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Abstract—The primary objective of Transition Management
appears to be ‘to manage transitions towards sustability.” The
emerging body-of-knowledge on system transitions todate
remains largely descriptive, however. We propose aesearch
agenda to develop a prescriptive system transitiorbody-of-
knowledge, which eventually will provide handles fo policy
makers to push and pull transitions. This agenda isleveloped by
focusing on energy systems. We conjecture it is ays socio-
technical systems that are the subject of transitm We define a
system transition as a structural change in both technical and
social subsystems. We conclude that shared definitions must be
developed of indicators of sustainability performage of systems
in transition. Secondly, an understanding and recagjtion of the
socio-technical design space is required. The desigpace for
energy systems includes technological structure andontent,
policy, regulation and market design and social inavation. The
combination and interrelation of these must be reagnized and its
use suitably underpinned, for example by exploratgr simulation
models and games that would allow ex-ante testing transition
policies and management.

Index Terms—System transition, Transition Management,
Simulation Modeling and Gaming, Energy

I. INTRODUCTION

of the generation of heat and electric power [4].

Generally speaking, the demand for energy is détedrby
population P, per capita demand A and technological
characteristics T, which leads to an impact | asoating to
the well-known equation = P-A-T[5, 6]. Reducing energy
system CQ@ impact thus implies a change of population,
technology and/or in demand per capita. Today,nbed a
reduced C@ impact is clearly stated and acknowledged by
many governments, i.e. by setting targets for GHi@ssion
reductions [7, 8] by means of the Kyoto protoco] fhd
through post-Kyoto measures. In the Netherlandsin&iance,
transitions are explicitly addressed in energy qyol[il0-12].
We conjecture that only by structural change, sgste
innovation of the energy infrastructure the longrtegoals of
20, 30 of maybe 50% G@mission reduction can be met.

Having acknowledged the complexity of today's egerg
infrastructure, it is a huge challenge to reinvemnd re-design
this socio-technical system [13], let alone devedoprogram
suitable for managing its transition.

The objective of this paper is to develop an agetmda
addresses this challenge: how to design systersiticrs for
energy infrastructure? First, key Transition Marmmaget
literature is summarized. Subsequently, a socibrieal
systems perspective is introduced and adopted!l¥insing

RANSITION Management appears to have as primarnhis perspective and energy infrastructure knowdedmd

objective ‘to manage transitions towards sustalitgijil,
2]'. Geels states: “In recent years, there is iasig interest in
transitions and system innovation, because of fhr@imise to
achieve jumps in environmental efficiency” [3]. bel,
environmental efficiency of energy systems withpexs to

SO, NO,, soot and other harmful emissions has dramatically Transitons can be defined as “gradual

improved in the past decades. Meanwhile,

knowledge of design and design processes, the rdesig
system transitions is explored to develop a rebeagenda for
a prescriptive system transition body-of-knowledge.

Il. OVERVIEW OF TRANSITION (MANAGEMENT) LITERATURE
continuous

in energyocesses of change where the structural charaeesociety

infrastructures, exhibit only gradual and limitedpirovements (or a complex sub-system of society) transforms#][1
of system performance with respect to&Mission - through  gqcietal transitions are defined as “structuraloirations of
technological progress energy systems are slowtyomehing  gocietal systems in reaction to wicked problemeatening

the theoretical conversion efficiency limits set e Second
Law of Thermodynamics. Through system innovatidrese
limits sometimes are relaxed or avoided by clewenliination
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development” [1, 15].

Transition management can be summarized in theviaig
characteristics [14]:

* long-term thinking for framing short-term policy;

» multi-domain, multi-actor, multi-level,

focusing on learning;

« aligning system innovation and system improvement

» keeping a large number of options open.

Presently, how transitions emerge is conceptualinetivo
ways. First, literature on transitions uses threalical and



heuristic levels for system innovations [16]. The&no-level
contains technological niches, in which new techg@s can
come into existence and be developed. The mesbHelds a
patchwork of regimes in a dynamic equilibrium. Tinecro-
level contains socio-technical landscapes, withbaloand
normally slow developments. In this formalizatidrgnsitions
occur when novelties on the micro-level evolves anthken
up to modify the patchwork of regimes and evenyuall
transforms the landscape on the macro level [3)efz
papers and books have been using this conceptiiatizio
describe and analyze past transitions [1, 2, 1]7, 18

Second, four transition phases are identified exghthway
of transitions [14] (see Fig. 1). A phase of prezlepment (1)
is one of dynamic equilibrium. In the take-off pbg2) change
starts to occur. During the breakthrough phase v{8iple
structural changes take place. A transition endth va
stabilization phase (4), where speed of changesdses and a
new dynamic equilibrium is reached. Three systemedisions
are identified, given a(n) (set of) indicator(d)e ttime period
of a transition, the speed and the size of theghan
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Fig. 1. Phases and indicators in transitions, tedbfitom figures in [14].

Policy makers face the challenge to design policlarge-
scale socio-technical systema-dystems) [19, 20]. These
infrastructures contain many interdependent compisne
many different actors having specific goals andmsda reach
them, and technological subsystems with limitedatadlfiies.
A-systems are evolutionary, they exhibit path-depeny;
options in the future are shaped by current choécewell as
current options have been shaped by the past. As

LARGE-SCALE SOCIO-TECHNICAL SYSTEMS

consequence,-systems were not designed as they are now b

evolved to their present state [13, 21]. Technalali
components are not necessarily equipped to meetemod
needs, in terms of sustainability, reliability,Xileility and this
impacts the policy design process. Increasing timaptexity
of that job, changes in technical componentsialystems
often have to go through changing actions of stakksrs. One
cycle of new policy design, over time resulting an
improvement in the system could be a system tiansit the

total system would have structurally changed (sgedj.
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Fig. 2. From policy design to a change in perfarogini-systems.
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The eventual societal goal of transition manageni€nt)
research is to accommodate policy makers to marage
transition in sectors for which it is identifiedathstructural
change is needed. One can argue whether gradu#brand
continuous change is required for such a transitibm
addition, we believe that transitions are not dolye used as
reaction the wicked problems threatening developmen
Therefore, we stretch the definition of transitiarsl societal
transitions to a definition that is more on systetimsking.
Therefore we will use a definition for system tréings (see
also Fig. 2):a system transition is structural changeboth
technical and social subsystems.

The energy infrastructure is clearlyLesystem: actors have
been liberalized and competitive tasks (power aatdral gas
generation and retail services) were unbundled from
monopolistic tasks (grid and pipeline operatorksg sector is
embedded in and strongly connected to several risarke.
fuel, emission-trading and spot markets. All théoex active
in these markets have their own objectives to zeatheir
objectives and means to do so. And the governmestd set
the rules of the game, with policy and regulatian raain
instruments, in such a way that actors by realizivegr goals
will have optimum behavior according to the poliogkers set
of objectives. For the energy domaimanaginga system
transition implies the design of energy policy aedulation
that invokes change by influencing the actionstakeholders
that in the system are in control of energy techowl

V. BUILDING BLOCKS FORSYSTEM TRANSITION DESIGN

The design of complex systems is different to aphm
systems [22, 23]. It is a process [13]. In ordecome to a
design a system transition, we use the conceptodehof a
design process (Sééy. 3. The main steps in a design process
are development of goals, objectives and conssaitiie
dgsign space and tests. By executing tests thepbésirming
?sign is selected for implementation. In this isectthe
esign process is applied to systems transitions.

A. Develop goals

The first step in the design process is the devatop of
goals. In the end, the design must be selecteduliditthese
goals the best. Therefore, goals should be unambgyand
complete. In order to develop the goals for a sydtansition,
transition managers involve many actors: it is dtirator
process. In addition, TM claims it is preferred state



ambitions above objectives and rather qualitativent
guantitative ones, all together subject to re-adjest. In
design approaches,
requirements, must-haves and should-haves.
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Fig. 3. Conceptual model of a design process [13].

For system transitions in energy, transition maregéim
as main functional requirement that the energyastfucture
should must be sustainable [2]. This goal onlyeeti what the
outcome of transition should be. A proper desigma afystem
transition for energy should contain functional uegments
for the system transition itself. In addition, susability is an
ambiguous concept. Finally, it cannot be expecteat all
involved actors agree that sustainability is thy goal. Other
actors have different goals in this design procasd since
they are involved, they will impact the goals réisgl from
this step.

B. Determine objectives and constraints

In determining objectives and constraints one malkgscit
the previously defined goals. For all objectived annstraints
performance indicators are identified whereby oae assess
whether and to what amount the objectives and caingt are
met. This is necessary to be conclusive on theopaence on
different designs of system transitions. Actord pilt in effort
to make sure that for them relevant objectives @nbtraints
are put in or left out according to their own prefeces and
means.

Two notes should be made here. First, desighiagstems
result in a huge set of constraints and objectiyassibly
including conflicting ones. That would trouble dwfig the
design space. For the design of a system transtisnmight
be even more problematic, because not only theosoc
technical system but also the transition processulgect to
objectives and constraints. Second, objectivescamdtraints
must result in measurable performance indicatargichtors
identified for system transitions are based on p-down
systems view as mentioned in the second sectian:tithe
period of a transition, the speed and the sizehefdhange.
However, one could identify many more by analyaiviat the
characteristics of a transition pathway means fer $ocio-
technical system in which the system transitionuogc The
only explicit and measurable performance indicaforsthe

goals are formulated as fumdtion

socio-technical system as a whole are emissionldefee a
series of substances (e.g. £QQ0,, etc.).

C. Develop the design space

Crucial in any design process is the developmenta of
suitable design space. A design space is build-ump flesign
variables that can be varied in order to come t gbt of
possible designs. A design space may be n-dimeaision

The multi-level perspective [3] and the four phasesa
transition [14] structure how transitions come abdine key
point in the multi-level perspective is that systemovations,
that lead to system transitions come about throtig
interplay between dynamics at multiple levels. Bgsi
variables should therefore impact the dynamics bosd
levels. The four phases imply that transitionsdella certain
pathway. Designing a transition therefore impliessigning
this pathway and according to that design variatdedo so.
This transition path is however directly connedieéhdicators
(recall the vertical axis in Fig. 1): for the id#ictation and use
of transition pathways, unambiguous and measurable
performance indicators are a necessity. Both petisgs do
not focus on how impact system transitions and ratber
equipped for analyzing and describing past traorssti

Design variables rather come from transition marnage
(TM) literature: methods for invoking transitionsight be
useful as design variables for system transitidhg. transition
instruments discussed here [14] are:
transition objectives;
interim objectives;
transition visions;
evaluating and learning
creating public support.

Transition objectives and interim objectives rathelong to
developing goals (and after that determining objest and
constraints) then being design variables. (Not¢ tiinay were
discussed earlier at those sections). Transitisions are also
not part of the design space, because they are amam®
explicate and visualize the end result of a systemsition.
However, these far-future visions can be used tdvele
transition steps that can lead to that end redudtxt, by
creating public support (through the involvementaofors in
decision-making and through education) in the pssame can
create a momentum for change. That also relates rtwr
earlier parts of the design process, i.e. detenginibjectives
pnd constraints. Final is that by supporting tedtgioal
niches innovative concepts can mature and, if ssfok
diffuse into society.

Rotmans [14] states that TM uses a systems apprtHoh
system approach implies thinking in terms of stoeksl
flows”. And therefore “a transition is the result long-term
developments in stocks and short-term developmeémts
flows.” ... “During the quick period of growth, aceehtion is
mainly the result of positive feedback mechanisrigiis top-
down view is of course useful but just one sidehef story.
Complex systems and complex adaptive systems deetell
us that change ik-systems is the aggregate result of decisions



and actions by individual entities. We thereforguar that it is
disaggregate actions of actors that should be doeisf of
transition analysis, rather than the regime in ptdeeome to a
design of system transitions. For instance,,Gnissions
occur on a disaggregate level: an increase in tia- C
concentration in the atmosphere is the result afyramaller
and larger sources in which (for the part that nraohkis
responsible of it) control of these sources is anyndifferent
actors. This conceptualization has consequencabdadesign
space for system transitions and can enlarge rhatiaally by
including design variables that impact these diszgmte
decisions. However, one must note that the suadesst of
deriving design variables is interdependent with identified
set of performance indicators.

D. Develop and execute tests

All possible combinations of options for variableishin the
design space are potential alternatives that caselseted for
implementation. If performance indicators are dedinwell,
i.e. when they are measurable and unambiguous pibssible
to develop and execute tests that can grade tlerpamce of
the design alternatives. Designs for system triamsitcan not
be tested in reality: only one test could be exetuafterwards
the system was changed by the test itself. As aemprence,
the TM literature is thick on historic cases. Bpsictices are
identified analogous to those cases, rather thamtifging
design alternatives and test beds for them. Fdrtesting of

design alternatives one can use the power of mode

computers to imitate real systems in simulatioms.tHose
simulations, all essential components of the stmibmical
system should be apparent. Simulation exercised twde
well focused and have tailored designs to comessalts that
are meaningful. This especially true for models system

transitions, since thke-system under study have many relevan
components and are heavily connected to other ragste

Relevant components include the technological systd
apparatus and connections, the preferences ofrstilars and
their social and economic behavior, and policy. (Bations
can be used to better understand the functionirigsystems,
to explore and identify determinant components #meir
interplay and, what for this section would be itaimaim, to
test the impact of design alternatives without ienpénting
them. This can all be done without having the aimbito
predicting the future, rather predicting the varieof
trajectories and future states forissystem, given a set of
well-chosen assumptions. To enrich the codificaioocess of
actor behavior, one can use serious gaming. Byraibgethe
outcomes and motivations of real players in a ssrigame,
one can extract actors’ behavior and translateoitreal
situations. With these simulations and games, @meexecute
tests for design alternatives and gain their peréarce on the
defined indicators.

E. Select

The selection is made based on the outcome ofxineuged
tests. If the performance indicators are well defirand the

tests well developed, than one find out what dealtgrnatives
meet all constraints. Those are still feasiblethHre is more
than one design alternative left, one can selesedban the
objectives. Comparing objectives is subjective ahdis
probable that actors weigh the objectives diffdyer@election
for a design of a system transition therefore mjglave very
difficult. However, in that selection process iratiog the
performance of alternatives is crucial, so thatia $election
based on a discussion on objective importance besom
possible.

V. CONCLUSIONSAND OUTLOOK

A design of a system transition should lead todpémal
structural change by taking the preferred transipathway in
a A-system (See Fig. 4). The complexity in the energy
infrastructure shows in difficulties in designingyseem
transitions in the energy domain. In order to atinog@l design
of system transitions, a process design approaohldibe
used and three issues are identified in applyingh san
approach. Those issues are on the research agenda.

DESIGN OF A SYSTEM TRANSITION

transition
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Fig. 4. Design of a system transition.

The first, issue on the agenda is related to system
performance indicators. Since design teams needgess the
characteristics of their designs, the goals mushade explicit
as objectives and constraints for which measurable
performance indicators can be defined. As arguedha
previous section, in transition management litemtsuch
performance indicators are lacking or ill-definedich leads
to and obvious research agenda item: research iogéng
shared definitions of and performance indicatorssydtem
transitions. With such definitions, one can asseben a



system transition is started and completed and hehnédt can
be called a system transition, effectively sharg itifformation
and over time create a body-of-knowledge on whaks/and
what does not work for transition management.

Second, design variables for system transitiorieérenergy
domain should be discovered by using insights d¢hrielogy,
policy and economy from literature on system trémss,
design, complex systems thinking, energy technolagy
energy policy. Transition instruments should benidied to
come to feasible designs

Third, tests should be developed whereby diffesstem
transition designs can be compared. We arguedsitimaation
models and gaming are needed as tools to compare
performance of different designs. These tests shoahtain

relevant elements in thlesystem under study by incorporate

the interdependency of technology, policy and eapno

We believe that proper design of system transitisna
necessity to achieve a less carbon
infrastructure. This requires new policy, law anorporate
strategies. To provide decision support for bebdicies and
strategies, we developed a research agenda fordg-dfo
knowledge on system transitions that is prescrptiwhich
will underpin transition management for sustairiabil
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