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1 Introduction

Infrastructures such as telecommunication, elattricand railway have been
liberalized in the recent decades. This resultedaimous performance outcomes among
countries and sectors. Nowadays, there is a groworgern that these liberalization
efforts might have resulted in electricity networlasth insufficient incentives for
modernization. For example in the Netherlands, estsuntial number of components of
electricity networks date from the 1960s. Assumnaride time of approximately 40 to 50
years, there is a need for either replacementpgrades. In addition, the load of the
networks is growing annually with approximately 2¥he problem is not just Dutch or
European. A recent global survey of the utilitiester identified the most attributable
cause of security of energy supply issues: the tddkfrastructure investment and the
lack of capacity (PWC, 2003).

The modernization of the electricity network iseirdreted as the process of
bringing the technical network up to date, to givina modern character and adapting it
to modern needs and habit¥his means that any effort to change the ovegdirey
process of the electricity network by implementmgrenew technological artefacts is
considered a path of modernization. Concrete exasngte the replacement, expansion
and renovation of existing networks by implemewtatof new components and entirely

new systems. The part of modernization that we docn is technical change of the

1 See e.g. interview with Johan Smit in (NRC, 20@8p emphasises the urgency for modernization.

2 Others referring to the problem and possible laiclong term investments: Graves and Baker, 2008; v
Hirschhauseret al., 2004.

3 Modernisation of networks should be understoodragngineering concept and should not be confused
by similar nomenclature within different fields. Fexample, modernism is a cultural movement that
generally includes the progressive art and arctitec music, literature and design which emergethén
decades before 1914. It was a movement of artiglsdesigners who rebelled against late 19th century
academic and historicist traditions, and embrat¢edrtew economic, social and political aspects ef th
emerging modern world. In addition, the concept mddernization should not be confused with
modernization theories from sociology that havenbd®veloped and popularised in 1950s and 1960s
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network. What are the barriers and drivers of iratmn and adoption of new

technology? A glimpse of the answer may be obtathesgh a comparison before and

after the start of the sector reforms in 1989. tdeo to assess these hindering and

stimulating factors for modernization, we follow arstitutional and innovation theory

approach which focuses on the institutional anthrietogical change. We first present

the framework to analyze the modernization prooésetworks. Second, we explain the

logic of the different parts of the framework. Fetmore, we will illustrate the

framework with the Dutch electricity network. Inrmausion, we reflect on the results

and the framework itself and give suggestions diother research.

2 An analytical framework of network moder nization

The following section will explain the conceptstine analytical framework (see fig.

1).
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Figure 1. Analytical framework

2.1 Institutions

A useful framework for understanding the econoneitsstitutions is provided by

Williamson (1996 and 1998) and Groenewegen (200Bey make the distinction
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between informal institutions, formal institutionsnstitutional arrangements and
individual actors. The informal institutions ardated to the embeddedness of behaviour
of actors, like values, norms, traditions, and cost. These institutions are socially and
culturally inherited through many generations. Gjem this level is usually very slow.
The formal institutions are the formal rules of tgame. This level of analysis is
comprised of formal legal arrangements such adetha rules, like property rights and
the public organisations like bureaucracies. Thstitutional arrangements deal with the
governance and the play of the game. Analysing frima firm’'s perspective,
organisational and contractual arrangements nesdri@ the individual objectives of the
actors. The purpose of this new institutional ecoms is to explain the institutional
arrangements given the formal institutions andpifederences of individuals. Our current
research aims at explaining the process that eegula certain modernization actions
given certain institutional and technological satet environments and certain
preferences of individuals with regard to the impémtation and selection of a variety of
technologies. In the proposed framework the “ingthal selection environment
functions as a set of ‘signposts in innovative vaha, ‘selecting’ [...] the type and
direction of innovative paths in society.” (Ste@899: 93). This is closely linked with the
approach of the national systems of innovation jN®iich looks at technical change and
innovation processes from an institutional perspectt considers the institutional set-up
of an economic system as the constraints and ivesntor the barriers and drivers, for

innovative behaviour.



2.2 Network technology and service characteristics

The technology also serves as a selection envirohrfog modernization. We
distinguish between technical and service chanaties of technology similar to
Saviotti’'s (1996) twin characteristics framework.eVdssess the technological network
characteristics at different levels: artefactsuctre of the network and technological
regime. The first level is at the level of artefaand refers to the approach of complex
products and systems. The unit of analysis is tmaptex system of the electricity
network, which can be understood as a technicalaltRy, consisting of materials,
components, devices and subsystems. This view ktasrag focus on the artefacts itself.
Another approach is the network appro4dcBome concepts include central versus
distributed (coordination), density, planar versas-planar, number of cycles, isthmus
connections, types of network and directions ovloThe technological regime refers to
the distinction between embodied and disembodiethn@ogy. The technological
trajectories are the pathways of incremental teldgical innovation resulting in physical
hardware. Nelson and Winter (1982) explain the oence of these trajectories by
technological regimes, described as the cognitegimes that are shared by engineers
and designers in different companies. The techmesdork characteristics influence the
network service characteristics, which refer to fimectionality and performance of the
network.

The network service characteristics are dividedtanhnical performance and

economic performance. Technical performance referguality of electricity supply, a

4 For a good assessment of the structure of thetseories and their development, | refer to the nekwvor
typologies as proposed by scholars like Barab&i3pand Newman (2003).
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concept that is divided in dimensions of relialjfit power quality and commercial
quality (CIGRE, 1987, 1992)Economic performance refers to the productive razep
efficiency. Productive efficiency can be defineduasg the least amount of resources to
produce a given good or service or output is b@irogluced at the lowest possible unit
cost. The allocation efficiency refers to servalgcustomers that are willing to pay at

least the market price.

2.3 Actor

The main actor in the process of modernization ngteompany, is the executor of
modernization behaviour, deciding on particular esivnents with regard to
modernization. Another important actor is the sigspbf technical equipment. The
behaviour of the first actor is viewed in two phasé the modernization process: the
innovation phase, in which technical change istegaand the adoption phase, in which
an innovative technology is implemented by the aprator’ The supplier will only in
certain situations play a relevant role in the nmadmtion process.

Our approach taken is methodological interactionissasuming upward and
downward causation of institutions and the actorowkver, as we view the
modernization actions of the actor towards the @aysetwork, we will focus on the

influence of the institutions on the main actohestthan on the influence of the actor on

5 Adequacy is a measure of the ability of the possstem to supply the aggregate electric power and
energy requirements of the customers within componatings and voltage limits, taking into account
planned and unplanned outages of system comporetsirity is a measure of power system ability to
withstand sudden disturbances such as electri¢ shiouits or unanticipated losses of system corepts

or load conditions together with operating consiisai Another aspect of security is system integuitlyich

is the ability to maintain interconnected operagion

6 Some infrastructure scholars make a distincticwéen basic service and value added services.ifdte f
two dimensions refer to the basic service, thelttorthe value added services.

7 See e.g. Voss (1988).



the institutions. Next to the institutions, theads influenced by the technical network

characteristics in the decisions regarding modatiua.

24 Modernisation

Modernisation activities are related to making tregwork fulfill modern needs
based on the contextual view of network technolagya system in context. This view,
developed within the evolutionary economic literafuhelps to understand why certain
technological options are chosen by companiesigasons of which have to do with the
technologies in place, the adoption capabilitied #re mental models of industrialists
and nature of the regulations and market condit{&®snpet al., 2003). In evolutionary
economics, concepts from the biological evolutigrigeld are applied in the analysis of
the process of technical change (Metcalfe, 198@ariation and diversity of technology
exist because of deliberate or unintended innomafltne variety of technology enables
the selection mechanism. Through the selectionedafam innovations, the direction of
technical change is determined. The variety of wation is bound by th&echnol ogical
paradigm (Dosi, 1984). The direction of technical changdolwk a certain so-called
technological trajectory, or, “a cluster of possible technological dirensovhose outer
boundaries are defined by the nature of the pamadigelf” (Dosi, 1984: 154). This
introduces the main dichotomy of technical chargybatween incremental change and
radical or disruptive change often characteriseditbyimpact on existing markets or
businesses. Incremental innovation refers to atugwoary innovation, a step forward
along a technology trajectory with a high chanceswécess and low uncertainty about

outcomes. Radical innovation, on the other handolves larger steps in the

8 See e.g. Basalla (1998) for an empirical applicatof the evolutionary perspective using novelty,
diversity and selection as the main explanatorycepts.
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advancement of a technology or process. Using aatesoncepts from the evolutionary
economics, we distinguish these modernization astletween the phases related to the
previously used concepts of variation and selectiomovation and adoption. As we are
interested in the innovative elements introducedha network we will focus on these
two concepts and the barriers and drivers that mpeny these activities. Three

situations of the first phase, innovation, willdaborated (see fig. 2).

A B C

Net company | Net company | | Supplier | | Net company |<, ’| Supplier |

1 v v

Innovation Innovation

_______________ L T T T T T T T T T B T T T T T
\ 4 : \ 4 : A
Adoption Adoption Adoption

2 Addition Addition Addition
Substitution Substitution Substitution

Figure 2. Moder nisation actions

According to fig. 2, (A) is the situation in whi¢he net operator performs the role
as innovator, which can be regarded as a techngdadly In situation (B), the supplier
performs the role as innovator, often referred $oaatechnology push. In that case it
might also ne a driver to modernization. Situatj@) is a combination of both. In this
case the innovation is delivered as cooperatiowdxmt the net operator and the supplier.

The second phase is when the net operator adoptsi@vation by implementing it
into the network. A distinction can be made betwienaddition and the substitution of a
component, as is common among network operatorsstBution of a component is
described here as the dissolution of one compooktte electricity network and the
simultaneous deposition of another in its placeisThew is strongly related to

substitution approaches which understand technmbgransitions as a replacement



process in which new technology substitutes exgstimes (e.g. Nakenovi, 1986;
Grubler 1991, 1998 and Farell, 1993). This is tgfc referred to as competition.
“Substitution of a component,” according to Ge&805: 33) “may have wider cascade
dynamics in the entire artefact [the network]. Gfes1may thus cascade from lower to
higher levels in the technical hierarchy.” Howevaegcording to Pistorius and Utterback
(1997: 68), “there are many cases where technaagteract in a relationship that is not
confrontational and where the interaction betwesahrologies is therefore not one of
competition in the strict sense of the word.” Tisioften referred to as symbiosis or the
addition of components. This is the case whereteghbnologies have positive reciprocal
effects on one another's growth rat€he addition of components relates to the
emergence of technology rather than shifts from tesanology to another. Addition of
components and systems might be done to make shensynore redundant or to raise its

overall capacity.

25 Barriers

Barriers are related to every step in the modetiozgorocess as depicted in the
framework. An institutional barrier might be regiida that has perverse incentives with
regard to modernization. A barrier related to ratditechnological change can, for
example, be found in the need for extra investnrefgarning to install and maintain the
new technology. Risks form a distinctive barrier ttee modernization of networks.
Different ways of modernization are accompanieddidferent risks. Moreover, new
developments such as liberalisation of the secightminduce new risks. Morgan et al.

(2000) believe that it is infeasible to compare amdhk large numbers of risks



systematically. Hence, we will only assess the npyetminent risks that accompany

modernization.

2.6 Drivers

Drivers can be appointed to several phases in tiaytecal framework. For
example, in the institutional part, the politicagancy for a sound electricity supply can
be the driver for certain modernization changeateel to investments related to security
of supply. Also technological progress can be aeairio innovate. There are drivers that
demand a network change, such as the substantiatrpgon of distributed generation.
Note that a driver for a certain direction of chammgn be a barrier for another directfon.

3
4  Theeéelectricity sector in the Netherlands

The Dutch electricity sector provides a sound itason of the barriers and drivers
in the different phases of the modernization prec&ge adoption of the 1989 Electricity
Law was a major breakthrough in the liberalisatiwacess. A comparison between the
situation before and after this law would reveal thajor changes in the modernization of
this sector.

The empirical data is obtained by semi-structurgdrviews with Dutch electricity
network experts: five experts from the transmissietwork company, six experts of two
distribution companies, four experts of three emept suppliers and one experts from
the major research consultancy institute on elgttrinetwork equipment. All experts
have a long working experience in the sector, sonest at several network (related)

companies.

9 See Kiinneke (2003) for an overview of recent dsifer innovation.
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4.1 Prereformsdevelopments

In the Netherlands, before adoption of the 1989, lde energy sector used to be
very regional, taking care of their integrated oegil production and network facilities.
These companies were divided into provincial energypanies and municipal energy
companies. The provincial companies were richer #arder than the municipal
companies. Due to the financial situation of thevprcial energy companies there was a
lot of room for innovators. This institutional angement could (partly) explain their
informal attribute of innovativeness of net compganthat merged out of provincial
companies. The many different regional utilitiesmpanies were united in the
Samenwerkende Elektriciteits Produktiebedrijveneatral coordination organisation for
production and transport of electricity. Moreovienvas responsible for the construction
and maintenance of transmission lines.

During the 1960s and 1970s there has been a hyga&irn of the electricity grid.
Reliability was the main cultural attribute of thector. Therefore investments were done
to make the network more meshed. Moreover, thei® quite some overinvestment in
the sense that, there was anticipation on futuneasels in the construction of the grid.
The reliability paradigm made the sector somewblaictant to risky innovations. All the
interviewees agree on this. However, the histog/sfeown many innovative activities at
the component level, e.g. from oil pressured cahdeplastic cables, from mechanical
relays to electromagnetic ones to digital relayspmf pneumatic switches to

electromagnetic switches, etc.
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4.1.1 Innovation

Energy company innovation

Reliability was the informal institution to whichompanies adhered. The
innovations were partly driven by this. Moreovemadl scale innovations were easy to
initiate and to implement due to the easy discairthe costs of the innovation risks in
the network tariffs. The energy companies maimsnprised of engineers. The personal
interest of engineers in technology was a big drfee innovation. In general it was
found that most innovations started from persomstiatives of employees. These
uncoordinated activities led to many non standadli;anovations. The question is
whether this was beneficial economically overalexNto these informal innovation
activities, the electricity companies used to hiab®ratories in which they could do their
innovative research.

Supplier innovation

The situation right after the Second World War what of a sector in which
knowledge on innovation was low. There were only fautch suppliers and most of the
equipment was purchased from France. Gradually mumse national technology
companies emerged, such as suppliers of cablesvaitches, suppliers of transformers,
suppliers of converters, and a new testing andrification company. A more mature
national electricity sector came into being. Moreowthe energy companies and the
suppliers increased their cooperative efforts nbiration.

Joint innovation

The energy companies got accustomed to cooperatioh collective long-term

planning. The innovations were institutionalisedhe long term research assignment of
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the main national research institute on electriaitgl the energy companies. The energy
companies did not compete in this institutionatisgtso technological information was
freely distributed among actors. Looking at the madctors and the innovation process,
we see that innovation was often jointly perform®d the numerous small national
suppliers in cables, switches. Due to the relagiwrhall size of these suppliers, it was
easy to make these companies participate in infmvatrojects. Moreover, the small
sizes of the energy companies made it very easgstoinnovative products as approval
procedures were quick and informal. Another faetas that innovations were easy to
initiate and to implement due to unlimited discoohtrisks in the network tariffs. This
resulted in innovations, out of hobby instead afrexmic viability.

A barrier could be found in the contractual progedwf a joint effort. We see that
the tendering from the energy companies to thepageint suppliers were mostly on
technical specifications. This leaves no room éantjinnovations, but could be regarded
as merely a tender procedure of prescribed coromadtiechnology.

4.1.2 Adoption

A general barrier to adoption of new technologythe risk averseness and the
conservatism as part of the informal institutio@anventional technology is ‘proven
technology’, while new technology has a risk oflfes. Experience with a new
technology can be an important factor for adoptids.the companies were relatively
small it was easy to test the new technology. Pegimm was more easily granted by the
engineer in charge due to the informal links betwemployees in a small company. A
sound financial situation of the energy compang, provincial companies, gave extra

financial room for innovators to implement theinavations in the network. From the
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1960s on adoption of a certain technology was medldy provincial and municipal
regulation on electricity lines. This was a drifer innovation in direction of cables

technology.

4.2 Sincethe adoption of the 1989 L aw

The 1989 Electricity Law initiated a major changethe sector. This Law replaced
the internal planning mechanism with the marketmaesm, signalling a major change
in governance structures. It compelled a separatbrelectricity production and
distribution. Moreover, it created the energy disttion company (Verbong and Geels,
forthcoming). The Law also introduced market medsras on the supply side, as
electricity production by other actors became free.

In 1998 the Dutch adopted a new Electricity Law abhiextended the market
mechanism to the consumer side. This Law created aetors such as Tennet, the
national system operator responsible for maintgitine energy balance and for operating
the transmission grid. Tennet is regulated by thecb regulator. This regulator also
regulates the regional distribution company, ofcakhabout thirty exist. The role of the
regional distribution company is to transport tihergy from the transmission grid to the
consumers. It is connected to a single system tpemnd it does not have the
responsibility nor the authority of managing theemggy balance. This technical system
nowadays consists in total of approximately onedned thousand of substations and
hundreds of thousand kilometres of cable in netwookfiguration. The rules and
regulation for the net companies with regard taestments in the network is laid down
in the Netcode. In the first regulation period (Q@ED03) an x-factor was introduced, an

efficiency factor for as an incentive to cost affirccy that limited the discounting of
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network costs into the tariff. The imposed x-factwfr the regulator resulted in a
substantial downfall of investments. It has, howeweext to IT been a driver for

innovations with regard to asset management teolgres. Using these technologies is
much cheaper than replacement of assets. Due tax-faetor regulation so-called

services for retrofits emerged: replacement of ehécritical components that are at the
end of the life time and keeping the framework ¢htd his has been a trend of last eight
years. The second regulation period (2004-2006)qgtfector was introduced that took
into account the quality of the network. This ix@mpanied by a focus on innovations

related to quality and reliability.

421 Innovation

Net operator innovation

After the x-regulation, the focus shifted more tosgregulation on quality by
adding the g-factor in the regulation. This gawkige to innovation of quality measuring
and improving technology. The lack of cheap andpténproducts for monitoring power
quality etc. led to new innovations by smaller camps for cheaper equipment.
Installations have all been incrementally innovat®sards more functionality and more
advanced, lately by big international suppliers.wdwer, this made the costs of
investments also increase. This barrier to adoptas been a driver for innovation of a
cheaper alternative.

An important barrier for innovation can be foundoiganisation of the main actor:
the net company. First, may engineers have bedacexp by people with an economic
background. Second, the budget for innovation leoine a trade off with the annual

bonus of the chief executive officer. Third, theamsdholders of the company are

15



nowadays more interested in safe investments witeBhart payback period than
innovative and risky investments. Although thereaisendency to have an innovative
company profile, one interviewee responded thatimnddes not pay sufficient attention
to this innovative profile in order to be a factfnimportance.

A factor for the difference in innovation activieof network companies is also
explained by the time that employees are in theesgyh position. In one company
employees were already eight years in the samé@oaind they got so much acquainted
with a technology that they were able to innovatdlat. In case of continuous mergers
and job relocation, it is hard to fully understatin@ technology which is needed for
creative thought on it. Also a driver for innovatis the proximity to a research centre as
was seen as an explanatory variable of the inngefagiss of a certain net company.

Supplier innovation

The regulation on tendering procedures might hdanged the innovation budget
of suppliers. As cost efficiency due to the x-factas been the prime criterion for
granting projects by the net companies, the sufgphave been very much focussed on
keeping costs low and innovating more on the prodaocprocess of conventional
technology than on the invention of new products. $mall national companies the lack
of investments and criterion of net companies ostavas very hard. Many small
companies have either gone or have merged withniatienal companies. Next to the
mergers at the side of the suppliers there israltod mergers and acquisitions at the side
of energy companies. If we want these power blockscompete as postulated in
European Union law, more interconnections haveetbualt. Suppliers anticipate on this,

by innovations in that direction. Another driver ittnovation is the standardisation of
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equipment by international the suppliers, e.g. pheg and play electronics to every
device.

A barrier to consistent supplier innovation is thestuating regulation and subsidy
schemes for new distributed generation facilities a barrier to innovations of network
components required to connect for instance thel warks onto the network.

Joint innovation

Since the liberalisation there are national subsiclyemes especially for network
modernization and innovation. However, in gendralds said that the formal budget for
innovation decreased since liberalisation. Thishinige off set by the present innovations
that emerge from commercial projects. This is fet#éd by the tendency to to base the
specifications in a tender document on functiopahistead of technology. This leaves
room for joint innovations.

Much innovation used to be initiated by small nadéilosuppliers in cables, switches.
It was relatively easy for energy companies to imesmall suppliers in an innovation
project. It is much harder with big internationdige to the small scale of the potential
subsequent sales, especially when it concerns tamlard technology. The few small
national suppliers that are still left are somesmevolved in innovation projects to
counterbalance the big dependency on the supplysandce of the few international
suppliers. According to one interviewee, the extats of this strategic cooperation are

offset by its strategic value.

4.3 Adoption of technology
As already mentioned, the sector generally is awasge and historically driven

by the reliability paradigm. There are many exammphé net companies preferring to
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adopt conventional technology instead of innovatieehnology. The innovative

technology might be better or cheaper, but is podven’ technology. In other words,

“the incentives are to invest in established domirdesign technology over perceived
risky alternatives.” (Unruh, 2000: 825). Also enootiand routines still play a huge role
as barrier to adoption of new technology. An examid for instance the present
reluctance to adopt of DC cables instead of theli@nAC cables for high voltages.

An additional barrier could be the number of congrus to add or replace which
can make it a costly effort. First, there is a gaheeluctance to replace old equipment as
it is still more or less working properly. Althoughe new technology would for instance
safe energy, the old technology serves its purp&eond, the great number of
replaceable components can make it a costly efféoteover, there is the uncertainty of
using a new material, e.g. plastic for the usual diycle of forty years. Third, a barrier
can be the extra effort of attaining the technalagcapabilities to produce and operate
the new technology. For example, new machines tabe developed for the production
of the innovative equipment. It takes time andneag to make the innovative equipment
a cost efficient alternative. The high cost of atwpis even worse when there are only
expensive products for sale. In recent decadesllizsons from suppliers have all been
incrementally innovated towards more unnecessanctionality and advancement.
However, this made the costs per product very higis barrier to adoption has been a
driver for innovation of cheaper alternatives asowated in cooperation with small
national suppliers. It also was a driver for adoptiof an old but robust switching
technology, the Magnefix. However, this switch ntighe a barrier for newer

technologies as it is not very flexible in use xpa@nsion of functionalities.

10 pC: direct current; AC: alternating current.
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The focus on cost efficiency by the imposed x-faclso has been a driver for
adopting technology with regard to asset managemieoe to asset management
techniques, from liberalisation on the investmewere very low. The low voltage
network was very much meshed and radial operatefbr8 the reforms investments
were done based on experience and gut feeling.t®use of statistical methods and the
drive to be more cost efficient it was shown timabrder to the minimise costs and failure
minutes, the high voltage and low voltage can hepgeed lighter and the middle voltage
level should be equipped heavier, i.e. more meshed.

In the subsequent period the focus on quality driger for adoption of quality
measuring and improving technology. For adoptionestain innovative technologies net
operators preceded the actual institutional embedtmExamples are innovations with
regard to magnetic fields, such as innovative cabteinnovative electricity poles. A big
driver is to get a good public profile.

Hobbyism used to be a driver to innovation andssgbent adoption. Nowadays,
for adoption a business case has to be made whileeiearlier days it was more on gut
feeling. Although this can be a barrier to innowatiit also makes sure that present
adoptions are economically viable. When therege@d business case for adoption of an
innovation, it will not be rejected on base of tpeling.

However, for radical change technical aspects @ptiesent network might prove to
be a barrier. For example, a new technology istiteent limiter. This device enables us
to use lighter and cheaper electricity cables ag tto not require the cables to transport a

very high current in case of short circuit. Althbutihere are suppliers developing this,
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adoption might be difficult. First of all, it wilhot work with current safety devices.
Moreover, it requires the operations to be changddally.

Taking a look at the development of the actor fitael can state that the big merged
net company can serve as barrier to adoption. Mastbption is preceded tests. For
testing it used to be easy to get approval fronr ybrect colleague. In a big company
serving a big network you have to get approval tigher level and more people have to
be informed.

A driver for adoption of new technology can be fdun the mergers of the private
energy companies. As these companies form incrglgding power zones and if we want
to adhere to the competition paradigm as postuletddéU law, more interconnections
have to be built. This is a driver for innovatiamaadoption in that direction.

5 Conclusion

In the Dutch electricity networks, innovation amdbption used to be more driven
by informal institutions and cooperative effortslthdugh interviewees described the
sector as very conservative, we have seen manyaitine efforts also before the start of
the reforms. We have seen that the informal insbig towards innovation are
historically driven and dependent on the criticass of innovating engineers within the
net company. The direction of innovation has mos#gn a result of personal interests of
innovators or as a big joint effort of companieawddays innovation and adoption is
more out of economic interest. This means thateairinnovations might be more
economically effective compared to previous innmrad. The present innovations
clearly follow the direction of the regulation. §lint was on cost efficiency, and then it

was on reliability. Many examples of both innovatimajectories were found. Moreover,
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regulation on underground cables and magnetic sieehd the emergence of
environmental groups are also triggers for inn@ratin a certain direction. These
barriers for investments proved to be drivers fesed management innovations, new
sensors, new cables and new electricity poles.

Due to the reliability paradigm and the intrinsicegticism to new technology
innovations are mostly adopted after thorough rigsgirocedures. However, tests in the
actual networks seem harder to arrange in the nggebcompanies than in the smaller
companies. It was seen that many of the curreraviaitions take place during actual
projects. We might see a shift of innovation froesearch and development projects to
innovations “on the project”, integrating the ination and adoption phase. A driver to
this could be the shift from technical specificagoto functional specifications in
tendering documents, leaving room for innovatione \Wso have seen that the EU
tendering regulation have been shifting the actigiof suppliers towards cost efficiency
instead of product innovation. It needs furthereesh to assess which of these
tendencies prevails.

Our analytical framework proved very helpful in mdiéying the barriers and drivers
of the modernization process. It served its purpwsehe factors relevant for the
innovation and adoption processes. The paper glédhbws a qualitative approach. The
number of interviews made it possible to check data have certain perspectives
confirmed. Therefore, we are convinced that thegmeed data is a good overview of the
barriers and drivers to modernization. However, thariers and drivers are not
exhaustive. Moreover, we do not yet have a good iofethe prevailing barriers and

drivers. In line with this, due to the limited nuerbof interviews, no ranking of
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importance of barriers and drivers could be dedillfrom the interview data. A
guantitative approach would be advisable to obtadome arguments for the prioritisation
of these barriers and drivers allowing policy makier focus on the most important ones
in order to stimulate modernization.
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