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Abstract

The Socrobust methodology has been designed iEuhgpean Socrobust project to assess the
potential for socio economic success of a particssh of projects defined as radical or architec-
tural innovations involving technological discontities and breakthrough products or services.
This type of innovation can in general not be madags continuous ‘conventional’ innova-
tions. In evaluation literature e.g. (Cooper, 2000ke core principles for the management of
architectural innovations are highlighted. These qurinciples are the need for anticipating the
future world, the need for consistency with thespré situation as so to define a development
path and the requirement of dynamic adaptatiormRitese core principles Socrobust has been
derived. This study reports the experiences with application of Socrobust to two possible
breakthrough innovations of the ECN unit Clean Fd3asels: micro combined heat and power
generators (micro-CHPs) and fuel cell vehicles.

The following aspects of the development of therm@zombined heat and power generator and

fuel cell vehicles R&D programmes have been asdedse means of the Socrobust

methodology:

e The developments in and around the R&D programméhen past and in the present
situation.

* The position of the critical actors for the pressgituation.

* The image of the future world on which technologvelopment is based: what does the
world look like when technology to be developed basn implemented on a large scale?

» The key changes that are needed to bring aboutiésised future world.

* The position of the R&D programme related to thsifian of possible alternatives.

¢ Actions that can be undertaken to strengthen tk#ipo of the R&D programme.

e Possible niches that could lead to the breakthradighe innovation.

The project had a double objective. The first ofbjec was to assess the technology
development in order to increase the chance ofesscof micro-CHPs and fuel cell vehicles
while the second objective was to improve and attepSocrobust methodology to the needs of
the ECN unit Policy Studies. This unit wants to 8serobust as a tool to effectively assess and
to improve the chance for technological breakthihoofyradical innovations.

Both technologies have undergone the Socrobusepsdwvice. The outcomes of the first round
have been evaluated and the Socrobust methodokagypden slightly adapted for the second
Socrobust round. The second round has been inteddiecimprove and adapt the Socrobust
methodology. The methodology applied in the two rBbast rounds and, to some extent,

merely with the aim to improve the methodology, tliecomes of these rounds are described in
this report. The detailed outcomes of the methaglolare described in two separate internal
ECN reports. The study ends with conclusions arainlag points concerning the double

application of Socrobust to both R&D programmes.
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SUMMARY

The Dutch Ministry of Environment and Spatial Plewgnstressed the need for a transition to-
wards a sustainable energy supply system in thehfddational Environmental Policy Plan
(NMP4). A transition is a gradual and lengthy psx€25-50 years) of change in which a sys-
tem changes fundamentally. The change concerngjeban various areas: technological and
institutional changes, changes in behaviour, caland intentions. The overall change encom-
passes changes in socio cultural, techno econoamcbénvironmental aspects.

Transitions often co-evolve with the breakthroudhseveral radical or architectural innova-
tions. These innovations challenge existing teabgiohl conventions, regulatory frameworks,
and established relations between consumers artligers. The Socrobust methodolbgy
used to assess the potential societal robustndbg alevelopment of two possible radical inno-
vations at ECN in this project: micro combined haatl power generators (micro-CHPs) and
fuel cell vehicles.

The Socrobust methodology was designed in the Eam®Bocrobust project as a management
framework to deal with the potential for socio-egoric embedding of a set of projects defined
as radical or architectural innovations involvimgtinological discontinuities and breakthrough
products and/or services. Socrobust can be usedctease the chances for ‘success’ (the
chances of a technological breakthrough) of radimabvations by rendering visible the devel-
opments that have to take place before the innmvatn be embedded in society (Laredo et al.,
2002).

The objectives pursued in the project were twofdltie first objective was to assess the
technology development within the unit Clean Fasisilorder to increase the chance of success
of two of their R&D programmes. The second objextias to improve and adapt the Socrobust
methodology to the needs of the ECN unit Policydits. In order to reach the second objective
Socrobust was applied twice to both R&D programmes.

The following aspects of the development of therosiCHP and fuel cell vehicles R&D

programme have been assessed twice by means $bthebust methodology:

« The developments in and around the programme ipdbeand in the present situation.

« The position of the critical actors in the pressituation.

* The image of the future world on which technologwelopment is based: what does the
world look like when technology to be developeihiplemented on a large scale?

» The key changes that are needed to bring aboutlélsised future world.

« The position of the R&D programme related to theifdan of possible alternatives.

¢ Actions that can be undertaken to strengthen tsgipo of the R&D programme.

« Possible niches that could lead to the breakthrafighe innovatior.

The outcomes of the Socrobust process were evdladiier the first Socrobust round. The ap-
plication of the Socrobust method to both R&D peogmes led to different kinds of outcomes.
The present and future image of the micro-CHP R&DBgmmme after the first round were
broad, many actors and functions were involveddth Isituations, while the present and future
image of the fuel cell vehicles R&D programme wemach more technically orientated.

! Socrobust: Management tools and a managemeneivark for assessing the potential long-term sciemzktech-
nology options to become embedded in society. THogegt was financed within the TSER Programme @& th
European Commission. The outcomes are describlegrado et al. (2002).

2 This aspect has only been assessed once dueiigshSocrobust round.
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These differences and the time period betweenwbeSocrobust rounds led to a different ap-
proach for the two second Socrobust rounds. Thaadetogy was slightly altered in both cases
but the focus of the two rounds differed. The secaund of the micro-CHP R&D programme

was focussed on the differences that ‘spontaneoostyr after a certain time period. The pur-
pose of this was to assess after how much timeppécation of Socrobust should best be re-
peated. The second fuel cell vehicles round focasedroadening the outcomes of the various
Socrobust tools.

The following important learning points could beabrned from the outcomes of the two So-

crobust rounds.

« The differences between the two R&D programmes iheanfluence the outcomes of the
Socrobust methodology. We believe that the follandifferences caused different outcomes
of the two times two Socrobust rounds: The fuel eehicles programme and the micro-
CHP programme differ in the kind of activities tlzaie performed at ECN within the devel-
opment of the two technologies. The activitieshf tuel cell vehicles programme are orien-
tated towards research and development while sarigti@s related to micro-CHPs are
closer to market diffusion. Furthermore the rektitnportance of the programmes in the
technology development differ. The fuel cell veb&R&D programme is relatively a small
actor in the fuel cell vehicles network, this ima@ast with the micro-CHP programme. We
also believe that the differences between thelilii in the technology developménand
differences between the programme managers’ attitudthe usefulness of evaluation tools
led to some differences in the kind of outcomesvben the two R&D programmes.

» The repeated application of Socrobust to the m@@iR R&D programme after six months
led to some small but interesting differences. Mplieit conclusions on after how much
time Socrobust could best be repeated could berdfesm this one example. We believe
that the ideal time period between two Socrobushds is strongly technology or R&D pro-
gramme dependent. Repetition of Socrobust aftewarhonths may be useful for a R&D
programme with rapidly changing internal and exérnircumstances. For R&D pro-
grammes which internal or external circumstancesataeally change only a repetition af-
ter a few years may be of use. We like to mentigergod of one year as an indication of a
possible ‘standard repetition’ time.

Also some less important learning points aboutagmglication of the Socrobust tools could be
discerned.

3 The fuel cell vehicles R&D programme is still ydtexible, while most choices are already madether technol-
ogy development within the micro CHP R&D programme.

ECN-C--03-023 5



1. INTRODUCTION

The Dutch Ministry of Environment and Spatial Plewgnstressed the need for a transition to-
wards a sustainable energy supply system in thehfddational Environmental Policy Plan
(NMP4). A transition is a gradual and lengthy psx€25-50 years) of change in which a sys-
tem changes fundamentally. The change concerngjeban various areas: technological and
institutional changes, changes in behaviour, caland intentions. The overall change encom-
passes changes in socio cultural, techno economichlenvironmental aspects. Further infor-
mation about transitions can be found in Appendix A

Transitions often coincide with the breakthroughse¥eral radical or architectural innovations.
These innovations are innovations which naturelehgés existing technological conventions,
regulatory frameworks, and established relationa/éen consumers and produégiisaredo et

al., 2002). In this project the Socrobust methogglds used to assess the societal robustness of
the development of two possible radical innovatiah&CN: micro combined heat and power
generators (micro-CHPs) and fuel cell vehicles.

The Socrobust methodology was designed to assegmothntial for socio economic success of
a set of projects defined as radical or architettunnovations involving technological disconti-
nuities and breakthrough products and/or servi&xrobust can be used to increase the
chances for ‘success’ (the chances of a technabgieakthrough) of radical innovations by
rendering visible the developments that have te fallice before the innovation can be embed-
ded in society.

In the project ‘Pathways to a clean fossil soci¢fty Socrobust methodology has been applied
to Micro-CHP and Fuel cell vehicles, two differéd&D programmes within the ECN business
unit Clean Fossil. The project had a double obyjectirhe first objective is to assess the tech-
nology development in order to increase the chaficeiccess of micro-CHPs and fuel cell ve-
hicles while the second objective was to improve adapt the Socrobust methodology to the
needs of the ECN business unit Policy Studies. hiswants to use Socrobust as a tool to im-
prove and effectively assess the chance for teolieal breakthrough of radical innovations.

4 Radical innovations are innovations which breediigh from niche to regime level presupposes sigmmit
changes on regime level. A transition to a morgasngble energy system consists of the breakthradighdical
sustainable and energy saving innovations togetiternecessary changes on regime level.

® Socrobust: Management tools and a managemengdvark for assessing the potential long-term sciemzktech-
nology options to become embedded in society. THogegt was financed within the TSER Programme @& th
European Commission. The outcomes are describlegrado et al. (2002).
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2. PROJECT METHODOLOGY

In the project ‘Pathways to a clean fossil socig¢hg Socrobust methodology was applied to
Micro-CHP and Fuel cell vehicles, two different R&Bogrammes within the unit Clean Fossil.

The objectives pursued in the project were twofdlde first objective was to assess the tech-
nology development within the unit Clean Fossil®ider to increase the chances of success of
micro-CHPs and fuel cell vehicles. The second dhjeavas to improve and adapt the Socro-
bust methodology to the needs of the ECN businagsPwlicy Studies. In order to reach the
second objective Socrobust was applied twice tawleR&D programmes. After the first ap-
plication the outcomes were evaluated and the rdetbgy was (partly) adapted. After these
adaptations the second ‘round’ of Socrobust was hetl the outcomes were evaluated again.
In this report the Socrobust process (how did wayaocrobust and which adaptations did we
make to the methodology), bottlenecks and other@sting points that occurred during the ap-
plication of Socrobust to the R&D programmes asegésed. The outcomes of the actual appli-
cation of Socrobust to the micro-CHP and fuel wehicles programmes are described in two
separate ECN reports.

The project methodology is sketched HEnror! Reference source not found. below. The
Socrobust methodology is applied to the two R&Dgpamnmes depicted by C1 and C2 in the
figure. The outcomes, the methodology and the $mstoprocess are evaluated after the first
round. The outcomes of these informal evaluatioesuged to if necessary adapt the methodol-
ogy for the second round. The (altered) Socrobwethadology is applied to the two R&D pro-
grammes once again. The outcomes of this secomdi rane evaluated again.

Process

Socrobust methodology

C1 Cc2

I I Evaluation of process,
> methodology and outcomes

< | I
Process v
Socrobust methodology
C1l Cc2
A A Evaluation of process,

methodology and outcomes

a
Figure 2.1 Project methodology. With C1 and C2 the R&D prognmas micro-CHP and fuel
cell vehicles are depicted

The Socrobust methodology as applied to both treeay@HP as fuel cell vehicles R&D pro-
gramme in the first Socrobust round is describethésections below. Often descriptions by
Laredo et al. (2002) are used for this description.

® still to be published.
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2.1 Socrobust methodology

The Socrobust methodology has been developed iBuhgpean Socrobust project. The aim of
this project was to prepare and equip project marsagr technology developers with a method-
ology, which would help them to assess the prgegottential to become embedded in society.
In evaluation studies e.g. (Cooper, 2000) thagaed by Laredo et al. (2002) three core prin-
ciples of a management framework to manage ar¢hitddnnovations are highlighted. These
core principles are (1) the need for anticipating future world, (2) the need for consistency
with the present situation as so to define a dgwent path and (3) the requirement of dynamic
adaptation.

From these core principles Socrobust was developleel.Socrobust process involves two dis-
tinct phases, one of ‘description” and one of ‘asegent’. The description phase consists of an
exploration of the internal world of the R&D progrme. Socrobust seeks to unfold and reveal
the ‘future world’ already embedded in the projeetd in the implicit assumptions about users,
values, rules and infrastructure that it alreadpednes. Socrobust uses the concept of the ‘fu-
ture working world’ (De Laat, 1996) to define tHeuation in which the innovation can be em-
bedded in society. The concept of the future warkirorld supposes that the necessities for an
innovation to be embedded in society are alreadgribed in the technology. The method uses
the image of the future working world to identifyetkey changes needed to come from the pre-
sent situation to the ‘ideal’ future working world.

The second phase within the process is to assesshtracter and nature of prevailing uncer-
tainty. This means focusing on the next steps eat$ that will help stabilise aspects as being
both relevant and uncertain. Here reference is niadbe external world. The external check
aims to assess the feasibility of realising keyngjes necessary to the project’s success and - as
part of this - to identify elements, groups andjgcts which either share the same views (and
thus enhance the robustness of the project) ohercantrary develop alternative views of the
world. An analysis of the positioning of the prdjead its room for manoeuvre can be made af-
ter this check. Judgements are passed and deciaslmmg the next round of actions can be
made. The Socrobust methodology has been expandad bxtra step during the first Socro-
bust rounds. To strengthen the exploration of th&sible pathways the technologies could fol-
low on their road to implementation a workshop osgible niches is added.

Information was gathered during the project by nseahvarious consulting interactions be-

tween the R&D programme manager or expert and tibree interviewers or consultants. The
process consisted of three interviews, an Integeatch and a small workshop. During the proc-
ess the methodology, tools, outcomes and processevaluated. We (‘the interviewers’) used

these evaluations to adapt the Socrobust methoglédoghe second round.

The interviews

The interviews were conducted as follows: two aeé¢h‘consultants’ interviewed the expert.
One consultant conducted the interview and askest ofahe questions. The second consultant
took notes during the interview while the third eb&r had the role of observer. When there
was no third interviewer present, the second ing&rer took over the role of observer.

The Internet search
The Internet search was done by the second inteevievho also recorded the outcomes of the
external check.

The workshop

The workshop was added to the original Socrobushoa®logy in the first Socrobust rounds.
The workshop was held to gather information on ipsgpathways on how the technology
could possibly break out from niche to regime level

8 ECN-C--03-023



In the following section an overview of the Socrsbsteps (‘Which accumulation of steps
forms the Socrobust method?’), a short descriptioine Socrobust tools (‘How is gathered in-
formation portrayed?’), and an overview of the plad the Socrobust tools within the Socro-
bust steps and Socrobust process is given. Fod#ssription often descriptions by Laredo et
al. (2002) are used.

2.2 Socrobust process

The two phases in the Socrobust process, the igisa’ and the ‘assessment’ phase inform
the design of five steps and twelve tools, seergi@2 below. The grouping of the tools in the
Figure is different from the grouping as used byelda et al. (2002). A fifth step and some tools
that are missing in the Figure from Laredo et 200@) have been added. The objectives of the
five Socrobust steps and matching tools are desttielow. For this description often descrip-
tions by Laredo et al. (2002) are used. We hereriestheplanneduse of the Socrobust tools.
During the Socrobust process due to time and irdition constraints some adaptations were
made. Some of the tools belong to two Socrobugssthis is the case for the present and fu-
ture network and the critical actors table. Thes#st are described with the first step they be-
long to, in this case the description step. A ferttiescription on how the tools have been com-
pleted during the first Socrobust round can be domnChapter 3.

The Socrobust

Step 2 Step 3 Step 4 Step 5
Stepl Strategic Assessment Lines for action Possible
DeSCrlDthn Changes pathWayS

> > > _—>

Tools

Present network |Key changes|| External check || capacity for action || Possible

— niches
Critical Future network R&D programme Recommendation

moments — positioning box
Critical actors

Boundary map

Figure 2.2 The Socrobust process

2.2.1 Description

No conventional figures and models can be useddess the status and potential of an architec-

tural technology: there is just too much uncertaihen conventional calculations are not

possible, technology developers have to descrigie pinoject in the hope that such a description

will provide a sufficient basis for dialogue andcbange. The objective of such a description is

to reach agreement on what the technology developimall about, who and what is (or should

be) involved and which future the project is trytogouild. In a good description (i.e. one fit for

its purpose), technology developers should be tabdéfer a clear account of:

« the project rationale (main goal and origin, thebgl strategy),

e the project trajectory (main critical moments orning points, and alternatives faced and
choices made),

ECN-C--03-023 9



¢ the project’s societal dimension (networks of agtorobilised, level of commitment, com-
peting views and anti programmes (e.g. strategfepraducers of competitive technolo-
gies)),

« the future world as it will look as the technologyimplemented in society (embedded net-
works of actors routinely producing, improving aodnsuming the new product/service,
necessary infrastructure).

The description step consists of two tools: theaiame and the critical moments table. The pre-
sent and future network, and the critical actobdetéoelong to both the description and the stra-
tegic changes step in the Socrobust methodologgs&tools are also described below.

Narrative

The interviewers compile the narrative after thistfinterview. The R&D programme manager
is asked to tell the story of the R&D programmewtdid it all start, which actors have been in-
volved, and which important choices were made?

The objective of this tool is to produce a narmatof the R&D programme. This narrative is
used as a basic reference that ensures that Hetli@wers and managers and any other actor
involved in the interaction are talking about theng thing.

The narrative as such is a short description optst, the present and the anticipated future of
the R&D programme. This first description mightlirde references to:

 the origin of the research subject (within the oigation),

» the very idea and the needs it is addressing,

< the main lines of choices and the difficulties acertainties experienced,

« the artefact designed and it basic principles,

» the expected future of the research subject.

Critical moments table

The interviews compile the critical moments tablerathe first interview. While telling the
story needed to write the narrative, the expertriless important moments within the course of
the R&D programme. Hoe did these moments come alwchith important decisions were
made and what were the consequences of these nofoettie R&D programme?

The interviewers compile a list of the R&D prograeimkey events and critical moments from
which they consequently fill in a table form. Iretsecond interview the table is briefly intro-
duced and the list of events is discussed witrR&B programme manager for validation. The
table is then developed together during the sedatedview. A revised version of the table is
produced after the second interview.

The objective of this tool is to foster a strateggading of the narrative. Project or R&D pro-
gramme dynamics are conditioned by proactive octigachoices of the team. Re-tracing the
innovation journey to date makes it possible toniie the web of constraints that avenues the
roads open to the R&D programme.

Each critical moment is characterised in the foltmyterms:

» the date of the event,

» the description of the event,

+ the source of the event,

» the implication of the event,

 the solution envisioned by the R&D programme,

< degree of irreversibility of the change,

« the nature of the alteration introduced in the R&Dgramme,
» stage reached by the R&D programme in the innowgtiorney.

10 ECN-C--03-023



Present network

The interviewers compile the present network atfber first interview. The interviewers con-
struct a TEN (techno economic network) map of theent relations of actors with the R&D
programme from the R&D programme’s story as deedriin the first interview. In such a map
the positions of the R&D programme and other imgoaractors are described in relation to four
different poles: the regulation pool, the scienoelpthe industry pole and the user pole. In the
second interview the concept of the TEN map isoshiiced to the R&D programme manager.
The concept of actors, intermediates and netwarkBsicussed and the R&D programme man-
ager is asked to improve the network.

The objective of this tool is to provide the prdjeranager with a visualisation of the innovation
in terms of the heterogeneous web of linkagesdbiastruct and surround it. In representing the
complete picture, the map provides its readers aitimmediate overview of the key items and
relations to be considered. Equipped with the TEdb e R&D programme manager will find
himself/herself in a position to assess the cursegie of the societal situation regarding their
innovation (Laredo et al., 2002).

The present network is a societal map. The mapaliggs the current societal situation of the
R&D programme. The map used, called TEN, visualisedour poles described earlier.

Future network

The interviewers compile the future network aftes first interview. In this interview the R&D
programme manager is asked to describe an imageeofuture in which the technology is
completely embedded in sociétydow would the world look like? What would be thaer of
users, producers and the government? Which orgamisaand market structures will have to
exist in such a future?

The future world, a picture of the world as it wablbok like if the technology would be com-
pletely embedded in society is represented in éetdanap. This map is discussed with the
R&D programme manager during the second interview.

The objective of this tool is to provide the R&Dogramme manager with a visualisation of the
future of the technology as he or she picturestie TEN map of the future world elicits the

ideal situation of the proposed innovation. Suchogerview facilitates discussions about the
bets, the scenario, the uncertain zones and theefliecause it highlights key but currently
fragile elements on which the success of the tdolggalepends. The future network can easily
be compared with the present network as they atte depicted in the same format (Laredo et
al., 2002).

The future network just like the present network societal map. The map describes the people
and things at stake and the linkages between theendituation in which the technology is
completely embedded in society.

Critical actors table
The interviewers prepare a draft critical actofsdaafter the first interview. The table is dis-
cussed with the R&D programme manager in the setuad/iew.

The objective of this tool is to clarify the roléthe actors involved with the R&D programme.
Some of the involved actors are very importanth® R&D programme while others are less
important. By defining the actors in terms of imoice and involvement discrepancies be-
tween an actor’s involvement and importance cafasar Possible discrepancies can have sig-
nificant effects on the chances of further involegrmof these actors in the (near) future.

” Behind this tool the concept of the future wogkimorld can be seen (De Laat, 1996).
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The critical actors table is complementary to armqtaduct of the present network. It summa-
rises further details about the key items represemt the TEN map. Actors are characterised in
terms of their importance and involvement with R@@grammé.

Importance is characterised by:

» the actor’s centrality within the network,

» the actor’s representativity and centrality wittie pole,
¢ the actor’s substitutability.

Involvement is characterised by:

» the actor’'s motivation to join the development,

» the actors objective in contributing to the devebept,
< the actor’s global strategy,

« an estimation of the actor’s alignment,

 the irreversibility of the actor's commitment.

2.2.2 Strategic changes

The objective of the second step in the Socrobustgss is to identify the key changes that are

necessary to close the gap between the preseatddtatfairs and the desired future world. To

identify these key changes the technology developeds to:

 Articulate the future world inscribed in their peojs (as is done in the future network).

« Articulate the assumptions they are making aboeietrolution of the societal context (tech-
nology, regulation market) and how it might behe future.

+ Make clear what role they intend to play in thioletion and the assumptions they make
about their own capacity to affect the world ofithogrammes.

» Backcast scenario’s to identify the steps to beralf the technology development is to
move to a new stage.

» Reflect on the coherence of the desired future dvarld the assumptions they are making
about the evolution of the world.

The strategic changes step consists of the keygelsatable, the present and future network and
critical actors tables. These last three tools fdsm a part of the description step. For this rea-
son these tools have already been described above.

Key changes table
The programme manager, supported by the intervieveempletes the key changes table dur-
ing the second interview.

The objective of this tool is to focus attention thie few crucial assumptions which the R&D
programme manager makes about the present situaitbabout the future. The tool connects
the present and future network and articulateschi@nges that should occur in order to arrive
from the present network to the future network

Each key change will be described in terms of thiewing characteristics:
* The name of the key change.

¢ How can the change be described?

* What has been taken for granted?

* What practises have disappeared?

« Which actors are most affected?

8 This is a slightly adapted version of the critiaetors table as described by Laredo et al. (20D#®se adaptations
were made before the first Socrobust rounds toowpthe tool’s clarity.
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« What is the extent of the change?

¢ What is the rate/timing of it?

* What is necessary for the change to come about?

* Which related changes can be distinguished?

* What are the most appropriate points of entrypiagnts to initiate the change?
* What opposition is expected?

2.2.3 Assessment

The objective of this step is to expose the cormeeg (or difference) between the technology
developer’s vision of the future and the visionswéh a future circulating in the external world.
Convergence is not a measure of a certain sudwaisi,is an approximation of the effort which
the technology developer (or others interesteduthsa breakthrough of the technology) will
have to invest to bring about such a change aruliitd the necessary networks of relevant al-
lies. Instead of scanning the world at large, | éssessment step the main assumptions under-
lying the project’s vision of the future world atested. The following questions should be an-
swered in such an assessment: ‘What are the me#s af uncertainty?’, ‘What are the main
alternative views and controversies about thesas2te‘Where are those alternative views of
the future expressed and debated?’, ‘How well distadal is the technology developer’'s posi-
tion within these fora?’, ‘Who are the R&D prograeisipotential allies and who are potential
opponents?’ The answers of these questions givediration of the societal robustness of the
R&D programme. The number of potential allies angppnents, the nature of the main alterna-
tive views and the accessibility of the relevanafgive an indication of the position of the
R&D programme in the external world. This positiohthe R&D programme in the external
world can be used to indicate the R&D programmefliencing possibilities in the next Socro-
bust step.

The assessment step consists of the external elmecthe R&D programme positioning table.

External check

The external check, a search on the Internet iotigitnal Socrobust methodology, is performed
by one of the interviewers after the second inewiNo direct involvement of the R&D pro-
gramme manager is required. The results of themadteheck are discussed during the third in-
terview.

The objective of the external check is to put thgiget's assumptions about the future world
into perspective and to specify alternative viewd @leas of the future world as shared by other
actors. The assumptions behind the future netwodktlae key changes table are checked during
the external check. This way the external checkiges material that programme managers can
use to learn more about the actors involved irctienected projects and about a range of alter-
native strategies that they might adopt.

The assessment step involves standing back fromesigarch and testing the societal robustness
of its main assumptions. The external check is b sgarch. In this web search the main as-
sumptions and bets on how the desired future cbeldeached are checked. Most of these as-
sumptions and bets were formulated by the R&D nogne manager while completing the key
changes table. The web search transforms theseabdtassumptions into a set of questions,
which require clarification, and identifies thermipal positions taken on these questions in the
world beyond the R&D programme. The result of thkéemal check is a description of the
viewpoints of various relevant actors outside thgqet on the key changes and underlying as-
sumptions.
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R&D programme positioning table

The interviewers compile the R&D programme positigntable after the external check. The
programme positioning table is discussed with tregamme manager during the third inter-
view.

The objective of the R&D programme positioning &lig to give an overview of the pro-
gramme’s position in three important ‘landscapé€s): the technological landscape, (2) the le-
gal, administrative and regulatory environment é)cdhe landscape of demand, of users and of
markets.

The positioning table formalises the insights regglifrom the external check to produce a di-
agnosis of the robustness of the innovation. Acaldnnovation’s robustness is defined in the
quality of its anchorage in three public spacestimead above. In each of these three spaces,
the quality of the embedment or anchorage of thevation is evaluated to an analysis of four
main criteria:

« the focus of the R&D programme,

» potential allies and existing alignments,

« potential opponents and existing alignments,

« main challenging alternatives/positions.

2.2.4 Lines for action

The identification of the technology’s strengthsl aveaknesses, as can be derived from the as-

sessment step, form a necessary basis for disngssiowhat can be done to improve the tech-

nology’s chances of success. The discussion foomsdhle strategic question of what can be

done next either to adapt the innovation to theesalcworld in which it must exist, or to adapt

the social world to the innovation. The fourth shefps technology developers to:

« identify desirable changes in order to increaseti@ces of success,

* recognise key actors and locations from whichiggar these changes,

* recognise what is within and without the scopeatiioa,

« identify alternative modes of actions (entering diebate, constructing the forum, enrolling a
key player in the controversy, changing the inniavaspecifications...).

The lines for action step consist of the capaatyédction table, the recommendation box and
the boundary map.

Capacity for action table

The interviewers compile the capacity for actioblé¢zafter the external check. The capacity for
action table is discussed with the R&D programmeagar in the third interview. The objec-
tive of the capacity for action table is to makstatement about the desired actions in each of
the three main dimensions or landscapes in thei@oisig tables and to describe the project’s
team possibilities for effective action. The capador action table completes the programme
positioning table by identifying plausible courdes action and practical options for improve-
ment.

The capacity for action table allows for the idécdition of the R&D programme’s weaknesses
and the kind of actions needed. From this iderifon, the abilities of the R&D programme to
implement relevant actions in the desired directimnrecognised.

The capacity for action table provides an estinmatibthe possibilities of the R&D programme
to lessen the uncertainties in the three landscdpes uncertainties and threats for each land-
scape are treated in the tables. The fora of debatdich the uncertainties are articulated are
given for each uncertainty, and possibilities foe R&D programme manager to influence the
outcome of the debates are mentioned.
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Recommendation box

The interviewers formulate the recommendationsttierrecommendation box) before the third
interview. In drafting the recommendations theyetako account the information from all pre-
ceding steps. The interviewers discuss the recordatims with the programme manager dur-
ing the third interview.

The objective of the recommendation box is to pevine programme manager with realistic
actions that he or she can perform to influenceR&® programme’s chances of success. The
actions described in the recommendation box aefib the R&D programme’s ambitions and

possibilities.

Recommendations to improve the R&D programme’s gharof success are given in the rec-
ommendation box. These recommendations are givemdans of an action vocabulary: each
action is introduced by means of a verb. An exarpleof is the use of the verb ‘monitor’ for

actions directed towards circumstances that aevaat but can’t be changed by the R&D pro-
gramme manager.

Boundary map
The interviewers compile the boundary map afteretkternal check.

The objective of the boundary map is to give addai information to the R&D programme
manager on his influencing possibilities now anthie near future. The R&D programme man-
ager can increase his influencing possibilitiesirwpolving actors the programme manager can
widen his scope for actions.

The boundary map gives additional information ornciwhactors could probably be influenced
by the programme manager. In the boundary mapisiaiivis made between actors and circum-
stances on which can be acted upon today, actairsuté likely to be involved in the futdrand
actors or circumstances which are relevant andgrésed but which can’t be changed.

2.2.5 Possible pathways

This last step has been added to the original $astanethodology as described by Laredo et

al. (2002). Apart from formulating recommendati@mshow the innovation process can best be

adapted to the developments in the external wdrig also useful to generate ideas on possible

pathways on how the technology, when technicallyetigoed, could break out from niche to

regime level. To generate these ideas a workshopossible niches and niche trajectories is

held. In such a workshop the following questionsusti be brought up:

* Which possible niche applications could exist fag innovation?

* What could be learned in these niches?

¢ Could the niches be arranged in such a way thatftven a niche trajectory that could lead
to the large-scale implementation of the innovetion

* What strategic actions could be derived from thssfiide existence of the various niches or
niche trajectories?

Description of possible niches

‘Description of possible niches and niche trajeesirare formulated by means of a workshop.
For this workshop both people from Policy studiesvall as people from Clean Fossil Fuels are
invited.

® Or actors that can probably be influenced in tharg.
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The objective of the description of the possiblehei and niche trajectories is to introduce the
idea of niche management to the programme managlegise him an idea on possible niches,
niche trajectories and actions he or she can takérhulate niche formulation.

The tool ‘the description of possible niches anthaitrajectories’ gives information on the out-
come of the niche discussions during the workshidye. description consists of information on
possible niches and niche trajectories, possitdmieg points that can occur during the niche
trajectories and possible strategic actions towdtie niche trajectories.

The tools described above are applied to both R&y@mmes during the first Socrobust
rounds in May/June and June/August 2002 respeytiVéle interviews were planned to be held
during a two-week period. The time between the fired second interview was approximately
three working days while the time between the sécamd third interview was approximately
one week. Between the second and third interviemettternal check was planned. All activi-
ties, apart from the external check, were planiwelhdt three hours. For the external check a
time period of approximately two days was plannBde experiences with Socrobust during
these first rounds are described in the followihgpter.
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3. SOCROBUST EXPERIENCES

The Socrobust methodology was first applied tonttiero-CHP and fuel cell vehicle R&D pro-
gramme in May/June and June/August 2002 respeytiViis chapter discusses the bottlenecks
that emerged during the first application of Soasiband experiences with the methodology.
After this first round of Socrobust the Socrobustihodology has been slightly altered. The re-
sulting adaptations in methodology are discusséthapter 4.

3.1 Experiences with Socrobust process

3.1.1 Timing

The first Socrobust round consisted of three irgsvg and a small workshop. All activities
were planned to last three hours. This estimationgd to be too optimistic. The tight planning
gave rise to adaptations regarding the contertieofriterviews, shifting of the application of the
Socrobust tools between the interviews and exteavrewing time.

The most important experience occurred during gieation of the Socrobust method to mi-
cro-CHP. Instead of discussing all micro-CHP tedbgi@s within the micro-CHP programme

(Stirling micro-CHPs, PEM and SOFC micro-CHPs) &samchosen only to discuss Stirling

driven micro-CHPs. It was necessary to shift tdmsween interviews and to use extra inter-
viewing time even with this adaptation.

The first interview could be held within three heufThe second interview however was far too
fully planned for this. The interviewers completggleral tools (the narrative, the critical mo-
ments table, the present and future network) befoeeinterview. These tools had to be dis-
cussed in the second interview while also new tfla@y changes, critical actors table) had to be
completed during the interview. A second ‘secomtéliview was necessary in the micro-CHP
case. The external check was held after this dadidend interview. The Internet search neces-
sary for the external check could be held withia pfanned two days. Due to the extra ‘second
interview’ the interviewers had no time to compléie recommendation box after the external
check. For this reason in this interview only tiéeenal check and the programme positioning
table was discussed with the programme manager.rddenmmendation box and for fuel cell
vehicles the capacity for action table had to beashto the R&D programme manager during
the workshop.

The interviews were planned to be held during aweek period. The time between the first
and second interview was approximately three wgrkiays while the time between the second
and third interview was approximately one week.v&sn the second and third interview also
the external check was planned. Due to the fullrinewing program and the extra interviews
the time period between the interviews was consitlén be too short. The time period between
the second and third interview was considerablygéonn one case because the R&D pro-
gramme manager planned his holidays between theinteoviews. This unexpected delay

caused many discussions and some time loss dinéntpird interview.

In the workshop, in both cases, the Socrobust rdelbgy, the outcomes of the Socrobust pro-
cess and the brainstorm on possible niches waedredthin three hours. In the evaluation of
the workshop it became clear that although thenarmagvas very full adaptations were not pos-
sible. All planned activities proved to be necegsahile lengthening of the workshop was not
possible.
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3.1.2 The division of labour between interviewers

Each series of interviews was done by the samevieteers. Each interviewer kept the same
task in a series. When one series of interviewsfiméshed the interviewers and the division of
labour between them changed. One of the interviewkthe first series of interviews asked the
guestions in the second series of interviews. Waught this approach to be effective for
knowledge dissemination, which indeed occurreds Hpproach has as side effect that the pro-
gramme managers were confronted with relativelxpeeienced interviewers, which may have
been detrimental for the outcomes of the methodolog

3.1.3 Protective strategies

During an assessment like the Socrobust methoderaus factors influence the relationship

between the evaluator, the participants and thgiesors. The relationship between the partici-
pants and their superiors can become strained Wieenesults are not what the latter had ex-
pected. This makes participants vulnerable (Gulghlancoln, 1989). To strengthen his posi-

tion, although wanting the assessment to be bealefar all parties, the participants can have
the urge to give a ‘safe’ picture of the projectvithg already been evaluated in recent history,
which turned out to have significant consequenoesvailable budgets, one programme man-
ager indeed seemed somewhat reluctant to sharealhcertainties and risks he had in mind.

Superior

7\

Consultant ——> Participant

Figure 3.1 Relatlonshlps between superiors, participants amsotiants during an evaluation
program

3.1.4 Positive attitudes

This points to the importance of the mindset of plaeticipants. The Socrobust method is de-
signed to deal, at least partly, with the matteprattective strategies that participants may use.
By drawing present and future networks, participaare forced to map out what strategies are
necessary to make the links between present day avaf future success. The programme posi-
tioning tables are designed to force the partidgpanthinking about (possible) opponents. This
surely makes them more aware of their relativetfpmsand their strategies to improve it.

Yet in some cases some times the programme mastged close to his envisioned way to
success. So the Socrobust method is not guaratttesdtover all implicit uncertainties. Socro-
bust is a reflexive method, it is true that ‘whatres in, comes out’. Having a positive attitude
towards the Socrobust methodology from the stastusial for carrying out a successful Socro-
bust.

3.1.5 The attitude of the programme manager about tlaivelsize of the R&D pro-
gramme and the stage of the technology development

The programme manager of the fuel cell vehiclegemmme had the strong preposition that he

could rely on important actors in the technology&work. These actors have a far better view

on user needs and demands than actors within ghedlls R&D programme according to the

programme manager. The reasoning behind thisdstitwas twofold. Actors within the fuel cell
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programme were less influential than other actoithimthe technology’s network while the
technology was also still far away from market wsfbn in the programme manager’s opinion.
This attitude could have been the cause of theedoérrow’ outcomes of the Socrobust tools.
The R&D programme manager deemed for instanceasgercts as less important because he is
convinced that he will hear about these aspects bther larger actors in the network.

3.1.6 The importance of mutual understanding

Building up a good relationship between the evaitgaand the participants is very important.
The first preparatory phase of the process shoeildsed to do just this. In the first contacts, the
foundations for future co-operation are build. HE$e foundations are strong, constructed by
mutual respect, openness and clarity, the basidittons for a good method are being met. This
also refers to the importance of agreements aln@utdnfidentiality of the results. Due to lack
of meetings, it seemed that these foundations wet@s strong as they could be in the case of
the fuel cell technology.

Building up a good relationship is not only necegda take away as much risks on protective
strategies. It is also needed to develop a commmaierstanding about the Socrobust vocabu-
lary. Of course, the tools of Socrobust are nomisiguous in their interpretations. For instance,
the many different columns in the different tatdéishave a specific meaning. Another good ex-
ample is the focus on one technology as describedei original Socrobust methodology. The
programme manager judged this focus as too namdile the interviewers judged such as fo-

cus necessary in order to properly apply the metlogy. These and some other small misun-
derstandings had to be solved during the applicaifoSocrobust. It is crucial that the partici-

pants and the consultants share a common underggaoicthis meaning of the Socrobust tools
and their objectives.

It is not obvious that this common understandinthese from the start. Both parties have dif-
ferent vocabularies. Above all, the consultantstheemost used to the crucial elements of the
theoretical underpinning of Socrobust, and the lagg in which they are expressed. Although
it seemed that the parties had a good mutual ursahelieg, it is not always clear to which ex-

tend there existed a common understanding of trenimg of all the terms used in the method.
It is possible that from the interviewer’s sideg tthange in interview teams did not benefit the
clarity of their vocabulary.

3.2 Experiences with the Socrobust steps

Below we shortly describe the experiences we hdl thie Socrobust tools in the first Socro-
bust round. The outcomes and our experiences hitsbcrobust tools and/or process are de-
scribed below per Socrobust step. Examples ofdbis that are mentioned in the following sec-
tions are given in Appendix B. Here excerpts ofdhécomes of the Socrobust tools are given.

3.2.1 Experiences with the ‘Description’ step

During the first interview the R&D programme manages asked tell the story of the technol-
ogy development within the R&D programme. This ative was the input of the narrative, the
critical moments table and the present networlormftion needed to complete the future net-
work was also gained during the first interviewtekfrelating the programme’s present and past
situation the programme managers were asked todbtie future: they were asked to describe
a future world in which the technology is embeddedociety. After the first interview the con-
sultants made drafts of the present and future or&kty The networks were discussed and
adapted during the second interview. The criticabis table was completed by the R&D pro-
gramme managers during the second interview.
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Outcomes

Almost all tools within the description step leadimteresting outcomes. The cluster narrative
and the critical moments tool show the importarfca choice the micro-CHP programme made
about 8 years ago: a one kWh Stirling driven miCtéP was to be developed for the Dutch or
European market. The reasoning behind this firm @ntbst irreversible choice proved to be

unclear during the interview. This choice howevas important implications on possible im-

plementation strategies for micro-CHPs. The clusterative and the critical moments table of
the fuel cell vehicles programme showed a to aodliange within in the R&D programme.

The stage of technology development can be disdeinoen the present network of the two
technologies. The present network of the micro-Giégramme is directed towards the dem-
onstration and implementation of micro-CHPs. Thespnt network around the fuel cell vehicle
R&D programme is a network we think of as a redeanstitute network. For the most part
other research institutes and producers (futurepaesent users of the technology) are involved
in this network. The R&D programme has no linkshwitser representatives and only limited
links with actors from the regulation pole. Whetkea$ about this technological orientation the
programme manager explained that the R&D programaseonly a small actor compared with
other actors in the fuel cell vehicle field. Otteators as energy companies and car manufac-
tures have far more possibilities to influence fatdevelopments. According to the programme
manager these actors also have a far better viavs@nneeds and demands.

The future working world of the micro-CHP programisefocussed around ESCOs (energy
service companies). These companies should leasmitito-CHPs to consumers. The user as-
pects of micro-CHP are characterised in the fuhewvork. The future working world of the
fuel cell vehicles R&D programme is focussed arodedentralised fuelling at home or at the
working place. In this future image only a few shpakpositions about the future user context
were made. In both cases the programme manageesasied to make a distinct choice for one
possible future for the technology for the futurerking world. In practice more future possi-
bilities are open to the R&D programme. This wilither be explained in the next section.

In both cases some small discrepancies betweenc@m'sainvolvement and importance
emerged from the critical actors table. No majamatasions could be drawn from the critical
actors tables.

Experiences with tools/the Socrobust process duhieglescription step

Drafting the narrative was very straightforward eTtarrative is just a written down version the
R&D programme managers’ interpretation of the R&dgrammes trajectory till the time of
the interview. The idea behind the critical mometatsle was straightforward as well. In this
table important moments within the R&D programmegectory had to be summarised and
characterised. The actual completion of the clitiscaments table formed the basis of a discus-
sion on how the critical moments table should bameted such that the changes could effec-
tively be characterised.

The discussion focussed on the ‘implication/chqgitenvisioned solution’ and ‘what changed’
column in the table. The outcome of the discussias that in the implication/choice column
the direct implications of the described events twalde placed. The consequences for the R&D
programme or the envisioned solution of the prognenare described in the envisioned solu-
tion column. The originating change is describethian‘What change’ column. For some events
the change had to be split over two columns; tbasaltants’ felt that only this way the occur-
ring changes could be described correctly. An exampsuch a split is shown in Appendix B.

While filling in the critical moments table the @émviewers deemed the ‘stage reached column’
as not very useful. More often than not the inemgrs didn’t complete this column.
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The interviewers made draft versions of the preaadtfuture network before the second inter-
view, which proved to be effective. The R&D programimanagers were able to quickly adapt
to the idea of present and future techno econoetivarks.

Both programme managers had to choose betweenatélgures’ while drafting the future
image of their technologies. In especially the foel vehicles programme manager’s opinion
the likeliness of the futures is strongly dependenfuture technical developments. A technical
breakthrough, like solving of the on-board Hydrog#orage problem, will change the odds for
each technical option. Because so many options aeea to the fuel cell vehicles programme
manager, the interviewers decided to guide thecehof the programme manager and ask the
manager to opt for a future image without on baafdrming. This alternative seemed to lead
to further reaching consequences than the fuetheshivithout on board reforming alternative.
A discussion about the breadth of the future ndtvemnerged during the second interview in the
fuel cell vehicles case. Mostly technical actorsnsed to be involved in the technology’s future
network unlike in the micro-CHP case.

The interviewers have chosen to describe and deaise thepresentcritical actors in the criti-
cal actors table. The interviewers also decidedis® slightly different terms to characterise the
importance and involvement of the various actorghe slightly adapted critical actors table the
actor's importance was characterised by the folhgwtierms: the actor’s centrality within the
network, the actor’'s representativity and centyalithin the pole, the actor’'s substitutability.
The actor’s involvement was characterised by theracmotivation to join the development,
the actor’s objective in contributing to the deyetent, the actor’s global strategy, an estima-
tion of the actor’s alignment (see below) and theversibility of the actor's commitment.

Even with these adaptations some of the terms stk critical actors table were unclear to
the consultants. The discussion focussed on am'sctlignment, and the completion of the
‘centrality of the actor within the network’ andethrepresentativity and centrality within the
pole’ column. During the discussion the interviesveame up with a workable definition of an
actor’s alignment. According to use an actor’sraignt is determined by the extent in which
an actotis aligned (‘in one line with’) to the R&D programna@d by the extent to which an ac-
tor could bealigned to the R&D programme. An interesting outeowas that discrepancies be-
tween the two aspects of an actor’s alignment cexist.

The place of the actor within the network shouldcharacterised in the ‘centrality of an actor
within the network’ column. How central is a centa@ctor within the network? Does the actor
form a node that connects certain other actoroes @ seem to be a dead branch on the tech-
nology development tree? The outcome of ‘represeitiaand centrality within the pole’ dis-
cussion was that the positioning of an actor iatieh to the four poles and its relative strength
in the pole has to be characterised in the column.

3.2.2 Experiences with the ‘Strategic changes’ step
The strategic changes step consists of compldim$ey changes table.

Outcome

The outcomes from the key changes table were Btiege The programme manager from the
micro-CHP programme supposed mostly non technltahges that had to be brought about be-
fore micro-CHPs could be embedded in society. Sofrthese changes were quite radical. A
conclusion of the key changes table that some grtups that are likely to support the devel-
opment of micro-CHPs could also be opposed todiniglopment.

The programme manager of the fuel cell vehicles R&Bgramme supposed that for the most
part technical changes have to be brought abouatrddfiel cell vehicles can be embedded in
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society. Some of these changes were quite radite. cluster manager states that not all
changes that are described in the key changesaebhatal for the technology’s embedment in
society.

Experiences with tools/the Socrobust process dufiegstrategic changes step

The completion of the key changes table was ralBtistraightforward. Some discussion
emerged about the completion of the ‘what is ttie od change/timing of it'" column. In this
column both the necessary rate of change to bidogtathe desired future was well as the ex-
pected rate of change should be filled in.

3.2.3 Experiences with the ‘Assessment’ step

The assessment step involves standing back frorR&te programme and testing the societal

robustness of its main assumptions. This requikessub steps: the external check, in which
information is gathered about the state of theaad knowledge relating to each key change
identified, and the positioning table which assegbe programme’s robustness in respect to
each key change.

Outcome

In the external check both direct and underlyingppssitions of the R&D programme managers
have been checked on the Internet. The externakde the micro-CHP R&D programme was
focussed on the technology’s future working wolthst of the programme manager’s preposi-
tions could be affirmed by means of the externakkh

The strongest preposition of the R&D programme rganaf the fuel cell vehicles R&D pro-
gramme was that the R&D programme could rely orogiirong and important actors like car
manufactures and energy companies. According t@ribgramme manager these actors have a
far better view on user needs and demands thaR&meprogramme. The interviewers deemed
that this preposition couldn’'t be efficiently checkand choose to focus on the underlying
prepositions. The outcome of the external checthe$e underlying prepositions was a bit am-
biguous. The remainder of the external check ferftrel cell vehicles R&D programme was
focussed on the technology’s future working woilthe external check didn't affirm all the
prepositions but it must be remarked that thesenadfions doesn’'t have to be essential for the
R&D programme’s success due to the programme’shiléy.

The R&D programme positioning table summarisesaba&uation of the R&D programme’s
societal robustness along three dimensions ofuted market. The table describes the state of
the R&D programme in terms of two criteria: (a) yading uncertainty and the (b) the relative
strength of the programme’s position (comparedterratives). The micro-CHP position table
showed that within organisations that are aligndtth Whe R&D programme some opposition
against micro-CHPs could be found. The conclusibthe fuel cell vehicles programme posi-
tioning table was that the future positions of aternatives within the tables were uncertain:
everything can happen. Some actors could supponelisas oppose the development of fuel
cell vehicles or the necessary infrastructure, evkilth some actors synergy might exist. The
R&D programme manager felt that these uncertainitese no threat to the technology devel-
opment, as the R&D programme is still very flexible

Experience with the tools/Socrobust process dutiegassessment step

The interviewers have had some difficulties whiggfprming the external check. One important
aspect of the external check is that one has tosghavhich assumptions should be checked. In
some cases this choice was a hard one. The extdreek should be concentrated on the R&D
programme’s specific areas of uncertainty accordmd.aredo et al. (2002). This was only
partly possible for the fuel cell vehicle R&D pragnme; according to the programme manager
all technical and thus also all societal optiore still open to the R&D programme. Another
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problem was that some prepositions could not bectfiely checked on the Internet. An exam-
ple hereof was the preposition the R&D programmelctarust other actors to provide them
with important user information. The interviewemsvb checked underlying prepositions in this
case.

The first remark that can be made about the R&@@mme positioning tables is that these ta-
bles urged the interviewers to make choices. Therviewers could only describe certain as-
pects of the positioning of the R&D programme ie three landscapes. Only the more impor-
tant outcomes from the external check could beepldan one of the three positioning tables.
This may not be completely clear to the programmaeagers. The second remark concerns the
Socrobust assessment part of the tables, it isljpesbat a reader will only read the Socrobust
assessment, it is therefore important to give abeelte assessment about the R&D pro-
gramme’s position in this assessment part.

3.2.4 Experiences with the ‘Lines for action’ step

The external check and the R&D programme positignables form the input of the lines for
action step of the Socrobust methodology. The Ifoesction step consists of the capacity for
action table, the recommendation box and the boyrdap. The last two tools are complemen-
tary.

Outcome

The outcome of the capacity for action table isstdf possible threats and uncertainties, a list
of fora in which the uncertainties are debated thedactions the R&D programme manager can
take to influence the outcome of the debates. Thgramme managers’ room for action was
limited as could be expected. The interviewers dekthat by involving and influencing actors
the programme manager could have some influen¢keeoautcomes of the debates. Due to time
constraints the capacity for action table was oatgleted for the micro-CHP programme.

The recommendations for the micro-CHP programmee Heaen focussed on the technology’s
future image and on the embedment of the technolblgg recommendations for the fuel cell
vehicles R&D programme have been focussed on thiasities and differences between the
possible future images of the fuel cell vehiclesOrRgrogrammes.

A boundary maps accompanied the recommendation Hue.boundary map gives additional
information to the R&D programme manager on hituiericing possibilities now and in the fu-
ture. The outcomes of the boundary maps of both R&ayrammes weren’t shocking.

Experience with the tools/Socrobust process dutiedines for action step

The capacity for action table was only filled irr fbe fuel cell vehicles R&D programme. The
interviewers felt a bit ambiguous about the usedsgnof the capacity for action table. On the
one side the table was very useful for the prearaif the recommendation box, on the other
side the interviewers felt that their influencetbe actual completion of the table was too large.
While the uncertainties that were treated in theacéy for action table followed from the ex-
ternal check and the R&D programme positioningdapthe fora of debate and the room for
action were completely open for the interviewensérpretation.

The interviewers used an action vocabulary to fdateuthe recommendations for the recom-
mendation box. The action vocabulary consistedasious verbs such as to monitor (develop-
ments that can’t be influenced), reflect upon (inges not taken), to think about, to explore, to
build (a forum), to prepare, to contribute to, fecdss, and to enrol (other actors). The inter-
viewers deemed this action vocabulary as very Usefpreparing the recommendations. The
verbs structured the discussion.
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The original Socrobust methodology describes thatrecommendations should mainly be fo-
cussed on the R&D programme’s future working wofltdis was only possible for the micro-
CHP case. The interviewers had to draft more gémecammendations for the fuel cell vehi-
cles R&D programme because for this R&D programaterhany technical possibilities were
still open. A less positive point of the recommeiaabox was that due to the way the box was
compiled the programme managers had no influenddecontent of the recommendations. In
one case this caused the programme manager tospe&isus of the recommendations, he
would have liked to have more influence of theisagion and the content of the recommenda-
tions.

All recommendations were given at once to the m{€HP programme manager independent of
when the recommendations could best be implemefidthe fuel cell vehicles programme

the interviewers choose to discriminate betweemsipteslong-term and short-term actions. This
distinction seemed to work well.

The interviewers considered the boundary map asrwa wseful instrument although the out-

comes of the map weren’t shocking. The boundary ocmegsists of a series of nested boxes of
frames. The smallest frame indicated the actotsctinald be acted upon today while the middle
frame indicated the actor that might be influenoethe near future. The largest (outer) frame
indicated the circumstances and actors that prgbzi’'t be influenced now or in the near fu-

ture. The map explains by its form that the bouieddbetween the boxes can be shifted; by in-
volving actors the programme manager can widesduope for actions.

The interviewers have chosen to use the boundary imdhe lines for action step. Another
choice would be to use the boundary map in therigiéo of the present situation. The inter-
viewers recommend from their experiences that thendary map should be used in the lines of
action step in any case. Apart from this the magdalso be used to describe the position of
actors in the present situation.

3.2.5 Experiences with the ‘Possible pathways’ step

The possible pathways step is new to the methogiadog consisted of a workshop. Both peo-
ple from Policy studies as well as people from @l€assil Fuels were invited for this work-
shop. The interviewers used the outcomes of theoBast methodology and some information
about niche trajectories to generate a discussiguogsible niches, niche trajectories and strate-
gic actions the programme managers could takenwlstte niche formulation.

Outcome

The niche discussion led to completely differemdosions in both cases. The participants of
the fuel cell vehicles workshop came up with numsraiches and some niche trajectories
while in the micro-CHP case only a few possiblene& emerged. The participants of the fuel
fell vehicles workshop came up with functional (resf transport) geographical, as well as
functional geographical niches (harbours). Theigipeints also described possible niche trajec-
tories and learning points during the trajectoridse workshop ended with a discussion about
the strategic implications of strategic niche mamagnt and the existence of the possible niches
and trajectories. The danger of lock in was oftemtioned during the discussion, especially in
relation to the choice for a storage medium forrtheessary Hydrogen. An important outcome
of the discussion was that the Hydrogen infrastmectnost probably would emerge independ-
ent of the efforts of the fuel cell vehicle R&D gramme. It should be noted that the niches
mentioned by the fuel cell vehicle workshop pedplatself did not emerge form the Socrobust
procedure. The people involved were already awbpetential niches and of the importance of
niches.
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Experience with the tools/Socrobust process dutiegpossible pathways step

The idea of a possible pathways workshop lead tintamesting discussion among the inter-
viewers about the name of the workshop. The wonshias described as a workshop about
possible transition paths in the project plan. §it@on paths are however much more all em-
bracing than the breakthrough of one or more teldgies. For this reason it was chosen to alter
the name of the workshop in breakthrough pathways.

The workshops had a double objective, the distiobubf knowledge about the outcomes of the

Socrobust methodology and the introduction of theaiof niche management. The workshops

lasted three to four hours which meant that theksfups fully planned. Both workshops con-

sisted of the following steps:

« an explanation of the Socrobust methodology,

» the outcomes of the methodology (the present né&twature network, recommendations,
etceteras) in the respective cases,

» adiscussion about the recommendations,

» a presentation about possible breakthrough meahargach as niche accumulation,

< ashort repetition of the important outcomes ofrtiethodology,

* and a brainstorm about possible niches, nichectajes and their strategic implications.

The last step was planned to last about half ofatbekshop time. The workshop program was

discussed after the micro-CHP workshop. The cormtusf the discussion was that although

the workshop was fully planned all steps of theksbpp were necessary to reach the two ob-
jectives. The only option to decrease the timegqunesduring the workshop was not possible in
the next fuel cell vehicles workshop: the workskopldn’t be lengthened.
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4.  ADAPTATIONS FOR THE SECOND ROUND AND EXPERI-
ENCES WITH THE ADAPTED METHODOLOGY

The application of the Socrobust method to the or€HP R&D programme and the fuel cell
vehicles R&D programme resulted in different kinds outcomes: different bottlenecks
emerged for both technologies. These differencek tha bottlenecks are discussed in Sec-
tion 4.1 below. These differences and bottleneekktb various alterations in the Socrobust
methodology. The alterations in the Socrobust m®emd tools are discussed in Section 4.2 and
4.3 below. The chapter ends with an evaluation loickv alterations concerning the content of
outcomes spontaneously occurred between the twmSast rounds.

4.1 Discussion of emerging bottlenecks and resultirepgations

An almost similar application of the Socrobust noelilogy to the two R&D programmes re-
sulted in different kind of outcomes. The imageidiga by the micro-CHP programme leader
is more concise and as a logical consequence, ooonglete. This can be seen, among other
things, when looking at the various kinds of actet® have been represented in the future
situation. The CHP programme manager describeti@ological product and its market. The
described situation is one in which micro-CHPsleased to consumers. The present and future
image of the fuel cell vehicles R&D programme isrentechnologically orientated, especially
in the present network where, indeed, not all pates(yet) developed. The interviewers believe
that they can explain the differences in the kihduicomes by:

« The difference in flexibility between the two tedhogy developments. The fuel cell vehi-
cles R&D programme is still very flexible and wéltlapt most of the possible future options,
while most choices are already made for the tedgyotievelopment within the micro-CHP
R&D programme.

« The different kind of activities of the two techogly R&D programmes. The activities in the
fuel cell vehicles R&D programme are still moredsed on research and development while
activities in the micro-CHP R&D programme are mogkated to market demonstration and
the formation of consortium etcetera.

« And possibly by differences between the (personalithe) two programme managers. Note
that they did not differ in their active particifmat and their contribution.

The second round of Socrobust has been introducédgrove and adapt the Socrobust meth-
odology to the needs of the ECN business unit PPd@iwdies. One of the questions the unit
wants to be answered is in how much time the agipdic of Socrobust to a particular technol-
ogy should be repeated, if it should at all. Coesity the given differences between outcomes
and the time period between the two rounds fortwliecases (one month in the fuel cell vehi-
cles case versus six months in the micro-CHP cése)interviewers felt that the approach for
both cases should differ. The obtained resultdbfiih cases also differ much as to their com-
pleteness and their consistence. The interviewergljnwanted to repeat the Socrobust process
in the micro-CHP case while they wanted to focusttmn (supposed missing) breadth of the
networks and consistence of the assumptions ‘bethiaduture world’ in the fuel cell vehicles
case. The additional time given in the second romowld allow for this.

The interviewers adapted the methodology of thersg@aound in order to broaden the out-

comes of the fuel cell vehicles case. As the adiapts seemed to be useful, some of these
modifications were repeated in the micro-CHP case.
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The following important alterations were made dgrine second Socrobust rounds:

e It was tried to discuss the irreversibilities argsifrom the fuel cell programme’s critical
moments table. It is possible that such a discossiay cause the programme manager to
think differently about the programme’s flexibilitbome irreversible choices might have
been made during the R&D programme’s history. Tiseu$sion could sharpen the discus-
sion about the R&D programme’s key changes tabdeexternal check.

» The present and future network and the key chawges stronger linked together. It is pos-
sible that by this approach the breadth of the agtsvand the resulting key changes could
be broadened. Also a smoother transition betweeridlr poles used for the networks and
the three landscapes used for the cluster positjotaibles after the external check can taken
care of by the combining of these tools.

» The external check was broadened by means of iatesv Not all issues could be checked
by means of a web search during the first Socrofmusids. The interviewers of the second
Socrobust round tried to check these and otheessby using interviews next to searching
the Internet.

» The R&D programme positioning tables were chang@ée. interviewers made it clearer that
only certain aspects of the R&D programme’s positio the three landscapes could be
checked and deleted the Socrobust assessment plagettables. This to avoid hasty conclu-
sions from readers who decide to speed-read thestab

¢ The interviewers planned to discuss the lack o§ids niches in the micro-CHP case during
the second Socrobust round.

Apart from these changes some other minor altersiieere put through in order to sharpen the
outcome of other Socrobust tools. The alterationthé Socrobust process, tools and outcomes
are discussed in the following sections.

4.2 Alternations in the Socrobust process

The second round consisted of two interviews imtstdahree interviews and a workshop. In the

interviewers’ initial opinion, this time period wislihave been sufficient for merely repeating

the first Socrobust rounds. The interviewers howalezided to change some of the Socrobust
tools to ascertain more consistency during the reé@ocrobust round, which to some extent
meant that more time was required. The interviewmarsld have needed three times two hours
instead of twice two hours. The practice has beentimes three hours, and an additional third
interview of almost two hours for the fuel cell \elbs case.

The persons who conducted the first series of vigess (the first round) didn’t conduct the
second series of interviews but one person. Thés\iewer had the role of observer during the
first series of the fuel cell vehicles interviewdie main thing to notice about this interviewer is
that he knew more of the technological issues #ranof the other interviewers, while he also
felt comfortable with the Socrobust methodologyisiéonscious choice (the continuation of the
sequence as used in the first Socrobust round)rdatie one side to some waste of time (the
programme manager had to explain some issues aghil® on the other side the new inter-
viewer generated new input while asking about #rmeesissues in another way. This way, more
people from Policy Studies could gain some expedenith the Socrobust methodology and
the continuity within the project was still guaread.
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4.3 Alternations in the Socrobust tools

4.3.1 Narrative

The interviewers of the second round chose noepeat the narratives of the two R&D pro-
grammes due to time constraints, and to the fadtttte outcomes were clear enough. The cir-
cumstances around and within the fuel cell vehi&l&® programme didn’t alter much in the
six weeks between the two Socrobust rounds. Owrdh&ary, the changes that occurred in the
six months between the two micro-CHP Socrobust deumave been for some aspects rather
important, and were described by means of thecatithoments table, the next Socrobust tool.

4.3.2 The critical moments table

The way the critical moments table was completedh’dichange during the second series of in-
terviews. New critical moments reflecting the recehanges in and around the R&D pro-
gramme were added to the micro-CHP critical momaatike. This resulted in an extension of
the critical moments table by a full page. Therallecircumstances that gave rise to the ex-
tended critical moments table also caused altersfaaiditions in the outcomes of the other
Socrobust tools. The interviewers tried to shottencritical moments table for the fuel cell ve-
hicles R&D programme and to better discuss the R@Dgramme’s irreversibilities and
choices that were reflected in the critical momealde. The interviewers shortened the critical
moments table in the fuel cell vehicles case frored to two full pages. This way, important
choices were better reflected in the critical motadable. The objective to better discuss the
irreversibilities that occurred within the R&D pmagnme’s development has not be fully
reached as, to the programme manager’s opiniorteetiinological roads and future societal
choices were still open to the R&D programme.

4.3.3 The present network, the future network and thedtenges table

The interviewers explicitly explained the programmanager how the future network is actu-
ally combined with the future network and how theg kchanges table is a direct result of their
‘confrontation’. The interviewers introduced a tipath and hierarchy in the events that should
occur to bring about the desired future working ldio©bviously, not all assumptions were as
important and not all events that were assumedeatktdoccur at once for the R&D programme
to go further in the direction of the future networ

The interviewers used the following methodologytfar fuel cell vehicles case:

* The programme manager was asked to sketch thenpmestsvork of the transportation sec-
tor. This network should be focussed on all funtithat conventional cars fulfil in the pre-
sent network. This way the programme manager beeaare conscious about the various
functions that conventional cars fulfil in the peatsituation.

* The interviewers asked the programme manager twlskbe future network based on the
functions depicted in the present functional nekafor the original end year of the technol-
ogy development’

« The interviewers were planning to ask the progranma@ager to depict (in an additional
picture) the future network in a year between now the original end year of the technol-
ogy development. This year will be called the ‘yeabetween’ in this report.

10 The same year as the programme managers usedskétizhing the future network during the first esrof inter-
views (2030 in the fuel cell vehicles case).
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« The interviewers, in co-operation with the prograanmanager, then formulated a list of
events or changes that should come about beforsitiegion desired for the end year and
the year in between could be reached. The list Inéoeused on the technological option
central in both networks. This way, the assumptimese placed in time perspective and
relevant assumptions were separated from lessam@gsumptions.

* The interviewers wrote down the long list of asstions and grouped the assumptions ac-
cording to the three landscapes later to be useéldeirprogramme positioning tables. This,
because of the expected difficulties to switch fritia four Socrobust poles to the three So-
crobust landscapes.

« The interviewers validated the assumptions lishwite programme manager to ascertain
that the list corresponded with his view.

» The list of assumptions formed the basis of therewet check, the programme positioning
tables and the capacity for action tables.

The new methodology altered the outcomes of theemteand future networks and the list of
key changes or assumptions of the fuel cell vebiBl&D programme. The present network of
the fuel cell vehicles R&D programme did not altauch in the second round. The future net-
work did alter from the network sketched in thestfiround. The interviewers asked the pro-
gramme manager to sketch the future network anérlyidg assumptions in 2030 and 2015.
The future network has been sketched only for iluatson in 2030 due to time constraints, the
assumptions have been formulated for both situati®he underlying assumptions differed for
both situations. The resulting list of key changess more extensive than the original key
changes table and they were leading to two com$istéure worlds. As the ‘year in between
future world’ is halfway between the present sitwatand the end year future world, this tends
to reinforce the consistency of both worlds.

For the micro-CHP programme a similar approach foiswed. The present network and fu-
ture network of the micro-CHP R&D programme did atier much. This is important to note
because, obviously the many additional critical renta could have led to changes in the pre-
sent network and in the R&D programme manager'sv\aé the future network. The inter-
viewer, in co-operation with the programme managempleted two instead of one future net-
work. The desired situation in 2012 was sketchethé@nfirst new future network, while in the
second network the situation in 2025 was depicldd assumptions between the two future
networks seemed to be different, while the progranmanager also stressed different roles of
different actors in the two situations. The ste2@12 should be seen as a good preparation for
the step in 2025. This reinforces the consisteriay® future world. The programme manager
in co-operation with the interviewers formulatedligwing the three landscapes) three lists of
assumptions that had to be brought about beforsitingtion 2012 and 2025 could exist.

The interviewers of the second round found thattrabthe worked out well. They thought that
the methodology ascertains a more fluent transhietween the R&D programme networks, the
external check and the R&D programme positionifget® The extra steps caused the pro-
gramme managers to be conscious of the differeetselen the four poles in the future and
present network and the four landscapes in the R&€igramme positioning tables. This great-
ens in turn their participation during the subsequsteps. In the process, much attention was
given to the formation of concise and coherentresuorking worlds. An argument to work
with two future worlds accompanied with severakdas that it eases the task of giving concise
information on the future world. Often, managersatteady have an idea about a path toward
their final future-working world. It is importand thote that some discussion occurred when one
of the programme managers was asked to select@mase technological option. To ‘draw’
one or more options about how the future world waari should look like, is quite a big step for
a R&D programme manager who daily copes with tHelfasket of options. Additional pru-
dence is required when only one option has to bsam One ought not to work further and fur-
ther with one selected technological option, anddothat there are assuredly also other future
working worlds.
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4.3.4 Critical actors

The critical actors tables were checked duringsgeond Socrobust rounds. Some minor altera-
tions were made. As the present networks did namgé a lot during the second rounds, the ab-
sence of changes in the critical actor table issngprising.

4.3.5 External check

The methodology of the external check was chandfed the first Socrobust round. The inter-
viewers checked the assumptions by means of iet@svivith actors in the field instead of by
an Internet search. Two external actors that bathiriterviewers as the programme managers
deemed as relevant actors were interviewed for B& programmes. The external check was
more focussed on the specific assumptions behmdR&D programmes’ future networks than
the external checks in the first Socrobust roufitie. outcomes of the external check have been
convincing. Some of the assumptions were confirimeaneans of the interviews, while some
were not. Both the interviewers and the managesside have learned from these insights. The
way these insights have been embedded in the Setrotethodology makes them more inter-
esting. It generates the possibility to use therthensubsequent steps, and it gives new possi-
bilities to sharpen the view of the managers (st ja better understand this view).

The use of interviews also had a disadvantage.xferreal check by means of interviews meant
that the opinion of fewer actors could be place iperspective. The interviewers therefore
recommend that the external check should consiatwéb search as well as one or two inter-
views (per case).

4.3.6 R&D programme positioning table

The structure and the content of the R&D programusgtioning tables of the fuel cell vehicles
were altered. The interviewers of the second serfiésterviews initially felt that the structure
of the original R&D programme positioning tablessamclear. By altering the structure of the
table, the problem with the Socrobust assessmehbps#he table could be overcome. The in-
terviewers of the first series of interviews fdiat the possibility that a reader would only read
the Socrobust assessment part of the table, ceattitb misunderstandings.

The interviewers used the following methodology émmpleting the R&D programme posi-
tioning tables: the new R&D programme positioniablé consisted of four columns and a cer-
tain number of rows. The rows indicated the altévea for the fuel cell vehicles. The name of
the alternative and a short description of theradtive are given in the first two columns of the
table. The third column indicates the circumstarnicashich the future alternative will probably
exist (‘the key assumptions’ in the table). Therfowand last column indicates which actors will
probably be in favour of the development, e.g. Wwhactors will be in favour of the develop-
ment of fuel cell vehicles.

The interviewers emphasised the choices they méile sompleting the R&D programme po-
sitioning tables. They explicitly said to the pragmme manager that they would concentrate on
certain developments instead of concentrating lotealelopments within the three landscapes.

Only some minor adaptations were made to the R&My@mme positioning tables in the mi-
cro-CHP case. The programme manager could stiitiigethese positions after six months.
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4.3.7 Capacity for action table

The capacity for action table for the fuel cell s R&D programme wasn't altered during
the second round due to time constraints. In faetpld table did correspond with the outcomes
of the first Socrobust round, which, with the visiof hindsight, were quite different from the
outcomes of the second round. If the intervieweasildl have liked to, if they had the time,
adapt the outcome of the capacity for action tablthe altered external check and R&D pro-
gramme positioning tables. This was however nosiptes

The interviewers in the second round decided topteta the capacity for action for the micro-
CHP programme. This table wasn't completed durimg first micro-CHP Socrobust round.
They felt that the completion of the capacity foti@n table was necessary for the formulation
of the recommendation box. The interviewers ofd¢beond round used the same methodology
as the interviewers of the first round did for thel cell vehicles programme. The results have
been written down systematically. The interviewfetsthat the table formed a constructive con-
tribution to the recommendations.

4.3.8 Recommendation box

The alterations within the external check and tB®Rrogramme positioning tables automati-
cally led to changes in the content of the conolusiand recommendations. The interviewers of
the second round tried to summarise first whattirelusions were for the present case, and to
play along with some of the proposed ‘conclusiofi$ie resulting ‘recommendations’ are not
written with the intention to bestow the basketimgredients necessary to reach the chosen
technological option at the specified date in tieife. They might function as a warning (for
threats) and as an agenda for actions to bring r@ mubust technology in the future society.
Due to the modesty of the given recommendatiorappears less important to review all issues
discussed in the research.

This is quite a big difference with the first Sdoust round were the interviewers used the ac-
tion verb vocabulary. The interviewers of the secoound felt that they could not really use the
action verb vocabulary in this way. They felt thatas too difficult to explain the given ‘verbs-
recommendations’. Instead, they chose to go thrélglhwvhole report and come to a number of
subjects that were worth to take up to this lae.st

The case of the fuel cells begins with an ovenwéihe learning points acquired during the So-
crobust process, which set the scene to elabaatenmendations. These recommendations ul-
timately led to five verb-recommendations.

In the case of the micro-CHP, the interviewers diedito start with putting down what has been
learned regarding the R&D programme’s stakeholdatstheir interests. The interviewers con-
tinued with putting down the central issues foesearch institute and the programme manager.
This ultimately led to eight verb-recommendations.

4.3.9 Boundary map

The way the boundary maps was completed and tlwemes of the boundary maps didn’t alter
much during the second series of interviews. Theswaere checked and some minor altera-
tions were made. Each time, this step was complatémte the step of the recommendations.
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4.3.10 Possible niches

The niche discussion was not repeated during thenseSocrobust round. The interviewers
planned to discuss the cause of the lack of passilthes in the micro-CHP niche discussion
and the strategic implications of this developnduning the second micro-CHP round. Due to
time constraints, this was not possible. The dsiomsabout niches in the fuel cell case was
considered to be completed, with interesting ougsm

4.4 Spontaneous alterations between the two Socrobusts

One of the objectives of the second round wasdessswhich changes concerning a R&D pro-
gramme could occur within a certain time period] #mus to assess after how much time So-
crobust could thus best be repeated. Changescabat oould have various causes. The changes
could be caused by changing circumstances overltimalso by the increase in the programme
manager’s reflexibility* or by the changes in methodology as applied dutirgsecond round.
The assessment could only be done for the micro-Gbgramme. The time period between
the two micro-CHP Socrobust rounds amounted taorgirths, which is an interesting period of
time for a technology that will probably be intragual in the market within four years. Some
interesting changes occurred between the two n@i¢#®- Socrobust rounds. These develop-
ments somewhat altered the outcomes of the Sodramls. All changes were directed towards
a move towards the implementation of the innovat@anology in the (Dutch) market. No ex-
plicit conclusion on after how much time Socrobsisbuld best be repeated for a technology
could be drawn from this one example. The inter@isathink that the ideal repetition time is
strongly technology or R&D programme dependent.gfigpn of Socrobust after a few months
may be useful for a R&D programme with rapidly chisug internal and external circumstances.
For R&D programmes which internal or external amaances do not really change only a
repetition after a few years may be of use. A medbone year could be an indication of a pos-
sible ‘standard repetition’ time.

1 The first Socrobust probably caused the programmaeager to be more reflective on his own technolbepyel-
opment. The programme manager is more or lessttamthe application of the Socrobust methodoltmiis
technology after the first Socrobust round.
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5. CONCLUSIONS

This study described the methodological issues®fpplication of the Socrobust methodology
to the micro-CHP and fuel cell vehicles R&D prograe The Socrobust methodology has been
applied twice to both R&D programmes. The followjgyagraphs discuss the learning points.

An important leaning point was the influence of tiferences between the two R&D pro-
grammes on the outcomes of the Socrobust methogloldge kind of outcomes differed for
both R&D programmes. One of the R&D programmes dadbarket orientated present network
while the other programme’s network was more tewdihi orientated. The future network of
the first programme was broad and included useeaspvhile the other programme’s future
network was more technically orientated. The déferes between both key changes tables and
other tools reflected the differences between B Rrogrammes’ networks.

The R&D programmes differed from each other. Thestmimportant differences between the
two R&D programmes are the kind of activities (ssh, demonstration, market introduction
etc) deployed within the two programmes and thatired importance of the programmes in the
overall technology development. The activities dgptl in the fuel cell vehicles R&D pro-
gramme are focused on research and developmerd thieilmicro-CHP programme is more in-
volved in market demonstration. The fuel cell vé&#8cR&D programme is a relatively small
actor in the fuel cell vehicles network. This imt@st to the position of the micro-CHP pro-
gramme’s position in their technology developmdihis R&D programme is a relatively large
actor within the technology development. Otheratighces between the R&D programmes are:
a difference between the flexibility in the techowy development (the developments within the
fuel cell vehicles cluster are still very flexibleshile in the micro-CHP case clearly some
choices have been made), and possibly a differentte2 programme managers’ attitude on the
use of evaluation tools.

The differences between the R&D programmes areraldected by the different kinds of out-
comes of the various Socrobust tools. For instatiemicro-CHP programme manager feels
that the programme should play a important rolthenimplementation of the technology. This
in contrast of the attitude of the fuel cell vebigirogramme manager: he (rightly) assumes a
more modest role for his R&D programme. This défece could probably be caused by the dif-
ference in relative size between the two R&D progrees.

Another important learning point concerns the tpeeiod after which the application of the So-
crobust methodology to a project or R&D programineusd best be repeated. We repeated the
application of Socrobust to the micro-CHP clustiéerasix months and in this period some in-
teresting but not shocking alterations occurreds Tépetition and some internal discussions on
this subject lead us to believe that the ideal tipegiod between two Socrobust rounds is
strongly technology or R&D programme dependent.efigpn of Socrobust after a few months
may be useful for a R&D programme with rapidly chiaug internal and external circumstances.
For R&D programmes which internal or external cnstances do not really change only a
repetition after a few years may be of use. A gedbone year could be an indication of a pos-
sible ‘standard repetition’ time.
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From the experiences with the tools during the fired second Socrobust rounds the following
secondary learning points can be distinguished:

34

The application of Socrobust to a R&D programmeasajuite some time. At least three in-
terviews of three hours and a workshop of threerdiave needed. It is very well possible
that the second interview will take longer than plenned three hours. The time planning of
a possible second Socrobust round is dependenth@h wools or aspects of Socrobust are
planned to be treated in such a second round.

The sequence of interviewers of successive Soctebuads is of importance. The persons
who conducted a series of interviews didn’t condusecond series of interviews but one
person. We, as interviewers, found this sequendetedfviewers very useful as more people
could gain some experience with the Socrobust ndetlogy while the continuity within the
project was still guaranteed. It is probably betterugh that all interviews will be done by
the same two or three persons from the custometicbnology developer point of view.

The initial preparatory phase in the project isngportance. This phase is crucial for devel-
oping a good relationship and consequently the iiong for proper mutual understanding
of the method. Also, a good relationship betweesdwators (interviewers) and participants
(programme managers), resulting in a positiveuatittowards the Socrobust method, can
safeguard the process from protective strategies.

The interviewers can broaden the future networlcdaybining the formulation of the pre-
sent and future network during a second Socrolmustd. It still has to be tested of such an
alteration will be at use for a first Socrobust lagaion.

The external check can be broadened by meanseaieivs. The interviewers considered
the outcomes of the interviews as useful but they #hink that some assumptions still have
to checked by means of a web search.

A time path in key changes or underlying assumgticem be introduced by using two net-
works instead of one future network. The introduetdf such a time path in the second So-
crobust rounds led to different outcomes in botesaThe interviewers considered this time
path as useful. It still has to be tested of suthlteration will be at use for a first Socrobust
application.

Combining the key assumptions to three groups batog external check can facilitate the
change over from the four poles in the networkthethree technological landscapes in the
R&D programme positioning tables.

The action vocabulary to be used while formulatimg recommendations was considered as
useful.

A time path can be introduced in the recommendatamwell. The interviewers of the first
round considered this as very useful.
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APPENDIX A TRANSITIONS

In the National Environmental Policy Plan 4 (NMRHg Dutch Ministry of Environment and
Spatial Planning stressed the need for a tranditieards a sustainable energy supply system.
A transition is a gradual and lengthy process (@%«ars) of change in which a system changes
fundamentally. The change concerns changes inusmoeas: technological and institutional
changes, changes in behaviour, culture and intesitibhe overall change encompasses changes
in socio cultural, techno economical and environialesspects.

To describe transitions often a multi level persipeds used. In such a perspective three levels
are distinguished, notably (technological) nichhegimes and landscapes. The three levels can
be characterised as follows (Elzen, 2001):

» Technological niche or just niche: denotes a ptetespace where technologies or concepts
are developed that cannot economically survivén@irtpresent state. They are protected by
various actors who believe in their long-term pexdp and/or profits and who are willing to
invest time, effort and/or money. A technologicalenis different from a market niche. The
latter denotes a subsection of a larger marketdiatsurvive economically while a techno-
logical niche cannot and needs protection.

e Socio technical regime: The regime is the wholeutds, regulations, assumptions and theo-
ries, division of labour etceteras that are embeddematerial and social practices. It is
characteristic for regimes that technological depsients within the regime are mostly in-
cremental, in other words are aimed at optimisatibtamples of regimes are the regime of
energy supply, the regime of agriculture and tiygnne of transport by ship.

« Socio technical landscape: this denotes the widatext of a regime in the form of socio
cultural and economic factors and processes. Exardsprocess on the landscape level in-
fluence events and processes on niche and regiek kn example of an event on land-
scape level is the nuclear disaster in Chernolh frocesses of liberalisation and individu-
alisation can be seen as processes on landscapbe lev

A transition can be seen as a regime and landgcapsformation. Innovations can only out-
grow niches when they are able to couple with dgweknts on landscape and regime level.
When innovations outgrow niches the regime changhes. introduction of Hydrogen fuelled
cars for instance will have impacts on infrastroetiassumptions on regular conventional driv-
ing and governmental regulations.

Although transitions are characterised by non-lingghaviour, the process itself is a gradual

one. Four phases can be distinguished (adapteddeonp and Rotmans, 2001):

» The predevelopment phase: there is very littlebléschange, but there is a lot of experimen-
tation in this phase.

« The take off phase: the process of change getswagl@nd the state of the system begins to
shift.

» The acceleration phase: structural changes take [taa visible way through an accumula-
tion of socio-cultural, economic, ecological andtitutional changes that react with each
other; in this phase collective learning, diffusemd embedding processes occur.

* The stabilisation phase: the speed of social chdegeeases and a new dynamic equilibrium
or regime is reached.

The transition towards a more sustainable energglgiseems to be between the take off phase
and the acceleration phase. More sustainable téadias such as wind turbines are emerging in

the present ‘fossil’ regime of energy supply arstitntional changes like laws concerning green

electricity are beginning to occur. In this phatsis important to examine images of the future

and ways in which these images can possibly béneshc
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Within most images of the future sustainable tetbgies to be used to supply energy or energy
saving technologies play an important role. Manyhee technologies are radical, architectural
or system innovations which technological breaktlyfopresupposes important changes on re-

gime and landscape level. Examples of those presagpchanges can be changes in infrastruc-
ture or far-reaching changes within the regulatigstem.
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APPENDIX B THE SOCROBUST TOOLS

Socrobust consists of the following tools:

The sections below show examples of the variousdbost tools. For these examples excerpts
of the various tables and tools that have beeadfilh during the two Socrobust rounds are

the narrative

the critical moments table
the present network

the future network

the critical actors table

the key changes table

the external check

the R&D programme positioning table
the capacity for action table
the recommendation box
the boundary map

the possible niches.

given.

B.1 The narrative

The narrative is a short description of the p&st,dresent and the anticipated future of the R&D

programme. The completion of this tool is quiteiolg, therefore no example is given.

38
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B.2 The critical moments table
The table below shows an example of a critical musable.

Table B.1 Excerpt of the critical moments table of the fugl eehicles R&D programme after the first seriésnerviews

Date Description Source Implication/choice Envisidrsolution Irreversibilitywhat change Stage reached
1990 Ronald Mallant meets PEM Passive Interest in PEM fuelDiscussion within ECN SF: Low Consider alternatives for ICE Start-up
fuel cell technology at an H cells research on PEM FC in stead
conference in Hawaii of ICE hydrogen bus?
1990 Selection of PEMFC as drive  Pro-active  Change fléEto Select technology in which Medium Change of subject of research Start-up
PEM ECN can contribute
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B.3 The present network

The present network of the micro-CHP programmer dfte second round. The network is in
Dutch. The poles are:

* Wet- en regelgeving: the regulation pole.

¢ Producenten: the producer pole.

e Gebruikers: the user pole.

* Technologie en wetenschap: the science pole.

WET- EN
REGELGEVING VROM en EZ
(EPR-EPA)
Gasstandaarde+
o - Novem
Veiligheid .,

COGEN ..

TECHNOLOGIE & ECN cluster PRODUCENTEN
WETENSCHAP micro-W/K LOCOGEN | |
Buitenlandse
producenten
B.G. (Concurrenten)

ENATEC ENECO

Demo Stirling ENECO Lease

| GEBRUIKERS |

Figure B.1 The present network of the micro-CHP R&D progranafter the second series of
interviews

B.4 The future network

Important actors or attributes of important actfnsthe situation in which the technology is
completely embedded in society are depicted irfuhee network. An example of a future net-
work could not be given due to confidentially reaso

In the network the same poles as in the presentonletare used:
« the regulation pole

e the producer pole

» the user pole

e the science pole.
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B.5 The critical actors table

The tables below show an excerpt of the critictdmactable of the fuel cell vehicles case. Theaaitactors table consists of two separate talihesactor im-
portance table and the actor involvement table.

Table B.2 Actor importance

Actor  Centrality within the network Representatnénd centrality Substitutability Estimated importance
within the pole
Actor X Central Producers: high Very low High

Users: quite high

Table B.3 Actor involvement

Actor  Motivation to join  Objective in contributing the Global strategyEstimated alignment Irreversibility Estimated invainent
development

Actor X Business opportunityruture market leader fuel Entrepreneur  Alignment: high Average/high High
processing Possibility to influence the actor: low
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B.6 Key changes table

The following example is an excerpt of the key demitable as completed during the first roundtferftiel cell vehicles programme.

Table B.4 The key changes table of the fuel cell vehicles R&igramme after the first round
Key changeDescription What has beeWhat practices hav&Vhich actors What is the What is the rate of Key critical Related Entry points  Oppositions

taken for disappeared? are most extent of the  change/timing of it? factor changes
granted? affected? change?
Education; MetamorphosisEducation on Education with Education of Little change Refresher course; Refresher Status of Contacts with Technical
courses inrefresher  electrotechnicsegard to mechanicahechanics; with regard to mechanics have to lurses at profession technical education;
courses on skills mechanics  education; ratheversatile specialised education mechanics
motor profound for institutes needing
technology mechanics refresher

courses
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B.7 External check

The outcome of the external check consists of ¢hegis of the main positions identified, of the
arguments mobilised and of the most interestingeratrevealed by the search relating to each
key change. No example of the outcomes of the mateheck will be given.

B.8 R&D programme positioning table

The table shows the position of the micro-CHP R&Dgpamme in the technological landscape
(first round). The R&D programme positioning talgestrongly altered after the first series of
interviews for the fuel cell vehicles case. Theer@tl R&D programme positioning table is
shown in Table B.6 below.

Table B.5 The R&D programme positioning table. The table shtwe position of the micro-
CHP R&D programme in the technological landscapéerathe first series of

interviews
Description Type of main activities The programsposition
Programme Stirling motor research Mainly to be used in already
Focus existing buildings
Alternative (1EXisting gas motor The gas motor has been confidential
introduced on the market
Fuel cells The fuel cell is still in the confidential
research/demonstration phase of
its development
Alternative (2)Grid electricity/more efficient Common in most places Present situation
boilers
Grid electricity and district Common in some areas confidential
heating

Conventional boiler and gas Energy saving future possibilitgonfidential
driven heat pump

Potential Manufactures of low Research and development confidential
Allies temperature heating systems
Stirling manufactures Research and development confidential

Innovative boiler manufacturefResearch and development confidential

Material developers confidential confidential
Potential Conventional producers of  Established companies that R&D programme informs the
opponents  electricity should comform themselves tgroducers of new developments

the new situation

Conservative boiler confidential confidential
manufactures
Other Stirling builders They have their own conceptsconfidential

Socrobust  Confidential
Assessment
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Table B.6 The R&D programme positioning table. The excerpiheftable shows the position
of the fuel cell vehicles R&D programme in the temlbgical landscape after the
second series of interviews

Position of the R&D programme in the technologiealdscape (with emphasis on possible future vedjicle

Alternative.

* Fuel cell
vehicles.

e Alternative.

* Etcetera.

Description alternative.

Key assumpsio Proponents.

Attributes of the alternative Circumstances in which theActors that probably will support the

alternative probably will  emergence of the alternative and the
foster such as: Stringent locgtuation in which they will probably
emissions policies. support the alternative.
Stringent climate policies. Examples are:
Countries with a CH4 infrastructure.
Car manufactures (when pro H2).

Attributes of the alternative. Weak local emissions  Actors that probably will support the

Etcetera.

policies. emergence of the alternative and the
Weak climate policies. situation in which they probably will
support the alternative.

Etcetera. Etcetera.
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B.9 Capacity for action table

The table shows a shortened version of the capfariyction table for the fuel cell vehicles R&Dogramme (after the first round).

Table B.7 The capacity for action table of the micro-CHP R@gramme after the first series of interviews

Dimension Threats/uncertainty Debate loci Roomeftiion

Technological landscape Threats as they emergedtfie external Actors and places that are relevant for eddrgins for manoeuvring (e.g. try to
check (e.g. The environmental image of specified threat of change (e.g. a debateinvolve environmental organisations)
cell vehicles) about the environmental pros and cons of

various transportation options)

Legal, administrative and regulatory e.g. Which route does the government Study groups on EU and national level Clean fossil fuels can only indirectly

environment choose to fulfil its C@reduction targets in influence the outcomes of the debates by
the transportation sector? involving other actors (other research
institutes, environmentarganisations, us
representatives)

Positioning of demand, users and markets  Will inegnment stimulate the use of Debate between various Dutch ministrie€lean fossil fuels can only indirectly

Hydrogen fuel cell vehicles? (Environment, Transportation, Economidnfluence the outcomes of the debates by
Affairs) involving other actors (other research
institutes, environmental organisations,
representatives)
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B.10 Recommendation box

The recommendations given to both programme masageolved around actions which re-
flected the programme’s position within the spate&bate. An action vocabulary was used
during the first Socrobust round for both techn@eg

Due to confidentially reasons no example of themamendation box will be given. The follow-
ing verbs were among other verbs used during teeSocrobust round:

monitor and discuss (developments),

strengthen (your knowledge on),

think about,

take care of a discussion about,

explore the possibility of engaging (another agtor)

build a discussion platform about (including infatmn on which organisations could form
a part of the discussion platform),

strengthen the position of (an actor),

develop new field test (including information oretkind of field test that could be devel-
oped).

In the fuel cell vehicles example the recommendatioere placed in time perspective. An ex-
ample hereof is shown below:

Try to influence the national government to stinmlthe development of fuel cell vehicles

and/or to choose for a hydrogen transition route

Background

A description of why the recommendation could bangportance for the fuel cell vehicl
R&D programme.

Short-term actions:

Long-term actions

)

Contribute to the discussion about possible tremmsibutes.
Develop hydrogen demonstration projects (fuel eellicles can also be used with a lin-
ited infrastructure).

Strengthen the relationship between actors advag#te Hydrogen transition route.
Try to stimulate research on ¢@apture techniques.
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B.11 Boundary map
Below an example of an empty boundary map is shown.

Relevant actors/circumstances which are relevadt rasognised but which cannot IJ)e
changed

Other important actors to be involved in the future

Who and what can be acted upon today

Figure B.2 An empty boundary map

B.12 Possible pathways

The possible pathways tool is a description of iessiches, niche trajectories and their stra-
tegic implications. The learning points of eachheidrajectory are described per niche trajec-

tory. No example is shown.
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