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ABSTRACT

To accelerate deep decarbonisation in the energprsehe ipline of economics
should focus on identifying feasible instead ofimd policies. To do so, economic
| on-economic aspects, (3)

uncertainty, (4) stakeholders. The aim of t
analysis represents a promising alternati | optimisation approaches and
meets these requirements. This paperdde iscenarios for the case study of
gas infrastructure modifications hy en aodrbon capture and storage
technologies in Germany. In the r e soicseconomic qualitative scenarios are

scenario development. : istil the acwped of qualitative scenario analysis
and discuss challenge

in other discipli
KEYWORD
Economic palicy analysis, Energy system transfdaonatQualitative scenario analysis,
con resight, Participatory scenario develepm Energy policy, Deep
isation.
I ODUCTION

To mitigate climate change, a transformation towartbw-carbon economy and society
is urgently needed and requires serious changesath\sectors of the economy. For this
transformation, the energy sector plays a key rbtereach the goal of limiting global
temperature increase to well below 2°C, energytedlamissions must drop by over 70%
in the next 35 years. For a deep decarbonisatlma,way energy is produced and
consumed must change fundamentally. An energy rsysmsition is unavoidable and
comes along with substantial changes of the eneafggstructure [1].

Energy infrastructure projects have a long-timdesead require large investment
decisions to be made today. Decisions about ecanomestment and energy policy
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shape the future of energy systems for decadesd@&tision-making for infrastructure
investments is guided by assumptions about futexeldpments which lead to a great
diversity of energy futures [2]. From an econoninp of view, whether and when it is
promising to invest depends on expected futurermetuBesides the criterion of
profitability, the chances of a successful impletagon also seem to determine the
investment decision. In this context, not only emaic factors such as demand or the
real interest rate, but also non-economic factiks $ocial acceptance and planning
certainty play a crucial role [3].

However, due to increasing uncertainty and comptariated to the development of
energy systems, different assumptions and thugefusaenarios are possible [4, 5].
Uncertainty and complexity pose major challengestfaditional research approaches
and decision-making in companies and public polgigce they can hardly be grasped
with traditional methods. Due to the diversity afieegy transition seenarios and
associated uncertainties, the prevailing undergtgndf anoptimal deeisi

the intended goal. Considering the urgent needdbons to combg hange, this
might have fatal consequences [2].
This paper assesses how economic energy resea his challenge and

hors argue that economists

transformation can be achieved. It implies tithe easibility of a successful
holistic approach is favourable. The line ntagon runs as follow. Policies that
are optimal from an economic perspecii
makers or fail when it comes to the implementatidrtheoretical optimal policy that
cannot be implemented, can hardly be a suitablermeeendation to mitigate climate
change. An analysis of futu elopment represtr@ necessary base for a policy
evaluation. Therefore, e icy evaluatiamsl thus advice should focus on
identifying feasible inste al policiedus, the paper’'s main proposition is that
to identify feasible @ economic analysiowdd include four core features:
[ economic aspects, (3) utaiety, (4) stakeholders.

In this pape % ors argue that qualitateenario development represents a
foresight appreach t meets these requiremehts olbjective of the paper is to show
that qualita%rnario development is a promgisilternative to conventional forecast
methods te energy policy. The questidmef feasibility and the core features
can gically be implemented into the ansalgEenergy transitions is key. The
autho velop qualitative socio-technical scerfan a case study. These scenarios are
used to assess gas infrastructure modificatio@ermany which are part of a European
H./Carbon Capture and Storage (CCS) infrastructune. qualitative scenarios are not
the paper's main focus; they are used as an apiphicéo demonstrate the value of
gualitative scenario development - especially wbempared to traditional CBA-based
approaches.

By talking about conventional economic methodss tmper refers to quantitative
neoclassical economic models. They can be descabeth approach of optimisation in
a fully characterised closed system. Agents areaflp assumed to be fully rational,

maximise utility and have fixed preferences whidad to a stable equilibrium.
Furthermore, neoclassical approaches often negt@ceconomic aspects, behavioural

T It applies to a discipline’s specific narrow pesfive in general and is not restricted to the eatin
perspective.




changes and transition dynamics, which play a aftuole in transformation processes.
Commonly used econometric forecasting models dinereexplicitly or implicitly based
on the assumption of structural stability and eguum [3].

In the literature, no economic study has yet amalythe implementation of gas
infrastructure modifications with hydrogen and Ctéghnologies focusing on political
feasibility. The paper is the first one providingn@thodological discussion to improve
economic energy policy by developing qualitativersrios that enable deep decarbo-
nisation in the energy sector.

There are many studies in climate change reseacthetated fields, that use scenario
analyse to assess climate mitigation strategiggedally energy scenarios are commonly
used to evaluate energy strategies (e.g. [6] )nQa#ve scenario approaches like energy
modelling and techno-economic scenarios still datainthe scientific diseourse [7].
Baueret al. [8], for example, quantify socio-economic pathwagsng en ystem

models integrated with models of land use and tleraeconomy toranalyse global
emission mitigation policies. Robiniwet al. [9] develops techno-ec athways
using energy modelling to identify cost-effectivenission N/ strategies.
Qualitative scenario approaches are mainly uséueifield of futu@es, where they

originate [10], but gain more and more importar@@leill et lop qualitative

narratives for shared socio-economic pathways. Wei . [12] combine a
quantitative energy modelling with a qualitativ 0 “approach to propose
sociotechnical energy scenarios

This development results from the unders gbaial acceptance or political

feasibility of low-carbon transformation are successful implementation of
climate strategies. These factors are hardlysce in quantitative analyses [13].
Currently, a rethinking of energy research take£el The attention is changing from
technical and economic feasibility to.a more haiassessment [14]. Similarly, Schubert
[15] observes that research questions are shiftiom if to how (or under what
conditions) the transition can realised by pefiakers. It implies addressing social
acceptance and political feasibility.

Consequently, the y
understanding the transi
development, techni
A variety of discipline

f transition studiegyrowing. The difficulty of

s with the faat thfferent aspects such as economic
tion or political channfluence the transformation [16].

. économics, politigepgraphy, sociology or philosophy now
study the tran different perspectivesngsdifferent methods [17]. This
diversity is C disciplines’ different seopnd focus e.gustainability transition
[18], energy. transition19] or low-carbon transition13]. Related to the rethinking of
energy poli ysis, the search for the appabd@rnethod is ongoing and represents a
cen inty, of the development [12]. Thus, rditmts on the methodology for
unde ing the low-carbon transformation areired. Considering different theories
andymethods is an integral part of transition neseand exceeds disciplinary boundaries
[20].

In economics, however, qualitative scenario apgrea are barely mentioned.
Donges and Freytag describe qualitative scenagatyses in a textbook as an alternative
to traditional forecasts to provide orientation decision-maker to cope with unexpected
development. According to them, scenario analysidct have helped to avoid false
estimations in the context of the transformatioacpss related to the reunification of
Germany [21]. Still, traditional forecasting metisodominate the discussion about the
future development. It contrasts with the oftersedi critique that these methods are
hardly helpful in the case of climate change anergy analyses (see. e.g. [22]). The
paper argue that the science of economics now bapsd the rethinking of energy
(policy) research taking place in others reseaield.fln economic literature, there is a




lack of methodological discussion of economics sagst methods such as qualitative
scenario approach.
This paper addresses the lack and makes an origamatibution to the existing
literature in energy policy research as well anecoaic foresight in different ways:
Firstly, it contributes to the catch up of econosnwith the rethinking of energy
policy research that takes place in other disogdift does so in a methodological
sense and proposes a way how to integrate politezadibility in the economic
assessment of energy policies.
Secondly, the paper represents an example of hodevelop qualitative socio-
technical scenarios from a complexity economicspettive, as a response to the
limitations of traditional quantitative methods. Blping so, it contributes to the
improvement of energy scenarios and energy poliegearch by sincluding
stakeholders, non-economic aspects, complexityuandrtainty.

Thirdly, the approach of qualitative scenario depetent is applie case of
infrastructure modification in Germany. In this wayew insigh e current
debate on factors that foster or hinder deep deo#étion of ’ system in

Germany are provided.
The paper is structured as follows. Section 2 plewi of qualitative
scenario development in general and describespgb® ase study in more
detail. In addition, the paper shows in how far|datv development is used
to incorporate the four core features by refertmthe ca study example. In section 3,
the results of the case study are contrasted exg @ ) [ h a conventional cost-effective
Ol

optimisation analysis. By doing so, the val e socio-technical scenarios as
economic foresight method is show t' A@ses challenges and chances of
gualitative scenario development as '

w'

ive to economic forecasting that
go beyond the case study. The p wading remarks.
METHOD e ’

This section introduces ethod of qualitivensc® analysis in general. The
approach of this paper’ is describeahare detail. It is shown how the
scenario analysis allo ider the four features.

Qualitative scenatrio ent

The concept % rios has its origin in thedf@f future studies, which is also
called futur 3]¢ There is no single scenafpproach in the literature but many
divergen %aﬁons and definitions (e.g.])24n general, scenarios describe “a
p055| le ion in the future, based on a cormpetwork of influence factors” [25].

In t they “reflect different assumptiabsut how current trends will unfold,
hew critical uncertainties will play out and whagw factors will come into play” [26].
Unlike farecasting, scenarios do not claim to aately predict the future, nor to be self-

fulfilling or complete. Scenario methods normally kot aim to identify thenost likely
future. They rather explore a wide range pbdusible future developments without
estimating and assigning probabilities [27].

From a methodological perspective, scenario devedoy represents a tool to explore
how the future might look like [28]. It allows t@usider all core features, which will be
shown subsequently. Qualitative scenario developme@nesents a promising alternative
to quantitative forecasting methods in general anduitable tool to assess energy
strategies and policies. As complexity and uncetyaare inherent elements of energy
systems [29], qualitative scenario development iagmoves the development of energy
scenarios [7] and contributes to understandingggngystem transitions.




Scenarios can have different functional purposeso and Gal3ner [26] analyse the
purpose of scenarios and categorize four relateestpf functions. Firstly, scenarios can
have arexplorative functiorn the sense that they expand our knowledge aheuydresent.
According to Greeuw [30], they also enable to ideiimits of knowledge by highlighting
uncertainties and complexity. Secondly, scenaragehacommunicative functigrsince
they require the scenario team to discuss andrateedifferent perspectives as Gal3ner and
Steinmiuller [31] explain. Thirdly, by helping tosass the desirability of possible futures
[32], scenario development hagyeal setting functionLastly, scenarios allow to assess
different strategies as Eurofound [33] highliglatsd thus has @ecision-making function
Boerjesoret al.[34] distinguish between three main types of sgesaThis typology
is based on different questions posed by the dpeeldVhat will happen-questions are
answered bpredictive scenarioand aim to predict what will happen in the tramhiail sense

: , (3) scenario
of different steps.
bt-step scenario process

and prolect definition, (2) idea integration andhpeays i
description and evaluation [36]. The scenario p$| 3
Schwartz [37] uses a process of 10 steps. Othsm

external experts and stakeholders (e.g. [39]).
main strength of the scenario approach sustomise the process for a
particular purpose.

Despite the diversity of methods, s

rapproaches apply a backward-
fresent. After developing multiple

future development and avoid irable develosm be identified [40].
Working backward |mpI|es ure is unpcéaldle [35], but malleable. This view

either predictable, malleg lutive. Comgdeetraditional forecasting, the future is
not regarded as . Therefore, preciseulatibns via a statistical trend
extrapolation are_hard ible. The future it exmlutive in the sense of being fully
chaotic and unce @ 2. Instead, the futuesgimed to follow certain dynamics, so that
the develop [‘ean partly be shaped by the intenaaf different actors [41]. Following
this understanding, the qualitative scenarios dgeel in this study aim to explore possible
future out d thus, descrb@lorative scenarios

escribing the paper’s approach and process ofsicetievelopment in more detail
also shows how the four core features are conglddfer the paper’'s case study,
qualitative socio-technical scenarios for the eomicoassessment of different gas
infrastructure modifications in Germany were depeld. The papers’ case study belongs
to a broader interdisciplinary research projece @erman gas infrastructure is part of a
future European CCSMHnfrastructure linking Germany, Norway, Netherlatite UK
and Switzerland. Focusing on the methodologicapestive, a deeper discussion of the
different infrastructure options and the link te thther countries’ infrastructure strategies
exceed the scope of this papdie process of scenario development consistswf fo
phases, as displayed in Figure 1.

*The case study is part of the ERA-NET Horizon 2@206jectElegancy - Enabling a low-carbon
economy via hydrogen and CG=®r more information please ségtps://www.sintef.no/elegancy/
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Figure 1. Phases of qualitative scenario manageme
Authors’ own contribution

nomic researchers
daw, as well as external

The scenarios are developed by a core scenariod
(the authors). Scientists from engineering, soscin
experts joined the process at different stagesfifdtgphase comprises the scenario field
definition, and selection of key factors. The f enario field definition includes
key aspects such as the time horizon, the topi owing scenario objectivé&he
scenarios describe alternative future developmehtonditions that are relevant for a
gas infrastructure modification for thegyear:203&igh are in line with the German
energy transition and sector coupli . Subsequently, different steps of the scenari
development are linked to the four core features.

Core feature 1: comple
systems, sectors and rel
complexity especially ap
[29]. This is due to the
[7], undergo rapid.te

lexity resultsnfrdhe interconnectedness of
inearities asagdkedback mechanism. Increasing
vironmental egst and respectively energy systems

t energy systeraeabedded in a socio-economic context
rcal progress and ddmenthe interaction of heterogeneous
dynamics [44].

tt

ansformation in different ways. mdchy et al. [45] argues that
technique to capture complexsiyce it helps to clarify complex

areas are defined (see Figure 2). The clgdlas twofold. On the one hand,
developing a system image for the gas sector regjud identify relevant sectors and
actors, their interconnection, but also backgrooonditions. On the other hand, these
aspects need to be visualised in a systematic wayribritising system levels. In this
sense, developing a system image represents aftabbught. It helps the scenario
developers to test their initial intuition. Visughig can reveal limits of knowledge,
inconsistencies, unclear relations and uncertaintie

The paper’s system image highlights the importari¢be energy sector as the focal
point of analysis. The energy sector is charaadrlsy close relations between the gas
and electricity sector which form system level 1d asystem level 2. The energy
infrastructure (system level 3) links the energst@eon the supply side with the demand
of coupled sectors (system level 4). Since enemgjitigs mainly shape the energy
transition and thus the demand and supply sidespitesents a central element of the




system level 4. System levels 1-4 form the cora afdhe scenario field. System levels
1-4 are embedded in the specific German environigsgstem level 5) and the general
international environment (system level 6). Systewels 5 and 6 are rather general and
comprise relevant framework conditions. Thus, éngasystem images broadens the
perspective from a rather narrow techno-economaudoto a more holistic socio-
technical perspective.
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Core feature 2: non-e
socio-technical perspe
considered, too. Thi

ects. By movioghfa techno-economic to a
-technlcal and exynomic aspects need to be

pects. Thus, assessi@gy transformation policies is an
Energy systems are eddsel in a wider socio-economic

the scenario team listed 111 influenderf&cThis number of influence factors
wer densed to 52 and matched to all systertsland topic areas. By conducting an
interconnection-relevance analysis, the core tezsnaed the 52 influence factors in a
more systemic way. In a 52x52 matrix, the core teanked the influence from each
factor on all other factors. A range from 0 (nduehce) to 3 (strong, direct influence)
was used. As a result, each influence factor icrde=d by an activity score and a
passivity score. While the activity score descrithesfactor’s direct influence on other
factors, the passivity score defines the influeoicether factors. These scores allow to
classify the influence factors according to thgstem relevance in four categories (see
Figure 3). Influence factors with the highest sgstelevance, namely system nodes,
represent the driving forces of the scenario figlike interconnection-relevance analysis
for the case study yields 23 key factors whichfarther explained in the result section.




Figure 3. System relevance analysis

Authors’ own contribution Q
Core feature 3: uncertainty. In phase 2, for edd¢he 23 key ible future

developments in form of future projections are wiedi. In this rtainty related
to future development is considered. Consideringettai ortant, because
today’s reality is characterised by intensifyingcertainti ue to climate change,
globalisation, economic instabilities, and new texb herefore, decision-makers
are faced with the challenge of how to adapt thest cess to an uncertain future
[46]. For policy-makers, uncertainty reveals itg wledge gap between what they
naking [47]. Especially social
ing with uncertainties. Due to
egeenof policy-making are fare

the interconnection of different sy
reaching.

There exist different types of uncertainty. Accoglio Walker [48], uncertainty can

be classified in four levels th een théremes of determinism (knowing
everything) and total ignor nowing nothiniggvel 1 and 2 uncertainties can be
formalised in statistical . d-based sirfglecast with a confidence interval

(level 1) or assigning pra
and 4 uncertainties
statistical proba
without assigni
developme
and adapti

to alternatougcomes (level 2) can be used. Level 3
t deep uncertaintigis ddinnot be captured in form of
Level 3 uncertaintiesncdae described by plausible futures
ailities. For Level 4 uneetties, predictions about plausible
notpessible [48]. To cope withghHevel of uncertainty, a more flexible

.. - 9

hes are widely regarded as suaalldlexible tool to deal with high
inty [50].
bstract level, scenario development captumesrtainty in different ways:

opportunities by showing all possible developme(®3,it broadens the researcher’s
horizon by identifying unexpected future developisdr9]. Instead of only reacting to
a single predicted future [46], scenario approa@meE®urage decision-makers to accept
uncertainty. Uncertainty is not seen as a thradtab an opportunity to shape the future.
The paper’s case study on decarbonising the Geemargy system also involves many
uncertainties. Most of them represent level 3 uaagties: How will the energy economy
develop over time with regards to e.g. energy griemergy mix and energy demand?
How will public acceptance develop regarding susthie lifestyle or the use of CCS and
hydrogen technologies? How will macroeconomic cbods, such as e.g. GDP, the
interest rate or the investment environment develdpw will the political environment
develop? What role will e.g. phase in/phase outnotwable gas or subsidies for low-




carbon technologies such as e-mobility play? Holvthe demand for clean energy and
hydrogen develop over time? These questions exeigplemonstrate the uncertainty
inherent in energy systems’ transitions.

On a practical level, uncertainty is considereghase 2 in form of future projections.

Future projections describe possible pathways dcheey factor. While the aim is not
to identify the most likely future in terms of pattility, it is about developing a holistic
picture. This picture also includes extreme eventsdo so, 4-5 projections are assigned
to each key factor. For the key facRealisation of National Climate Goafsy example,
4 projections are plausible. These are combinatbhgo dimensions which both exhibit
two manifestations. The first dimension displayseptial changes of current climate
goals and the second dimension captures the lévealisation. In total, 100 projections
sketch the potential development pathways of aké&Bfactors.

Hence, in phase 3, a consistency analysaés used to assess the tibility of

different key factors’ projections. Figure 4 digan excerpt and sho@ nsistency

check of two key factors’ future projections.

Figure 4. The consistency matrix.
Authors’ own contribution

The g%currence of two projections withimeofuture scenario is determined
by assigni es from 1 (highly inconsistentptthighly consistent). In a next step,
hig nt future projections are combinegtojection bundles, so called raw
seenarigs.»Each raw scenario comprises one futofegbion of each key factor. Based
on a,cluster analysis, the number of scenariosredsced to six (see result section).
Phase 4 consists of a deeper analysis of the sasrfar the purpose of evaluating the
different infrastructure options, which goes beydtmel scope of this paper.

Core feature 4: stakeholder. The stakeholder petse is a core element of the case
study process. It assumes that the influence téréifit stakeholders plays a crucial role
when it comes to political decisions and their iempéntation. Ignoring stakeholders’
interests increase the risk that the related pal&ynot be successfully implemented and
can result in protests [51]. Especially for thelissdion of large infrastructure projects,

§ More details on the consistency analysis are albiilfrom the authors upon request




social acceptance plays a crucial role (e.g. [5BBnce, the stakeholder perspective
should be an integral part of the paper’s caseysind the assessment of energy policy.
Different stakeholders can get involved in the pssc of developing scenarios
through participatory methods. Although participatis commonly used in the field of
scenario development, it is unusual in sciencecohemics. Participatory methods offer
a possibility to generate qualitative data thatrauired for the scenario development
[53]. Furthermore, different types of knowledge gretspectives can be synthesised.
Divergent beliefs and concepts can be identifiedl iamplicitly reveal conflicting view.
By bringing together different participants, pagation can enrich the process and helps
to avoid common biases [54]. There are differentigpatory techniques such as
workshops or interviews which can be applied téedént process phases. For the quality
of the results, the design of the participation ga%d the choice of participantsis decisive
but often neglected.
Referring to the case study example, the stakehgdespective is*in ed in a
practical and theoretical sense. As Table 1 displ#ye authors apr cipatory

methods at different stages of the scenario process

Table 1. Overview of participatior

Participant category Background Number ofisciemtistNumber of scientists,
pack business representatives,
evaluation worksha

3

Core scenario tee Economic
Case study tea Social science
Law

2
Engineerini 2 1
Total internal 5
participants
External participan -
Scientific institutes

2
1
1
pany gas 5
Total external 9
participant
9 14

c issues e.g. social acceptance. FollowingtEt al.[7], the participation in the
first participatory phase was restricted to sceatfrom the interdisciplinary case study
team. The reason for this is that they are tratoedork on an abstract analytical level
and familiar with case study details. In the secpadicipatory phase, the participation
was extended to external stakeholders who discubsedesirability of the 6 scenarios.
The choice of participants aimed to bring togethssfessional expertise in energy
research and related sectors, as well as représestaf social actors.

In a theoretical sense, the identification of skaitder is part of the process of
scenario development. To represent the influendepassible action of different agents
related to gas infrastructure modification, theedeam identified stakeholder groups (see
result section.




RESULTS

The section shows that qualitative scenario armalgsa promising foresight method
and an alternative to conventional approaches atuate energy policy. It also presents
the six qualitative scenarios of the paper’s casdysin brief. A comparison between this
paper’'s case study and a conventional study dematestthree limitations of the latter
and shows the value of qualitative scenario anslysi

The qualitative scenarios of the paper’s case study

This paper’ scenario development results in siXitaiave socio-technical scenarios,
which are displayed in Table 2. From a systemspgets/e, these scenarios can be
interpreted in terms of their overall level of lmarbon transformation. The overall level
of transformation appears to be most characterasrigmainly determines feasibility

of this case study’s different infrastructure opsoTo be more precise further a
country’s transformation towards more sustainabliés progressed, t asible it
is to implement extensive infrastructure modifioas. Although there ingle most

a central role.

important factor, the scenarios reveal that thkettalder dynam :
e overall level of

Stakeholder dynamics mainly determine the scersatiiing a
transformation. Differences in the overall leveltinsfor
varying stakeholder dynamics displayed by diffele conflict and engagement.
The analysis shows that availability of technolsgna inor role, which is in line
with the paper’'s understanding of political fealgpi ther or not low-carbon
technologies are used depends on other key f public acceptance or subsidies
for transformation technologies. For maodifyi 3s infrastructure, the broader
context, legal framework and long-term plang G

engagement of all stakeholder group ards#imstormation is relevant. This means,
on the one hand, that the bottom-up*commitmenhefedconomy and of society is not
sufficient to foster a high overall level ofitranghation (scenario 6), as long as political
commitment is missing. On the and, politidatisions are necessary but not
sufficient for a high level formation (seeio 5), which also requires economic
and societal commitme

able 2. Case study scenarios

Level of Level of Level of

transformation engagement  conflict
stead of green progress 0 0 0
2T pen green transformation 2 2 1
3) sformation with hydrogen 2 2 0
Inc ntal green transformation 1 1 1
(5) down effort & conflicting interests 1 2 2
(6) Bottom-up effort & political inaction 1 1 2

0 = no progress, 1= low level, 2= high level

In scenario 3, for example, a low-carbon transfdiomafocusing on hydrogen-based
energy and technologies takes place. The governnmehistry and society are highly
committed to foster the low-carbon transformati®he public and the strong green-
lobby groups support the decision of the governn@eixpand renewable energies and
to phase-in renewable gases. Government’s cleasequrovides planning security for
the energy sector and investors. First ptoduction plants are profitable and new
infrastructure plans to adjust to hydrogen are alioube implemented. Extensive




incentive programs for hydrogen technologies arpdiegtion in the heating and mobility
sector directs Germany to a low-carbon hydrogeuréutElectrification plays a minor
role, after subsidies for bridging electrificatidachnologies expire. In contrast to

scenario 3, scenario 2 shows a technology-opesftranation. Government and industry

follow a dual-track and promote both electrificatand hydrogen-based technologies. In
the mobility and heating sectors, both low-carbechhologies are widely used and

almost replaced fossil applications. Regional mtsjen both technologies are preferred
over large-scale national project to stay technplogen.

While scenario 2 and 3 can be interpreted as lass-secenarios, other developments
are also possible. Scenario 1 presents, as thefoasirevival instead of green progress
indicates, a negative development. A worseninghef ¢urrent status quo took place
where the whole society jointly turns away fromtausability and insists on fessil fuels

ntermovement.
gvernment’s top-
nly little effects.

The public is open for new technologies but is saitsfied
down strategy. Extensive governmental resourceass

When talking about conventional approache
dominated research, that consists of an
classical CBA, costs and benefits are e 0
and benefits, economists recommen ojept which is most desirable for
society from an economic perspective. RPolicies waithositive net-benefit i.e. whose
expected benefits outweigh the expected costs émeeanalysis. The option with the
highest net-benefit is recom ded. Thus, desitalsl related to the maximisation of
welfare, i.e. the minimisation sts or maxiniisa of benefits.

In other disciplines ice, the econo@BA approach is also widely
applied. CBA-based opti approaches are compnactice in energy system and
energy policy rese Due to the interdiscipinaharacter of this research, other
aspects i.e. techne-ecanomic considerations aggriaied. The recent study of Robinius

et al. [9] comb' A-based optimisation approachhvahergy modelling. It
identifies t pomic pathways for the retibsaof normative climate target in

rs to mostly neoclassical-
mnefit analysis (CBA). In the
tary terms. Based on the costs

Germany. The following comparison with this paperése study has three reasons: to
assess li i of the conventional approaclitetbonstrate the value of qualitative
sce opment; to indicate how this papsa&se study would change applying a

conve | approach.

espite major methodological differences, bothigsitiave a similar thematic focus,
which” ' makes a comparison interesting (see Table B}th studies cover the
decarbonisation of the German energy system foguminthe energy infrastructure and
H> as a low-carbon energy carrier. In contrast te paper's case study, Robinietsal.
aim to identify the most cost-effective @@duction strategies for the energy sector in
line with Germany’s climate goals in 2050. Two £2@&duction scenarios are at the centre
of assessment, namely scenario 80 and scenaritin@Scenarios are subject to a German
emission reduction target of 80% and 95% respdgtiv€he criterion of cost-
effectiveness determines the optimal transformapathways to realise each scenario.
Robinius et at. also acknowledge complexity anceutamty in different ways than this
paper’s case study. To analyse complexity and €sestr optimisation, a model family
combines different energy models. The model fammsigesses the energy demand, power-




to-x (PtX) pathways and simulates the future enengyket, which leads to a high level
of detail on a regional level. Contrary, this papscenario stays on a rather abstract level.
Robinius et al. emphasize that future development is charactersedincertainty.
However, by concentrating only on data uncertaretgted to future energy cost, they
bypass the problem of fundamental uncertainty.

Table 3: Comparison of alternative approaches

Robiniuset al. (2019) Hoffart et al. (2020)
: L : identification of key factors and
Aim identification of cost-effective dynamics for an energy system

CO; reduction strategies transformatiorwith Ho/CCS

Field of scenario 80 by 2050 _ _
application scenario 95 by 2050 3 H/CCS gas infrastructure options
Time horizon 2050 2035

Type of analysis techno-economic socio-technice

Criteria cost-effectiveness politica @

Method CBA-based optimisation, energyqual scenario development

system modelling

Focus policy identification implementation

Approach forecast, mainly quantitati
gas, electricity, mobili

sresight, mainly bjaéive
as, electricity, mobility, heating,

Sectors industry, building industry, politics
Context | (Germany), international

2 robust transf 6 socio-technical scenarios as a
Results . ) :

pathwa endations policy evaluation framework
Level of detail regi national, abstract

Robiniuset a slude that both scenarios are technically and@mically feasible.
They provide_po vice in form of eight coresuéts and related recommendations,

which buildithe c the transformation stratémyboth scenarios. For the scenario 80

energ and renewable energies is neededhvdidue to increased energy
dem esulting from massive electrification (coesult 2). In the first phase,
immediate ‘'measures support the installation of wavd power and photovoltaic plant

by (core result 3). An improvement of enerfficiency in all sectors should take
place in parallel (core result 4). In the next ghdessil-based technologies used in the
industry for transport and construction need to dmnverted to bioenergy or
electrification. Furthermore, hydrogen became a &egrgy carrier. Due to extensive
incentive programs, heat pumps become the maimiggathnology (core result 5). New
mobility concepts will promote a shift towards moad transportation, but also increase
hydrogen and electro mobility (core result 8). Gapgently, hydrogen demand is
expected to increase significantly, which requiremv hydrogen production and
infrastructure solutions as well as business mo@ele result 6). An extension of the
underground hydrogen storage secures the energyysimergy imports are expected
to decrease significantly, while the internatiosaérgy markets will also trade hydrogen
and synthetic fuels (core result 7). The scenarstsitegies share similarity but also




differ. In the scenario 95, hydrogen demand is etqueto increase to 12 Mio. tons in
2050. Domestic production satisfies over 50% ofdémand, while energy imports are
necessary [9].

The two cost-effective COreduction strategies show major similarities with
scenario 2 and scenario 3. Whereas scenario 8@mgparable to the technology-open
scenario 2, scenario 95 is similar to scenario 3.

Limitations of conventional approaches

General limitation of CBA thinking. CBA-based appches have several limitations.
The paper’s first point of critique refers to thaipy assessment i.e. the identification of
the costs and the benefits, which is problematics hardly possible to determine the
correct monetary value for all economic costs aedefits. Besides the question what

incremental change over time. Such models assutien
economy as a closed system. There is the falsefbilé
predictable in a similar way as mechanical ones.
In the study of Robiniust al, measures for reduci

sions lead to savings
nergy costs represents the

iuros per year). The expected saved
ileuros) than in the scenario 95 (128
t both scenarios are technically and

energy costs are lower in the scen 8
billion euros. Robiniuset al. conclud
economically feasible.

This example again illustr ow much the redeitends on the value of costs and
benefits that are compar sts and bemeditsonsidered determines the results.
In the same vein, Robini .emphasise that the saved energy costs stronggndep
on the future developme energy costs. If thdsenge, the results change as well.
Furthermore, the mainly based on econamsjgects. The result would be
different if othe % and benefits are includéachieving the climate goals leads to
no other bepefitsithan energy costs savings istipnable. An expansion of renewable
energies cﬁ)m‘xample, decrease dependencfessnfuels or results in protest and
environment ages. Especially non-economidthaald environmental benefits are
rela sive emission reduction, which isniaén reason for emission reduction.
The cheice of the costs and benefits, though, es@n indirect normative statement. To
nothi € an economic or non-economic aspedienaBA indicates that the aspect is
either not important or that its value equals z€onsidering that most expected costs
refer to environmental damage or loss of lives eissed with climate change, it is
guestionable why Robiniwet al. do not include non-economic aspects. However, when
monetizing hon-economic aspects, fireblem of pricing the priceless (e [$6]) and
problem of incommensurabiligrises (e.g. [57]). Additionally, expected future values

- Opponents might legitimately object that, from adw®king perspective, it is possible to include
non-economic aspects such as affected stakehol@ieesinfluence of affected stakeholders could be
expressed in form of costs caused by protests elated delay. Empirical evaluation of non-economic
aspects can be determined via the willingness-jofpiacertain goods and services. This paper do¢s n
claim that it is impossible to include non-econoragpects in a CBA-based optimisation. Rather, it
guestions the related value for accelerating degarbonisation.




need to be adjusted to the present, because aubtsemefits often occur at different
times. The controversially questions of th@equatediscount rate arises. It does also
apply for the benefits of energy cost savings élsabrding to the study occur in the future.
Discounting is especially relevant for climate apamitigation, where benefits relate to
the future, i.e. future generations (e.g. [58])n€eguently, setting a discount rate has a
normative dimension and should be discussed opantly carefully. In the case of
Robiniuset al, no information about the discount rate is avdda

The result of a CBA strongly depends on the comsiieosts and benefits and the
accuracy of future estimates. If different costd benefits are considered or the expected
future development does not occur, the result migange. The CBA of Robiniwet al.
is thus problematic in different aspects. To change value might imply that the
proposed pathway might become economical unfeadivlen when assuming that the

costs and benefits are complete and the adequsteutht rate is known, uestion
about how the future might develop remains. Thissigecially true for rgy price
and related future savings. Consequently, the m@gpoptimal pathw t'become

possible to determine the correct value for allnecoic onomic costs and
benefits, the question of policy choice arisesndith ies that the researcher’s
advice will be chosen by decision-makers nor thatli be successfully implemented.
CBA approach such as the analysis of Robieial. stay within a narrow context and
focus on a discipline specific perspective. entation side and related aspects
remain untouched. This paper’s different s cenarios show that it is possible
to acknowledge a wide range of aspe @ofsmin contrast, the discussion of
Robiniuset al. remains within only scenarios, nanibl two best-case
options. The other possible develgpments requaiitual optimal strategies each. To
say it differently, in all other cases, which aepresented exemplarily by the six scenarios
in this paper, the identified o transitiortipaay will most likely not be pursued. If
policy advice is solely deri BA thinkinigjs one-sided and of little relevance
for decision-makers.

economical unfeasible. Q
The limited relevance for decision-makers. Seceml!n@/wc e theoretically
li

From a complexi ongmics perspective, socio-esoa systems are complex
adaptive system described as a netivbeterogenous agents. These agents
adjust their behg % ording to the interactigth other agents. In complex adaptive
systems, it is=hard ossible to implement optipalicies through central planning.
There is th! riskjhat the decision made by a aéptanner based on a CBA, will be
interrupte protest by negatively affectedkesholder groups [51]. This is due to
one-si pective which neglects politicalifebty. Aspects of implementation are
negle which lead to open questions for detisiakers.

ontrary to the paper’s scenarios, Rubimtial. mainly leave political developments
out. ept for the nuclear phase-out and the pbake-out, the political perspective
remains untouched. Similarly, other non-economid aan-technical factors, such as
issues of acceptance, are not covered or only oreedias a side remark. A lot of open
questions remain for decision-makers needed to ssham strategy. Conventional
approaches hardly provide answers and mainly foousconomic and technical aspects.
Their results show, for example, that the stratedie realise each scenario differ
considerably. Measures needed to achieve an 8@féttare not necessary required for
the scenario 95%. Some measures are even coumtectik@ and not compatible with
the other scenario. Consequently, it is not cleardecision-makers which policy they
should imply. For them, the question of which ppli€ more realistic to be successfully
implemented is important. These kinds of questiares not considered in the study’s




recommendation. After deciding on one strategyjcgahakers want to know about
fostering and hindering factors for a successfypléementation. In both scenarios, a
significant increase of wind power and photovokagseen as the backbone of the future
energy system. Since the success of the Energifimnmainly depends on the related
energy system expansion, information about mairvedsi is crucial. Especially
stakeholder acceptance is essential for an engsggra expansion. Robinies al. point

to possible acceptance issues for onshore windygnkistead of thinking about options
how to avoid conflicts, offshore wind plants areaemended as an alternative, which
are way more expensive. Despite these considesatamteptance issues play no role.
How to deal with changing conditions and future @lepments is also not part of the
analysis but important for policy implementation.

Little robustness of advice. The third point atique refers to the poli
conventional approaches which is tailored to fibte specific future d
Ao

future that is expected to be the most likely, doessoccur, the polic
useful. It shows little robustness to changing daos whic c a major
limitation. Q

The transformation strategies for scenario 95 amh
robust to changing conditions. Referring to key sueas
and unexpected extremes demonstrate this poimiti ilure of the strategies’
key pillar can risk or stop the whole transformatsirat as the following example
highlights. In the first phase of the strategy iefpEntation, construction projects are
essential. The installation of new wind and %@ ants and related infrastructure
expansion for renewables (energy netw dulgatiogas network) are required.
Related construction work builds the prere yerany other strategies’ components.
Without this critical infrastructure, _a broad eldatation and use of hydrogen
applications is hardly possible. However, especthibse infrastructure and energy plant
projects can be stopped or delayedidue to profeghdic acceptance issues or regulatory
issues might arise and hinde roject’s implaateon. If one of the first phase’s key
measures cannot be re second phase noglgven start. Thus, an early
strategy failure is possi critical elemsesuch as the supply of hydrogen or
ications might havelameffects.
ategies are designed &odpecific future development and
, the success and usefubfébe measures depends on the future
gh different future developrseate possible, the study of

developme
Robiniusetial. neglect these. Most assumptions about backgroandittons such as
populatio or mobility demand are taken frGarbertet al.[59]. Exemplary, a

agile and little
uture development

climate goal. The

disc three common assumptions of sceB@ri@and scenario 95 shows
alternative developments. The study expects theldpment of an international energy
market for hydrogen and synthetic fuel. A fully @ioning free market is assumed. To
esta such a market, new legal regulation acrdss-border hydrogen infrastructure

are needed but do not yet exist. When building saichnfrastructure, problems of
acceptance might also play a role. Additionallyreggnents on how to share the
investment costs between the producing and imgpdiuntries might lead to a delay in
time. Also, existing long-term contracts on fogaels export and import might hinder
hydrogen trade. Therefore, it might be possiblé Garmany’s demand for hydrogen
imports cannot fully be satisfied. Furthermore, hibesehold size is expected to decrease
further, while people will live in bigger placeshi§ need for more comfort points to a
rather unsustainable lifestyle and contradictdulhdre shift to more public transport and
low-carbon mobility. People’s lifestyle can chargsh in positive and negative terms,




which has a major influence on the success of laran application and energy and
thus the transformation strategies.

Unexpected extreme events, such as the currenh@arasis, might change the future
development as well. An impending recession raggiftiom Germany’s partly economic
and societal lockdown, might lead to a recessiotoser economic growth. Lower
economic growth has a negative effect on the imvest environment. The Corona crisis
might also shift the Government’'s focus from climaoal realisation towards the
economy’s recovery. Subsidies that would be neaaladcelerate a deep decarbonisation
might be cut due to unexpected spending duringadted the crisis. In the energy sector,
companies need to recover from economic lossesragt postpone investments in
infrastructure and renewable energy projects. @nhgil households mlght postpone
planned investments in low-carbon heating or ete@nd hydrogen veh
avoidance of public transport during the crisis Imigontinue after the lockdewn and
lead to a preference of individual over public ntibpiDue to European international
border restrictions, a new focus on national issuaders the develo of a free

hydrogen market. Thus, a slowdown of the low- carhmmsf .48 possible.

Extreme events associated with Level 4 uncertardre not pre e and could also
have positive effects on the low-carbon transforomatThe Sis shows how a
single event can totally change the expected fudunck ies designed for a

specific situation useless.

Overcoming limitations with qualitative scenarignalysis
This section shows how qualitative sce plat overcomes limitations of

the conventional CBA-based approach. réifite way how to cope with
uncertainty and complexity, the first and t ions does not apply to scenario
development. The section’s focu n howraagh addresses the second
limitations, namely open questlon

Conventional approaches mon structureopimal pathway, which is
based on a given starting p0| |rected tosvginekn targets is identified. It consists

of three elements that c Ised for tvileidint targets as follows:

optimal pathway (B1) given target (C1)
Starting poi optimal pathway (B2) given target (C2)
Open qu be related to the different ehésnand demonstrate the missing
focus on palicy i entation:

ICY, i.e. pathway, will be chosen (Bt B2)?

ich policy should be implemented?

ich policy is more realistic to be successfultpiemented?

B II) at can decision-makers do to enable a successfylementation?
Which factors foster or hinder a successful impletatgon?
How can conflicts be avoided and how to foster sujpye factors?

A) What if the starting point, i.e. the assumptions background conditions, change?
What can decision-makers do to enable the mateaatin of assumptions?
What are alternative developments and what do itin@{y for initial policy?

C) What if the given targets change?
Can the policy still be implemented, or does ittheebe adapted?
What are consequences of applying the optimal pédi@a different future?




Qualitative scenario development covers these munsstin different ways. The
guestion B | basically deals with the policy demmsimaking. From a practical perspective
and considering the urgency of climate change gtiestion of what policy should be
implemented heavily depends on what policy is mestlistic to be successfully
implemented. To identify realistic policies, patdi feasibility as a suitable criterion to
evaluate different policies. Figure 5 displays tlo@cept of political feasibility that the
authors developed for this purpose. It is basettheconceptual framework of the energy
scenario analysis by Schubettal.[15]. They argue that political and social fedgpi
matters in energy scenarios and hence follows iatlwoapproach.
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Figure 5: Analysi ork to identify feasiblgligies
S’ own contribution

For this paper, the ide
context of feasible polic

ing feasiblersarios is adapted and applied to the
ogical feasibilityepresents the first level, namely

implemented as an enpadigy. Whether or not an energy

policy is politica 3le exceeds, though, teehnical dimension. This is why, the

concept of '

economic feasibilitylevel 2). While these level 2 conditions influeregach other, there
are also"i ndencies between level 1 and Rveolitical will or economic
incen support technological progress aatble technically feasible solutions.

TE thors consider policies to be politicallysibée if they have a high chance of
efi

b ccessfully implemented. Accordingly, twepst of feasible policies can be
d eferring to a successful implementati@éhpplitical process of decision-making,
(2) political process of implementation. To inigahe process of policy implementation,
political policy decision-making represents thetfistep. Political intention in the form
of regulatory and legislative efforts for deep decaisation, i.e. through an energy
system transformation, is key. In addition to tieditieal will, political enforceability is
required in order to find political majorities ftine respective policy and re-design of
laws. In a second step, the political process dicpdmplementation follows. To
successfully implement the chosen policy, goverraleresources, e.g. financial and
personnel capacities, are required. When it com#etfinal implementation of a policy,
e.g. the building process of pipelines, governmettorceability is important. Resisting
veto-players who try to interrupt or stop the inméntation is a main challenge.




Hence, qualitative scenario development addresseguestion of which policy will
be chosen (B I) by incorporating the reality ofippldecision-making into scientific
policy evaluation. This proposes a new, more hol@iterion for policy evaluation, i.e.
an analysis framework for feasible policy recomnagimhs that transcend discipline-
specific criteria.

As the above understanding of political feasibilityplies, knowing and addressing
possible hurdles is essential for a successfulemphtation. Question B Il is related to
the process of policy implementation. Qualitaticersario development addresses type
B 1l questions by identifying factors that fostertonder a successful implementation in
the form of key factors. These factors are nottiehito but include all levels of political
feasibility which exceeds the conventional technor®mic focus. For the case study
example, 23 key factors were identified. Tablestslthe 23 key factors and displays them
in six categories to identify main drivers.

Categorie Key Factors
Outcomes Realisation of National CI'liI

Stakeholders Private Investors in Gg

e In: Fossil & Renewable

Measures Phase©Ou
Cos arb
n ture Technolog
nitesEnergy Phase C
% ental Support of Transformation Technolc

Sector-specific Develop | of Road Traffi
Heatin¢
% German Production of ;

H> Power Plani
Technological Progress & Market Matu

Infrastructure De ents Electricity Network Expansic
National Gas Network Expansi
En Developments Electricity Productio

German Gas Dema
Decarbonisation of Natural G
Electricity Consumer Pri
Price Natural Ge¢

Decision-makers can use such a list of key facera base for identifying measures
to avoid conflicts and strengthen supportive factdihere are shared key factors with
Robiniuset al. such asenergy priced(electricity and gas)lignite energy phase out,
electricity network expansiaor fuel of road traffic Despite these similarities, the list of
key factors also comprises additional aspects asi@olitical activities likgovernmental
support for transformation technologies thephase out of fossil-based gas/ phase in of
renewable gaswhich share the level of planning certainty.




Contrary to the techno-economic study, the soabsieal scenarios entail stakeholders
as important key factors. Stakeholders represerivan category and comprise 5 key
factors which refer to the following stakeholdeopgps: (1) political decision-makers,

(2) citizens & society, (3) public interest group@) economic lobby groups, (5)

investors in gas sectors (see Table 5).

Table 5. Stakeholders and Key Factors

Stakeholder Grouj Key Factors

Political decisio-makers Charcter of public polic
Citizens & society Behaviour and public acceptal
Public interest groug Power of public interest gro
Economic lobby group Power of lobbyisr

Investors in gas sect Private investors in ga

the whole system functions as a verification alsification of the terature-based
intuition. Accordingly, the key factorechnological progre narket maturityas
identified as a systemic indicator. It implies thas factor di anges of the whole
system but has only little influence on the who itself (low activity, high
passivity). This interpretation is consistent wtle understanding of political feasibility
that concludes technical feasibility on the lowe a necessary precondition. In this
sense, scenario development enables decisi edentify crucial factors for a
successful policy implementation that aredie nventional approaches, such as
relevant stakeholders or hidden factorsawithisygig@aievance.

These key factors represent a centralele taditgtive scenario development and
address type A questions, whic Ccus conse@sent changing assumptions.

The evaluation of each initial influence factor @atng to thei ction with

Contrary to forecasting of key ts as Robieiwad. mostly do, scenario development
aims to foresight all possibleddevelopments withesgigning probabilities. Alternative
pathways of developmen ressed in the fdroture projections. To adequately
deal with a high level of inty, scenario@lepment allows to identify alternative

consistent scenaridge 3ix socio-economic scenarios
ed as an evaluationviiaaeelated to C | questions. In the
ncertainty, the convergiomay of defining first best policy

he better a policy iddaed to fit an expected future setting, the

case of a high
options is high

higher theylevel of complexity and uncertainty, thgher the chance that the future will
devel ntly than forecasted. In other wortdsnplies that the policy was designed
to fit rong future, which might have severegequences. Qualitative scenario
a ows to address these issues in two:ways

, the robustness of a specific policy can balysed in the context of different
scenarios. Different policies, in the paper’'s das@astructure options, can be evaluated
in a next step, which exceeds the scope of thigmp&ach infrastructure option can be
tested according to its compatibility with diffetestenarios. An option that does not fit
the reality of a specific scenario, cannot be afuls@olicy recommendation.
Consequences, acceptance problems or costs, ¢halated to implementing the optimal
policy to awrong future can be analysed. A new understanding afisbhnd feasible
policies is related to such an assessment. Sesoedario analysis is a useful method to
determine robust policies that fit all possiblersm&os in a minimum way. In the sense
of a lowest common denominator, such policies wdelcrease the risk of stranded assets
and unprofitable investment while increasing thandes of a successful implementation.
This does also mean that in the end, it might mothe first, second or even third best




option that will be implemented. On the one hahi, might imply less-ambitious policy.
On the other hand, it increases the chance of@ssful implementation and might also
set incentives to shape the overall setting by idenisig relevant stakeholders. Instead
of identifying specific pathway, scenario develomtingrovides a framework to analyse
policies that fit in a future space of possible @aws of opportunities.

DISCUSSION

The aim of the paper was to show that foresightiogit such as qualitative scenario
development are a promising alternative to trad@lcCBA-based optimisation approach.
This section summarises the added value of quabtatcenario development and
discusses the methods’ challenges and chances.

The value of qualitative scenario development

Referring to concrete examples, the result sectiemonstrated: that litative
forecasts.

Quantification of costs and benefits:
Monetization of non-economic cost & inidrivers are identified in qualitative
benefit: is problemati
Forecasts of future development under . entification of different future
uncertaint is hardly possibl pathway, system dynami
Adequate discounting of fut No identification & comparison of cost

benefit is a normative issi and benefits

Politicaletsible policies:
n-  Focus on political feasibility &
implementatior

.g:  Scenario perspective considers drivers,
dynamicschanging conditior

areneglectec
Open questic
changing

Policy a Pojiadvice fits different future scenarios:
L ce of implementation and low| - Scenario based advice allows to cope with
tnesfor changing conditior changing conditics and system dynami

Low applicability to different future - Advice is not scenario-specific but apply to
lopment: the system’s dynami

The limitations of traditional methods are thredfdCBA-based forecast approaches
revealed to be problematic (policy assessmentjiyaelevant (policy choice) and of
little robustness (policy advice) for an acceledaggnission reduction. Identifying the
adequate monetary value for economic and non-ecienmats and benefits — today and
in the future - is problematic. Policy advice based economic and technological
feasibility or cost-effectiveness is hardly relet/fom decision makers. It neglects aspects
of implementation and political feasibility and V&8 open questions. Since the
recommendations are based on strong assumptiorsitored to fit one specific future
development, they are only little robust to chaggionditions.




Qualitative scenario development overcomes theséalkions in different ways.
Contrary to CBA-based optimisation approaches, uantification or monetarization is
required to develop qualitative scenarios. Insteain drivers and different future
pathways are developed in qualitative terms. Fogusf policy implementation within
the process of scenario development, allows to rcaomtouched aspects of techno-
economic analyses. Open questions on changing taomgli fostering or hindering
factors and policy choice are addressed usingdtewing tools: key factor analysis,
system-relevance analysis, consistency analysiakelsblder identification and
participation. Political feasibility is analysedrdlugh considering the core features of
(1) complexity, (2) non-economic aspects, (3) utaiety, (4) stakeholders. Policies are
designed to be flexible and applicable to a vardétgossible future scenarios. Advice is
based on common patterns and drivers arising friiereint scenarios.

Challenges of qualitative scenario development

Therefore, results are based on the subjectiverstzaelin g
objective scientific analysis [61] and might hemeebias . he same vein, it is
argued that the development of qualitative sces oducibility, which is
crucial for scientific credibility. Results of scmm devel ent, such as storylines, are
criticised to be hardly reproducible because t ed on a dynamic group process
[63]. Compared to quantitative models, as in scenario approaches are not
expressed in formal equations but intensi In qualitative terms. The lack of
a formal expression nourishes the impres Bimgstransparency. It is, though,
guestionable if assumptions expressed inumatheahégions are more transparent than a
detailed qualitative description of those

Additionally, the value of qualitative scenario d&pment is questioned due to a lack
of quantitative data. Althoug exactness otjtetive scenarios is misleading and
provides a wrong impre @ 0 at can be knowwualthe future, decision-makers
still prefer numerical arovernarratives. A8l feeling of control and objectivity is
associated with qu ve'data. Against thikbemund, qualitative scenarios have a
hard standing a 0 not satisfy the demandeofsion-makers for quantitative
information.
For resecj) alitative scenario developnsemtather unattractive method. The

process of scenario development is very time-comsginand the results are difficult to
publish.
of pr.

re team, scenario developmewgng time intensive since repetition
ses are necessary which requiresfarternal consultation and meetings.
Ilynvisualization and storytelling, for whieconomists are normally not training,
en/underestimated. Extra training can be irequ also to design participatory
elements and workshops. Time-intensive participatan be a constraining factor for
external participating stakeholders. To keep thekalwop or interview time as brief as
possible, without risking leaving to little timerfoeflections requires experience and
planning. Publishing research resulting from uncamnechniques, such as visualisation
or storytelling, is difficult. This kind of resedrdardly fits the tradition of economic
publication, which represents according to Kapdbdij an obstacle for researchers.
Scientists who are using qualitative scenario dgwekent are aware of these
challenges. They established different criteriadwaluating the quality of their work.
For selecting scenarios in the last phase of thegss, the literature proposes different
criteria as guidance. Wilson [65] defines five enid&, according to which scenarios
should be (1) plausible, (2) different to each atk®) consistent, (4) useful for decision-




making and (5) a challenging mindset about theréutOthers add compatibility, stability
and variability [87]. There is also research on fihgrovement of stakeholder
participation. Ernset al. [7], for example, discusses on how to improvedasign and
conduct of different participatory method and omvhiio overcome related biases.

These challenges and critique can be pinned dowguéstions of philosophy of
science. The point of critique reveals that differ@nd divergent understandings of what
counts agloodscience are present. The general discussion abadtivity in science is
also reflected in the critique towards scenariolym®es and especially applies to
difficulties associated with stakeholder participat Whether qualitative methods
generate valuable knowledge is related to the guresf true knowledge in the tradition
of the epistemic goal of science, which was a loraglition. Whether aspects of
implementation should be considered by scientistsfoto decision-makers is related to
the scientists’ understanding of the role of sageimcsociety.

contribute to the further development of the satent econ nfronted with
critique due to forecast failure in the last yearshift withi e of economics
towards more foresight might help to restore thefqusion’ tion [5]. Openness
for new foresight approaches could raise the a mits of forecasting-based
policy advice. Applying foresight methods contribsitto methodological plurality and
pluralism in economics, which is criticized to b&smg, in mainstream economics [66].
Foresight methods could thus stimulate e nnlarge their perspective. It is
agination” of economists, which is

helpful for overcoming the “failure of collectivent
seen the reason for not seeing the financial'a@®@m®ing [67]. In contrast to forecasting,
dictabi

Chances of qualitative scenario development
Qualitative scenario analysis and foresight methndyner%@ otential to
S

foresight promises less in term of is a step towards more humility in
economics, which was long argued to be a missiragacier trait of economists (e.g.

[68]).
Nonetheless, this pape s .not argue that ecstomshould refrain from
forecasting. In general, e ods are valubbtehave their limitations. The

decision between foreca
their legitimacy for
foresight methog )
quantitative fore @9 Similarly, qualitativeesario development is no strict decision
with qualitativer and g

foresight is restion of either-or. Both methods have
iC purposes but also haaries. For guiding decision-making,

the scenarios e.g. hydrogehility. Complementing quantification
better understanding of thesiides development or satisfies decision-
nd for data. Insights of scenario agreent could also be used as a
oundation, such as agent-based modelling

pects can be quantified. To combine quakta@nd quantitative approaches can
also yield to new knowledge that would not havenb@ecessible with a single method’s
approach. McDowalls [69] applies a hybrid approtxkxplore transition pathways for
hydrogen energy. His work on “bringing narrativecisetechnical storylines into
‘dialogue’ with quantitative energy systems moagli underlines the potential of
methodological improving by applying new methods.

CONCLUSION

This paper argues that economic energy policy reeezan contribute more to the
acceleration of deep decarbonisation by emphasiamgnplementation side of policies.
It implies to identify feasible instead of optinlices and requires including four core




features: (1) complexity, (2) non-economic aspe@$,uncertainty, (4) stakeholders.
Furthermore, it argues that optimal policy recomdations based on traditional
economic optimisation analyses and forecasts amnalonly from a narrow perspective
of economic theory. Thus, they have little chanakbeing successfully implemented
and can be misleading for two reasons: (1) theytatered to fit a future that was
expected as the most likely development but didauaur, (2) they face unexpected
political and societal opposition and do not firaifocal majorities. While the former is
related to complexity and fundamentally uncertaintysocial systems which makes
economic mid- and long-term forecasts quite unpédiathe latter relates to the neglect
of non-economic aspects in economic policy analyBles authors argue that complexity
and fundamental uncertainty of energy systems arewus challenges for traditional
policy analysis that call for a rethinking of ecomo energy policy analyses
The example of the paper’'s case study showed traitative scenario@an

promising alternative to conventional approachésllbws to include~the

features and addresses limitations of the traditioptimisation appro parison
with a CBA-based optimisation study that identitieshno-economiC pathways for given
climate targets revealed limits of traditional apgrhes. It Ieavest three types of
open questions, namely on the implications of Wr{mgc A)=eoncerning policy
ocio-

choice (B) and changing climate targets (C). Bysdigwing echnical scenarios for
d that scenario analysis

framework to identify feasible policies.
uncertainty related to the future develo
develop in different pathways that res
key factor analysis helped to identi
importance of stakeholder dyna
six qualitative scenarios suggest t

ense of allowing key factors to
i6and plausible scenarios. Third, the
dles wiplementation and underlined the
s for the sucoéske policy implementation. The

t major inmests in the German gas infrastructure

and more general in an ene stem transformatemore likely in some scenarios
than in others. Finally, f I robust pebccan be developed based on these
scenarios, which is be ope of the metbhgaal paper and implies a need for
more research.

Adapting to un Inty”and accepting related udiptability in the context of
decarbonising t sector does not have todisadvantage for decision-makers

different scenarigs of future development, allowecision-makers to benefit from
unities. Furthermore, they avaethig locked in measures that are only

ingle situation but not in others.the field of energy policy research,
an provide plausible scenarios fordeeelopment of energy systems and

and scienti ng policy advice. Implemegtiobust and feasible policies that fit

social*systems, scientists can make a valuableribaotibn to understand transitions
better and thus accelerate deep decarbonisation.
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