\

The role of context in the development
of radical innovations: The case of
Blue Energy in the Netherlands

Roel Willemse

X
%

X
UNIVERSITEIT VAN AMSTERDAM

ECN-E--07-054 July 2007



Acknowledgement

Supervisors: C. Kwa (UvA), R. Mourik (ECN)

University of Amsterdam (UvA), Science and Technology Studies. Student number: 0437190,
(roel_willemse@hotmail .com).

Abstract

Research has shown that innovations do not develop in vacuum and that a successful innovation
does not necessarily guarantee success in another setting. The study aims to provide insight into
the role of context in the development of radical innovations and is as thesis subject, part of the
Create Acceptance project at ECN. Literature on technological development has been consulted
to understand what can be considered as context in al phases of development: from research
and development to the final implementation. This knowledge has been applied to a specific
case caled Blue Energy. Blue Energy is a renewable energy potential, based on ‘Salinity
Power’ that obtains clean energy from mixing water streams with different salt concentrations.
In the last seven years, two challenging projects have been initiated on this principle in the
Netherlands following a different development. The focus in this research is on situations that
have stimulated or constrained the devel opments to identify specific contextua factors. This re-
sulted in several crucial elements useful for stakeholders in the Blue Energy development as
well as for managers in similar projects, to broaden their understanding of technological devel-
opment and thus make project management more accountable.
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Summary

Research has shown that innovations do not develop in vacuum and that a successful innovation
does not necessarily guarantee success in another setting. Besides technological factors, also po-
litical, socio-economic, geographical and cultural contextual factors influence innovations. In-
novations are constantly interacting with their context and therefore context is an important fac-
tor in technological development. The role of context however, is underexposed in innovation
studies. Various scholars have shown the importance of context, but did not try to make the role
of context explicitly clear. The Create Acceptance project is an initiative to understand and in-
fluence renewable energy technologies. A considerable amount of renewable energy cases have
been analysed and a classification was made of contextual factors influencing the socia accep-
tance of these cases. The ambition of my research is to contribute to the Create Acceptance pro-
ject by comparing two projects in the Netherlands on a similar renewable energy technology
called ‘Blue Energy’. Blue Energy is based on the chemical principle that when two solutions of
different salinity join, the concentration will diffuse until the salinity is equal in the total fluid.
When a selective membrane is placed between the two solutions, e.g. sweet (river) water and
salt (sea) water, the diffusion can be controlled and potential energy gained. The technology is
in avery early stage of development and receives little (global) attention. However, recently two
projects have been initiated in the Netherlands to develop Blue Energy into a commercia appli-
cation. Two projects on a similar technique in a similar external context, however with a differ-
ent outcome; the group that started the first project has now lost their leading role in the devel-
opment to a newly founded research ingtitute. The main theme of this paper is to understand the
different development of the two projects and | compare the projects by discussing the role of
context herein. This study can be considered as an explorative research, a pilot investigation or a
preliminary study with the intention to shed light on the influence of context on radical innova
tions.

| formulated the main question guiding my research as follows: What is the role of context in
the development of Blue Energy? In order to answer this question, | divided this research ques-
tion into two sub questions: what is considered as context in literature on innovations? And
what factors are discernible in context? | am not only interested in the kind of context to analyse
socio-technical developments, but especially in the influence that it has on the development. |
therefore elaborate on how technologies develop and on the working of technological develop-
ment. This resulted in my distinction, based on Geels (2004), between st-systems, actors, rules
and a special category of expectations to portray context. To analyse the influence of national
and more regional/local context | focused on specific events that stimulated or hindered the de-
velopment of Blue Energy: occasions, disputes, controversies, problems, decision moments, etc.
that changed the direction of development. The most important conclusion from my analysis has
been that in the same external context, the role of internal context has been important for the dif-
ference between the two projects. Especially the persona network and the actors' capacity and
capability have been crucia for project success. Some participants had been working in the
same region or sector for decades and therefore knew each other for along period. Actors could
be approached informally, they trusted and supported each other and convincing them to join
the institute has therefore been easy. Some actors also occupied influential positions within their
firm and could make financial decisions and had a stronger and more influential network at their
disposal, which consisted of actors with capacities and capabilities that have been crucia for
further development. But there was also another factor that made a difference: alignment. In or-
der to apply for a government subsidy for example, the project has to fit or match certain crite-
ria. The same can be said about the involvement of stakeholders: they were easily involved
when the project suited their strategy and fitted in their line of business; when it created possi-
bilities related to their core business, or when knowledge was already available on this topic.
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The alignment of involved actors has been another crucial contextual element and can also be
related to the strategy chosen in the project.

Context, however, is not only influencing the development but the devel opment also influences
its context. This complexity makes it very difficult to analyse the role of context and it has been
particularly difficult to categorise context at a higher level of aggregation. What do we consider
as context, or better what element of this context do we point out: the actor, the network, the be-
lief system in the network, the expectation that the actor or network has or the external factor
responsible for the expectation... in other words where to look and where to make a division has
been my main struggle in the analysis. We therefore rather speak of the interaction between the
socio- technological development and its context. In addition, when analysing context, you can
go on indeterminably with demonstrating context behind context. Every time you start with
demonstrating the influence of an actor or factor, you find that behind each actor and factor that
directly influences the innovation another factor or actor is influencing this actor or factor and
thus indirectly influences the innovation.

| found that no categorisation of context is easy to make and struggled to get the analysis of con-
text structured. | therefore introduce some facilitating concepts to cope with the complexity of
context as an attempt at this structuring. | propose that there are roughly two forms of context:
direct context and indirect context. Direct context or first-line context is directly involved in the
development. The availability of financial means, the capability of stakeholders, and the organ-
isational setting all have had a direct influence on the development and can be seen as direct
context. Indirect context, or second line context, on the other hand influences a first-line contex-
tual element. The societal need for aternative energy sources created expectations about com-
mercial possibilities or business opportunities. These expectations subsequently resulted in the
founding of a company, which is the factor that had a direct influence on the Blue Energy de-
velopment. Furthermore an indirect contextual factor can aso influence other direct contextual
factors and it is also possible that a direct contextual factor influence another direct factor. This
notion of context has consequences for the categorisation of context, because these factors do
not fit in a single category. Many scholars use certain categorisations in factors, such as eco-
nomical, socia and infrastructure factors. However, these factors are interrelated and are there-
fore impossibly placed in specific categories. Furthermore the strategy, the capability of the ac-
torsinvolved, the availability of the network, and the suitability within the organisation can ob-
viously be related to the internal competences, properties or internal context of the project. Ex-
ternal context to the project were the formal government support arrangements, government
strategies, availability of support programs and any other contextual factor that cannot be influ-
enced directly by the management of the project. Besides the direct and indirect division pro-
posed earlier, | therefore propose an extra division between internal and external context. | have
combined these two concepts in a two by two matrix in Table 1 and filled in the elements that
have been crucial in the socio-technical development of Blue Energy.

TableS.1 Internal and external versus direct and indirect context

Direct Indirect

Internal  Stakeholder involvement, alignment core  Alignment expectations and visions,
business, knowledge, financial means dedication/enthusiasm stakehol ders,
available personal network, capacities and

capabilities of actors, knowledge available
Externa Government support (financially) Government attention

When the two projects are compared using Table 1, the first project only succeeded minimally
in the indirect-internal and direct-external categories, whereas the leading project did well in all
four quadrants. We can also see that the indirect-external quadrant is at such a great distance
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from the project that this is outside the influence of the project management. The direct-internal
guadrant on the other hand has been crucia for the development and can be subscribed to the
internal project competence. However, in order to get actors involved and create alignment, ac-
tors have to be convinced actively. Expectations have been of great importance in this activity.
In each and every situation, expectations were involved. Thisis also due to the fact that situa-
tions depend on actors and actors' strategies, perception and motivation, which all depend on
expectations. Diverse expectations exist around radical technological developments, because
network linkages are still weak and future prospects insecure. These expectations are used by
actors to convince others and are not always shared within the network around the technological
development. These expectations henceforth advice engineers in their search process, mobilise
new actors in the network, are used to allocate funding, convince politics or legitimize the pro-
ject. It is crucia that these expectations become accepted by more actors and taken up in
agenda’s. Positive outcomes of developments lead to positive expectations resulting in follow
up research programs, related projects and a community or network of involved actors.

What became clear is that context is very complex and that in order to use this method; a very
strict outline should be followed focusing on one single aspect of technological development.
Generalisation of results has been difficult, but the notion of the direct and indirect context and
the influence of internal versus external contextual factors could be a fruitful enhancement for
innovation studies. The study also showed the importance of micro sociological studies in the
development of technologies. Expectations and network formations are underexposing in for
example the Multilevel Perspective and the Systems of Innovation. External landscape (macro)
as well as regime factors are often perceived as the most important trigger for technological
breakthroughs. Usually, external or landscape factors get the attention and are often treated as
fatalistic factors. In the Blue Energy development however, it became clear that network proper-
ties and the alignment within the project have been crucial elements for the success of this de-
velopment. Small-scale research on this technique is only conducted at a few places worldwide
and has revived again in the Netherlands. Obviously, the global and national contexts have not
been the main concern in this case; the regiona and local contexts have also contributed to the
development at these specific locations. Therefore attempts to influence this and similar devel-
opments into favorable directions should not only focus on subsidiary programs and changing
regulations, especialy internal properties and the alignment in the project must be taken into ac-
count. Furthermore, expectations have been crucial for the allocation of finances, convincing
other actors and the enrollment of stakeholders.

ECN-E--07-054 7



1. Introduction

1.1 Introduction

“Salinity power is one of the largest sources of renewable energy that is still not ex-
ploited. The exploitable potential worldwide is estimated to be 2000 TWh annually. One
of the reasons that this renewable source has not drawn more attention is that it is not
readily evident to most people. Another reason is that considerable technological devel-
opment is necessary to fully utilise this resource.” (UN atlas of the ocean, 2001)

Salinity power is a renewable energy potential that obtains clean energy from mixing water
streams with different salt concentrations. Even though energy using salinity gradient power
contains a huge worldwide renewable energy potential, its utilisation has been considered to be
neither economically feasible nor technically attractive.

Development of salinity power

Salinity power is already more than one hundred years old and has received some international
attention during the oil crises of the seventies but research only continued at a few locations.
Besides the unfamiliarity with the technique and the considerable amount of technological de-
velopment necessary for its utilisation, the price of membranes has been the main drawback of
this technique (Post et al., 2007). However, according to Post et al. the increasing prices of fos-
sil fuels as well as the decreasing prices of membranes' will make salinity-gradient power more
attractive in the near future. Recently, research on this technique appeared in the Netherlands.
The basis for the Dutch project started in the eighties with early attempts to conduct research on
an aternative (cheaper) membrane production method. This eventually led, in 2003, to a consor-
tium of several industrial companies that started a feasibility study and system research on a
project called Blue Energy.

Blue Energy

Blue Energy is a sustainable energy technology, based on the difference in salinity between
sweet (river) water and salt (sea) water. When sweet and salt water join, the concentration will
diffuse until the salinity is equal in the total fluid (fundamental law). When a selective mem-
brane is placed between sweet and salt water, the diffusion can be controlled and potentia en-
ergy gained. There are two ways to get energy out of water via membranes. Pressure Retarded
Osmosis (PRO) and Reversed Electro Dialysis (RED).? It is the second principle, RED, that has
gained renewed attention in The Netherlands for the last five years and has received the label
Blue Energy.

Blue energy development in brief

The development started in the eighties with early attempts to conduct research on an aternative
membrane production method. This leaded to a consortium of several industrial companies that
started a feasibility study and conducted system research on Blue Energy in 2003. About a year
later, a newly founded research institute developed a similar research program and attracted
several participants to commercialise the principle. The consortium that first attempted to de-
velop Blue Energy has lost its leading role to the research institute and at this moment only con-
ducts research as a subcontractor. Research has been conducted on the feasibility, membranes

Membrane technology research has been conducted for other related applications, such as: desalination and water
reuse applications, purification, fuel cells, batteries and kidney dialysis.

Both principles are based on salinity gradients and internationally known as salinity power. At the time of writing,
the worldwide attention for RED is still marginal and initiatives for an operational power plant have not been re-
ported so far.
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and system design for more than four years already. The project elicited a lot of attention and
attracted many participants. All stakeholders and also the national government and important
spokespersons have high hopes for this technique and the possibilities it creates for the Nether-
lands. Nevertheless, the development has not always been fluent. Even though the project re-
ceived positive attention it did not result in meeting the expectations, expressed early in the de-
velopment.

Difference between two projects

As mentioned before, the consortium that started research on Blue Energy already worked on
the project for four years when a similar project was started at another research institute. Even
though the consortium had the advantage of being a prime mover, their involvement in the pro-
ject has ended and Blue Energy has been taken over by the other research group. Both devel op-
ments took place in the Netherlands, which would suggest that the influence of national factors
has been equal for both projects. The main theme of this paper is to understand the difference
between the two developments (projects) and to analyse the influence of national and more re-
gional/local context.

1.2 Introducing context

To understand and investigate the differences between the two developments, | will focus on the
role of context herein.

What is context?*

| define context as the environment in which the innovation or technology takes place: that
means all the elements that influence the development of the technology. Both factors as well as
actors play an important role as context, influencing each other and constraining or stimulating
the development. Development does not only involve technological research and technological
development. Development also refers to the socio-technological development of the technol-
ogy: the enrolment of stakeholders, the allocation of financial means and implementing the
technology are all part of this process. Let me start by depicting what | define as context by
briefly discussing the example of the windmill development; a generally known renewable en-
ergy technology.

Windmill devel opment

The technological development of windmills started centuries ago when windmills were used to
pump water and grind flour. In the last century, this technology has been developed for the ap-
plication of generating electricity and in the eighties and nineties windmills were seen as a
promising technology to overcome energy shortage and environmental problems. Technologi-
cally windmills have improved rapidly; nowadays, windmills are utilised that can produce from
kW to several MW and generate enough electricity for hundreds of households. Promising as it
may seem, windmill projects have been struggling in other areas of development than the tech-
nological, such as finding suitable locations. Citizens but also politicians and scientists have of -
ten successfully protested against the placement of windmills in the Dutch landscape, and were
ableto resist local implementation by uttering their formal objections in the (politico-regulatory)
licensing process. The most often heard arguments were that windmills pollute the landscape
(‘landschapsvervuiling’), that they have a negative effect on birds and that they make an annoy-
ing sound. Besides these social and arguably also environmental factors that hindered the im-
plementation of windmills in the Dutch landscape, also economic reasons have been uttered;
windmills are not economically viable at the moment, and therefore need a lot of government

3 Linguistically, the concept ‘context’ is usually employed as ‘in context’. For this thesis however, | do not refer to

context in the sense of the ‘ Context Principle’; that words only have meaning in the context of a sentence (Frege,
1953). | use context as “the surrounding conditions in which something takes place” or “the environment in which
the innovation or technology takes place”. This meaning of context is frequently used in technology studies: for
example local context, regional context and the national context.
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support. Opponents have argued that there are better and cheaper technologies available. Also
geographical factors can be mentioned. Windmills have to be placed in windy areas, and pref-
erably not in heavy wind due to technological reasons. Another factor that hindered further em-
ployment was of an infrastructural matter. Power generated by windmills fluctuates due to the
speed of wind and the resulting energy fluctuation creates problems in the electricity grid. Re-
lated is the problem of distributed generation. The Dutch National Grid is not (yet) equipped for
large amounts of decentralised electricity production. | have shown in this example that the
socio-technological development of windmills does not only depend on technical or scientific
aspects, but also economic, infrastructural, social, cultural, and geographical factors have played
and dtill play arole in the development. The realisable potential of atechnology will thus most
often be far less than the theoretical potential (see Figure 1.1).

Theoretical potential
(wind speed)

\ 4

Technical potential
(technological efficiency / limitation)

\ 4
Redlistic potential
(public acceptance, finances)

\ 4
Readlisable potential

Figure 1.1 Therealisable potential of a technology”

I mportance of context

Following from the above example of the windmill, one could state that technological develop-
ment is much more unpredictable than what most technology developers assume, since the de-
velopment is not logical and does not develop following the optimal, deterministic ‘best tech-
nology’ plan. A second briefly discussed example will strengthen this argument: the example of
the car. The internal combustion engine is not the most efficient power supply for transportation
and air tires produce a lot of friction. So why not drive on electricity? This is because the devel-
opment of this technology has constantly been in interaction with its context, which predomi-
nantly consists of actors (social factor). Hughes has made an interesting remark on this topic:

‘Technology should be appropriate for time and place; this does not necessarily mean that
it be small and beautiful... There is no best way to paint the virgin; nor is there one best
way to build adynamo.” (Hughes, 1987: 68)

This makes the prediction or success of atechnological development very complex. It is amost
like predicting the weather.... On the other hand, it is generally known that the windmill devel-
opment did do a lot better in Denmark. Can we therefore attribute this difference in develop-
ment to cultural reasons? | will indeed argue for the remaining of this thesis that understanding
contextual factors is crucial in understanding and managing projects. However, this is not al-
ways taken into account. Engwall (2003) argues that theories on project management treat pro-
jects as islands, assuming the unit of analysis as a lonely phenomenon. According to Engwall:
“Current findings suggest that project management success is to a large extent due to context-
specific circumstances” and therefore history dependency and organisationa-embeddings

*  This diagram has been copied and adjusted with the permission of Andre Wakker (ECN).
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should be acknowledged (ibid.:802,5). Innovations do not develop in a vacuum, but are con-
stantly interacting with their context. Recently, these insights resulted in an initiative to under-
stand and influence renewable energy technologies. The European Create Acceptance project is
concerned with the “cultural influences on Renewable Energy Acceptance” and wants to de-
velop “tools for the development of communication strategies to promote acceptance among key
actor groups.”® This research is based on the notion that differing visions should be taken into
consideration when developing renewable energy technologies. If this is neglected, the imple-
mentation might face severe societal resistance. It is also underlined that:

“Societal acceptance of renewable energy is thus obviously a result of the interaction be-
tween project and context.” (Create Acceptance, 2006:8)

In this European project a considerable amount of renewable energy cases have been analysed
and a classification was made of contextual factors influencing the social acceptance of these
cases. The factors are divided in political, socio-economic, geographical and cultural factors and
between national and local factors. The ambition of my research will be to contribute to this
European project. In the Windmill development the interaction with context was different in
each country, whereas the Blue Energy development took place in the same country. This
means, my study will focus on the development of a technology in one country that was under-
taken at two separate locations by two different actor groups, with different strategies, back-
grounds and stakeholders. Thus the influence of local context is at the centre of my study.

1.3 Research question

The main research theme of this paper has been introduced in the beginning of this paper. | am
interested in the difference between the two Blue Energy projects that have started in the Neth-
erlands. | have briefly indicated the importance of context in the development of the windmill
and explained how this can help me to answer the first question. The question guiding my re-
search can now be formulated as follows:

What is the role of context in the development of Blue Energy?

Context is not a theory. Context is rather a concept used in innovation studies. However, this
concept is not always taken into account and there isn't an approach in the innovation studies
that focuses solely on this concept. Consequently, in order to answer my research question | will
have to consult literature on technological development in order to come up with an understand-
ing of and a possible definition for context.

To answer my research question, | will therefore elaborate on several sub questions:
e What is considered as context in literature on innovations?

e What factors are discernable in context?

e What istherole of context in the development of Blue Energy?

I will elaborate on the first sub questions in chapter two when | review relevant literature on
technological development. The literature that will be discussed approaches this topic from a
variety of scientific angles: political, economical, sociological as well as historical approaches
will be discussed. The operationalisation of my empirical study and further outline of my ap-
proach will be discussed in chapter three.

® See: www.createacceptance.net.
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1.4 Expected Findings and Relevance

This research is expected to provide insight on the context in which (radical) innovations de-
velop, particularly in the renewable energy sector. The Blue Energy case study and the concep-
tualisation of context could be relevant both in practical as well astheoretical settings.

Practical relevance:

| have conducted my internship and the greater part of this research at ECN. ECN is the Energy
research Centre of the Netherlands. My research has been part of the Create Acceptance project
for which it isaiming to deliver an interesting addition.

“Most of the previous research on social acceptance and resistance has been conducted in
the context of wind and bio energy applications. Less experience has accumulated on
(project-level and contextual) factors influencing the acceptance (in concrete applica-
tions) of other technologies, such as hydrogen and carbon capture and storage” (Create
Acceptance, 2006: 10).

The Create Acceptance project consists of more than 20 case studies on a diverse set of renew-
able energy developments, and Blue Energy will be the only case on salinity power. Further-
more, the case isinteresting asit will demonstrate the contextual difference between two similar
projects in one country. Besides delivering another case study, my research is also meant to give
insight in the concept of local/regional context.

Another practical outcome that can be expected for the stakeholders in the Blue Energy devel-
opment as well as for managers in similar projects is that their understanding of technological
development becomes broader and thus makes project management more accountable. This also
counts for the national government. Their intention to stimulate renewable energy initiatives
could be optimised. If we would be able to understand context, policy strategies could be devel-
oped to better influence technological development into preferable outcomes on both the lo-
cal/regional and national level.

“If we knew what kind of activities foster or hamper innovation - thus, how innovation
systems function - we would be able to intentionally shape innovation processes’ (Hek-
kert, 2006).

Theoretical relevance:

This thesis aso has the ambition to contribute to theories on innovation. | hope to giveinsight in
the different perspectives in innovation studies on the conceptualisation of context and make
some general conclusions about the influence of context.

1.5 Outline

In order to distil more general assumptions on the role of context | want to examine the Blue
Energy project and see what we can learn from this development. What is so special about the
context in both projects on Blue Energy? What is context and can we discern certain genera
factors in the context of technological developments? And if we do, can we use that knowledge
in a practical way to understand technological development and make project management more
effective and accountable? In my research | will therefore also consult innovation literature on
its conceptualisation of context in order to answer the question: “what plays arole as context in
the total development of innovations, from R& D and acceptation towards the implementation?’

Chapter 2 investigates context theoretically, Chapter 3 discusses my methodological approach
and data collection and the Blue Energy case is introduced and analysed in Chapter 4. | answer
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my research questions in Chapter 5, followed by some general conclusions on the role of con-
text.

This study is not intended to argue for or against the desirability of Blue Energy. It is aso not
meant to judge the development in any way. My intention is to shed light on the influence of
context on radical innovations. This research can be considered as an explorative research, a pi-
lot investigation or a preliminary study. The focus was on the influence of context on the Blue
Energy development. | am aso interested in the question if context could be an interesting per-
spective to analyse radical innovations. This would adhere to the Create Acceptance project.
Chapter 2 has been meant to create a certain sensitivity in order to identify context in techno-
logical development. This would rectify my empirical research, my naive search in innovation
literature, and the doubts, problems and difficulties | have spread in analysing context. After
each problem | have made a decision that | tried to support with an example in order to further
outline the research and also perfectionalise the context perspective.

ECN-E--07-054 13



2.  Conceptual framework

The land mill givesyou society with the feudal lord;
The steam mill, society with the industrial capitalist.
(Karl Marx)®

2.1 Introduction

In this chapter | discuss the theoretical framework and concepts that will guide me to answer my
research question. For this purpose, | elaborate on relevant literature on technological develop-
ment, technological change and innovations. Scholars employ these terms for different purposes
and therefore | briefly elaborate on these concepts and definitions (relevant for this thesis) in or-
der to prevent confusion.

Scholars came up with various explanations for technology and have struggled with formulating
aclear definition. Not only because the authors are trained in different disciplines and use a dif-
ferent frame of reference, but also because technology in genera can be related to tangible ob-
jects as well as techniques, processes or skills. Dosi’s definition covers most of the different
conceptualisations. He formulates technology as a set of pieces of knowledge (both practical as
well as theoretical), know-how, methods, procedures, experience of success and failure, physi-
cal devices and equipment (Dosi, 1982: 151,152). For my research | am interested in the devel-
opment of the technology. The term technological development often covers only the research
and development phase of technologies whereas for this thesis all phases are of concern: re-
search and devel opment, deployment and implementation. Therefore, following various authors,
| use the concept ‘ socio-technological development’ for all phases of development and | refer to
technological change as the physical” technological development. Another concept that could
lead to confusion is ‘innovation’. Innovation can be seen as a phase in technological develop-
ment and is aso used as a broader definition of novelty; technological change, managerial
change, scientific novelty, etc.

This thesis is based on the assumption that the environment is influencing the development of a
technology, and different than Marx who thought that technologies determine society, follow
many authors in the assumption that society and technology are developing together (co-
evolve). Dos (1982) argues that innovation depends on feedback mechanisms between external
environments and technical developments provided by institutions, which supports the impor-
tance of the external influences. Rothwell (1992) emphasizes the importance of relations for the
development of an innovation. He claims that innovation is significantly and increasingly influ-
enced by the formation of networks, collaboration and alliances leading to a variety of external
relationships. The external influences or the environment, in which the innovation or technology
takes place, is referred to as the context of the technology. Both factors as well as actors play an
important role as context, influencing each other and constraining or stimulating the develop-
ment. Understanding these factors is therefore crucial in understanding and managing projects.
Nevertheless, the importance of context is not always taken into account (see Chapter 1. Eng-
wall, 2003; Create Acceptance, 2007).

Isit possible to come up with alist of factors that comprise context? The answer is yes and no.
A specific technology can develop fruitfully in one country while it faces many barriers and
therefore has a disappointing development in another. The context of a technology is therefore
time and location specific. The same holds for the timing of development; over time dominant
ways of thinking change and the influence can shift to other regimes. So, what is the point in

® Karl Marx in Sahal (1985:61). An extreme (exaggerated) example of a technology-push perspective.
7 Often also the term ‘artefact’ is used for the physical technology.
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trying to discern certain contextual factors that influence the development if it doesn't hold for
other technologies? After all, to understand certain developments you always have to take the
specific context into account. The ambition in this thesis is therefore to (1) identify general as-
sumptions about the context of technologies; (2) tools that would help to identify factors that
comprise context; and (3) propose a way to categorise these factors. Not all possible compo-
nents and relations between the technology and its context will thereby be specified; such an
ambition would certainly be unrealistic.

This chapter is meant to give insight on what constitutes context and which factors are of impor-
tance. | will therefore start my search for context in Section 2.2 by consulting theories on (socio-
) technol ogical development and position my research in literature. | discuss their conceptualisa-
tion of context and elaborate on the relation between context and the perspective on technol ogi-
cal development. | will conclude this historical introduction with a conceptualisation of context
in 2.3. | then discuss the regime concept and further elaborate on the Multi Level Perspective as
proposed by Geels, and introduce his analytic model because it provides me with a framework
for categorising context in the development of (radical) innovations and for understanding tech-
nological development. The role of expectations around radical noveltiesis of extra concern and
therefore further discussed. | conclude this chapter in Section 2.4.

2.2 Theories on (socio-) technological development

There is abundant literature available on (socio-) technological development and scholars from
diverse backgrounds focus on different aspects of development. The explicit question ‘what
constitutes the context in which innovations develop? is for the greater part avoided and most
of the theories inherently presume certain elements that make up context. However, these ele-
ments seem to differ among perspectives and theories. Dosi discussed ingtitutional influences
whereas Rothwell elaborated on actors and networks. Other scholars focus on inducement
mechanisms for technological change and usually categorise certain contextual factors, such as:
technological factors, government policy and regulatory framework, cultural and psychological
factors, demand factors, production factors, infrastructure and maintenance factors, and undesir-
able societal and environmental effects of new technologies (Kemp et a., 1998). The conceptu-
alisation of context obviously differs among theories on innovation, mainly because it depends
on the unit of analysis, perspective, questions asked, etc. Indirectly the question what constitutes
context also encompasses questions about what is meant by technology and innovation. Do we
discern among products and processes, incremental or radical innovations, phase or level, etc.
The question ‘what constitutes context in the development of aradical innovation? is therefore
more complex not in the last place because of the dynamic component of technological devel-
opment.

In trying to understand the differences in the conceptualisation of context, also a practical prob-
lem rises on how to discern these perspectives, theories and authors, especially because there are
many variations in these diverse fields of research. To my opinion the contemporary research on
innovations is still developing into a new discipline and is therefore too dispersed to be able to
categorise particular movements. Sociologists, historians, economists as well as political sci-
ences have mingled in the analysis of technological development. | consulted a few textbooks
on innovation and technology studies in order to understand the growing literature on this topic
and the following meaningful expression says enough:

“Two decades ago, it was still possible for a hard-working student to get a fairly good
overview of the scholarly work on innovation by devoting a few years of intensive study
to the subject. Not any more. Today, the literature on innovation is so large and diverse
that even keeping up-to-date with one specific field of research is very challenging.”
(Fagerberg et al., 2005:4)
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Elaborating and comparing all research on this topic would be a dissertation on its own resulting
in a textbook on innovation studies, which does not belong to the scope of my research. | there-
fore discuss perspectives and concepts that recognise the notion of context and, to my opinion,
are widely acknowledged for their contribution to the research on technological development.

Early approaches on Technological development

Economists have dominated research on technological development for centuries, because tech-
nological development was considered the motor for economic progress. Technologies were
seen as an external influence on the market and technological development followed a determi-
nistic pattern driven by economic competitiveness. According to neo-classical theory the selec-
tion environment® would be the market; Users need certain technologies and improvements,
urging companies to open up the endless box of available technologies and choose the most
suitable in a competitive market. In these theories it is all about varying combinations of labour
and capital; technology only facilitates. Opposite to this so-called demand-pull perspective is
the technology push perspective. Technology leads to production and science was supposed to
be the main engine for technological development. Economic factors were hardly taken into ac-
count. The example by Marx, cited in the introduction, says enough: the type of technology im-
poses a particular societal system. Besides these opposite and extreme views on technological
development, other scholars aimed at understanding why technologies change and focussed for
example on technical bottlenecks, reverse salients’, etc. Rosenberg referred to something similar
as reverse salients: technical imbalance. He suggests several common external factors (some of
which can be explained as context) as an inducement for further innovation: technical imbal-
ance, strikes and availability of supply (Rosenberg, 1976). The inducement mechanism is the
prospect of making higher profits, or loosing the ability to do so.

Although these technology-push and market-pull perspectives were suitable for explaining the
influence of the market and the deterministic force of technologies, the social dimension is for
the greater part avoided. Scholars from various disciplines reacted to these classical models on
technological development, pointing out that technologies cannot be seen as exogenous to the
environment, are not a priori available to the producers and that the process is more dynamic
and the role of firms more complex.™ | discuss theories that reacted on the technology push and
market pull perspectives and to my opinion contributed to the notion of context in technological
development. | have grouped these scholars under: the evolutionary economists, social construc-
tivists, the Systems of Innovation and Multi Level Perspectives and discuss their contribution to
the conceptualisation of context.

Evolutionary economists

Dos (1982) and Nelson & Winter (1982) elaborated on the variation and selection characteris-
tics of technological development. Similar to the Darwinian perspective on evolution, these evo-
lutionary economists perceive technologies to develop randomly in research labs and the most
suitable, preferable designs are selected in the selection environment. Like in evolutionary biol-
ogy, the fittest or best adapted and suitable creation will survive. However, unlike biological
evolution, engineers will develop, imitate and improve successful designs and hereby reduce the
variety of technological designs. Dominant designs will therefore prevail over rejected ones, be-
cause the knowledge of the selection environment is anticipated for in the design process. The

8  Although neo-classical theories themselves do not adhere to these evolutionary terms, selection environment is a

well-known concept in technology dynamics literature. The selection environment is an analytical term for that
factor in the environment that is responsible for selecting specific technologies over others.

Reverse salients are components in the system that have fallen behind or are out of phase with others (Hughes,
1988: 73).

Another reason for this reaction could be that society has changed and that these conservative views on techno-
logical development are no longer valid. Gibbons for example elaborates on the different position of science in so-
ciety. In the context of application, science, technology and industry are moving closer. Driven by competition and
inspired by the need to collaborate (Gibbons, 1994). What he calls Mode2 knowledge production is characterized
by a constant flow back and forth, between the fundamental and the applied, between the theoretical and the prac-
tical.

10

16 ECN-E--07-054



ingtitutional structure provides the system with retention and ‘the mechanism analogous to ge-
netic mutation is innovation’ (Van den Belt & Rip, 1987:137). According to Dosi, shared prob-
lem-solving activities of engineers result in patterns of developments, for which he introduced
the term: technological tragjectories (Dosi, 1982). Dosi refers to this dominant way of thinking as
the technological paradigm, analogues to Kuhn's paradigm. Nelson & Winter (1982) introduced
the concept of the technological regime to account for the shared set of beliefs and knowledge.
These technological regimes and paradigms have a strong exclusion effect for dissent designs.
Engineers and firms are discouraged to design and invest in radically different technologies be-
cause they are trained to develop in a specific way and because of market uncertainty. Context
is obviously recognised in this evolutionary economist’s perspective and exerts force on the de-
velopment. Dominant designs, regimes and paradigms are all important notions of context.

Social constructivists
For social scientists the evolutionary economist approach didn't go far enough. They perceive
technological artefacts as socially constructed:

‘the development of scientific knowledge and technical systems cannot be understood
unless the simultaneous reconstruction of the social contexts of which they form a part is
aso studied.” (Callon, 1987: 20).

These ‘micro’ sociological approaches, such as for example Actor Network Theory'*, assume
technological development as a process in which technical and social elements become linked
with one another. Actors construct linkages around artefacts (e.g. technologies) and form net-
works, which stabilise and become dominant and difficult to change. The SCOT approach de-
scribes technological artefacts by focusing on the meanings given to them by relevant social
groups (Pinch and Bijker, 1987). It is important to understand that the origin of dominant de-
signs can also be found in traditional or historical path-dependencies and that not always the op-
timal technologies become embedded but that the history of technological developments plays a
crucia role. An interesting example is the QWERTY -keyboard. According to David (1985),
technical interrelatedness, economies of scale, and quasi-irreversibility of investment consti-
tuted the basic ingredients for the QWERTY -keyboard to become ‘locked-in" as the dominant
keyboard arrangement. Even now when mechanical typewriters are amost extinct, this basic
line-up, which is not the optimal arrangement, still exists. Another example of atechnology that
is heavily embedded in society and therefore difficult to change is the internal combustion en-
ginein cars. Alternatives (at this moment more sustainable ones) have been available ever since
the first car was born. However, electric or hydrogen cars will have to face the embeddedness of
the internal combustion engine in car industry; manufacture and maintenance infrastructure; oil;
cultural expectations and habits; and governmental regulations.*?

‘Technology should be appropriate for time and place; this does not necessarily mean that
it be small and beautiful... There is no best way to paint the virgin; nor is there one best
way to build adynamo.” (Hughes, 1988: 68)

Socia constructivist approaches perceive context as mainly social. Dominant designs are ex-
plained by the stability of networks and actors or actor-groups create these linkages and give
meaning to the technology.

Systems of Innovation

Besides these network and evolutionary approaches, also more ‘ meta theories emerged as are-
action to classical theories on innovation. The system approaches acknowledge ‘a set of institu-
tional actors that, together, plays the mgjor role in influencing innovative performance’ (Nelson,

1 scholars such as Callon, Latour and Law elaborated on the ANT.
12 See (Kemp et al., 1998: 182) for afurther elaboration and also Geels (2002) for an automobile social technological
configuration.
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R. & Rosenberg, N., 1993: 4).*® System approaches are developed to analyse the contributions
of actors and ingtitutions in the innovation process. Technological change is the outcome of a
complex process of interactions and systems are generally conceived as control mechanisms at a
higher level. Social, political, economical and managerial processes all seem to play arole in
technological development. Many scholars have contributed to this approach and different lev-
els of aggregation can be distinguished, being: local, sectoral, technological, regional or the
commonly used National Systems of Innovations (Rosenberg, Nelson, Lundvall, Freeman). The
focus within these Systems of Innovations (Sl) is on ingtitutions and organisations.** In the NS
for example, institutional settings are country specific and perceived to influence the manage-
ment and activities within firms. Systems approaches are interested in finding out how innova-
tions develop and systems are perceived to evolve in accordance with a loosely defined pattern,
such as for example: invention, innovation, transfer, consolidation. Innovations develop in a
process of co-evolution between the internal innovation process and the innovation system. This
implies that context in this view is seen as the institutional arrangements or the system of inno-
vation. Also external factors are distinguished (external to the system and thus also to the tech-
nology): oil crisis, economic recession, climate change, etc. These external and internal factors
can have a positive or negative influence on the success of the innovation.* In Edquist 1997, a
more general definition for Sl is provided:

‘All important economic, social, political, organisational, institutional and other factors
that influence the development, diffusion and use of innovations.” (Edquist 1997: 3,11-
12,14).

This seems like a perfect definition for context. Sl approaches however are mainly focusing on
‘macro’ static factors (institutions) that comprise the system and are therefore less suitable for
analysing radical innovations. It is an analytic tool to compare different innovation systems on
actors, networks and institutions and less on the actions of the individual entrepreneurs.*® A
more dynamic approach would show how interactions between governments and industry de-
velop, how regulations come in place, how events and learning influence the development, in
other words how and why processes work. To my opinion the Sl approach is mainly concerned
with the process of incremental innovation and the different phases of development.

13 E.g. The Triple Helix model (Etzkowitz & Leydesdorff, 2000) discerns industry, government and science.

14 within Sl thereis a lot of confusion about these concepts: institution can mean rules of the game (Lundvall) or
different kinds of organizations (Nelson, Rosenberg). In general, organizations are formal structures that are con-
scioudly created and have an explicit purpose. Institutions are sets of common habits, norms, routines, established
practices, rules, or laws that regulate the relations and interactions between individuals, groups and organizations
(Edquist, 2005: 182).

Nelson & Rosenberg (1993: 13) focus on the institutions and mechanisms supporting technological innovation.
Besides firms and institutions they acknowledge all factors influencing national technological capabilities, such as
(more indirect): schooling, training, and restraining skills of workers, attitude, patterns of labour, (management)
degree of mutual commitment of firms and workers, financial institutions, management of firms, but also laws of a
nation, existence of a common language, and a shared culture.

8 Thisis often criticized as institutional determinism (Hekkert et al., 2006).
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The Multi Level Perspective

The Multi Level Perspective (MLP)'" is a more dynamic approach that does appreciate radical
novelties. The MLP is an offspring of the sectoral systems of innovation.*® Based on Dosi, who
emphasizes the role of institutional factors in the construction of technological paradigms and
Nelson & Winter’'s regime concept, the MLP is build around these engineering beliefs, cogni-
tive factors, rules and expectations. Actor groups are guided by shared and linked rules and per-
ceptions called regimes. The model tries to understand long-term and large-scal e technological
developments by focusing on particular patterns and mechanisms in transition processes (Geels,
2002). To understand the complex dynamics of socio-technical development this model discerns
three analytical levels: micro, meso and macro. The regime level (meso) explains how best prac-
tices, expectations and rules can steer technological development in certain development-paths
or trgjectories. Incremental innovations usually take place at this level. The landscape or macro
level refers to the more external, not directly related influences, such as oil-prices or environ-
mental problems. Radical innovations take place at the niche level (micro), protected from the
selection criteria of the regime level.

Technological development can be seen as the outcome of the interplay between actor groups
and regimes structuring these groups. Five regimes are distinguished: technology, science, users
and markets, industry and policy regime (Geels, 2004). This so-called ‘ meta-technological re-
gime' broadens the notion of a technological regime in relation to different actor-groups. The
regimes co-evolve and influence the actor-groups as well as each other. More meta-regimes can
exist around one development. In the case of electricity producing lighthouses for example, both
the electricity regime as well as the agricultural regime could be expected to be present. | be-
lieve that in this perspective, the niche, regimes and landscape function as context. The regime
level accounts for contextual factors that have a direct influence on both incremental as well as
radical innovations and can also be influenced or changed by the development. The landscape
level comprises general developments on which a single innovation does not have much influ-
ence. Niches function as incubation rooms (Geels, 2004) for radical technologies; a specific
context in which the development is ‘ protected’ from regime and landscape influences.

To summarise

It became evident that most of the perspectives recognise the role of dominant designs, actors
and some sort of shared norms and values. Table 2.1 categorises the important contextual con-
cepts and perspectives.

Table2.1 Contextual factorsin various perspectives on technological development

Dominant Int/ext
Approaches Design Radical  Actor Network Rules Factors
Evolutionary economist + - +/- - + +
Socia constructivist + ? + + + ?
Systems of innovation + +/- + +/- + +
Multilevel perspective + + + + + +

| have mentioned earlier that not only the purely technical challenge or market prospect hinders
the development and implementation of technologies. Reactions on classical theories often fo-
cus on dominant designs in the engineering process. Basic or dominant designs are important
notions in innovation studies and most theories on technological development emphasize the
constraining role of dominant ways of thinking, such as values, problem definitions and search

¥ This contemporary model receives alot of attention in Dutch transition research.
8 A sector would be the group of firms (system) active in developing and utilising products and technologies that
comprise the sector.
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heuristics.*® Dominant designs are embedded in society and therefore innovations usually de-
velop in line with the existing technologies. Most theories explain certain path dependencies and
tragjectories using this concept. For the purpose of my research especially the exclusion effect of
these dominant designs is important for understanding the effect on radical novelties. Not every
approach, however, discusses the complexity of radical novelties in technological development.
The above-discussed perspectives on technological development have mostly been aimed at un-
derstanding technologica development; how technological development is connected to scien-
tific developments and how technologies follow certain dominant tragjectories. Others are inter-
ested in why technologies change. Early concerns were for example on ‘reverse salients'. These
reverse salients lead to (conservative) or incremental innovations within the same trajectory.
Sometimes critical problems are solved by radical innovations leading to the creation of new
systems. The types of technologies discussed in these approaches are mainly incremental inno-
vations and radical novelties are only perceived to create new systems (in Sl for example).?®
The notion of dominant designs is also related to norms and values. Not every perspective ap-
preciates the social dimension of context in technological development evenly. Evolutionary
economists take certain shared socia values, search heuristics and rules (cognitive and regula-
tive) into account and constructivists also stress the actors' influence and perception on the de-
velopment. Most of the perspectives on technological development use the concept of rules,
when referring to theses shared values and norms. Routines, roles, norms, protocols, and values
guide actors' behaviour, therefore carry history and are maintained by actors. Another important
notion of context that becomes evident in these previous theories is the division between inter-
nal and external influences. External influences such as oil prices or environmental problems are
usually seen as exogenous but influential to the devel opment.

I have summarised some of the salient factors of context as discussed in perspectives on techno-
logical development. | asked myself in the introduction, if the role of context depends on how
one perceives technological development? Variation and selection mechanisms, regimes, rules,
actors groups and their construction of networks and institutions are important concepts for un-
derstanding technological development and are obviously also part of context. Not every ap-
proach uses al of these concepts, because their focus or unit of analysis is on another factor,
level or phase of technological development. We can therefore say that there is a strong relation
between the perception of technological development and the role of context. Taking this rela-
tion into account, | elaborate on my theoretical framework in the next section. This framework
makes it possible to further elaborate on and possibly categorise the factors that | found to be of
great importance in context.

2.3 Towards a conceptualisation of context

In the previous section | have summarised some of the sadlient similarities and differences
among the theories. It became evident that there is a strong link between the way one perceives
technological development and the role of context herein. Even though many scholars have a
different focus on technological development, some contextual factors are addressed by many of
them. The notion of dominant designs, rules, actors and their network activities have become
evident as contextual factors. In this section | discuss the framework for categorising these con-
textual factors and, as discussed in the previous, an important aspect for my thesis is that the
theory recognises the complex role of radical novelties in comparison to the more incremental
ones. Another important element is that the approach | am looking for is concerned with the so-
cial dimension of technological development in all of its phases. Systems of innovation ap-
proaches for example, mainly discuss the research and development phase of novelties; produc-
tion, and the creation of knowledge and innovation. Markets are assumed to be out there. How-

19 path-dependencies, trajectories (Dosi, 1982), innovation avenues (Sahal, 1985), momentum (Hughes, 1988), and
the technological regime (Nelson & Winter, 1982) all embody this feature.

20 Others, such as often in constructivist approaches, do not make a clear distinction between radical and incremental
innovations.
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ever, many radical innovations fail during acceptation and implementation. On the other hand,
market-pull perspectives only focus on the influence of user preferences and forget the internal
technological dynamics (treated as a black box).?* A combination of push and pull insights is
therefore crucial in understanding the development of novelties?® in all of its phases; research
and development, employment and implementation. It is important to find a balance between
social and technical shaping. Transition theories do focus on radical novelty and recognise all
phases of development. Kemp et al. (1998) developed a way to analyse how technologies with a
more desirable outcome could be stimulated. They argue that new favourable regimes have to
be formed and that this process has to be accomplished by a transition (regime shift) in which
both the technology and the system change. In light of the need for a transition towards more
sustainabl e technologies, theories are developed that take these notions of regime shift and tran-
sition management into account. The regime concept is recognised by many scholars and is ob-
viously an important factor in context. | elaborate further on the usefulness of this concept to
categorise and understand context.

Regimes

Technological regimes have a strong exclusion effect for dissent designs, which makes the re-
gime concept an important constraining factor in the context of radical and incremental techno-
logical development. As mentioned earlier, engineers take the selection environment into ac-
count, and the design process becomes a shared process, which results in routines, shared search
heuristics and dominant way of thinking. Dominant perceptions form atechnological framework
and result in a shared outlook and can be summarised under the existing technological para-
digm. According to Kemp et a. (1998), not only cognitive aspects of problem-solving activities
influence technological change, also the interplay with other social and economic factors plays a
role. External pressure from the selection environment influences the innovator and the research
agenda, however this selection environment is also influenced by the R& D company and a host
of other actors involved in the technology (ibid.: 181). Therefore they enhance the concept of a
technological regime by Nelson & Winter. Besides the dominant paradigm it also contains the
selection environment:

“A technological regime is thus the technology-specific context of a technology which
pre-structures the kind of problem-solving activities that engineers are likely to do; a
structure that both enables and constrains certain changes.” (ibid.: 182)

This so called structure contains many interrelated and reinforcing factors, impeding the devel-
opment and creating inertia and specific patterns. Kemp et al. discuss and categorise certain fac-
tors in this context affecting technological development (ibid.; 117-181): technological factors,
government policy and regulatory framework, cultural and psychological factors, demand fac-
tors, production factors, infrastructure and maintenance factors, and undesirable societal and en-
vironmental effects of new technologies. We can conclude that Kemp et al. consider the techno-
logical regime as the context in which technologica development occurs.?® The regime concept
refers to commands and requirements but also practices and roles, which are made up of interre-
lated factors that feed back on one another. Regimes can be seen as a constraining influence on
radical novelties innovations because they favour the incumbent technology and create eco-
nomic, technological, cognitive, cultural and socia barriers for radical new technologies. The
concept of regimes is therefore an interesting concept to categorise factors that stimulate and
constrain the technological devel opment.

2L Similar critique has been expressed by many scholars on innovation studies. The Multi Level Perspective and es-
pecialy Strategic Niche Management approaches can be seen as areaction to these deficiencies.

2 A similar point is made by Geels (2004).

2 The definition asit is introduced by Rip & Kemp reveals that regimes consist of rules that are embedded in engi-
neering practices, production process technologies, product characteristics, skills and procedures, ways of han-
dling relevant artefacts and persons, ways of defining problems al of which are embedded in institutions and in-
frastructures. Regimes stand for the interrel atedness of these rules.
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Various scholars have focused on many aspects of these regimes and actor groups and various
categories are available. Geels (2004) distinguished five, however also listings of seven or nine
are developed. Geels distinguishes different regimes whereas Kemp et al. focus on different fac-
tors within the regimes. To use the regime concept for categorising context, | believe a division
on different factors (Kemp et a.) or on actor-groups (Geels) would demarcate my findings too
much. Furthermore, actors' individual behaviour, system builders and outsiders (van der Poel,
2000) will be left out of such a categorisation.

Geels (2004) refines the notion of regimes by making clear how all elements in technological
development are linked. He distinguishes three analytic dimensions. st systems, actors and rules
(ibid.:902). The so-called socio-technical systems are the material aspects and resources (prod-
ucts, money, tools). Actors are also social-groups, and are guided by rules.

6. ST-systems, artefacts and material condition s
rules, frames, standards etc.‘Interpretative
flexibility” is constrained by
technical/material
possibilities.

Rules,
[ institutions

Y

3. Rules are not 2. Aclors operale in
just embedded in heads the context of rules.

of actors, but also in 3. A clors Their perceptions,

- - artefacts (e.g. Latour’s ‘script’)  carry and and (inter)actions
Socio-technical (re)produce | are guided by rules.
systems the rules.

I. ST-systems do not work

on their own, but through the
involvement of human actors, 1
and organisations.

Human actors,
organisations,
social groups

4, §T-systems, artefacts
and material conditions form
a context for action. They enable and
constrain {(actor-network theory).

Figure 2.1 Threeinterrelated analytic dimensions
Source: Geels, 2004: p.903

What is important is that the interactions between these dimensions explain their constraining
influence on one another and therefore the dynamic element of technological development. Ac-
tors are influenced by elementsin the ST-system (material nature) and are vice versa also repro-
ducing the same elements (1,4). Rules constrain and enable actions and the same actors carry
and reproduce the rules (2,3). Rules are embedded in artefacts and technologies have a certain
hardness that shapes (5,6). This division makes the technology and the environment perfectly
clear:

‘The advantage of looking explicitly at socio-technical systemsis that the co-evolution of
technology and society, of form and function becomes the focus of attention. Dynamicsin
ST-systems involve a dynamic process of mutual adaptations and feedbacks between
technology and user environment.’ (Geels, 2004:902).

If we take the actors around the technological development as the main focus, this analytic divi-
sion would make two types of context visible of which the importance was aready made clear
in the previous section: the influence of technological properties and the notion of rules. ST-
systems can be seen as material context and rules as in-material. In-material doesn’t mean that
rules are only cognitive and invisible. The difference with material structure means that it is the
material configuration that structures and that in the case of rules, the in-material value, norms,
and conceptions do so. However, this analysis of context would make it difficult to categorise
network advantages and entrepreneuria action, in other words also actors are part of context. |
therefore use the three analytic dimensions, mentioned by Geels, as the context around the
socio-technological development. To explain the constraining elements of these dimensions,
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Geels uses the notion of stability. Stability is what constrains radical novelty in that it creates
path-dependencies and lock-in for existing technologies. Rules and regimes guide perceptions
and actions, actors and socia groups are part of networks and depend on one ancther, and st-
systems embody hardness (Geels, 2004:910,911). Therefore | want to propose the following
framework for categorising context, based on this analytic dimension by Geels (2004), see fig
2.2. All three elements are interrelated and comprise context as a whole not as individual fac-
tors.

Actor
Actors, 4
organizations,
Context social groups
Socio-technical
/ development \
Rules, Socio-
institutions technical v
systems Structure

In-material P Material

»
»

<

Figure 2.2 Threeinterrelated contextual elements around a socio-technical development

Many scholars have elaborated on specific rules. formal rules, such as administrative proce-
dures, subsidy applications, and product standards; as well as the informal ones, such as rou-
tines, paradigms, symbolic meanings, and user preferences. | believe the distinction by
Geels(2004), based on Scott (1995), covers amost all.>* He distinguishes three dimensions:
regulative, normative, and cognitive rules (see Table 2.2).

Table2.2 Varying emphasis three kinds of rules/institutions

Regulative Normative Cogmitive
Examples Formal rules. laws, sanctions, Values, norms. role Priorities, problem agendas, beliefs,
incentive structures, reward and cost expectations, authonty bedies of knowledge (paradigms),
structures. governance systems, systems, duty. codes of models of reality, categories,
power systems, protocols, standards, conduct classifications, jargon/language,
procedures search heuristics
Basis of compliance Expedience Social obligation Taken for granted
Mechanisms Coercive (force, punishments) Normative pressure Mimetic, leaming, imitation
(social sanctions such as
*shaming”)
Logic Instrumentality (creating stability, Appropriateness, Orthodoxy (shared ideas. concepts)
‘rules of the game’) becoming part of the
group (“how we do
things”)
Basis of legitimacy Legally sanctioned Morally governed Culturally supported. conceptually correct

Source: Scott, 1995 in Geels, 2004 p. 905.

2 See also appendix A. Geels summarised various common examples of rules by different scholars.
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Rules are important contextual factors for both radical as well as incremental innovations. One
specific type of cognitive rules, expectations, is especially crucia for radical novelties. When
new technologies emerge they carry many disadvantages: low performance, high costs, uncer-
tainty of form and function, no stable network and therefore have many difficulties competing
with existing technological regimes (Geels & Raven, 2006). Therefore, around every socio-
technological development, expectation statements are expressed (e.g. concerning societal op-
tions or technical specifications). Many scholars also acknowledged these expectations and vi-
sions. They often discuss the institutionalised expectations. However, around radical techno-
logical developments, with its weak network linkages and insecure future prospects, diverse ex-
pectations exist. These expectations are used by actors to convince others and are not aways
shared within the network around the technological development. | therefore further elaborate
on some general insights of expectations to understand their contextual influence on especially
radical innovations.

Expectations:

Expectations give direction to search and development activities and have the dynamic of self-
fulfilling prophecies. These expectations henceforth advice engineers in their search process,
mobilise new actors in the network, are used to allocate funding, convince politics or legitimise
the project (e.g. Moore's law). According to Van Lente (1993), promises create agenda’s inter-
locking activities and demanding action. He argues that this is based on the notion that expecta
tion statements contain implicit or explicit messages (scripts) and are therefore actants creating
and recreating linkages, allocating roles and demanding action in order to reach specifications.
When the general manager of an energy company foresees offshore wind energy to be the
source of the future, thisis not just an idea of what might happen. It also entails roles for other
actors, those who are responsible for funding the research and for those who will investigate the
possibilities. Van Lente recognised this process of the conversion of a promise to a requirement:

‘...an option or new possibility is presented as a promising new route, it becomes ac-
cepted as such, thereby invoking new interactions, leading to new task divisions and
specifications to be met.” (ibid.: 195)

The crucia step in the conversion from promises to requirements is that the expectations be-
come accepted by more actors and taken up in agenda’s. This notion of implicit or explicit mes-
sages also counts for actions. When governments spend money on offshore wind research, this
can beread as * offshore wind will become important.’

An expectation as a factor of context does not exist on its own. The moment, the place, the per-
son who makes the statement and the public to whom it is addressed matters; in other words the
context (or background, van Lente 1993) in which the expectation statement is made.>> A dif-
ferent background means different roles and interlocks different activities.

‘Basic idea behind background is that a single expectation statement or a single readable
action itself does not automatically lead to action. It has to be read in such away that ac-
tion isdemanded.’ (ibid.: 195).

Expectations also create and maintain protected spaces.
“A protected space in R&D activities, created on the basis of expectations, enabled engi-
neers to focus on the development of a technology that was potentially a radical innova-

tion, but had no contemporary market value.” (Raven, 2005: 30)

The acceptance of promises helps to protect ongoing activities and their behaviour resembles
that of structures.

% Notethat | am referring to another context than the main concern of this thesis.
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“Relatively independent of the work to keep it in existence, a space has alife on its own.
Spaces are constructed, but they may continue to exist and exert power (e.g. protecting
search processes) without continuous work being done explicitly to keep them in exis-
tence.” (Van Lente, 1993: 204)

These niches in a sense created a specia context for the technological development. It is aso
important to understand that radical technologies have to anticipate on future markets, for which
expectations are of great importance. In cases of risk, expectations on specific values of vari-
ables can be gathered to alow for decision-making. When there is alack of insight in the nature
of variables (will BE play a role?) expectations expressed at conferences or in journals might
reduce the uncertainty. However, when the future depends on what others will decide it is no
longer about getting information but about collaboration and coordination; a strategic game has
to be played (Van Lente, 1993: 190). This also means that actors (spokespersons) and the net-
work configuration play an important role in the propagation of expectations.

Obviously expectations exert force on the development and are therefore crucial elements for
understanding the context of socio-technological developments. Expectations are not only used
(passive) but a'so do something (active). Radically new innovations need expectations to legiti-
mise their development and attract actors by reducing uncertainty. Expectations are contextual
factors. However, these early expectations, used to reduce uncertainty around radical novelties,
are not generally shared yet. | therefore appreciate these not yet shared expectations as a sepa-
rate contextual factor.

2.4 Concluding remarks

Context has become more and more important in explaining socio-technological development.
In this chapter | have discussed theories that appreciate the role of context and positioned my
thesis in literature. In order to understand why alternative radical energy technologies have so
much difficulty to develop in society, we need to focus on theories that stress this position of
radical innovations, appreciate al levels and phases of development and especialy the social
dimension of technological development. | discussed useful concepts and theories that (1) could
categorise these factors, (2) could be part of context, and (3) could revea factors in context. |
therefore discussed the conceptualisation of context in various perspectives on socio-
technological development. What could be learned from the historical review is that the way
one perceives technological development changes the role of context. Another point is that the
discussion on the role of context has changed. Context was previously seen as irrelevant for
technological change in the earlier technology push perspectives and underexposed in market
pull approaches. Contemporary theories place most of the weight on the interaction of the tech-
nology and its environment. The determinants of innovations vary over time and space, between
systems, categories of innovations, process and product, incremental and radical. Both variation
aswell as selection takes place in context, and the choices made in the development depend on a
wide range of conditions: factors (personal, organisational, political, and economic, etc.), con-
tingencies (historical, local) and actors (competing strategies and perceptions) all play arolein
the development (Jamison & Rohracher, 2002: 7). In contemporary literature, technologies are
no longer perceived as an autonomous, deterministic element of society. Technologies do not
develop in isolation but are part of alarger system or network. Technological change is there-
fore frequently perceived as the co-evolution of technological and socia developments and
many scholars refer to this topic as socio-technological developments, social shaping of tech-
nology and the co-evolution of technology and society. Furthermore, technological devel opment
is more and more understood to be a network activity.

I have discussed several difficulties in defining the role of context. First of all a wide range of
scholars from different perspectives (sociology, history, economics, science & technology stud-
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ies) has mingled in the research on technological development. | therefore found it very difficult
to categorise these scholars into distinct approaches and my historical introduction can merely
be seen as an exploration on this topic. This relates to the second problem of defining the role of
context: the focus of attention. Some scholars elaborate on the R& D phase of technologies and
argue that engineers already search in distinct directions because of previous knowledge and
education (design heuristics). Others focus on the inherent hardness of technological artefacts
and argue that new technologies have to integrate into a certain infrastructure. Again others per-
ceive technological development as the co-evolution of technological and socia elements. |
have shown that discussing the role of context depends on the focus of study and the way one
perceives technological development. It became clear however, that even though the concepts
and metaphors originate in various disciplines they intersect in many ways. To my opinion
Geels (2004) managed to develop the Multi Level Perspective into a consistent analytic frame-
work that covers many aspects of technological development. He explains radical novelties, all
phases of development, the social dimension, and has found a way to incorporate many of the
existing knowledge and concepts on socio-technological development. | have used his distinc-
tion into three analytic dimensions: st systems, actors and rules as my analytical framework in
order to understand and categorise certain factors comprising the context of radical innovations.
However, what is underexposed in this distinction is the notion of expectations. Un-
ingtitutionalised expectations are especially important contextual factors around radical novel-
ties in that they mobilise and advice actors, alocate funding etc. This will therefore be an im-
portant focus in this thesis.

I want to make clear that it is too ambitious to make alist of contextual factors that are present
in any development. Context changes and is embedded in extended parts of socia life. If we
want to explain the influencing factors we should take a momentary shot. A certain technology
would follow a different development say ten years earlier and possibly also one week earlier. A
similar remark could be made about the location; could the same development have taken place
in a different country, region, sector or company? So what is the point of quantifying or qualify-
ing context? The importance of this paper is to show the influence of context. That means we
cannot pretend that technologies develop in a vacuum: it is important to appreciate and recog-
nise context.

In the next chapter, | discuss the operationalisation of my research design. Therefore | further
elaborate on concepts and theories that | used to uncover certain factor that comprise context.
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3. Methodology

3.1 Introduction

In this chapter | explain and justify my data collection approach for gaining insight on factors
comprising context. As became clear in Chapter 2, in order to generalise certain key-factors of
context, one should ask questions about the level (micro/meso/macro or na
tional/regional/sectoral/local) and the phase (invention/innovation/diffusion) in which the de-
velopment takes place. In the previous chapter | also elaborated on the usefulness of analytical
elements as perceived by Geels for understanding technological development and categorising
context. | also discussed some of these factors that could be part of context, such as rules and
more explicit expectations. In this chapter | outline my research in order to identify context in
the Blue Energy development and | take some normative decisions on where | put my focus. In
Section 3.2 | briefly introduce the Blue Energy development and discuss the difficulty of using
the project concept, followed by the further outline of my research in Section 3.3. In the find
Section 3.4 | elaborate on the difficulties of gathering empirical data on the case and also dis-
cuss what | experienced during the research.

3.2 The project Blue Energy

I concluded that technological development is an outcome of the interplay between the project
and its context. In this research | hope to shed more light on these issues by examining the Blue
Energy case. However, what is Blue Energy? A case, concept, project... Defining Blue Energy
as a project implies that there is a certain project goal, project manager, that the project contains
well-defined participants and that Blue Energy is the name of the project. However, in this case
the use of the concept project is dightly problematic. In this section | briefly introduce the prin-
ciple and the development in the Netherlands followed by the further outline of my research. A
thorough description of the technology and the development is discussed in Chapter 4.

Intro Blue Energy

As mentioned in Chapter 1, there are two ways to obtain energy from water with different salin-
ity using membranes. Pressure Retarded Osmosis (PRO) and Reversed Electro Diaysis (RED).
PRO uses water permeable membranes and is based on osmosis. RED uses ion permeable
membranes and is based on reversed electrolysis. It is the second principle, RED, that has
gained renewed attention in The Netherlands for the last seven years and has received the label
Blue Energy by its followers. The basic principle of RED is aready known for more than a cen-
tury and received renewed attention in the fifties and during the first oil crisis. Ever since, sev-
eral small scale programs seem to exist worldwide that are only retraceable via afew (scientific)
publications. The history of the Dutch involvement in RED and the subsequent network is very
interesting.?® Several actors have developed an interest for RED separately and most of them
work together in the resulting research programs. At this moment there are three Dutch institu-
tions working on Blue Energy and a short introduction of their involvement will suffice.

The development in the Netherlands

Kemawas the first Dutch company to apply for research funding linked to RED. Together with
several participants they started a renewable energy project called Blue Energy based on an al-
ternative membrane production method. Although they won the ID-price for best innovation, the
research and consultancy company did not manage to develop a long-term energy project. At

% | did aresearch on the historical development of Blue Energy and specifically on the Dutch involvement, see ‘De
Blauwe Energie Transitie, Toekomst of Fictie? by Willemse (2005).
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this moment they still carry on with a small-scale research on the aternative production method.
The first actor that started a serious long-term project on Blue Energy is Wetsus, a recently
founded research institute for sustainable water technology. The core research within Wetsus is
focused on sustainable technologies for treatment and production of water (Wetsus, 2005). This
research is centred on five themes and Blue Energy comes under ‘energy out of water’. At pre-
sent, their main contribution to Blue Energy is scientific and technological research, but they
also serve an important network function. “Wetsus main characteristic is cooperation” and the
“commercial parties involved in Wetsus define and guide the research program to ensure com-
mercial relevance of the developments.” (Wetsus, 2005). In 2006, several participants in Wetsus
founded a spin-off company, under the name of Redstack, to commercialise the results of the
fundamental research. Severa engineering companies are shareholder in Redstack (and Wetsus)
and they aim to develop the RED technology into a market product. Redstack allocated funding
for research and recently contracted Kemafor developing the alternative membrane technology.

The project Blue Energy

Blue Energy is a concept on its own, based on a chemical principle and therefore more of a no-
tion of a certain technology, namely: a technique to gain energy out of water using membranes.
There is no such thing as THE project Blue Energy. To my opinion there are two options for
outlining the scope of my research: defining the development in terms of a general definition of
a project, or evading this clear definition and taking Blue Energy as the development of a con-
cept. The first approach would result in a case description with a clear project goal, project
manager and participants. | could take Wetsus, or better, Redstack as the project manager and
position the development around their goal and activities. However, Blue Energy consists of dif-
ferent research and business projects and the establishment of Redstack changed the project
status. First Kema and later also Wetsus were conducting research on the Blue Energy principle.
Redstack transformed the research into a commercial project aiming at the implementation of
the principle. The prablem of defining the Blue Energy development as a project is that a het-
erogeneous set of actors has been involved. Focussing on the contemporary development would
exclude the pioneering developments of Kema. Especialy these early stage developments can
identify interesting insights on how projects might fail or become adopted in context. The ap-
proach of defining one project is thus not applicable to my research. In the following, | therefore
rather refer to the stages of this socio-technological development, covering all phases of devel-
opment: Research & Development, deployment and implementation. As will become evident in
the next chapter, | have divided the development into two projects with its own management
and group of actors: the project on Blue Energy that was started by the consortium around Kema
and the development at Wetsus and Redstack. The case is situated within the Dutch national
borders and | therefore restrict my search to the Dutch involvement.

3.3 Method & Indicators

My interest is not purely technological, on how membranes change form or the optimisation of
the technology. | take the socio-technological development as the main point of interest and its
entire context as the unit of analysis. The question is how | can identify factors that comprise
context and the role they play on the development of Blue Energy?

Stuations that hinder and steer the devel opment

Contextual factors enable or constrain the development and therefore influence the devel opment
positively or negatively. Influence on the socio-technical development becomes apparent when
certain developments change, take another direction, stop, attract new actors, problems occur,
etc. | therefore focus on specific occasions, disputes, controversies, problems, decision mo-
ments, etc. that changed the direction of development (either by stimulating or hindering the de-
velopment). To my opinion, context can be seen as those factors influenced by or influencing
the development. | am therefore concerned with why a certain development (or the devel opment
as awhole) was hindered or stimulated, which identifies factors that comprise context.
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Role of expectations

In the previous chapter | have discussed how especially expectations are relevant contextual fac-
tors for radical innovations. Expectations reduce uncertainty and are therefore necessary for
radical novelty to advice engineers in their search process, mobilise new actors in the network,
and used to alocate funding, convince politics or legitimise the project. Expectations therefore
exert force on the development. Expectations allocate roles for actors and create agenda’ s inter-
locking activities and demanding action in order to reach specifications. Expectations also con-
strain or stimulate the development. “If we accept that shared cognitive rules and expectations
create stable trajectories, then a change in direction, i.e. non-linearity, depends on a change in
the content of cognitive rules and expectations.” (Geels & Raven, 2006: 376). Geels and Raven
discuss how the non-linearity and change in direction of developments are related to a changein
the content of expectations, especially new visions on functionality. They give the example of
how the Biogas development was first used in the discussion on energy savings (during the oil-
crisis), later switched to manure processing (to reduce the manure surplus) and was eventually
deployed to cut down on methane emissions. Geels & Raven refer to positive or negative devel-
opments in the project as ‘upswings and ‘downswings'. Positive outcomes of developments
lead to positive expectations resulting in follow up research programs, related projects and a
community or network of involved actors. These upswings in the developments can be ex-
plained by expectations, when they link technology to a functional application and get support
from socia networks. ‘ Downswings' can evolve from learning processes that produce outcomes
that do not meet the expectations, which leads to a backlash in expectations. When beliefs turn
sour, networks fall apart and resources become reduced (Geels & Raven, 2006). Barriers, stim-
uli, events and expectations belong to the scope of my research and are, to my opinion, of im-
portance to explain the role of context in the development. As discussed in the previous chapter
my focus is on the three dimensions as discussed by Geels (2004): rules, st-systems and actor-
network factors” aswell as more explicitly expectations.

Data collection

Due to the relatively short development of Blue Energy in the Netherlands, the innovation sys-
tem around the social-technical development is at a very pre-mature stage and little documented
material can be expected, such as. scientific publications, project folders and other written
documentation. Therefore mainly interviews were conducted to identify the network and the
role of context on the development. | also consulted my previous work on the initial activities
around Blue Energy, two years ago. Ever since, new actors got involved such as government
agencies, municipalities and NGO’s. At the start of this research | did not know enough about
their role in the case and believed their direct influence had been marginal in the beginning but
may play an important role in present and future devel opments.

What does the research look like and how did | identify the role of context through interviews?

To my opinion the following information could be gathered by conducting interviews:

e The network and actors around the development (only the last two years of the devel opment
are underexposed so far).

e Eventsthat influenced the development, identifying constraining and stimulating factors.

e Expectation about the future of the project (on implementation, final outcome etc.).

e Expectations with hindsight (when the actors became involved).

Unravelling the network is important for understanding the development and therefore inherent
to this research. It is impossible to use certain predefined social networks, because the precise
configuration of social groups differs between sectors and cases; in modern day society roles are
not fixed to specific actors anymore. Actors from diverse fields of research occupying different
societal roles are involved: government agencies, industry, universities, users, and societal

2" | also use these elements for categorising contextual factors.
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groups. | used the snowball method to discover the crucia actors and their linkages in the net-
work. That means, through every interview new actors became visible (direct or indirect) and
were approached. | therefore conducted primary interviews at Wetsus and Redstack, with key
researcher and project managers.”® The focus on specific situations or events identifies the past
development of the Blue Energy case and could explain crucial decisions, whereas uncovering
expectations could give insight in future barriers or developments. Expectations explain the ac-
tors perceptions on the development and what contextual factors could be met in the future. Di-
verging expectations can identify misconceptions that could lead to future failure of the Blue
Energy development. Also ‘Initial expectations are of importance. Expectations that enrolled
stakeholders to the project for example, can identify factors in context when expectations are
not met or have developed differently.

By focussing on barriers, stimuli and expectations, the interviews delivered up circumstantial
examples of context, which could be identified as rules, st-systems, actors and network factors
and by doing so | also found new actors. In the next section | discuss the difficulties | encoun-
tered when gathering this data.

3.4 Experiences

In the previous section | discussed the method | used for gathering my empirical data on the
Blue Energy development. The case study is mainly based on interviews with key actors, how-
ever, these actors usually occupy different positions and are therefore also involved in more
than one actor-group. Furthermore some actors can be involved in the early days of develop-
ment whereas others are only involved recently. An actor participating in Wetsus can explain
more on the underlying strategy of the company, whereas policy actors are not directly involved
and can give insight in specific regulation or application difficulties. Therefore | used semi-
structured interviews in which not all actors were confronted with the same questions; this de-
pends on their role in the development.”® Therefore | have made a list of points that guided me
in these semi-structured interviews (see appendix B). Let me discuss this guide briefly.

Interview Guide

| started the interviews by identifying who the actor is, for which audience he or she speaks and
when and how he or she became involved in the case. Most of the actors however, occupy more
than one role in the development (active in Wetsus, Redstack and the participating company for
example). When the actor occupies different functions, | discussed these points separately. After
understanding the position of the actor in the network | focussed on their initial involvement
with Blue Energy: what were the expectations and external influences at that time to become
involved in the development. | called this ‘initial expectations', because the actor should focus
on the knowledge available at that moment. When these early visions and expectations are com-
pared to the present status of the case, inconsistencies can become apparent. These inconsi sten-
cies identify constraining or stimulating factors that comprise context. Also the discussion on
certain occasions identifies factors. When these points do not become apparent, distinct events
such as stakeholder meetings and patent or subsidy applications are discussed to discover the
influence on the further development of Blue Energy. For this purpose, | have used insights
from previous interviews and other written documentation. By confronting the interviewee with
explicit happenings, such as disputes, problems, changes, and decisions, more information can
be gathered. Specific occasions that influenced the development are discussed at great length:
why, where, who else was involved (to aso discover new actors for interviews and to verify the
information). After the detour to find contextual factors, | did ask more explicitly what and who
was experienced as constraining or stimulating to the development of Blue Energy.

% The Kema contribution is believed to be small at this moment; Wetsus and Redstack are primarily involved.
2 For my research most of the stakeholders and their network configuration is already known, due to previous work
on this case done by the same author.
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Guiding concepts

A list of general factors was useful to guide the interviews: e.g. (Kemp et a., 1998): “techno-
logical factors, government policy and regulatory framework, cultural and psychological fac-
tors, demand factors, production factors, infrastructure and maintenance factors, and undesirable
societal and environmental effects of new technologies’. | have added economic factors to cover
subsidy applications and competition, and infrastructural factors also contain geographical
properties. | have used the notion of regimes (categories) for guiding my research (note: not for
the analysis of the data) to search for actors in the network and to confront interviewees with
possible actors. Based on Geels (2004) | used scientific and technological, industria (partners,
competitors), political (local, provincial, national, European, worldwide), users and markets
(also NGO/Lobby/media) actors. Also specific actors that became apparent through this re-
search were explicitly used, such as ‘Rijkswaterstaat’ (Dutch agency for water protection) and
‘SenterNovem’ (government agency that carries out financial support programs).
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Figure 3.1 The social technical regime
Source: Geels, 2004.

After mapping the past and present the second half of the interview was oriented towards the
future. What are the expectations at this moment, such as when can we expect the first commer-
cial application, for what purpose, who will be involved, etc. To make it more explicit, the in-
terviewee is asked what he or she expects to be constraining or stimulating to the development:
certain rules, competition, actors, external factors, etc. In the remaining part of this section | fur-
ther elaborate on the experiences and difficulties that | encountered during the data collection.

Verifying information

These interviews generated insights on the position and visions of the actors and identified fac-
tors in context (or events that could make this apparent). These interviews also gave insight in
the network configuration for successive interviews (snowball method). Actors did indeed pro-
vide names and numbers of other relevant actors, involved in the Blue Energy development.
Relevant criteria for my selection of actors were: direct involvement in the development, influ-
entia or perceived to be influential by involved actors, and actors that could confirm or clear up
certain developments. | also used as many written sources as possible to reduce bias and make
my research more replicable. Information on Wetsus for example has been documented in vari-
ous newsletters available online. Redstack and Kema however did not deliver much publicly
available documentation for which | have relied on newspapers, journals, external brochures and
archives. Governmental interest in the development can be obtained from various publications
(reports on subsidy arrangements, Rijkswaterstaat etc.). Some information was kept back, be-
cause a lot of interests are involved in the development. Therefore information is not always
publicly available and certain events or developments are sensitive materia to alot of actorsin-
volved. | believe this is a common phenomenon around innovative projects that contain infor-
mation that is not patented yet, or relies on external support. When external support depends on
the possibilities of the innovation, negative expectations are not favouring subsidy applications
and the popularity of the project.

Due to the variety in answers of respondents, it was eventually difficult to create an unambigu-

ous picture of activities. Some actors therefore might not recognise themselves in certain expla-
nations or developments. Thisis a general difficulty in trying to reconstruct a story based on in-
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terviews. What should be taken into account is that case studies try to retell a story and wish to
identify the logic behind the case. This story is recovered through interviews with actors that
themselves have constructed their story. “What the analyst can and must do is to reconstruct
what actors have constructed before.” (Van Lente, 1993: 180,181). It is not the same story as of
the actors involved, because the position of the researcher and the audience is different. Case
studies are therefore reconstructions of prior constructions.

What guestions to ask?

| experienced the difficulty of gathering actors expectations and information on constraining
and stimulating events. Y ou cannot just ask for this information because interviewees might not
experience certain events as stimulating or constraining to the development. Actors tend to ex-
plain situations that they recall as important, however | was also interested in their experiences
in other situations. Therefore | have tried to find starting-points such as certain general phenom-
ena, events and problems; for example subsidy applications, enrolment of stakeholders and ex-
periences with internal management. | also introduced several topics in advance so that inter-
viewees could think more thoroughly about these developments. Another prominent objection
with formulating distinct indicators is the risk of a tunnel vision. Many aspects that could also
contribute to this research might be overlooked. For this reason | did not only ask directly for
specific indicators, but also questions were asked in which the actor’s own interpretation could
come to the fore. Because of the diverging visions, a variety of aspects of one topic or event
turned up. The point | wished to make is that we as social science researchers should take a
symmetric approach, in which it is not assumed a priori what factors explain the context of these
socio-technical devel opments.

Problem of causality and the unit of analysis

With a background in constructivists theories, this research is strongly influenced by socia sci-
ence research on technologies and in this thesis | whish to stress the importance of the social
element in technological development. Not only the technologies are constructed in the devel-
opment, also its context; routines, search strategies, firms, social worlds, expectations, etc. The
guestion is what will be my object of analysis? It is not only the technology that is being shaped
but also the social elements around it. Van Lente argues. “What is constructed, then, and by
what, is not easy to say.” (Van Lente, 1993: 178). Van Lente argues that we are concerned with
the yield of research on technological development. Therefore, in order to not go in the direction
of general sociology, we (researchers) have to balance the yield of our studies between: general
understanding of social dynamics against understanding technology dynamics (ibid.: 178/9). In
the previous chapter | have elaborated on rules, actors, st-systems and expectations. These rules
and expectations guide actors' behaviour and are therefore an important factor in context. How-
ever, the system is more complex: rules and expectations influence actors and are also con-
structed, maintained and influenced by the activities of these same actors. In reaction to new
technologies, policy makers may develop new rules to regulate it and user’ preferences may
change. This complicates the task of defining context. | therefore took the socio-technological
development of Blue Energy in the Netherlands as the starting point. Every factors or element
that influenced this development is than seen as context, be they technological, social economi-
cal, etc.

Deductive versus inductive approach

Due to the complexity of technological development, | constantly worked back and forth on
theory and data. Consulting literature while holding interviews and analysing the data: starting
from the deductive approach of consulting perspectives on technological development towards a
more inductive analysis of the data. | simultaneously consulted and searched for insights in
theories, to position this empirical case on Blue Energy in literature but also to create certain
sensitivity and identify influential factorsin the context of development. Insights from literature
and interviews are used in follow up interviews.
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In the next chapter | introduce the Blue Energy case based on the results of my interviews. The
case is analysed using the analytic distinction between actors, rules, st-systems, and expecta
tions and linked to some general concepts in innovation studies as discussed in chapter two. |
also elaborate on difficulties | encountered when analysing the results, which relate to some of

the problems | discussed in this chapter concerning data gathering.
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4.  The Blue Energy Case: empirical description and analysis™

4.1 Introduction

Technologies do not develop in a linear order from research and devel opment stages to market
introduction. | have shown in chapter two that technological developments are inherently social
and therefore complex and unpredictable. Changes can be attributed to technological factors, but
often also to political social, cultural and ingtitutional circumstances and considerations. Espe-
cidly in early stages of development the project and technology can shift to different directions,
sectors, publics etc. due to the interaction of the technology and its context. Radical novelties
are vulnerable to failure and can eventually become rejected. In this chapter | introduce Blue
Energy, a renewable energy innovation that serves as an interesting case to identify contextual
factors influencing early socio-technical developments. Salinity power based on membranes has
been known for more than a hundred years; however, this case study mainly addresses the Blue
Energy socio-technical development in the Netherlands, which predominantly involves the re-
search and development phase of this principle. The development started in the eighties with
early attempts to conduct research on an aternative (cheap) membrane technology. Thisled to a
consortium of several industrial companies that conducted a feasibility study and system re-
search on Blue Energy in 2003. About a year later, a newly founded research institute devel oped
asimilar research program and attracted several participants to commercialise the principle. The
consortium that first attempted to develop Blue Energy has lost their leading role to the research
institute and at this moment only conducts research as a subcontractor. This case study aims to
understand how the particular context factors have influenced the Dutch Blue Energy develop-
ments.

I will start with an introduction to the Blue Energy technological principle in section 4.2. After
that the Dutch Blue Energy development is elaborately discussed and briefly analysed in sec-
tions 4.3 to 4.5. In Paragraph 4.6 the case is analysed using the insights on context from scholars
on technological development. The chapter concludes in section 4.7 with some issues that |
think should be taken into account by all partiesinvolved in further devel oping the Blue Energy
technology.

This chapter is meant to identify the contextual factors that influenced the Blue Energy devel-
opment by focussing on constraining or stimulating events. A variety of stakeholders are in-
volved in the Blue Energy development and appendix C gives an overview of the complex net-
work configuration. In chapter 5 | draw more general conclusions on contextual factors and ac-
tors influencing new energy technol ogies.

4.2 What is ‘Blue Energy’?

The principle

Blue Energy is a renewable energy technology that is based on the difference in salinity be-
tween two solutions of different salinity, e.g. sweet (river) water and salt (sea) water. When
sweet and salt water join, the concentration will diffuse until the salinity is equal in the total
fluid (fundamental law). When a selective membrane is placed between sweet and salt water,
the diffusion can be controlled and potential energy gained. This implies that energy can be ob-

%0 | want to point out that the analysis is my personal view on the project. It has been very difficult to describe all
actions and situations, as well as expectations and motivations of actors involved. The analysis is therefore some-
times based on a certain feeling that | had about a particular development: the way people express themselves, the
amount of actors that referred to and explained a similar situation and especially the atmosphere around inter-
views, workshops and congresses.
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tained at all places where rivers meet the sea. In theory 1 m® of sweet water combined with 1 m?
of salt water contains 1.7 MJ (practically 1MJ). Knowing that in the Netherlands 3000 m® of
sweet water runs into the sea every second, this could generate more than 3000MW. This s al-
most one third of the total Dutch annual energy consumption (Ross & Krijgsman, 2004).

PRO - RED
There are two ways to get energy out of water using membranes: Pressure Retarded Osmosis

(PRO) and Reversed Electro Diaysis (RED). PRO uses water permeable membranes and is
based on osmosis.

_______________ 1

l membrane

Figure 4.1 Osmotic principle®

Membranes are placed between two streams of water with different salinity: a concentrated salt
solution and a diluted salt solution. Water will flow from the sweat to the saltier side and build
up a pressure or water column that contains potential energy.® (Ross & Krijgsman, 2004)

RED uses ion permeable membranes, is based on reversed electro dialysis and resembles the
battery principle.
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Figure 4.2 Reversed Electro Dialysis principle

In this case two streams of water with different salinity flow through compartments that are
placed in an alternating pattern. Cation and anion exchange membranes are placed between the
compartments, which allow for positive ions to displace in one direction and negatives ones in
the opposite. A cathode and an anode are placed in the system to connect the potential differ-
ence resulting from the salinity gradient to the grid.* (Post et al., 2007).

3l Figures 4.1 and 4.2 have been placed with permission of Kema from the brochure Blue Energy, “Energie op het
grensvlak van zoet en zout” (KEMA, Noordelijke Hogeschool Leeuwarden en VolkerWessels, 2005).

%2 Theoretically, the pressure can amount to 25bar or 300 meter water column, assuming the use of seaand river wa-
ter.

3 In case of seawater and river water the potential over each membrane is 80mV. When more membranes and com-
partments are placed in line (stacked), the potential differenceisthe sum of the potential over each membrane.
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Both methods rely on specific membranes. water permeable membranes in the case of PRO and
ion-permeable membranes for RED and can be applied for electricity production. However,
RED uses direct energy conversion whereas PRO generates pressure or a water column that can
be converted into electricity using a generator. Operation of both installations implies an enor-
mous displacement of water and therefore these techniques are aso considered as an alternative
pumping method. This can be utilised as an alternative spouting possibility e.g. at dikes and
sluices. Each technique is considered to have its own field of application. Theoretically, pres-
sure-retarded osmosis seems to be more attractive for power generation using concentrated sa-
line brines and reverse electro dialysis seems to be more attractive for power generation using
seawater and river water (Post et a., 2007). Practicaly, PRO is interesting as a spouting alterna-
tive for which éectricity production is an additional benefit. RED on the other produces power
and also displaces water (Regeling, 2007).

4.3 The historical Blue Energy development.

4.3.1 The History of Blue Energy

The basic principle of Blue Energy is already known for more than a century. In the late 19th
century, the Dutch Nobel-Price winner van ‘t Hoff proved that thermodynamic laws not only
apply to gasses but aso to liquids and in 1885 he published his formula for osmotic pressure.
Manecke experimented with electricity storage using membranesin the fifties of the last century
(Weinstein, 1976: 557). The first notion of reversed electro dialysis (RED) for electricity pro-
duction started with Pattle, who managed to produce a constant power in the laboratory (Pattle,
1954). It took another twenty years before this topic received renewed attention during the first
oil crisis. Norman argued that the US could produce 10" Watt, using all the sweet water run-
ning to the see (Norman, 1974: 351). Norman was surprised that salinity power® was never em-
ployed as a possible alternative energy source, because: ‘the reversal of any desalination process
should, in theory, release energy’ (Norman, 1974: 350). He based this on the osmotic pressure
that could be employed by reversing the osmotic desalination process at salt production indus-
tries. The calculated price of 0.20% kWh could be reduced by more research on membranes. Ac-
cording to Loeb, the amount of energy could be twenty times higher using saltier water concen-
trations instead of seawater (Loeb, 1975: 654-655). Weinstein & Leitz resumed the pioneering
work of Pattle reversing the conventional electro dialysis desalination process (Weinstein &
Leitz, 1976: 557). Jagur-Grodzinski & Kramer conducted an extensive study on RED instead of
the more indirect electricity conversion (PRO). They discovered the electrode influence on the
process and produced a constant current (Jagur-Grodzinski & Kramer, 1986). Ever since, sev-
eral small scale programs seem to exist worldwide that are only retraceable via a few (scientific)
publications and to the best of my knowledge, there are no reasonable installations operational
at this moment based on either PRO or RED. According to the UN atlas of the ocean (2001), no
installations were operational in 2001; only small scale projects were conducted in Japan, Israel
and the US. Experiments on PRO are still running at the Ben Gurion university in Israel (suc-
cession of Loeb’s research), and at Statkraft FS in Norway. Statkraft is a large Norwegian en-
ergy production company, involved in large-scale hydropower projects. There are also indica
tions of an operational installation at a Russian Marine base in Vladivostok (Noorderlicht
Nieuws, 5 juni 2004 ; Jones & Finley, 2003: 2286).

4.3.2 Analysing the History of Blue Energy

There's not alot of information on this preliminary stage of development, nor on contemporary
global development, but | would like to point out several contextual factors that have become
evident in the short introduction. In this preliminary stage of development on salinity power, the
reason for most of the research was the expectation of a possible aternative renewable energy

% Theinternational term for obtaining the potential energy out of water, utilising the difference in salinity.

36 ECN-E--07-054



source (or in Maneckes case to store electricity). What stands out is that the development was
picked up in situations when the world was searching for aternative energy sources. Especialy
during the first and second oil crisis in the Seventies, many research topics related to alternative
energy sources were picked up again. The oil crisis can therefore be seen as being the most im-
portant contextual factor that stimulated the preliminary development. The pioneering activities
have been cancelled because of high membrane costs and discussions on the feasibility of this
technology. Furthermore, during the Eighties and Nineties when oil prices had decreased again,
the need for an alternative was less important and therefore probably also the lack of societa
interest can be pointed out as a negative contextual factor. Most of the scholars involved, were
amazed by the little attention this technology received. They al stress the huge potential of sa-
linity power for the world energy need. The question remains why research has continued in Ja-
pan, Israel, and in the US? An answer could be that Japan has always been involved in desalina-
tion techniques (reversal of salinity power based on membranes) and research in Israel and the
USis conducted at specific locations where extreme salt concentrations are available: The Dead
See and Salt Lake City. Concentrated salt streams result in higher yields, which could make the
technology economically viable. Obviously, the global context has not been the only concernin
these cases; the national and even regional/local context have also contributed to the develop-
ment at these specific locations.

4.4 Renewed interest for RED

4.4.1 The Kema project.

RED involvement has been marginal for the last decade until it revived again in the Netherlands
around 2000 where it received the label Blue Energy by its followers.* An important aspect for
this revival can be traced back to the eighties, when Kema had coincidentally discovered an al-
ternative technique for the production of ion-permeable membranes during research on the deg-
radation of power cables (Ross, 2005). Kema is a Dutch research and consultancy company that
is mainly concerned with certification and testing. The research group that made the discovery
had high expectations about this technique because it would reduce membrane production costs
significantly. Further research however, did not belong to their core business because Kema
needed a commercia order or other external financial support to proceed. Kema tried to get
governmental support several times without success. In 1994 for example, an application linked
to fuel cell utilisation was rejected because membrane research concerning hydrogen fuel cells
was aready conducted at another Dutch institute (ECN). Kema did not have the financial means
available to support this project. Several employees however, put much of their sparetimein the
promotion and attraction of participants. They believed this project could be a breakthrough be-
cause contemporary membranes were very expensive and the raw material for their production
technique was ordinary cheap plastic. The symbolic meaning of gaining energy out of water
also drove most of the respondents. In 2000, internal contacts brought these employees to Volk-
erWessels, a reasonably large Dutch civil construction company. They had heard about an alter-
native way of spouting using membranes called osmosis. VolkerWessels is often involved in
water projects concerning dikes, sluices and spouting pump. They were aware of the concerns
for sea level rise expressed by the Dutch agency for water protection (Rijkswaterstaat): The
afsluitdijk® for example, where it is expected that in the future insufficient water can be released
into the ocean from the lake lJssel due to climate changes. Eventually more spouting facilities
are therefore necessary (Kema et a., 2005). Blue Energy would perfectly fit this project, offer-
ing a spouting alternative with additional electricity production. Together Kema and Volker-

% Blue Energy is a concept on its own, based on a chemical principle and therefore more of a notion of a certain
technology, namely: a technique to gain energy out of water using membranes... | do not know the exact origin of
the term Blue Energy and therefore it is problematic to note what exactly comes under this label. To my opinion
the concept is first used to denote RED by Kema and is eventually incorporated by the Wetsus research institute.
However, the concept is aso used by atidal wave company for their technology (www.blueenergy.com).

% Thisdikein the northwest of the Netherlands closes the ‘ 1Jsselmeer’ (lake | Jssel).
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Wessels evaluated the possibilities and started a project on the RED principle, called Blue En-
ergy.*’” VolkerWessels was supposed to invest start-up capital, however the management ap-
peared difficult to convince of the possibilities. They were not impressed by the first prototype
that drove an electrical motor. With a background in mechanical constructions, electrons did not
mean a lot to them. They only got convinced after the second prototype pumped the water back
into the reservoir; “water could run up the mountain” (Oudakker, 2005).

In their search for more financial support and participants Kema and VolkerWessels laid con-
tacts with Statkraft. This Norwegian electricity producer devel oped the osmotic variant of salin-
ity power. They had been working on the PRO principle since 1997 and claimed to be world
leader in this area (Statkraft, 2003). Statkraft was not interested to join the Dutch companies be-
cause it believed in the osmotic variant and did not need/want to bet on two horses. The osmotic
variant is al'so more suitable to integrate in hydropower plants which Statkraft exploits (Oudak-
ker, 2005). However, in order to finance the project and apply for government subsidy, Kema
and VolkerWessels needed a third party and eventually Velsen Flexoplast was attracted. This
Foil Production Company produces plastic bags and the new production method (discovered by
Kema) could be installed at their production facilities. One of the largest Dutch energy produc-
tion companies (Nuon) was also attracted and provided their expertise. They did not participate
in the consortium but helped with calculations and were present at meetings and functioned as a
benchmark to generate publicity.®® They were expected to eventually exploit the power plant in
the future.

Initial visions on Blue Energy in the Netherlands started with this consortium that wanted to ap-
ply the alternative membrane production technique for the production of cheaper membranes
that could be used in a Blue Energy system. According to the pioneers: the only thing that needs
to be done is bring down the membrane costs (Global Contact, 2006). Feasibility studies were
conducted in order to receive financial aid and attract new partners. The availability of sweet
and salt water made river deltas the most suitable locations for Blue Energy. Calculations were
made based on the amount of water running to the sea and the efficiency of the available mem-
branes, stating that the Blue Energy technology could produce 3000MW in The Netherlands.
The optimal location would be the afdluitdijk, which the consortium entitled ‘the inexhaustible
battery’*, capable of producing 200MW (Ross & Krijgsman, 2004).

The consortium experienced much disbelief (from governmental organisations, industry but also
science), due to the unfamiliarity of the Blue Energy principle. They needed the vision of an ac-
tual application in Dutch waters to attract and convince stakeholders. Stakeholders present at
government innovation meetings, ran off with this principle as the perfect Dutch energy alterna-
tive for the future. The Dutch government had committed itself to the realisation of a 10% share
of sustainable energy in the total energy production by 2020 and assigned SenterNovem, the
government agency part of the Ministry of Economic Affairs (EZ), to carry out the policy and
support innovative initiatives. SenterNovem offers advice, networks, information and subsidies.
Organisations, research institutes and local governments can apply for several programsto gain
subsidy for energy efficient measures, environmental care and risky technologies. SenterNovem
runs the program Energy Research Subsidy (EOS) that aims to support the energy-efficiency
and sustainable energy developments. EOS consists of four programs covering all phases of de-
velopment, from innovative idea to market introduction. EOS-LT (Long Term) is developed to
support research for several years. EOS-ES (energy and cooperation) supports non-commercial
research and development of innovative energy techniques and EOS-Demo is issued for the first
serious pilot tests. EOS-NEO (New Energy Research) addresses to the first phase of develop-
ment: work out new ideas. Under this subprogram unconventional research is stimulated with

57 Kema had discovered an alternative production method for ion-permeable membranes, stitable for the RED tech-
nigue. PRO on the other hand, needs water permeable membranes.

% In 2005 Nuon introduced the Blue Energy power plant at the afsluitdijk to its ‘green’ consumersin their newsletter
(Nuon, 2005).

39 Eindhovens Dagblad, 2004.
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funding for feasibility, research and development projects: projects that could have potential to
develop into anew energy research domain.®

The consortium applied for the EOS financial support program, which they expected to get be-
cause of all the positive attention. Blue Energy seemed to fit perfectly in these financial pro-
grams and the consortium had complied with an important condition: the collaboration of three
industrial partners. Nevertheless, the applications were rejected several times. The unfamiliarity
with the principle (it just cannot work) and also incorrect and incomplete application requests
were mentioned as the main reasons (Roest-Krijgsman, 2005). Eventually the consortium re-
ceived NEO (new energy research) start-up support in 2003. However, despite positive reactions
from government and industry on this feasibility study and even though they won the ID-NL*
price for best innovation, the project did not continue in the follow-up program of EOS. The
Blue Energy simulator was present at many workshops and seminars of the Innovationplatform
and project folders mentioned Blue Energy as one of the examples of an interesting Long Term
research program (SenterNovem, 2006). However, the EOS-NEO program had been adjusted.
In 2003 the Dutch cabinet founded the ‘ Innovationplatform’ to get The Netherlands to the Euro-
pean top in education, research and innovation. The platform consists of key players in the
knowledge economy with experts from politics, business, science and education.”” The prime
minister is the chairman of the platform and many Dutch companies such as Shell and Philips
participate. In this platform transition routes towards a more sustainable future are negotiated
which influences the subsidy programs such as EOS. Specific themes were chosen and the cate-
gories for energy research were wind, tidal, and solar energy. Blue Energy did not fit in any of
these categories (Ross, 2005). This problem was also noted by the Innovationplatform and the
Ministry of Economic Affairs (EZ) who are responsible for the content of these programs.
However, projects are rejected formally when not fitting the specific spear points/themes and in
principle these themes are chosen on purpose to strengthen specific developments that were se-
lected as promising for the Dutch innovative industry. This can lead to limitations and Blue En-
ergy was one of those projects that was rejected. Evaluation rounds between SenterNovem and
EZ take place yearly to overcome these problems. (Sijens, 2007).

After these evaluation rounds between EZ and SenterNovem, the category ‘remaining’ was
taken up in which Blue Energy could be accommodated (Hack, 2007). However, the committees
installed by SenterNovem to evaluate and grant the subsidies for innovative projects have been
reluctant to support the development. The application was rejected again because they felt the
idea of gaining energy out of water using membranes was not technologically and economically
viable. Another comment for the rejection has been that research on one type of membrane was
considered limiting and too vulnerable for the further progress of the Blue Energy devel opment.

Besides the EOS program also other governmental activities have attributed to the furthering of
the Blue Energy development. One of the initiatives resulting from the Innovation platform was
to found a Technological Top institute for Water technology (The TTIW-program). The gov-
ernment and water sector work together in the Innovationplatform ‘Water Technology’ because
the Dutch water technology sector has a strong position in the Netherlands but economic export
is lagging behind the world growth. The Innovationplatform has pointed out the water sector as
one of the key sectors in the Dutch economy. The water sector has presented their vision argu-
ing that the water sector should cooperate in a new manner and focus on promising clusters.
Even though The Dutch already work on unigque technologies, they should keep their strong po-
sition and even strengthen it. For this purpose, more research and development is necessary.
Therefore they proposed the Technological Top Institute Water technology, in which public and
private organisations participate. They also proposed to install two other instruments: Innowator
and a guarantee fund. Innowator is a subsidy instrument to support excellent knowledge devel-

0" For more information see also: http://www.senternovem.nl/eos.

“L The prestigious price is yearly issued at the Netherlands Innovative Event (Nederland Innovatief Event) for best
Dutch innovation (www.nederlandinnovatief.nl). In November 2004 Blue Energy received the ID-NL price in the
category: Energy and Environmental technique.

2 http:/iwww.innovatieplatform.nl/.
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opment into market products, necessary because mainly middle-range organisations are in-
volved in innovations and cannot cover the risky product developments without government
support. The guarantee fund should cover the costs that are made when projects do not satisfy
the expectations. Tenders for Innowator have started in 2006.* The cooperation between indus-
tries, institutions and the national government has the ambition to bundle the technological ex-
pertise in the Dutch water sector and an important aspect of the technologies must be sustain-
ability (Stuurgroep Watertechnologiea/lb, 2006). The development of the TTIW program also
serves as a good example of how the national government wishes to stimulate the Dutch innova-
tive devel opment.

At this moment, the consortium around Kema that started the initial project is no longer active
in the Blue Energy development because they could not secure finance for the project anymore.
Kemais only involved as a subcontractor for research and development of membranes and lost
control over their Blue Energy project.* Moreover, the same research within Kemais aso part
of alarger European programme on membranes for CO, capture. VolkerWessels is not involved
anymore since, in civil construction projects, companies that have done explorative research can
be excluded for acquiring the follow-up project. Therefore, if Blue Energy would be integrated,
VolkerWessels could not be the constructor (Oudakker, 2005). For severa years after this, the
Kema research group worked in their own spare time and students upheld further research.

4.4.2 Analysing the Kema project.

What does this first stage of the case tell us about context? First of all, context played an impor-
tant role to motivate actors. The contextual factor of expensive membranes created expectations
about a cheap aternative membrane production method that could create opportunities for
Kema. Context in this example can be seen as an economic factor that created expectations,
which motivated actors to get involved in this research. Kema's organisational structure (infra-
structural factor) however, did not allow for further research, because it needed an external or-
der to proceed. It was the company’s core business not to invest in a technique that was still in
very early stage of development, unproven and therefore a very risky undertaking. This type of
industrial or business context hindered the further development of the project. In this situation,
lacking financial means (also context) and the expectation of a promising technology influenced
actors' strategies. Externa finances were sought and in order to enrol other actors the technol-
ogy was strategically linked to an application that might receive more attention: fuel cell devel-
opments. In the context of this popular new application, Kema applied for government funding.
In this case the rising popularity of fuel cells influenced the actors' strategy to adapt their re-
search plan. Fuel cells were so popular because of environmental concerns and as such this dif-
ferent socio-technical context indirectly positively influenced the further development of Blue
Energy.

This first analysis shows three types of interactions between the socio- technological develop-
ment and its context: 1) context influencing motives, 2) actor strategies as part of context, and 3)
organisational, more formal, factors that directly hindered the development. These examples can
be traced back in many situations during the development of Blue Energy. Many contextual fac-
tors that stimulated or influenced expectations can be found at moments when actors got in-
volved in the project. VolkerWessels was enrolled because of the expectation that this technique
could generate new business opportunities. In the context of sea level rise concerns, aternative
spouting pumps were expected to be installed in future civil construction projects. Also
Flexoplast expected new business opportunities and joined the consortium. Context also created
expectations that unmotivated actors behaviour. The management at VolkerWessels was unfa-
miliar with the principle and in their belief system (context of engineering practices), ‘water
could not run up the mountain’. This resulted in their expectation that this could never work.

3 http://www.senternovem.nl/Watertechnologie/.
4 Kemaisonly allowed to act on behalf of Redstack (van den Ende, 2007), which will be explained |ater.
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Eventually they approved the project, but in a later stage withdrew again (due to aformal insti-
tutional/regulatory contextual factor). The same happened when committee members from es-
tablished electricity companies did not believe Blue Energy could work. Their expertise and be-
lief system did not comply with this extraordinary innovation. Formal rules concerning con-
struction projects would exclude Volker\Wessels to take part as a contractor. The expectation of
exclusion motivated the management to resign from the project.

The second role of context that | pointed out was the influence on actors' strategies, e.g. Kema
altered their research proposal severa times. First the project was linked to fuel cells, then to
Blue Energy and eventually they are also working on CO, capture and storage. Strategies were
atered in many other cases due to context: the lack of financia means urged Kema to enrol
more stakeholders; the unfamiliarity of the principle resulted in a demo installation; disbelief
and an unconvincing strategy necessitated feasibility studies that were aligned with societal
needs; and to convince the management at Volker Wessels the strategy of demonstrating the
functionality of the principle did not prove to be convincing, because it did not appeal to them.
The installation was therefore adapted to fit their line of work and interest. Strategies of actors
on the other hand are also part of context. The application for research on fuel cells for example
was rejected due to the fact that research on fuel cells was already conducted at another research
institute. In this case the government strategy can be pointed out as context.*

The third category comprises the more formal institutionalised contextual factors. The organisa-
tional structure at Kema did not allow for a further research project. Similar types of contextual
factors aso influenced the application requests. Incomplete and incorrect application forms
were rejected. Another request was formally rejected because the project could not be fit in the
programme, despite positive reactions and support from the government agency responsible for
this grant. In some occasions formal, contextual, factors stimulated the development. The avail-
ability of the government support programme for example, can also be seen as context. If there
had not been a government programme for sustainable energy research, there would not have
been possibilities for financial support. Another factor can be found in the decision to work on
the RED principle. Due to the fact that Kema had discovered an alternative production method
for ion-permeable membranes, they started on a salinity power project based on RED, which
can be pointed out as a technological contextual factor. A final point | wish to make is that not
only strategies of actors are context, but also their position is part of context and influences a
development. For example, the researchers at Kema, as well as the employees that were con-
tacted at VolkerWessels did not have the capabilities to decide on entering the project.

The contextual factors that have been discussed in this section have been of a more organisa-
tional, technological and economical nature. The specific context created possibilities for further
development, got actors involved and on the other hand hindered the devel opment and excluded
actors. What also became clear is that context is very complex: contextual factors in different
dimensions (economic, political, technological etcetera) and on a global, national and more lo-
cal/regional level interact. In several examples more contextual factors were present which di-
rectly or indirectly influenced the situation, which made it extremely difficult to point out each
and every specific contextual factor and the causal lines leading to failure or success. The moti-
vation for VolkerWessels for example was based on the context of the concern for a sea level
rise (global and national level). However, this concern (context) created expectations on more
future construction projects (regional/national level). The aternative spouting possibility (con-
text) created expectations that fitted other expectations about the application in future projects.
This example shows the complexity of a variety of contextual factors and expectations, which
are also contextual factors, influencing a single situation or decision.

% In this way every factor is a result of some actor’s strategy. The difference with the example of VolkerWesselsis
that these strategies are formalized and more stable/hard (not easily changed). For my analysis, | categorise these
formalized factors under institutionalised factors.
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Context obviously hasits effect on actors (motives and strategy) as well as that it creates oppor-
tunities or on the contrary, hinders activities in that it does not contain the necessary elements
for further development. Important contextual factors in the first stage of development have
been expectations, formal rules and the capabilities of the actors involved on different levels.
These examples all show how context influenced the socio-technological development. How-
ever, the technological development has also influenced its context. Actors around the project
got convinced about the possihilities, it attracted a lot of attention and the government changed
its strategy and included an extra entry so that Blue Energy could get subsidy.

4.5 A new player in the field

4.5.1 The Wetsus project

The economy of the Northern provinces Groningen, Friesland and Drenthe had fallen behind
national economic development. These provinces had bundled their political forces since 1992
in the cooperative formation SNN.* SNN negotiates with the national cabinet to strengthen the
economic structure of the Northern provinces. The Northern provinces cater alot of water man-
agement and technology companies and one of the results of the SNN negotiations with EZ, the
Leeuwarden municipality, the Province of Friesand, local education institutes and water indus-
tries was the founding of Wetsus in 2003.%” This research institute joined the forces of universi-
ties and industrial partners on the development of treatment technologies for sustainable water.
Financed by industrial participants and lump sump governmental support, Ph.D. students con-
duct the research in collaboration with three Dutch universities: Delft, Twente and Wageningen.
The province Friesland, where Wetsus is located and its capital Leeuwarden have high expecta-
tions of Wetsus for the attention it attracts and the jobs it offers.

Wetsus was interested in the Blue Energy development at Kema because this radical water tech-
nology fitted their strategy of starting projects on highly radical innovative water technologies.
Both Kema as well as Wetsus applied for financial support and searched for influential partici-
pants from that moment on. Wetsus had secured its research with governmental lump sump fi-
nances and industrial capital. They did not need to further cooperate with Kema and started a
project on their own, to the dissatisfaction of Kema. Kema was supposed to follow the Wetsus
formula. Kema however, could not contribute the 50.000 Euro yearly participant fees. From that
moment onwards the Blue Energy development in the Netherlands shifted towards Wetsus.
Wetsus conducts research on five themes involving water technologies (and in several cases
also membranes); Blue Energy falls under their theme ‘energy out of water’ (Wetsus, 2005).
Scientific and technological research is focused on the Blue Energy system design, membrane
design and fouling of membranes.

Wetsus has received a lot of attention ever since it was founded in 2003. Water was and is seen
as ‘hot’ and the amount and size of the organisations involved grew rapidly, leading to more
publicity. The location is situated in the same building as the engineering school of Leeuwarden
and several research ingtitutes. The founders of Wetsus also possess a large network of indus-
trial and scientific organisations and as mentioned earlier local, regional, national and European
authorities are involved in the development. Furthermore, the management and many of the par-
ticipants in Wetsus already knew each other from their previous collaboration in the water sec-
tor, and more specific, most of them had worked for the same company called Paques B.V. This
water and gas purification company had changed its strategy, which didn’t suit the innovative
style of many involved and resulted in employees moving to (starting) Wetsus. Also previous
employees of Pagues and other ‘friends in the business' now participate. Both scientific as well

4 Samenwerkingsverband Noord-Nederland (http://www.snnonline.nl/).
47 “This project is co-financed by the European Union European fund for regional development and Samenwerk-
ingsverband Noord-Nederland, EZ/Kompas and Provincie Fryslan” (http://www.wetsus.nl/).
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as industrial partners from a wide range of disciplines have been attracted because of personal
relations. Besides this network advantage, the actors involved also occupy highly influential po-
sitions in their organisation. Participants in Wetsus have to come up with substantial financial
means. Financing a highly radical innovation with unpredictable and risky outcomes usually
needs time and strenuous negotiation. Wetsus did not need a lot of effort to convince parties to
join. The advantage of personal relations with influential actors resulted in good cooperation
and made decision-making fast and easy. Because these actors knew each other for a long pe-
riod they trusted and supported each other (Hack, 2007).

Wetsus frequently organises open access congresses and private participant meetings to discuss
outcomes. “Wetsus' main characteristic is cooperation” and the “commercial partiesinvolved in
Wetsus define and guide the research program to ensure commercia relevance of the develop-
ments.” (Wetsus, 2005). A monthly newsletter and frequent articles in newspapers, journals and
more specialised papers also inform those who are interested. Furthermore, the management,
PhD students and the involved stakeholders are frequently found at workshops, congresses and
Innovationplatform meetings to increase publicity and get more parties involved. Publicity is
also enlarged by attracting famous or highly influential actors to visit and present at Wetsus in
Leeuwarden, such as The Dutch Queen, Prince (also involved in water management), Prime-
Minister, members of the National and European parliament, Commissioners of the Queen, the
mayor, etc. Especially national governmental spokespersons and the Innovationplatform have
high hopes for Wetsus and Blue Energy. Blue Energy in particular is often presented at meet-
ings, congresses and other promotional activities as an example of an interesting Dutch innova-
tion.

Wetsus also wants to stimulate industrial participants to start a spin off company. In 2006, sev-
eral participants in Wetsus who expected to develop the technique into a business opportunity
founded Redstack. The shareholders in Redstack, Harlingen Holding Industries B.V. (Landus-
trie en Hubert Stavoren BV) and Magneto Special Anodes B.V. expected to develop a commer-
cialy interesting sustainable energy alternative for which these engineering companies will de-
liver the materials and knowledge (Hack, 2007). Similar to the enrolment of actors in Wetsus,
the shareholders new each other from previous jobs for along time and occupied highly influen-
tial positions within their company. The mutual trust and possibilities were crucia for the
smooth founding of Redstack. These shareholders do not have the financial possihilities to
commercialise the principle on their own and therefore their next step is to prove the principle
by means of a pilot installation of several KW and attract investors. Nuon was attracted in the
hope that they would finance and exploit the eventual power plant, but is at the time of writing
only involved as a partner and not financialy.® They are reluctant to get involved in another
highly risk-bearing project, because of their experience on a tidal wave project that had failed
recently.*® Another partner is Frysia Zout B.V. who is also involved as a participant in Wetsus.
At this salt production company located in Harlingen (province Friesland) all kinds of salt con-
centrates are available which makes it an interesting site for the Blue Energy trials. Pure salt and
sweat water do not foul the membranes, and many mechanical facilities and technical expertise
is present. Frysia can also use the positive publicity around the sustainable project. They have
received much critique in the past by environmental organisations and farmers because of soil
settlement due to salt mining. Furthermore, a substantial part of their production costsis energy:
amost 50%. Green and cheap energy that could be produced on site would therefore be an in-
teresting technique that can contribute to more positive communication (Mulder & Weewer,
2007).

Redstack applied for government funding and applied for the similar NEO support for which the
consortium around Kema had been rejected several times. Kema who had a lot of experience

8 Nuon again reported on Blue Energy to their customersin 2007 (Nuon, 2007).
49 Nuon wasinvolved in atidal wave project called The Archimedes Wave Swing. This project was abandoned after
the installation sunk at the Portugal coastline during initial trials.
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with these requests, assisted with the application. Eventually Redstack received the EOS-NEO
for membrane research and production in 2006 and secured their project for at least one year.
Three research institutes will conduct research on three different approaches of membrane de-
sign: Kema, EMI in Twente and the Ben Gurion University in Israel. Redstack also applied for
the new Innowator subsidy arrangement related to innovative water techniques. Innowator sup-
ports early pilot installations. Redstack applied for this grant to finance the pilot tests at Frysia
(or any other location). Again, Blue Energy was mentioned in the programme brochure (Stuur-
groep Watertechnologie, 2006a/b) and received a lot of attention. Prime Minister Balkenende
even mentioned this technique as promising (Euverink, 2007). However, their application was
rejected because the assessment comity did not believe this RED principle might work. The
same disbelief and unfamiliarity that had hindered Kema's subsidy applications for EOS sup-
port, slows down the further development of Blue Energy again, this time for Redstack. Besides
the unsuccessful attempts to receive additional government funding for trial and pilot-plant ac-
tivities, industrial applications and accompanying finance are being negotiated. The tests at Fry-
siawere expected to start in 2005 and have been delayed for more than ayear aready. There are
proposals for trials at Frysia, however, an actua start-up date, at the time of writing, was yet to
be announced (Mulder, 2007). No further action has been taken, because of this financial draw-
back. Another reason for the delay of the trials at Frysia is technical: the difficulty of building
an operationa installation has been underestimated. Redstack, however, is also working on
other locations for preliminary tests. Industries where salt residues are available benefit from
extra energy income and these forms of implementation become economically viable within
several years (Hack, 2007). Rijkswaterstaat, responsible for the Afdluitdijk, has high hopes for
Blue Energy. Through various routes they came in contact with Wetsus and Redstack. They also
conducted their own research on necessities and possibilities for the Afduitdijk in which Blue
Energy was discussed at great length (Witteveen+Bos, 2006). However, according to Rijkswa-
terstaat, they keep all options open: that is PRO, RED or any other technology (Regeling, 2007).

The developments at Wetsus have been prosperous. The ambition to become the European Cen-
tre of Excellence for sustainable water treatment has come a serious step closer.® Recently The
Dutch water technology industries have brought up 17,5 million Euro and EZ has reserved 35
million for TTIW. TTIW will be accommodated at Wetsus and according to Wetsus they will
eventually merge. The extra attention and financial means create more opportunities for re-
search at the institute and in the field of research in general. At the time of writing, Wetsusis so
popular that many organisations contact ‘them’, whereas the management actively had to ap-
proach stakeholders in the start-up phase of Wetsus three years earlier. Established (conserva-
tive in the eyes of Wetsus) companies in water technology and management that have domi-
nated the sector for more than a hundred years were rather sceptical about Wetsus and Blue En-
ergy (Boonstra, 2007). The situation at Wetsus concerning the content of scientific research on
Blue Energy is unclear. Recently the first scientific article was published in a specialised mem-
brane journal, making a comparison between RED and PRO. This article was meant to justify
the RED strategy and has been positively accepted in the membrane society. Technical devel-
opment, however, has not been reported so far. There have not been any tests that proved the
principle significantly for the suitability of electricity production. Wetsus' early expectations
were about a 200MW power plant at the afsluitdijk. However, the use of natural water incorpo-
rates many disadvantages (e.g. fouling, algae’s) and therefore initial applications are perceived
to appear at salt producing industries and industrial locations where uncontaminated sweet and
salt-water remnants are produced. Locations at river deltas (and especialy the afdluitdijk) are
mainly used for promotional purposes and perceived as far future possibilities. At the time of
writing, no power plant, pilot installation or demonstration project has started in the Netherlands
yét.

% Thiswas their ambition from the start (Wetsus, 2005 ; (http://www.wetsus.nl/).
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4.5.2 Analysing the Wetsus project

Similar interactions between Blue Energy and its context, as found in the first stage of this
socio-technical development mainly involving Kema and its consortium, can be identified in the
second development stage of Blue Energy in the Netherlands involving aso the newcomer
Wetsus. Context often influenced expectations that motivated actors to get involved in the de-
velopment. The availability of water management and treatment technologies in the Northern
region influenced the expectation that this could be a boost for the regional economy. This even-
tually led to the founding of Wetsus. The resulting expertise in Wetsus created expectations
about the possihilities for and with Blue Energy. In the context of their research for interesting
projects that could be an example for the Dutch innovativeness, the Innovationplatform created
expectations on the possihilities for the Netherlands. Frysia was enrolled in the Blue Energy
project because they expected this would reduce their electricity costs (economic factor) and
build up their image. These expectations were created in the context of high electricity costs and
critique on their business. Context also influenced strategies. The rejections for a government
allowance inspired the stakeholders to work on three different membrane approaches. This also
encouraged them to look for other financial opportunities, and they shifted to allowances for
water technologies. Available knowledge at Wetsus and the fact that research was already con-
ducted on PRO gave reasons for this research institute to focus on RED. Technica problems
later shifted their strategy from natural water to industrial clean water streams. The third point
was that context directly influenced situations or actions (mainly institutional). Network proper-
ties and persona capabilities created possibilities for starting Wetsus, attracting finances and
involving stakeholders and also the availability of funding programmes that suited their research
can be seen as institutional factors within context.

Another point that was made in the previous analysis was that actors and particularly their posi-
tion are part of context aswell. In the second stage of the development, this element has become
very clear. The stakeholders that were attracted occupy highly influential positions at middle-
range companies, which provided them with a sort of ‘ carte blanche’. Either they are the general
manager of the company involved, or are highly placed and have a long history in their com-
pany and good understanding with their management. This makes decision making fast, simple
and less bureaucratic and these actors can therefore be seen as an important contextual factor
(actors capabilities) generating possibilities for the project. They are in a way ‘champions’ for
this radical technology. The actor’s position also comprised another form of context. The actors
that started Wetsus had an enormous personal network containing influential and capable actors
to their disposal. In this context, stakeholders and therefore also financial means and support
were easily attracted. The stakeholders already knew each other from previous jobs and pro-
jects, which had created trust and support. This actors’ capacity has been an important contex-
tual factor for the start up of both Wetsus and Redstack. The final point concerning actors is
their motivation. In both cases, the personal motivation of stakeholders in the project has been
crucial. Efforts to get the project off the ground, to convince and involve stakeholders, and to
acquire external finances, would probably have been weakened after all the disappointments.
Kema as well as Wetsus/Redstack underwent difficulties to get governmental support. And es-
pecially at Kema, employees have been working on the project in their spare time. But also ac-
torsinvolved in Wetsus and Redstack have invested a lot of their spare time in the project. This
factor has been difficult to point out in the case description and is based on my personal feeling
about their involvement. In many interviews | found that the ideas of getting energy out of wa
ter, and the fact that the world is obviously unfamiliar with this technique, have contributed to
their enthusiasm. This once-in-a-lifetime opportunity and in particular at Wetsus and Redstack
the fact that they were working together with a group that they trusted and saw opportunities
with, encouraged them to proceed with the project.
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4.6 Comparing the projects

Blue Energy is arenewable energy technology that received renewed attention several years ago
in the Netherlands. Kema was the first Dutch company to get involved in this renewable energy
technology. Together with two other stakeholders, a consortium around Kema started a project
on the development of an alternative membrane production method to apply for Blue Energy.
The consortium struggled for attention, support and financial means ever since. At first, the pro-
ject did not receive alot of support and the consortium invested a lot of effort to get the project
financed and attract more stakeholders. They eventually received a one-year government sub-
sidy in 2003. However, after a successful year, they did not receive any follow-up allowances.
From that moment onwards the consortium has been inactive and only at Kema severa actors
have been trying to keep the project running in their spare time. Recently Kema has been con-
tracted to develop the alternative membranes for Blue Energy and other applications. Mean-
while, the overall development of Blue energy in the Netherlands continued at another research
Institute. Wetsus had started research on Blue Energy in 2004, together with several industrial
and academic partners. At the moment, Wetsus has three researchers working full-time on the
project, a spin-off company has been founded to commercialise the outcomes, and the project
has been picked up and is championed by many (semi-) governmental organisations and spokes-
persons.

The question is why Kema was rather unsuccessful in its attempts to further commercialise Blue
Energy, compared to Wetsus and Redstack who attracted a lot more attention, stakeholders and
financial means? When Wetsus entered the scene, Kema already worked on the project for four
years and had the advantage of being a prime mover. Furthermore, both developments took
place in the Netherlands, which would imply that the influence of national factors has been
equal for both projects. So, what has been the reason for the difference between the two pro-
jects? Looking at the overall development, and especially at moments when the project at Kema
was hindered, one could conclude that the Kema project suffered especially from government
subsidy programmes. However, whilst Kema struggled for financial government support ever
since it tried to develop the alternative membrane technology, Wetsus got its research secured
for at least four years through a direct lump sum government allowance.

In this chapter | try to show that the development was more complicated than merely afinancial
issue. The strategy, structure and involvement in both projects have been different, and therefore
| focused on the context around the socio-technological development at both projects to analyse
situations that hindered or stimulated the development in more detail. By pointing out situations
that spurred or moulded the development, | have identified contextual factors that have been in-
fluential. In the previous chapter | have elaborated on the type and influence of these factors and
compared these with insights from innovation studies. In this section | will compare the contex-
tual factors of the two projects, which | will refer to as the Kema project and the Wetsus project.
Crucial moments in both developments have been centred on convincing other actors, the en-
rolment of stakeholders and securing the project financially. | will elaborate on these three situa-
tions or activities and point out the crucial contextual factors herein.

Attracting attention, stakeholders and financial means

One of the most important activities in the Blue Energy development has been and still is. con-
vincing other actors. This is always a crucia activity when radical novelties are being devel-
oped: either within the firm, when different management layers have to be convinced, or outside
the firm, when the technology is placed on the market, or when other stakeholders must be en-
rolled to further employ the technology. Both Blue Energy projects, however, were started in a
fairly new setting. The initial project was not started within a company that has experience in
working out radical innovations as a strategic activity. Kema started a consortium in which they
were responsible for the scientific research and together the three parties took care of the project
management: taking strategically decisions but also securing financial needs, enrolling stake-
holders, familiarise and convince others. At Wetsus the project was managed in a more organ-
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ised structure, in which PhD students conduct research and a separate management takes care of
the socia and financial business. However, in this case, the institute had just started and the pro-
jects success was heavily based on external inputs, stakeholders, and financial means. What be-
comes clear is that both projects were heavily dependent on convincing other actors, enrolling
stakeholders, and attracting financial means. It is aso important to understand that these three
activities are interrelated. Kema had the disadvantage of the unfamiliarity with the technique
during the first years and has done most of the preliminary work in trying to convince more ac-
tors for the possibility to gain energy out of water. The unfamiliarity of the RED technology led
to rather critical reactions from scientific, governmental and industrial organisations. However,
in 2004, when both parties were working on the project, attended workshops and congresses,
and when both had built a demonstration installation, Wetsus managed to do better. This can be
related to two important contextual factors: the availability of a persona network and the ca-
pacities and capabilities of the actorsinvolved.

Network properties, actor’s capabilities and capacities

Kema underwent many difficulties in enrolling partners. They eventualy attracted two compa-
nies from very different sectors. The management within VolkerWessels was not fully con-
vinced from the beginning, and the resulting consortium was not very stable. After several set-
backs, and especially when they did not receive follow-up governmental finances for Blue En-
ergy despite positive reactions, Kema had to continue the project on their own. Wetsus on the
other hand had secured their research with lump sum grants and industrial capital. The man-
agement and many of the participants in Wetsus already knew each other from their previous
collaboration in the water sector, and more specific, most of them had worked for Pagues B.V.
Also previous employees of Paques and other ‘friends in the business’ now participate. Most of
the industrial partners have been working in the same region and sector (water management and
techniques) for decades and because these actors knew each other for along period they trusted
and supported each other. Most of the actors could therefore be approached informally and con-
vincing them to join the institute has been easy. Thisisaso valid for relations with the scientific
community. Actors within the management of Wetsus also occupy positions at involved univer-
sities, where relations with other scientists brought them into contact with a larger network. The
scientists as well as the industrialists also worked with governmental organisations for years and
as mentioned, political actors at all levels have been active in the founding of Wetsus. Besides
these network advantages, the actors involved also occupy important positions in their organisa-
tion, which provided them with a sort of ‘carte blanche' in decision-making. They occupy
highly influential positions at middle-range companies, either are the general manager, or are
highly placed and have along history in their company and good understanding with their man-
agement. These actors' capabilities made decision making fast, smple and less bureaucratic,
and also their capacities have been an influential factor: the personal network they have had at
their disposal, the position in their company which provided them with a‘carte blanche’, as well
as the financial capacities of these organisations. To participate in Wetsus and Redstack means
investing large amounts of money in a radical project for which pay back is very uncertain.
Kema for example did not have the financial means to join the research institute. The founding
of and participation in Wetsus and Redstack did not need a lot of bureaucratic and formal ar-
rangements but could be initiated by actors that trusted each other and were enthusiastic to start
aproject together.>

In this analysis, | focused on the micro level of development, but of course the fact that Wetsus
had received alot of attention and government funding (which takes place at the meso level of
development) has been crucia for the enrolment of other actors. Blue Energy gained momentum
when Wetsus got involved, actors had to participate or otherwise miss an important opportunity

51 | would like to point out that the personal relations can also have a negative influence on the project. One of the
committee members for example was also involved in an organisation that competed with Wetsus for the accom-
modation of TTIW, which could have had an influence on the rejection of subsidy application. Many respondents
from within the Blue Energy development therefore mentioned these personal relations between actors and organi-
sations both as hindering as well as stimulating.
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and local and regional governments had invested a lot of money, time and effort in Wetsus.
Therefore Wetsus, and all the attention it attracted, has been the most important factor for the
difference, between the Blue Energy project at Kema and Wetsus. However, as became clear in
the case description, the Blue Energy stakeholders at Wetsus had a stronger and more influential
network at their disposal, which consisted of actors with capacities and capabilities that have
been crucial for further development. The difference cannot be explained by the persona dedi-
cation of the actors; in both projects, most of the stakeholders have spent their spare time in the
project and fulfilled important network functions as a ‘ spokesperson or champion’.

Srategy

Another important factor explaining the difference has been the strategy followed in both pro-
jects. Wetsus and Redstack developed in the context of attention for energy, membranes and
water, whereas Kema only exploited the attention for energy. Kema has been working in the en-
ergy sector for decades, and has a separate department for sustainable energy research. Volker-
Wessels and Flexoplast on the other hand, come from different sectors, and did not have any
connection with energy. Wetsus however, received alot of attention from industrial partners, in
the context of water management and techniques and, energy has always been an interesting
supplement. Moreover, both organisations also worked on the membrane aspect for which they
had the knowledge available.*

Alignment

In al the situations and activities that | have described above, another important aspect of con-
text has become clear: the alignment with its context. In order to apply for a government sub-
sidy, the project has to fit or match certain criteria. The same can be said about the involvement
of stakeholders: they were easily involved when the project suited their strategy and fitted in
their line of business; when it created possibilities related to their core business; or when knowl-
edge was aready available on this topic. Kema, VolkerWessels and Flexoplast did not have a
lot in common. Their company structure, size and strategy was different, their expertise and
available knowledge did not correspond, and they operated in different sectors. Whereas the
stakeholders involved in Wetsus mostly came from the same sector and industry, the stake-
holders that had started Redstack were all middle range companies, and their knowledge that
will attribute to the development shows overlap. Probably the most important aspect of align-
ment in this early stage of development has also been the alignment of their visions and expecta-
tions.

Alignment of their visions and expectations

Kema expected to provide their specialised research for proving the principle and assist in de-
veloping the first power plant. Revenues would result from selling patents and taking care of
future research, quality control, advice and the inspection of constructions. VolkerWessels
joined the consortium because they could use this technique as an alternative spouting possibil-
ity and they expected to construct the installation. Velsen Flexoplast, producer of plastic bags,
was only attracted for the mechanical facilities (instead of contemporary manual production) to
produce large quantities of polyethylene (main ingredient for the aternative membrane) and
eventually this would imply new business opportunities for them. From this view, each com-
pany had an input that was complementary. However, they were not interested in the same func-
tionality of Blue Energy. VolkerWessels was not interested in electricity, but in an alternative
(cheaper and innovative) method for the displacement of water. For them, it did not matter
whether the installation was based on osmosis or reversed electrolysis. Kema on the other hand
had acquired patents for the alternative ion-permeable membrane (suitable for RED) and fore-
saw possibilities to develop knowledge on an interesting new field of research. Knowledge and
expertise is their main product for consultancy purposes and this project could extend their ex-
pertise and provide more work. The technique discovered by Kemato electrically modify plas-
tics is also suitable for desalination purposes, fuel cells and super conductors (Kema, 2005).

%2 |t should be mentioned that there is also a department working on bio fouling within Kema.
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Velsen Flexoplast could only facilitate the production of membranes and did not have any con-
nection with a Blue Energy installation. The alignment of expectations within the consortium
was not optimal and their interrelatedness not stable.

The stakeholders involved in Wetsus on the other hand, got involved in aresearch project on a
radical innovation, which could possibly become an interesting technology for them. Wetsus,
placed most of their time on the development of the installation, that means on the operation of
a power plant based on Blue Energy. They did not focus on one specific membrane, but used
contemporary (expensive) industrial membranes to build an installation and prove the function-
ality. The stakeholders that eventually saw possibilities for their business, as a constructor or a
deliverer of parts, started Redstack to commercialise this technique. Wetsus conducts further
research on the installation, and external institutes will eventually deliverer cheaper membranes.
Besides the different strategy, the project was constantly aligned with the interests and expecta-
tions of the stakeholders and had many starting points to connect to. If another application of
this technique would have been more suitable, they would probably have atered their strategy.
The vision by Kema was that they could produce economically interesting plastic membranes
that could be used for Blue Energy. Wetsus and later Redstack focus on the system design and
expect to deliver an economically viable power plant for which Wetsus conducts the research
and the companies participating in Redstack will deliver specialised parts. The consortium
around Kema did not make clear that their strategy was based on RED, and for the application
of a power plant or spouting alternative. PRO is interesting as a spouting alternative for which
electricity production is an additional benefit. RED on the other hand is meant as a power plant
and because of the necessary water management also displaces water. Osmosis and RED need
different types of membranes. Kema worked on RED whereas VolkerWessels has patents for
the osmotic spouting alternative. Participants in Wetsus and Redstack on the other hand share
similar and clearer visions. They al contribute to the vision of a RED power plant for which
they deliver their expertise and crucial partsfor thisinstallation.

What can be learned from these early experiences in the Dutch Blue Energy development is that
there is a big difference between the initial project started by the consortium around Kema and
the latter development at Wetsus and Redstack; The alignment of visions and expectations and
also network possibilities have been crucial in this development. The main conclusions have
been summarised in Table 4.1. In the next chapter | will elaborate on the outcome of the case for
the notion of context, and the role context could play in the analysis of radical innovation pro-
jects. The remaining section of this chapter discusses some issues related to the case that de-
serve more attention.

Table4.1 Alignment and network properties in both projects on Blue Energy

Kema Wetsus/Redstack
Personal network +/- +
Stakeholder involvement - +
Capacities and capabilities of actors - +
Knowledge available +- +
Dedication and enthusiasm stakeholders + +
Government attention + +
Alignment - +
Alignment expectations and visions - +
Alignment core business - +
Alignment of knowledge - +
Government attention +/- +

+
-

Government support (financially) -
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4.7 Food for future thoughts

This empirica case has given insight in the complexity of financial support programs and can
serve as a good example of how expectations become requirements. In this section, | conclude
with some issues that | think should be taken into account by the parties involved in further de-
veloping the Blue Energy technology.

Financial support

The complex and opaque public financial support system was of great influence in the develop-
ment of Blue Energy. After the struggle in stage one to familiarise the Dutch innovative system
with Blue Energy, the project became popular and was frequently put forward as a promising
development for The Netherlands. SenterNovem, the Innovationplatform, governmental
spokespersons and many highly influential actors have supported the vision of a promising re-
newable energy aternative. However, both Kema as well as Redstack have struggled to get pub-
lic financial support. In the beginning Blue Energy did not fall under the strategically chosen
paths in subsidy programs to stimulate sustainable electricity projects. Later, when also water
related subsidiary support programs were available, the project got rejected again. In both cases,
the responsible organisations were in favour of the project and Blue Energy appeared in official
governmental publications concerning strategically projects. Kema, Redstack and Wetsus have
al been present at meetings and have been cited in publications. The comities that should ap-
prove the projects, however, rejected the project because the principle could never work, or
could not become economically viable in the future. According to several actors involved in the
development, these comities consist of actor from established institutes and organisations. These
actors are usually pensioners or respected actors from within the field and more conservative
and related to established organisations. One of the committee members for example was aso
involved in an organisation that competed with Wetsus for the accommodation of TTIW. This
relates to an earlier point of personal relationships. According to SenterNovem, EZ is aware of
this problem. However, the project got rejected for NEO support because committee members
from the energy sector were not familiar with the principle and did not believe in its possibili-
ties. The same happened when Redstack applied for a water related subsidy. This time the
committee members existed of respected and established members from the water sector. The
project is delayed again, which will require alot of effort from the stakeholders to convince this
community. If the national government has the ambition to support radical innovations, they
better take lessons from developments such as Blue Energy. Many respondents have uttered
their disbelief on the development with government support programs and had experienced
similar situations before. Most of the respondents were therefore reluctant to invest in local in-
novations because they could not rely on government support. Another reason was that pro-
grammes change to often and that it is too difficult and strenuous for corporations to stay up-to-
date with the latest requirements. Furthermore, applications usually take several months to get
approved or not. When companies decide to invest in a project, they get the rejection for gov-
ernment allowance much later, and are faced with high investments that cannot be retraced. A
final point that has been made about investing in projects is the main bottleneck experienced by
many respondents, which seems to lie at the implementation phase. Governments support re-
search on radical innovations, but companies especialy need externa finances to employ the
project for which substantial investments are necessary. Kemp et al. also acknowledged this
point of high barriers for newcomers (Kemp, 1998: 180). Without government funding for mar-
keting, small companies do not prevail. The government used to finance these projects a decade
ago but has only recently been active in trying to get a similar support programme off the
ground. It is obviously very difficulty to install a satisfying system.

Promises become requirements

The Blue Energy development is a good case to show how expectations turn into requirements
(Van Lente, 1993: promise-requirement cycle). The initial expectation of the 200 MW power
plant at the afdluitdijk has travelled from Kema, to Wetsus and eventually Redstack. It con-
vinced and enrolled many (industrial as well as governmental) actors, and set requirements for
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the future installation. Wetsus attracted enormous amounts of funding for scientific research
completely based on expectations (Wetsus as a whole, not only for Blue Energy). Besides a sci-
entific article, and three patents they haven’t produced energy yet. Kema and Redstack have had
more struggles to get public finance for actual specific installations, but eventualy did. The
prospect of an alternative energy technology, the reduction of CO, emissions, the availability of
(weather independent) supply, low cost spouting possibilities and the symbolic meaning of gain-
ing energy out of water have led to the expectation of a power plant running on river and sea
water. This requires cheaper membranes and the afsluitdijk functioned as the flag on the hori-
zon, to which every participant and researcher lives up to. The requirements therefore became:
develop efficient cheap membranes (for less than one euro/mmz2), a 200MW power plant on the
afsluitdijk, and electricity production for 0.05 cents per kWh (to compete with fossil fuels).
Wetsus is expected to conduct the research and develop the pilot installations together with
Redstack who will lead the project and deliver the parts.

Popularity

Another point | wish to make is about the popularity of Blue Energy. According to many re-
spondents, politicians were searching for a project to dwell around with. The attention Blue En-
ergy received in the second phase of the development can be attributed to the ‘hype’ around
Wetsus. Wetsus is hot and opens doors for funding, participants, etc. (van Riet, 2007). Factors,
such as the national interest for innovation, the underdevelopment of Friesland, the attention for
water and membranes have al attributed to the successful start-up of Wetsus. Wetsus attracted
more stakeholders and increased the expectations about the research institute. However, if re-
sults fail and nothing is proven within several years, this dream might fall into peaces and might
even be a serious threat to Wetsus as a whole. It is important to understand that the develop-
ments at Wetsus and the attention it attracts do not only involve the Blue Energy development.
Many stakeholders and media attention is directed towards other themes at Wetsus. However,
Blue Energy has been one of the main attractors for Wetsus, because Blue Energy is one of the
first projects and Redstack the first spin-off.>

Made in Holland

The development of Blue Energy could have been much further if Kema and Wetsus would
have worked together from the start. 1 did not mention why the parties did not work together
from the start because it was difficult to make the situation clear. Respondents have been reluc-
tant to discuss the situation, although several diverse reasons have been mentioned. The main
reason is that the relation and trust between Wetsus and Kema has been very bad from the start.
This relation was worsened, during negotiations to attract an important stakeholder. At this
moment Kema is working together with Redstack but is not involved in the research at Wetsus
and could not share their knowledge on the project. Respondents have mentioned that this
probably has delayed the project and had its effect on the reluctance from government support
programs. | also noticed from the references in official government brochures, that it was not
always clear to them who were working on the project and especially in the beginning both
Kema as well as Wetsus could be found at workshops and meetings. According to some of the
insiders, it is a missed chance for an interesting project that could be an excellent example of a
typical Dutch innovation: ‘made in Holland'.

RED versus PRO

The research on salinity power has been divided into two groups: those conducting research on
the indirect electricity conversion method PRO, and those who expected more from RED: direct
electricity conversion. In both processes, membrane costs were seen as an important barrier for
this technology to evolve in competition with conventional electricity production methods. The
ten times lower price for osmotic membranes, could have been the reason why this technigue
has received more attention. Recently, scholars have compared both methods and concluded that
each technique has its own field of application. ‘ Pressure-retarded osmosis seems to be more

%% Probably also because of the symbolic meaning: gaining energy out of water.
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attractive for power generation using concentrated saline brines....reverse electro dialysis seems
to be more attractive for power generation using seawater and river water’ (Post et al., 2007).
This means that Wetsus and Redstack eventually have to work on natural water, or otherwise
lose the race on salinity power in the future against the osmotic variant.

52 ECN-E--07-054



5.  Answering my research questions and conclusions on the role
of context

5.1 Introduction

Chapter two has shown that technologies do not develop linear from research and devel opment
to market introduction. Demonstration phases for example are often negotiated during periods
of research, when outcomes of the technology are not evident. This makes socio-technological
development complex and unpredictable. Especialy in early stages of development the project
and technology can shift to different directions, sectors, public etc. However, when technologies
become more and more embedded, they are hard to change or alter in more preferable direc-
tions. Scholars in technology dynamics have referred to this as Lock-In or the “technology
gained momentum” and “continues its own trgectory”. In this phase the technology seems to
follow a deterministic development, almost as if the technology developed logicaly into the
best option. However, a technology is not developing autonomously but is linked to its context
and therefore complex and inherently unpredictable, which means that technology should be
appropriate for time and place. The context surrounding technological developments consists of
heterogeneous actors and factors maintaining a network. Technological, scientific, economic,
political and cultural circumstances and considerations form a seamless web. Technological de-
velopment is a socia process and the technology is in constant interaction with its context.

In chapter two this complexity and unpredictability of socio-technological developments has
been discussed. To identify contextual factors in the development is a difficult task, mainly be-
cause stages in the development do not follow each other in alogical order and therefore seeds
for all stages are aready presentsin early developments. In chapter three, | therefore elaborated
on the prablem of how to identify context and concluded that focussing on specific events that
stimulated or hindered the development can best identify contextual factors. In the former chap-
ter, | have answered one of my research questions addressed in the introduction: how and why
did Blue Energy develop more successful at Wetsus than at Kema. | introduced a methodol ogy
based on the notion of context to investigate and understand the different development of the
same technology in two different project groups. In the introduction | formulated my question
guiding my research as follows: What is the role of context in the development of Blue Energy?
In order to answer this question, | divided the main research question into two sub questions:
what is considered as context in literature on innovations? And what factors are discernible in
context? In the following sections | will elaborate on these questions in order to draw some gen-
eral conclusions. Section 5.2 discusses the role of context on radical innovations. In 5.3 | elabo-
rate on the problems that | encountered when trying to analyse and categorise the role of context
and in 5.4 | introduce new concepts in order to understand the role of context. This chapter will
conclude with discussing several issues related to studying the role of context.

5.2 The role of context in the development of radical innovations

In Chapter 2 | elaborated on the role of context in different approaches on technological devel-
opment. The ambition wasto (1) identify general assumptions about the context of technologies;
(2) find tools that would help to identify factors that comprise context; and (3) propose away to
categorise these factors. In the analysis of the Blue Energy case, | have already discussed sev-
eral concepts that are often used in innovation studies. The kind of context for example, such as
an economical (high membrane price), government policy (support specific technologies), infra-
structural (core business at Kema but also the availability of government support programs),
regulatory (formal rejection of application), technological (membrane specifications lead to dis-
tinct technology), can be related to the factors that Kemp et a. (1998) refer to. In this perspec-
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tive, the actors’ influence is understood as cultural and psychological factors: motivation, strat-
egy, dominant way of thinking, belief system or paradigm. The multilevel perspective on the
other hand, makes a distinction in micro, meso and macro levels of context. Climate change is
an external macro (landscape) factor, formal rejection of application is a meso (regime) factor
and actor and network capabilities are seen as micro (niche) level factors. However, | was not
only interested in the kind of context to analyse socio-technical developments, but especially in
the influence that it has on the development. | therefore elaborated on how technologies develop
and on the working of technological development. | found the distinction by Geels (2004) in st-
systems, actors and rules suitable for this purpose and subsequently accepted this analytic dis-
tinction in order to categorise contextual factors and explain how it influenced the development.
In early stage radical developments however, expectations are often involved that cannot be
categorised as rules yet. These expectations differ between actors, but have a strong influence
on their motivation. | have included this as a separate factor to categorise context. This categori-
sation is shown in Table 5.1 founded by an example of the property and influence of each fac-
tor.

Table5.1 The properties and influences of context

Context Example Property Influence
Expectations Business opportunity, Psychological element Motivate actors to get
aternative spouting involved in the project
possibility
Rules Specific categoriesin Socially accepted or Hinders or stimulates
subsidy program ingtitutionalised elements  actions
Actors Stakeholdersin Wetsus:  Elements that contain Make decisions, attract
network, influential agency, motivation, and  other elements
position, possess capabilities and
capacities
ST systems  Availability of salt Technological, Make the development
streams, alternative infrastructural, possible
membranes or finances  geographical elementsin
the development

Not yet formalised expectations are psychological elements that motivate actors to get involved
in the project. The expectation of a business opportunity or enhancement of their image, for ex-
ample, got actors involved in the Blue Energy development. Rules on the other hand are socially
accepted or ingtitutionalised elements that directly hinder or stimulate the development. The
formality of specific categoriesin subsidy programs, resulted in the rejection of the Blue Energy
application, even though the agency, responsible for these programs, was in favour of the devel-
opment. Actors are elements that contain agency and do something. Actors make decisions to
join the project, reject the application or to enrol another actor. Their motivation, capability and
capacity are therefore an important element of this contextual factor. The last category is st-
systems, which comprises all the more material, technological, infrastructural and geographical
elements that are present in the context of the development: for example the availability of salt
streams, alternative membranes or finances. Unfortunately, the influence of context is more
complicated than this. The case also shows the influence of context on strategies. Often, expec-
tations have had their influence on the strategies of actors and expectations are always built up
around another contextual factor. Also formal rules (the rejection of applications), st-systems
(availability of a specific membrane) and other actors have strongly influenced actors' strate-
gies. The same can be said about expectations, which are also influenced by actors, st-systems,
formal rules and other expectations. Context is therefore more complex to describe than in the
above categories provided by Geels and most of the literature on technological development. |
further elaborate on this point in the next section.
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5.3 Problems when analysing the role of context

In chapter four, the role and influence of context has been discussed. The Blue Energy devel-
opment served as an interesting case to identify contextual factors influencing radical innova
tions. During this analysis on context in the Blue Energy socio-technical development, | ran into
several important difficulties. The main problem was the complexity of context and the diffi-
culty of generalising, categorising or drawing conclusions on context. This complexity is related
to several aspectsthat | discussin the sections below.

Interaction context and socio- technical development.

Context obviously has an influence on a socio-technical development. However, when context
has an influence on a situation or action, this situation in turn also influences its context: context
and innovation therefore co-evolve. The deficiency of financial means for example, influenced
actors to enrol new stakeholders and attract government funding. Moreover, it also created the
need for a re-evaluation of the subsidy program and strategic themes (EOS). Subsequently, fi-
nancial means became available and the actors' strategies changed again. The notion of time is
therefore crucial in understanding context and it also makes clear that it is difficult to argue that
context influences the development or that the development influences context. This is rather a
matter of the interaction between context and the socio-technical development. Context and the
socio- technological development are constantly in interaction and this is therefore often re-
ferred to as co-evolvement in which both elements are in constant flux.

| have mentioned several times already that the complexity of the interaction between the socio-
technological development and its context has made it is very difficult to analyse the role of
context. It was particularly difficult to categorise context at a higher level of aggregation. What
do we consider as context, or better what element of this context do we point out: the actor, the
network, the belief system in the network, the expectation that the actor or network has or the
external factor responsible for the expectation... in other words where to look and where to
make a division has been my main struggle in the analysis. | have therefore decided to mainly
focus on the influence of context on the innovation, taking context to be more static for a period
of time, and to a lesser extent focused on the co-evolution of context and innovation. In addi-
tion, when analysing context, you can go on indeterminably with demonstrating context behind
context. Every time you start with demonstrating the influence of an actor or factor, you find
that behind each actor and factor that directly influences the innovation another factor or actor is
influencing this actor or factor and thus indirectly influences the innovation.

Causality: The context of what?

Related to the last problem is another element | encountered during the analysis of the case: the
problem of causality and the unit of analysis. When | look at the Blue Energy development,
Wetsus has been an important contextual factor: Wetsus created attention, attracted stakeholders
and capital, attributed to the scientific and technical development, etc. However, when | ook at
Wetsus, Blue Energy has been an important contextual factor: it created expectations resulting
in attention and stakeholder involvement, convince people, functioned as a benchmark for
Wetsus, resulted in the first spin off, etc. It is therefore important to outline the research. What |
have been interested in was the interaction between the socio- technological development of
Blue Energy and its context.

| found out that no categorisation of context is easy to make. The conclusion of chapter four can
be understood as my struggle to get the analysis of context structured. Below is an attempt at
this structuring in which | introduce some facilitating concepts to cope with the complexity of
context.

ECN-E--07-054 55



5.4 Towards categorising context

Direct and indirect context.

| would first propose that there are roughly two forms of context: direct context and indirect
context. Direct context or first-line context is directly involved in the development. The avail-
ability of financial means, the capability of stakeholders, and the organisational setting all have
had a direct influence on the development and can be seen as context. Indirect context, or sec-
ond line context, on the other hand influences a first-line contextual element. Water is hot (lots
of money available for water technologies) and the societal need for alternative energy sources
created expectations about commercial possibilities or business opportunities. These expecta
tions subsequently resulted in the founding of a spin-off company, which is the factor that had a
direct influence on the Blue Energy development. As mentioned earlier, the same indirect con-
textual factor can also influence other direct contextual factors. The initial factor (water is hot,
societal needs) also encouraged governments strategies resulting in the development of
new/suitable financial programmes. It is also possible that a direct contextual factor influence
another direct factor. The expectations about commercial possibilities or business opportunities
also enrolled new actors.

direct factor 2

i |

Indirect factor 1 — direct factor 1 — socio-technological developrre nt

direct factor 2

!

Indirect factor 1 D direct factor 1 —_— soclo-technological developrre nt

Indirect factor 1 — direct factor 1 — soclo-technological developrve it
A

|
Indirect factor 2

Indirect factor 1 — direct factor 1 e soclo-technological developrre it

Indirect factor 2 T

Figure 5.1 Theinfluence of direct and indirect contextual factors on socio-technical
developments

Figure 5.1 illustrates the relations between the socio-technological development and direct or
indirect contextual factors. This notion of context has consequences for any categorisation of
context, because these factors do not fit in a single category. As mentioned earlier, many schol-
ars use certain categorisations in factors; such as economical, social and infrastructure factors.
However, these factors are interrelated and are therefore difficult to be placed in specific catego-
ries. The same counts for theories that use the notion of levels, such as the Multi Level Perspec-
tive. At the niche level radical innovations take place in a specific context protected from the

56 ECN-E--07-054



dominant regime factors (meso level). Depending on the unit of analysis factors and actors are
placed in certain levels and posses certain properties. However, these actors as well as factors
are interrelated and can be active in both levels. These elements interact and usually exist in
more than one level and cannot be taken separate. Let me give a more elaborative example on
the notion of direct and indirect contextual factors (also see Table 5.2).

Table5.2 An exampleto illustrate the complexity of categorising context

Context Action Factors Levels Category (in) direct
Expensive Expectation of Economical Macro St system Indirect
membranes abusiness
opportunity
The expectations Motivate actor Psychological Micro Expectations Direct/indirect
of abusiness  togetinvolved
opportunity
Involved actor Appliedfora Socia Micro Actor Direct
funding
Organisational  No further Infrastructural/regulatory Meso ST system/  Direct
structure Kema project, unless (actor
external order capacity)
Kema Alter strategy  Economical Micro ST system/  Direct/indirect
organisation/no (actor
financial means capacity)

In the context of expensive membranes actors develop expectations on business opportunities.
Thisis an obvious economic contextual factor, which can aso be seen as a macro level factor in
the Multi Level Perspective and as an st-system element in the categorisation | used in chapter
four to analyse the case. However, these expectations did not change anything in the socio-
technical development of Blue Energy. It was the motivation of actors to get involved in the
project that can be seen as a change in the development, influenced by the expectations. There-
fore the economical context factor of expensive membranes can rather be seen as an indirect
factor, influencing a direct factor. To make it more complicated the actor that became involved
also functioned as an indirect factor on another factor namely the application for government
funding. These factors cannot be linked to certain levels because they interact on all levels with
avarying influence on the development.

Another important aspect of context became clear after the analysis of the Blue Energy case.
Especially the personal network and the actors’ capacity and capability have been crucial in the
difference between the two projects. But there was also another factor that made the difference:
alignment. The alignment of involved actors has made a crucia difference between the two pro-
jects and can also be related to the strategy chosen in the project. Again the problem of causality
is evident. Was it the strategy, the capability of the actors involved, the availability of the net-
work, or the suitability within the organisation that created alignment? Obviously, these factors
can be related to the internal competences, properties or internal context of the project. External
context to the project were the formal government support arrangements, government strategies,
availability of support programs and any other contextual factor that cannot be influenced di-
rectly by the management of the project. Besides the direct and indirect division proposed ear-
lier, | therefore propose an extra division between internal and external context. | have com-
bined these two conceptsin atwo by two matrix in Table 5.3 and filled in the elements that have
been crucial in the socio-technical development.
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Table5.3 Internal and external versus direct and indirect context
Direct Indirect

Internal  Stakeholder involvement, alignment core  Alignment expectations and visions,
business, knowledge, financial means dedication/enthusiasm stakehol ders,
available personal network, capacities and

capabilities of actors, knowledge available

External  Government support (financially) Government attention

5.5 To conclude

Two projects on a similar technique have developed in the Netherlands, however with a differ-
ent outcome. An important conclusion from this analysis has been that in the same external con-
text, the role of internal context has been crucia for the success of the project. When the two
projects are compared using Table 5.3, Wetsus did well in all four quadrants, whereas Kema
only succeeded minimally in the indirect-internal and direct-external categories. We can aso
see that the indirect-external quadrant is at such a great distance from the project that thisis out-
side the influence of the project management. The direct-internal quadrant on the other hand has
been crucia for the development and can be subscribed to the internal project competence.
However, in order to get actors involved and create alignment, actors have to be convinced ac-
tively. Expectations have been of great importance in this activity. In each and every situation,
expectations were involved. This is also due to the fact that situations depend on actors and ac-
tors' strategies, perception and mativation, which all depend on expectations. What became
clear was that diverse expectations exist around radical technological developments, because
network linkages are still weak and future prospects insecure. These expectations are used by
actors to convince others and are not always shared within the network around the technological
development. Van Lente (1993) has shown that these expectations henceforth advice engineers
in their search process, mobilise new actors in the network, are used to allocate funding, con-
vince politics or legitimise the project. It is crucial that these expectations become accepted by
more actors and taken up in agenda’ s and that it depends on the context around the expectation
(actor, influence) on the public that can be reached. Positive outcomes of developments lead to
positive expectations resulting in follow up research programs, related projects and a commu-
nity or network of involved actors. Geels & Raven refer to positive or negative developmentsin
the project as ‘upswings and ‘downswings . These upswings in the developments can be ex-
plained by expectations, when they link technology to a functional application and get support
from socia networks. However, when technological outcomes do not meet the expectations, this
factor might also form a serious threat to the development. ‘ Downswings' can evolve from out-
comes that do not meet the expectations, which leads to a backlash in expectations. When be-
liefs turn sour, networks fall apart and resources become reduced (Geels & Raven, 2006). In or-
der to enhance collaboration and coordination, strategic games are being played to reduce uncer-
tainty in the socio-technological development of (radical) novelties. Actors, networks and espe-
cially expectations are crucial in this aspect.

This research has shown that context is an important factor in technological development and
that this aspect is underexposed in innovation studies. Various scholars have mentioned context
and have shown the importance of context, but did not try to make the role of context explicitly
clear. The determinants of technological development vary over time and dace, between sys-
tems, categories of innovations, process and product, incremental and radical. Both variation as
well as selection takes place in context, and the choices made in the development depend on a
wide range of conditions: factors (personal, organisational, political, and economic, etc.), con-
tingencies (historical, local) and actors (competing strategies and perceptions) al play arolein
the development (Jamison & Rohracher, 2002: 7). An underexposed factor in this distinction is
the notion of expectations. Not (yet) institutionalised expectations are especialy important con-
textual factors around radical novelties because they mobilise and steer actors, allocate funding

58 ECN-E--07-054



etc. This resulted in my distinction between st-systems, actors, rules and a special category of
expectations to portray context. However, | have shown that context does not allow for categori-
sation in levels or factors, because these factors are interrelated which makes the notion of con-
text far more complex. Context is not only influencing the development but also vice versa and
we can therefore rather speak of the interaction between the socio- technological development
and its context. Another important conclusion is that each contextual factor has both positive as
well as negative influences on the development. The strong network between committee mem-
bers and established firms for example, had a negative effect on the Blue Energy development.

My analysis on the role of context in technological developments could be afruitful approach to
understand the success or failure of projects. However, what became clear is that context is very
complex and that in order to use this method; a very strict outline should be followed focusing
on one single aspect of technological development. Generalisations of results have been diffi-
cult, but the notion of the direct and indirect context and the influence of internal versus external
contextual factors could be a fruitful enhancement for innovation studies. The study also
showed the importance of micro sociological studies in the development of technologies. Ex-
pectations and network formations are underexposing in for example the Multilevel Perspective
and the Systems of Innovation. External landscape (macro) as well as regime factors are often
perceived as the most important trigger for technological breakthroughs. Usually, external or
landscape factors get the attention and are often treated as fatalistic factors. In the Blue Energy
development however, it became clear that network properties and the alignment within the pro-
ject have been crucial elements for the success of this development. Small-scale research on this
technique is only conducted at afew places worldwide and has revived again in the Netherlands.
Obviously, the global and national contexts have not been the main concern in this case; the re-
giona and local contexts have also contributed to the development at these specific locations.
Therefore attempts to influence this and similar developments into favourable directions should
not only focus on subsidiary programs and changing regulations, especialy internal properties
and the alignment in the project must be taken into account. Furthermore, expectations have
been crucial for the allocation of finances, convincing other actors and enrolling stakeholders.

In this thesis | wanted to make clear that context plays an important role in the development of
radical innovations. However, context changes and is embedded in extended parts of socid life.
A certain technology would follow a different development say ten years earlier and possibly
also one week earlier. A similar remark could be made about the location; could the same de-
velopment have taken place in a different country, region, sector or company? So what is the
point of quantifying or qualifying context? The importance of this paper is to show the influence
of context. That means we cannot pretend that technologies develop in a vacuum: it is important
to appreciate and recognise its context.
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Appendix A Examples of rules in different regimes (Geels, 2004

906)

Formal/regulative

Normative

Cognitive

Technological and product
regimes (research,
development production)

Science regimes

Policy regimes

Socio-cultural regimes
(socictal groups, media)

Users, markets and
distribution networks

Technical standards, product
specifications (e.g. emissions,
weight), functional
requirements (articulated by
customers or marketing
departments), accounting
rules to establish profitability
for R&D projects
(Christensen, 1997), expected
capital return rate for
investments, R&D subsidies.

Formal research programmes
(in research groups,
governments), professional
boundaries, rules for
government subsidies.
Administrative regulations
and procedures which
structure the legislative
process, formal regulations
of technology (e.g. safety
standards, emission norms),
subsidy programs,
procurement programis.
Rules which structure the
spread of information
production of cultural
symbols (e.g. media laws).
Construction of markets
through laws and rules
(Callon, 1998, 1999; Green,
1992; Spar, 2001): property
rights, product quality laws,
liability rules, market
subsidies, tax credits to
users, competition rules,
safety requirements.

Companies own sense of
itself (what company are
we? what business are we
in?), authority structures in
technical communities or
firms, testing procedures.

Review procedures for
publication, norms for
citation, academic values
and norms (Merton, 1973).

Policy goals, interaction
patterns between industry
and government (e.g.
corporatism), institutional
commitment to existing
systems (Walker, 2000), role
perceptions of government.

Cultural values in society or
sectors, ways in which users
interact with firms
(Lundvall, 1988).
Interlocking role
relationships between users
and firms, mutual
perceptions and expectations
(White, 1981, 1988:
Swedberg, 1994).

Search heuristics. routines,
exemplars) (Dosi, 1982:
Nelson and Winter, 1982),
guiding principles (Elzen

et al., 1990), expectations
(Van Lente. 1993: Van Lente
and Rip, 1998), technological
guideposts (Sahal, 1985),
technical problem agenda,
presumptive anomalies
(Constant, 1980), problem
solving strategies, technical
recipes. ‘user representations’
(Akrich, 1995), interpretative
flexibility and technological
frame (Bijker, 1995),
classifications (Bowker and
Star, 2000).

Paradigms (Kuhn, 1962),
exemplars, eriteria and
methods of knowledge
production.

Ideas about the effectiveness
of instruments, guiding
principles (e.g. liberalisation),
problem-agendas.

Symbolic meanings of
technologies, ideas about
impacts, cultural categories.

User practices, user
preferences, user competencies.
interpretation of functionalities
of technologies, beliefs about
the efficiency of (free)markets,
perceptions of what ‘the
market” wants (i.e. selection
criteria, user preferences).
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Appendix B Interview guide
PAST - PRESENT

Interviewee:
- WHO
- WHEN and HOW involved in the case (Kema, Wetsus, Redstack)

Expectations (initial):
- WHY involved in Blue Energy (reason/goal/strategy)
- WHAT were the expectations of the case
- WHICH advantageous for this actor(group)
- WHICH externa influences present (e.g. oil, water, Pagues, environmental problems or
opportunities, costs,
- WHAT was the outcome of the expectations

Occasions:

- WHICH occasions were experienced as constraining or stimulating to the devel opment?
(problems, controversies, disputes, changes, decisions. E.g.: project, founding of
Wetsus/Redstack, stakeholder meetings, patent or subsidy application, demonstration
project Harlingen, involvement innovation platform, afsluitdijk)

- WHY (reason, cause)

- WHERE were these decisions taken

- WHO was important in the decision and who else was involved?

Constraining or stimulating factors (general):
- WHAT was experienced as constraining or stimulating to the development?
- WHO was experienced as constraining or stimulating to the development?

PRESENT - FUTURE

Expectations:
- WHAT isyour expectation of the Blue Energy development (and your rolein it) (appli-
cation, size, location, etc.)
- WHEN do you expect the first commercial application (implementation)
- WHO will beinvolved (when do they become involved)
- WHAT does the market look like (external factors, problems)

Constraining or stimulating factors (general):

- WHAT constraining or stimulating factors to the development of Blue Energy do you
expect? (competition, subsidies, investors, external factors, oilprice, environmental
problems,

- WHAT arethefactorsin genera for (radical) aternative energy developments

Remarks/Questions

66 ECN-E--07-054



Appendix C Network configuration of stakeholders in the Blue
Energy development

Kompas
Government ’ gel’; l EFRO ‘ EZFES ‘ Leeuwarden - Senter Novern

SNN

Rijkswaterstaat

NUON

VolkerWessels

Frysia

Flexoplast

Industry

Hubert l Magneto I Landustrie

{Management) ’7 REDstack

WETSUS
(Ben Gurion
university)
Research TU Delft
TU Twente KEMA
Wageningen
UR
EMI Twente
Consultants IMSA Tetradon B.V.
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