and
sends mixed signals to them about gppropriate actions. Also, the lack of cooperation and
communication between firmsin the pogt- regulatory era have had serious consequences for the
type and extent of R&D. This causes serious concern among actors about the future of the
industry and about the development of new technologies down the road. Furthermore,
restructuring has left many actors uncertain about their rolesin relation to each fidld. When
asked how PG& E went about deciding whether or not to own and operate generation facilities
or to purchase power from the market instead, Greg Rueger gave the following answer: “[t]he
future is complicated in Cdiforniaright now,” he began,

because of the financial position d the utilities. Right now neither of the largest

utilities here [PG&E and Southern Cdifornia Edison] are rated as investment

grade. My utility is still in bankruptcy working its way back, so we need to get

back to being investment grade before we can effectively invest in new

generation development. Long-term contracting for power others develop would

be an option but the rating agencies now look at long term contract debt in a very

similar manner to equity, or capital, investment. And the parties you contract with

require collateral to be put forward to secure the contract if you are not rated

investment grade—cash we don't have until we exit bankruptcy. So you have the
issue of sub-investment grade rated utilities that we have to work through
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regardless of how we procure power in the future. . . . | think in general utilities
will tend to focus more on the distribution/transmission business, the part that they
are a regulated monopoly for, and are more likely to go through longer term
contracting with other developers for the power they need rather than being the
owner. On the other hand, you do earn on any capita investment you make in the
system and not on expenses incurred, so there will be some incentive to be the
owner of a plant rather than smply @ntract for the power [contract costs are
treated as an expense that a utility does not earn on]. But the risk of that
ownership in generation in recent years has been looked at as greater than the
reward that can be made in a regulated environment. That can change over time,
but my guessis that we will see some combination of the utility being an owner in
some situations and a purchaser in others. We will probably be the devel oper, the
owner, of last resort. We will go to the power market to see if we can get fair
prices for purchasing power under long term contracts. If in some situations we
can't . . . then the utility will step in and be its own developer, or own owner. |
think that is gill being worked out within each company—I know what our future
generation development role ought to be is a topic of hot debate within my
company. (Interview 11)

But these barriers, while they are sgnificant, are not the only problems mulled over by the
participants. In fact there are many more, some of which are quite severe and plague the entire
eectricity industry and not just nonutility 1PPs or dectric utilitiesin isolation. The remainder of
this section focuses on some—but by no means dl—of theseissues. These issues are divided
into two main sections. 1) barriers associated with the existing technicd systems into which wind
must become integrated, 2) barriers associated with legd practices and normative congtraints.
The firg section emphasizes how the nation’ s transmission system is rapidly gpproaching
capacity, and that there is no consensus on whose respongbility it isto build more. The second
section emphasizes how entrenched bureaucratic procedures push wind development in a
particular direction. With both of these issues, the perceptions of dl actorsin the industry about
the viability of wind power technology are inextricably linked to inditutiond factors.

Barriers Associated with the Existing Technological Frame and

System

The technicd and systemic barriersreveded in the datafall into two sub-categories.
Fird, there are problems associated with the nature of the product (i.e. wind energy) having to
do with itsintermittency. Second, there are problems associated with the entire entrenched
system of dectric power production and distribution in the most generd terms. In relation to
this second problem, amost dl interviewees commented on the significant problems associated
with the national transmisson system, problems that have been exaggerated by restructuring and
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by the increasing divison of labor within the industry asawhole. Each of these barriers will be
addressed in turn.

The nature of wind as a resource presents some problems for actorsin FIELD 1
because of their normative expectations. Ed DeMeo, former Manager of Wind Power
Integration & EPRI, was particularly indghtful about thisissue. “The thing that worries them [i.e.
utilities] alot more than [the codt] isthe variability of it” he said.

The output for a wind plant goes up and down as the wind blows, and that is a
new animal for an eectric utility, they are used to having plants that you start up
and they run and you shut them down when they are not needed more and they
stop. So they use technology that they can have strong control over, and then here
comes wind which is controlled by mother nature, and it makes them redly
nervous, particularly the people that are on the front line, buying power sdling
power turning units on, dealing with a steel plant that just turned on an arc furnace
that draws 100 MW all by itself . . . so they are good at that, maintaining that
instantaneous balance between generation and need for eectricity in the market,
but the variability of wind is problematic. You can't quite plan as well. Either it is
not as fast of you have to buy it on the market for more than you fell you should
have to pay for it. So they worry about that, and it is a legitimate worry—the
biggest worry—so that isthe risk. (Interview 12)

This sentiment was aso echoed by Doug Larson from the Western Interstate Energy Board.
“Even assuming that it istechnologicaly feesble” he sad

there will sill be alot of resstance from, first, old line utility operators who don't
like the uncertainty that this brings to the system, and second, among PUC folks
who generally defer to the utilities for technical issues like this . . . so that will be
an area that we [i.e. the Western Interstate Energy Board] have a role,
overcoming the ingtitutiona barriers to integrating more wind. (Interview 9)

Actorsin FIELD 1 are used to doing businessin a particular way and are resistant to
change, and they think that usng wind technology will force them to change the way they
behave because of its natura characteristics. This perception isamgor barrier towind's
widespread acceptance, but it is abarrier that can perhaps be easily overcome. It has become
clear to many that wind does not really require asgnificant change in functioning, nor isit much
more coglly. For example, as Ed DeMeo continued to explain,

| can tell you though that several groups and individual utilities have studied this
guestion in detail, looking at whet it redly is going to cost in actud terms. . . and
what we know now is that cost impact of that is down around a tenth of a cent
per KWH .. .itisredly nobigded ... [but] itis perceived as a huge problem.
The utilities a year or two ago were putting in a contingency factor of one or two
centKWH to cover this issue, and we have worked with a number of those
utilities now and they know that number is totally bogus. (Interview 12, emphasis
inorigind)
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PecifiCorp has been one of the utilities that has * studied this question in detail,” and the
comments of Virinder Singh & this organization highlight some of the findings. “One of the
chdlenges,” he dated,

was trying to figure out integration costs, knowing that it is intermittent and that
you have to firm up capacity. So we had some people tasked on that, and the
results turned out to be pretty favorable to wind, and in fact you are actualy
starting to see studies pop up here and there, there was one done by Exel Energy
and another by BPA [Bonneville Power Adminstration] . . . everyone is trying to
figure out integration costs for wind, and we are all getting pretty decent dollar
figures, which was not what the assumptions were in the utility world even up to a
couple of years ago . . . the assumptions were that it was going to 10 to 15 [cents
per KWH] and that it would be a pain to deal with. . . . The way to deal with
wind intermittency & to just take into account that the system aready has some
fluctuations based on supply aready, and wind does not add a whole lot more
variaion into this picture . . . (Interview 5)

Thus because dectric utilities aready ded with so much variation associated with fluctuating
demand, incorporating wind into the system redlly only reguires a change in economic modeling
and not in physical operations. Thiswas also summarized by the comments of Greg Jaunich of
Navitas Energy when he stated:

| think the biggest drawback to wind energy is intermittency, and that's aways
been used as an excuse for utilities not to add wind generation. However, wind
does produce a certain amount of power and does have a certain capacity factor
associated with it, and with tat . . . some of those intermittency issues are just
poor utility planning versus actual physical drawbacks to intermittency. (Interview
13)

This barrier thus proves to be mainly normative in that actorsin FIELD 1 are used to thinking
about their operations and cogts in a particular way, and this barrier can be overcome by
atering the perceptions of wind power instead of changing actud operations.

While certainly the normative expectations of dectric utilitiesin FIELD 1 do hinder
some aspects of wind' s diffusion and acceptance, there are d'so significant legal and economic
factors that reinforce the ingtitutiond status quo. Imbaance charges are one such factor. As
ZeinaEl-Azz from Cido Wind sated: “. . . different utilities have imbaance charges.. . . |
believe that there is a shift in the underganding of wind energy fadilities .. . . in the last year, but
[it] started about 3 years ago, a shift towards removing imbaance charges, especidly BPA has
donethis' (Interview 10). One way to solve this problem is to implement what is referred to as
a Standard Market Design (SMD). Adam Serchuk’ s explanation is helpful. “The transmission
sysem,” he sad,
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... Issat up o that if you reserve room on the system and you end up not using
it, you get penalized. This pendlty is meant to stop you from playing games with
the system, and the pendlty is pretty high. Well, wind sometimes gets penalized
just because of the nature of the product even though the purpose of the penalty
is to dter behavior and the intermittency of wind power is not, in fact, a result of
the operator’ s behavior. So the wind people have always argued that they will pay
the cost to the system of the intermittency but should not get hit with the penalty. .
. . When you actudly sign a contract you usually have a friendly transmission
owner who iswilling to get around those issues, but if you get someone who is not
willing to work with you and who goes by the letter of the law, it makes

transmission so expensive that it wrecks the poject. . . . What SMD could do
would be in part to eiminate those pendties so as to make things easer.
(Interview 6)

Asthis comment reveds, existing rules and regulations that make up the ingtitutiona environment
in which firms operate gill Sgnificantly affect the ways that new innovations are perceived and
subsequently adopted or rejected.

The continuing problems associated with integrating this new type of resource into the
electrica grid bring up aclosdy rdated but broader dilemma concerning the nation’'s
transmission system. Problems associated with transmisson were congstently identified in the
data. “Transmission Sting is ahuge problem nationwide” commented Adam Serchuk. “I
recently managed a project,” he said,

that had us interviewing transmission managers at utilities and talking with them
about their vision of the future, and they basically fed like they are up againgt the
wall. What you hear them say is that it is a disaster, no one can site anything
anywhere, the only way its going to change isif the federal government comesin
an takes control from the states and jams it down their throats, and the only way
they think that is going to happen is on the heels of a large transmission related
disaster. . . . So whether that’s true or not, | don’t know, but the industry believes
that it has area transmission crisis and wind is part of that. It is not just a wind
problem.” (Interview 6)

This comment highlights thet the shortage of transmission is a sysem-wide problem that affects
the entire industry and is not just aspeciad case related to wind. As Ed DeMeo aso stated,

[t]here has been very little new transmission built in this country for the last
fifteen or twenty years, the system is very taxed, there has been a lot of new
generation built, alot of it by IPPs who now as aresult of the Energy Policy Act
of 1992 and a number of bills and regulations since then, these new people have
access to the transmission system but it hasn’t been up upgraded yet. . . . [So] we
need to increase the infrastructure of the country, it is a mgor, mgor problem
right now, and wind is the tail on the dog here. (Interview 12)

Whileit is clear that transmission issues will continue to be problematic for the future of the
industry as awhole, wind isin some ways uniquely plagued by this problem because often times



76 FEEDBACK AND CO-EVOLUTION

the best wind sites are dso far away from urban centers, and thus dso far from the eectrica
grid.

Robert Thresher & NREL reveded that on top of intermittency issues, transmission is
an added complication for wind because the sharing of the system is something that has not
been worked out yet and is something that will take along timeto solve. Part of the problem,
he said, isthat that financiers only want to consider big plants, but that big plants often require
transmission upgrades, sometimes even completely new lines. Thisis especidly problematic for
wind because of most wind projects distant locations. Figuring out who is responsible for
building this new tranamisson is gill an open-ended question, and a hotly debated one at that.
As Robert Thresher put it, “it goes rdiability council by rdiability council in terms of deding with
it...itisaminefidd of interlocking jurisdictions, not like the highway system that has one set of
rules, dthough there is some movement in that direction. It goes back to a ate by Sate
legidativeissue. .. (Interview 1). The problem of figuring out who pays for new transmisson
was echoed by Virinder Singh at PecifiCorp. “The world was different in the past,” he said,

because [now] you get afair anount of competition in the wholesale level. There

are alot of emerging merchant power plants, and when they come up they want
equal access to the grid and they don't have to pay that much compared to
existing plants. Who pays for the boost in transmission? If you tax only the new
guys, then you add a lot of cost for power that could be green, for example, but
the old guys are using the grid just as much as the new guys. Those sorts of cost
allocation issues are unique now because the utility doesn't own al the plants. If
the utility owned al the plants and they wanted to add another plant, it would al
be part of the same company and you would deal with it, but now that you have
different companies building different plants this cost alocation issue is pretty
sgnificant. (Interview 5)

Despite these open-ended questions about cost alocation and jurisdiction conflicts, it is clear
that there may not be one find solution to this problem, and indeed different states ded with this
problem in different ways.

Severd interviewees commented on the unique Situation rdated to transmisson in
Texas. “Texasisatrangmisson utopia,” sad Ziena El-Azizi from Cido Wind. “The cost of
additiond transmission,” she continued,

gets spread across the entire reiability council [i.e. ERCOT] and distributes the
cost to all of the members, to anyone operating [i.e. regulated and non-regulated
entities], so yes, they do have an extremely pro transmisson build-out structure.
That's good and bad. It's good in that if you are a small developer you can
compete with huge utilities that can afford to build transmission. It's bad in the
sense that it is very easy to build new transmission . . . there are too many linesin
my opinion. (Interview 10)
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Armold Lietner a Platts Energy also commented on this and Stated that Texas was unique in that
the ISO would help provide service to anyone, making the western part of the tate appealing to
wind developers because of the coupling of good a good wind resource and fewer barriers
associated with transmission. Rick Walker from AEP is quite familiar with the Stuation in
Texas. While he verified that Texas had a unique Stuation, he till said thet it was not without
problems. When asked how transmission worksin Texas, he said, “its bad [laughg]. Wdll, on
some criteria’ (Interview 14). He eaborated that there had been alot of smultaneous
development in west Texas by multiple companies and that the ERCOT ISO wasin its early
stages of formation. At that time there was little communication between developers and that
part of the system got maxed-out. “Y ou can build the wind farm pretty quickly,” he said, “if
you' ve been collecting data and make the decision to build, you can put it up in ayear, but with
transmission, to build big lines, it can take five to seven years, and therein lies the big problem”
(Interview 14).

In other parts of the country, transmisson remains problematic. In the Midwest, Glenn
Cannon at Waverly Light and Power commented that there was “transmission gridlock” and
that it was very difficult to move power from one point to another (Interview 4). Also inthe
Midwest, Greg Jaunich at Navitas echoed that transmission has been a problem for wind
development. When asked who was responsible for building transmission in the states where
Navitas operates, he answered,

[w]dl, right now that's a big open question. The utilities have been creating
independent system operators which control the transmission jurisdiction, but there
are alot of companies. . . the question is out, part of the problem is [that there] is
not a lot of new transmission infrastructure being put in. The point is that no one
knows who's going to build it and how they are going to get compensated for
building it. (Interview 13)

In Cdifornia, Greg Rueger at PG& E speculated that some wind devel opers, like other power
producers, might be impacted by transmisson congraints because covering the cost of building
new transmisson would raise the overdl cost of the project consderably, making it lessfeasble
(Interview 11). Insum, as Ed DeMeo dated, “. . . transmisson will become—in some casesis
has dready become—the limiting factor for wind deployment because in most cases wind
happens to be quite far from the mgor need for eectricity” (Interview 12).

This problem could perhaps be overcome in a number of ways. One way isthrough
better regiond planning. The move towards a competitive industry, Doug Larson from the
Western Interstate Energy Board commented, “diminished cooperation and there was avoid
left over, no one even knew what transmission was needed” (Interview 9). In order to
counteract this, open communication between utilities and Sate agencies is essentiad for the
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future hedth of the industry. This solution is macro-inditutiona and involves setting up networks
between actors and bringing in overarching planning organizations such as the Western
Interstate Energy Board, FERC, or some other federal transmission agency yet to be created.
Another type of solution, however, occurs Smply though the daily functioning of companiesin
this problematic environment. The adaptive capabilities of firms when confronted with such
barriers were emphasized in the comments of Zeina El-Azizi and her experienceswith Cido
Wind. “Intheregion where | spend most of my time [i.e. the southwestern U.SJ],” she said,

it [i.e. transmission] is a nightmare. Not only does the cost [vary], but the rules

and regulations around every state vary so much that it can be a barrier to entry.

It is especidly a barrier to entry for smal wind energy developers who do not

have the lega infrastructure internd to the company like a utility would, to

understand the steps involved in  both requesting and building out transmission
whedling and new building. (Interview 10)

In order to overcome this barrier, “we outpost alot of transmission” she said.

It tends to be extremely expensive . . . [and] it has been a pretty steep learning
curve but we are comfortable now that we are at a point where we are just as
savvy as a large utility on transmission. It did take us about two years for us to
get there and it did cost quite a bit of money. (Interview 10)

Thus the technical and the systemic barriers confronting wind power developers and electric
utilities are not insurmountable. However, their complexity reveals how perceptions of working
technology and viable organizationa form are ill co-evolving. Understanding the nature of
these problemsin detall and the ways that the actors overcome them is therefore reveding about
the feedback between organizations and technology.

Barriers Associated with Per mitting and Siting Wind Facilities

The barriers associated with the locations of wind farms adso continue to be intimately
connected with public perceptions about dectricity and about land use more generdly. While
these issues are important and need to be addressed, there are dso other indtitutiona barriers
that comeinto play. Deciding where to locate awind farm is &ill not asmple matter. Thefirgt
criterion is of course the nature of the wind resource. Due to the current tax credit and the
nature of the technology, it makes sense to develop sites with the highest wind speeds first. This
turns out to be both ablessing and curse. It is ablessng because people usudly do not livein
windy areas, and this means that public perception of facilitiesisreduced. But, asthelast
section discussed, it dso means that facilities are further away from exigting trangmisson lines.
Furthermore, there is the question about whether or not to use public lands for wind farms or if
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private lands are moreidedl. Asit turns out, there are Sgnificant ingtitutiona barriers that hinder
wind development on public lands.

Figure 6 isamap of class4, 5, or 6 wind resource potentials in the United Statesin
relation to federa lands. Perhgps the most dtriking piece of data from this map isthe

Figure 6: Wind Resour ce Potential and Federal Lands, Lower 48 United States
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suggestion that “[a]s of the end of 1998, there were no wind powered e ectric generating plants
located on federd lands’ despite the obvious potentia for such facilities as indicated on the
map. While the current data does not alow afull andyss of the permitting and siting
procedures for wind facilities on federa lands, it does offer some ingghts about why wind
facilities are overwhemingly located on private property.
Doug Larson from the WIEB explicitly commented on thisissue. When asked how
permitting and Siting might present problems for wind farms, he sad,
that has become an increasing problem, they [i.e. wind farmg] are currently sort
of anovelty item in many areas, but the sitting problem happens on the east coast.
The biggest problem with permitting has to do with federal lands. Not because of
opposition but because existing federal law requires certain types of resource
plans for specific regions. Mogt existing plans do not have wind resource plans

because they were done in the 1970s before wind was a factor. When a
developer goes in to get a permit, they find that there are no wind use
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designations and it will take the BLM a number of years to get around to redoing
their planning. So this means that people are sort of staying away from federal
lands right now. The BLM is trying to rectify this because there seem to be lots
of potential on federa lands. There is no economic advantage from going federal,
but some of the best resources are mainly located on these lands. (Interview 9)

When asked if federa lands were gppedling for developers, Virinder Singh at PacifiCorp
answvered smilarly. “Environmentalists hate the idea of using public lands” he said.
... the BLM is trying to streamline its permitting process. Federa land has been
difficult to get permits for because of al the studies they want done, there is no

streamlined way of dedling with this. This is one of the things that create those
chronic splitsin the environmental community. (Interview 5)

This hesitancy cannot be explained by a blanket generdization about reluctance to using public
lands for industry, as both logging and mining rely on extensive use of these types of property.
Instead, the barriers for wind in this regard are purely inditutional and result from outdated rules
and regulations. Developers thus have little choice but to use private lands, but doing so opens
up an entirely new can of wormsin many places having to do with NIMBY attitudes and public
oppostion.

Public opposition to facilities in the form of NIMBY éttitudes is usudly overcome by
education and time. For example, in commenting on wind farms that AEP has helped develop
in Texas, Rick Waker said,

we have questions from the landowners. Some were reluctant to initiadly sign the

lease, [but then] some people came back and would say that they can see them

just down the road and their neighbors are getting paid so go ahead and put some

on my land because | can see them anyhow and | would just as soon have the
check [laugh]. (Interview 14)

Smilarly, when asked about Sting and permitting problems with PecifiCorp’s operations,
Virinder Singh answered,

[i]t depends on the setting. In the Northwest if you have land that’s not used for
recreation, if it's not part of a scenic view, and if you have ranchers who can
make money off it, you have a much easier time than if you are trying to build
something on a ridgdline overlooking a vineyard or something. Conservative
communities are more into these types of big projects. So it comes down to
ascetics. | think if there is something in it for the neighborhood, the landowner,
and you don't have the big aesthetic issue hanging over it, it works out, and you
see that in the Midwest and parts of the Northwest. (Interview 5)

This was confirmed by Glenn Cannon at WLP. “We have not had any problems with people
complaining about the appearance of the turbines, we have not had any avian issues, the only
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problem that | have redlly had has been farmers,” he said. When asked to clarify, he answered,
“[t]here has been a nonstop stream of farmers coming to us wanting us to put turbines in their
land because they can make more on the lease than they can on any crop they can raise”
(Interview 4). Even though devel opers face a sometimes skeptica public and have difficulty
Sting projects on federa lands, these cultural and legd barriers can be overcomein avariety of
ways.

Conclusions: Feedback and Co-evolution

This chapter has used data from actorsin different organizationd fields to further
highlight the interconnectedness of technology and organization. 1t has shown how many of the
barriers currently facing industry participantsinvolve technicd and inditutiona condraints. Wind
power as atechnology is percelved as extremey problematic for actorsin FIELD 1 because of
itsintermittency. The acceptance of the technology isinitidly hindered by the normative and
culturd expectationsimposed by FIELD 1. However, this barrier is overcome when actorsin
FELD 2 dter these normative expectations by delivering a product that does not require a
subgtantia change in business practices. As mentioned in Chapter Three, overcoming such
barriersis dso helped by the fact that many actorsin FIELD 2 have come to resemble the firms
that actorsin FIELD 1 are used to doing business with.

Asde from wind technology specificaly, the existing nationd transmisson sysemis
approaching capacity, thereby limiting the extent to which additiona power can be added
without costly upgrades. This problemisat heart atechnicd issue: the existing technologica
frame in which actors from both FIELD 1 and FIELD 2 are embedded is physicaly limited.

But the problem is dill dso indtitutiona and organizationd, as the restructuring of FIELD 1 left a
void in terms of who ultimately is respongble for physicaly building additiond transmission, and
who isfinancidly respongble for footing the bill. Thereislittle consensus about how to solve
thislatter problem, and the issue isahighly contested one. On the one hand, the existing
tranamission sysem wasiinitidly built by verticaly integrated dectric utilities from FIELD 1 to
serve the power plantsthat they adso owned. Legd mandates then required that FIELD 1
actors give FIELD 2 actors access to this transmission system. But as FIELD 1 played lessand
less of arolein generating eectric power, they also became increasingly skeptica about paying
for transmission upgrades to someone es2' splant. To complicate things further, over the last
severd decades actors have become increasingly aware of the extent to which different regions
of the country are connected viathe power grid. But this grid was congtructed under the
ownership of different organizationd actors a different pointsin history. Unlike the nationd
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highway system, there is no centrd organization charged with tranamisson planning and upkeep.
Again, the extent to which thistechnica system should be co-opted by afedera oversight
agency is hotly debated.

Adde from the transmisson issue but dso connected to it, severd ingtitutiona barriers
aso exist which specificdly hinder the development of wind power. Siting and permitting
procedures have not adapted to the changing energy landscape as rapidly as some bdieve they
should have, and this pushes wind facilities to locations on private lands insteed of federa lands.
In many cases, these locations are far from adequate transmission, thus bringing to the fore the
issue of who builds the transmisson needed to get power from these new facilities to urban
customers. Inthis case, the barriers dart as technica; they involve the newness of wind power
and an attempt to push it into an outdated indtitutiond system. The barriers continue in this
indtitutional framework, as the federa bureaucracy is dow to update its permitting procedures.
Finally, the barriers end with the technical and the organizationd, as transmisson enters the
picture.

This chapter further demondtrates the claim that understanding the success of an industry
requires an awvareness of the ways that technology and organization interact to shape each other
and to influence the perceptions of each by actors from different organizationa fields. The
future success of the wind power industry does not just depend on having atechnology that
“works’ or having an organizationd form that is“legitimate.” Instead, success depends on the
co-evolution of these factors within the context of the shifting framework provided by changing
inditutional arrangements. Perceptions of sability at one moment in time concerning the
technology or organizationa form have profound consequences for the direction of future
developments.



CONCLUSION

The central god of this research project has been to explain the formation and success
of anew industry in a sector that is historically both risk and innovation averse. In order to
address this puzzle, two prominent schools of sociologica thought concerning technology and
organization were combined, and then insghts from each were used to interpret quditative and
quantitative data on this specific case. This gpproach hes been quite fruitful, both for
undergtanding this pecific puzzle and for understanding in more generd terms the way's that
technology and organization interact within inditutiona contexts. The main finding of this
research has been that industry formation and success involves the smultaneous devel opment of
technologies that are believed to work, and new organizationa arrangements that are percelved
to be profitable. 1t shows that the development and use of windmill technology was not Smply
the direct result of technical breakthroughs or industry deregulation but was caused by the
interaction of these factors with changes in industry organization, resulting in the development of
anew “organizationd fidd” in which a particular kind of wind generator makes sense. Findly,
this research has shown how the stability of such a technology/field combination may be feeding
back into policy decisions and hence pushing future development in a particular direction.

In order to demongtrate this claim, this thesis began with areview of the relevant
sociologicd literature. The Socid Congtruction of Technology and the work of Weibe Bijker
provided many useful concepts for understanding technologica change. This research posits
that the notion of the individua genius working in isolaion and inventing machines and artifectsis
not an accurate conception of invention. It also pogits that resultant designs cannot be
understood solely by looking at the problems new arrangements gppear to solve or at their
physical characterigtics. Instead, resultant designs can only be explained by looking at the
problems and solutions as perceived by the many different groups that have the potentid to
influence the find outcome. In thisview, technology development is not alinear path of
progress moving forward toward more efficient and better technical designs; the very notions of
efficiency and what makes a better design are themselves socid congtructs built up through the
repeated interactions of socia groups. Yes, Bijker concedes, not dl groups have equal access
to the resources needed to promote one design over another, but this does not mean that these
groups take no part in the processes of shaping technologies. Bijker’stheoretical and
methodologica approach to technologica evolution requires identifying boundaries around
objects by listening to those involved. The analyst then works within these boundaries to piece
together a story about the circumstances under which actors were behaving and the tactics they
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used to promote and make red thelr definitions and visions about whet the artifact should look
like and what functionsit should serve.

This theoretica understanding aso provided a methodologica framework with which to
undergtand a specific technology. Understanding the acceptance of the modern wind turbine
and its current design required that the groups associated with its development be identified and
that their respective visons and interests be reveadled. Thiswas done by carrying out interviews
with the participants themselves, and this demonstrated that it is not acceptable to explain the
success of the modern wind turbine amply as afunction of its efficiency or cost; such an
explanation glosses over who defines what efficient means and what factors are included in the
cos. The formation of these definitionsis not only theoreticaly and intdlectudly interesting but
isaso essentid for an accurate answer to be presented. Definitions of efficiency, cost, and the
“working” or “not working” of wind turbines are not objective and stable concepts employed
amilaly by dl participants. These definitions change with time and with location within the
industry. The SCOT framework was thus quite hepful for starting to identify whose opinion
maiters and how these opinions were expressed in the resultant physica forms.

But while this framework was helpful in many regards, it was o problematic and
incomplete. The case of the wind industry was not easily bound, and all socia groups appeared
to have some relevance in shaping the technological outcome. Furthermore, Smply knowing
what the actors think and believe is dill only haf of the Sory, asthese beliefs and vdues are
themselves congtructs influenced by the socid positions of the actorsin relation to each other
and in thelr rdationships to the indtitutions with which they congtantly interact. The SCOT
framework does not fully incorporate the complexity of the environment in which actors behave.

New Indtitutionalism offered severd inaghtsin thisregard. Normative, cognitive, and
culturd influences dl played arolein directing the behavior of organizations and influencing the
diversty of organizationa forms. Understanding why some groups over others were involved in
research and development of wind technol ogies—an essentid factor for understanding
designs—required that the characteristics of these organizations and their relationships dso be
examined. Technology evolution is more than just different groups with different views about
what needs to be done; instead these groups are situated in complex networks of interactions
that are framed both by existing and congtantly changing indtitutions. What makes sense a one
point in time in terms of the desires and gods of a pecific type of organization can be dragticaly
different a another point in time asthe roles of that organizationis dtered by changesin the
ingitutiond landscgpe. Thus actors directly involved in shaping early wind turbines became
indirectly involved as the eectricity industry in genera underwent restructuring. Not only isthe
gphere of influence difficult to bound in the first place, but the meanings that certain actors assign
to objects change as the industry matures and is affected by other externd factors.
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Furthermore, the range of potentia forcesis dso quite large, as palitica, economic, and socid
facetsdl play arole in shaping organizationd behavior.

These theories were combined to cregte the framework in which the wind power
indusiry could be best understood. This research has shown how the potential for awind
industry was created by policy that established a new organizationd field in which a particular
type of technology made sense. At the time of its emergence, however, neither the new nor the
old field had atechnology that “worked.” It was not Smply a matter of the new field seecting a
technology off the shelf; instead it had to creste its technology at the same timeit established its
place in relation to the older, established fidd. In the 1980s, nonuitility I1PPs (FIELD 2)
depended on eectric utilities (FIELD 1) to buy their product, and this dependence caused them
to pursue a particular vison of awind turbine. Due to their newness and shortage of capitd,
however, thisvison differed substantialy from that of actorsin FIELD 1. Tax incentives helped
this new field secure enough capita to survive and grow, even though this growth was dmost
entirely propped up by the existence of the tax incentives. Additiona changesin policy
srengthened the role of FIELD 2 by partidly weekening therole of FIELD 1, and FIELD 2
then adopted and gained expertise usng a“working” technology imported from an internationa
context. Facing ingtitutiond, politicd, and regulative uncertainty, actors in both fields sought to
make sense of their environments and their respective roles.

In 2003, FIELD 1 isno longer completely verticaly integrated, and this development is
adeparture from the higtorical stuation. This development, however, isonly partidly the result
of legd or regulative mandates. Instead, a new organizationd field broke into this old field and
largdly co-opted the task of generating dectricity using a specific type of technology. Instead of
reverting back to the older model as the regulative environment has changed, actorsin FIELD 1
find that it now makes sense to ded with actorsin FIELD 2 as suppliers. While this model may
not remain the predominant one, it is clear that the success of the wind power industry has
involved the co-evolution of technology and organizationd form.

Asafind note, it isimportant to point out that the findings presented here are only the
tip of the iceberg, both in terms of the wind power industry and in terms of the consequences for
the sociologies of technology and organizations, respectively. The wind power industry has
itself become increasingly complex asit has matured. For example, even within the wind power
industry asignificant divison of labor has occurred in the last five or Six years. Whereasin the
1980s and early 1990s wind power was largely developed, owned, and operated by
organizations that often were themselves turbine manufacturers, the newer modd increasingly
involves separate firms performing each of thesetasks. The chain of organizations providing
wind power now involves nonutility I|PPswho develop wind farms but contract out operations
and maintenance to turbine manufacturers and who sdll the output to dectric utilities, sometimes
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directly but sometimesindirectly through third party power marketers. Infact, alarge part of
the current wind power industry involves the buying and sdling of renewable energy attributes,
cdled greentags. The current research does not explicitly engage this new market, something
that clearly isimportant for the modern wind power industry and which remains a subject for
future research.

This current research is dso incomplete in terms of its depth of andysis of the dectricity
industry more broadly. Increasingly, the line between FIELD 1 and FIELD 2 becomesless and
less defined, as many mergers in the late 1990s have brought dectric utilities and nonutility 1PPs
under the same corporate roof a single holding company. This new development is sure to have
profound effects for the diffusion of wind power, as the spread of information and conceptions
of “legitimate’ action is influenced by this new form of corporate control with accessto broad
politica and economic cepitd. Ladly, this research has been limited inits rdiance on interview
datawith asmall number of industry participants. In many ways, this current research has
served as a pilot study whose findings should be used to guide the direction of future research
toward the engagement of each of the factors reveded here in more detall.

The findings of this current research cdl for the combination of the sociologies of
technology and organizations. SCOT, while important in its ingghts concerning technologica
change, would benefit from a more explicit awareness of inditutiona mechanisms influencing
organizationd behavior. Smilarly, New Ingtitutionaism, while reveding about the populations of
organizationa fields and the processes of industry cregtion and development, would benefit from
amore explicit avareness of technology as independent from but connected to organizationd
form. In other words, each theoretica paradigm treats the other as unproblematic and largdy
stable, something that this current research has shown is not always the case.
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APENDIX | —Ligt of Interviews

Dr. Robert Thresher, Director of the Nationd Wind Technology Center, Nationd
Renewable Energy Laboratory. In person interview, Golden Colorado: January 2, 2003.

Dr. Stanley Bull, Associate Director of Science and Technology, Nationad Renewable
Energy Laboratory. In person interview, Golden, Colorado: January 2, 2003.

Dr. Gerald Jacobs, Environmental Consultant. Telephone interview, November 3, 2002.

Glenn Cannon, Generd Manager of Waverly Light and Power. Telephone interview,
January 17, 2003.

Virinder Singh, PacifiCorp. In person interview, Portland, Oregon: January 31, 2003.
Dr. Adam Serchuk, Serchuk Associates. Telephone interview, January 31, 2003.

Arnold Leitner, Senior Consultant, Platts Energy. In person interview, Boulder, Colorado:
January 3, 2003.

Chuck McGowin, Manager of Wind Power, Electric Power Research Ingtitute. Telephone
interview, January 22, 2003.

Doug L ar son, Executive Director, Western Interstate Energy Board. In person interview,
Denver, Colorado: December 23, 2003.

Zeina El-Azz, Development Manager, Cielo Wind. Telephone interview, February 11,
2003.

Greg Rueger, Vice Presdent of Generation, Pacific Gas & Electric Company. Telephone
interview, February 24, 2003.

Ed DeM eo, Former Manager of Wind Power Integration, Electric Power Research
Ingtitute. Telephone interview, February 28, 2003.

Greg Jaunich, Presdent and CEO, Navitas Energy. Teephone interview, March 7, 2003.

Rick Walker, Director of Renewable Energy Business Development, American Electric
Power. Telephone interview, March 10, 2003.

Roby Roberts, Manager of Renewable Business Development, PPM Energy. In person
interview, Portland, Oregon: March 20, 2003.

Steve Bohlman, Managing Director of Marketing, Alliant Energy. Telephone Interview,
March 28, 2003.
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17. Lon Peters, President, Northwest Economic Research. In person interview, Portland,
Oregon: April 9, 2003.

18. Jennifer Sirek-Love, PPM Energy. In person interview, Portland, Oregon: October 9,
2002.

19. Kevin O’Meara, Senior Energy Economist, Northwest Public Power Council. In person
interview, Portland, Oregon: October 10, 2002.
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APENDIX Il —Abbreviationsand Acronyms

AEP ..o American Electric Power

AWEA ... American Wind Energy Assocition
BLM .o Bureau of Land Management

COs et Carbon Dioxide

COW. e Central and Southwest

DOE ... Department of Energy

EIA Energy Information Adminisiration

EPA ..o Environmenta Protection Agency
EPACT ... Energy Policy Act of 1992

[ Electric Power Research Indtitute
ERCOT....cce et Electric Rdiability Council of Texas
FERC... oo Federa Energy Regulatory Commisson
FPC s Federad Power Commisson

FPL....oeee e Horida Power and Light

FWEP ..o Federd Wind Energy Program

1 S Investor Owned Utility

IPP..c s I ndependent Power Producer

IRP <o Integrated Resource Plan

[SO e Independent System Operator

KWH ..o Kilowett per Hour

MIRP.....otiieeeeee e Minnesota Innovation Research Program
MW Lo M egawatt

NAE ..o Northern Alternative Energy

NASA. ..o Nationd Aeronautics and Space Administration
NIMBY .o “Not In My Backyard”

NREL ...t National Renewable Energy Laboratory
(@78 1Y S Operations and Maintenance

PG&E ... Pacific Gas & Electric Company
S Portland Generd Electric Company

PSC . e Public Service Company of Colorado
PTC e Production Tax Credit

PUC .. Public Utility Commission

PURPA ... Public Utilities Regulatory Policy Act of 1978
PV Photovoltac

QF e Qudifying Fadlity

RED ..o Research and Devel opment

REA ... Rurd Electrification Adminigration
REPIS......o oo Renewable Electric Plant Information System
RFP e Request for Power

RPM oot Revolutions Per Minute
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RPS ... Renewable Portfolio Standard
RSG.....ooiieeeee e Reevant Socid Group

[ IO Regiond Tranamission Organization
SCOT .. Socid Congruction of Technology
SEC . Securities and Exchange Commission
SERI ..o Solar Electric Research Indtitute

SMD Standard Market Design
WEIB.......ceieeeee e Western Interstate Energy Board
WESA ... Wind Energy Systems Act of 1980

WLP ..o Waverly Light and Power
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