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A1. Transition factors from social science theories

A1.1 Theory review

We reviewed a total of 43 theories, frameworks, and models from social sciences to
identify relevant transition factors for the literature review. The full list is presented in Table
A1. The selection was based on two criteria: First, the theory had to originate from or be
extensively applied in a major (sub)discipline of social sciences. Second, the theory had
to offer a causal explanation for some form of observable outcome, action, or behavior,
thus showcasing a certain level of explanatory and logical power, testability, and
generalizability of its key claims. Theories from philosophy, history, and religion, and other
humanities were largely excluded, because of their strong descriptive, normative, or
interpretative character that focuses more on values and meanings rather than causal
outcomes. The practical search for theories was initiated by consulting multi- and
interdisciplinary (hand)books that target the bridging of social with natural sciences’-?. The
search was complemented by several theory reviews, such as on the linking of models
with socio-technical transition theories by Hirt et al. (2020)3, on integrating behavioral
drivers into energy system models by Galster et al. (2025)*, as well as the meta-theoretical
framework on energy transitions by Cherp et al. (2018)°, and on human behavior by Eyster
et al. (2022)°, and many more’®°. The decision to stop the search was made based on a
subjective judgment, when the authors deemed that the resulting list of transition factors
was complete and balanced between the different disciplines.



Table A1: List of theories selected from social sciences, including their disciplinary origins and a summary of the core principles that
explains change, behavior, or outcomes.

Theory

Advocacy coalition
framework

Affective intelligence
theory

Bounded rationality

Cognitive dissonance
theory

Collective action theory

Comparative political
economy theory

Constructivism

Critical mass theory

Cultural cognition
theory

Cultural theory of risk

Discipline

Political science

Political science;
psychology

Economics;
Psychology

Psychology

Political science;
Economics

Political science

Political science

Sociology

Political science;
Psychology

Anthropology;
Political science

Summary of core principle

Incremental change happens through policy learning within or across
subsystems (cognitive process), whereas radical change necessitates an
external event that reframes beliefs and normative views (non-cognitive
process)'®.

Preferences and routine behavior are reinforced when outcomes align with
expectations (enthusiasm), whereas perceived threat triggers deliberative
thinking (anxiety) and may lead to new behaviors".

Individual decision-making takes place within cognitive and situational
constraints, resulting in outcomes that deviate from rational utility-
maximization'>"3,

Inconsistency between beliefs and behaviors lead to psychological discomfort
which individuals want to resolve by changing behaviors or rationalizing
contrary facts™.

Normative, social and institutional pressure enable rational individuals to
overcome free-riding and to cooperate collectively'®.

Political and economic institutions impact how markets perform and how
states decide to regulate markets. These domestic variations influence
economic growth, societal performance and policy choices'®.

State interest and identity are not fixed, but socially and dynamically
constructed by collective beliefs, institutions and perceptions about reality"’.

The uptake of new behaviors and opinions spread rapidly via social
movements and network effects, once certain thresholds are reached’®.

Information is processed, accepted and dismissed based on their alignment
and consistency with group identity®.

Cultural assumptions towards authority, responsibility, risk, and social
organization (hierarchical, egalitarian, communitarian, individualist) impact
institutional behavior and perceptions of appropriate institutional action?.



Deterrence theory

Diffusion of innovations
theory

Discourse theory

Dual-process theory

Evolutionary economics

Game theory

Habit discontinuity
theory

Institutional economics

Institutional liberalism

Institutional trust theory

Justice theory

Economics;
Political science;
Criminology
Sociology ;
interdisciplinary
transition
studies

Political science;
Sociology

Psychology

Economics

Economics;
Political science;
Sociology

Psychology

Economics;
Political science

Political science

Sociology;
political science;
Psychology

Political science;
Sociology

Anticipated consequences of non-compliance and the possibility of
punishment steer individual behavior?'.

Perceived attributes of technologies (relative advantage, compatibility, ease
of understanding, trialability, observability of results) and communication
channels of adopters impact how new innovations diffuse®2.

Discursive power and framing by political actors and media influence how the
public perceives the credibility, legitimacy and desirability of policy issues®.

Individual information processing and decision-making are guided by
heuristics and biases (fast cognitive system) and by analytical thinking (slow
cognitive system)®.

Economic outcomes are the results of path-dependent and adaptive systems
that retain successful practices similar to natural selection rather than
governed by strictly rational or pre-determined processes?.

Individual decision-making is impacted by own intentions and the anticipated
decisions of others which impacts expected payoffs®.

Behavioral changes in routines occur when strong intentions to change
coincide with external disruptions that allow a reassessment of personal
behavior?’.

Institutional constraints and capacities shape economic behavior by reducing
transaction costs and providing certainty that encourage cooperation?.

Mutual benefits, shared norms and institutions can help states cooperate in
international politics by mitigation information asymmetry and reducing
transaction costs®.

Institutional trust or whether governments are deemed trustworthy develops
dynamically and influences the perceived legitimacy and acceptance of
decision-making®.

Perceived distributional, procedural, and recognitional justice in decision-
making processes impacts the legitimacy, the acceptance of and compliance
with outcomes®'.



Multi-level perspective
theories (incl. strategic
niche management)

Multiple streams
framework

Neo-institutional theory

Organizational learning
theory

Path dependency &
historical
institutionalism

Principal-agent theory

Prospect theory

Public choice theory

Punctuated equilibrium
theory

Rational choice theory

Interdisciplinary
transition
studies;
Sociology

Political science

Sociology;
Political science

Sociology;
Psychology;
Economics

Political science;
Sociology;
Economics

Economics;
Political science

Psychology

Economics;
Political science

Political science;
Sociology

Economics;
Political science;
Sociology

System transitions are triggered by landscape pressures and competitive
niches that destabilize regimes and over time lead to change on the macro
level?233

Policy change occurs when problem definitions, proposed solutions and
public convictions align and open up a window of opportunity for new agenda-
setting®.

Coercive, mimetic and normative pressure and the desire to meet external
expectations shape the behavior of organizations, which can lead to
isomorphism and symbolic compliance®

A change in external circumstances can push organizations from incremental
learning with fixed objectives (single-loop) to a radical re-evaluation of goals
and principles (double-loop)*.

Early policy choices shape future trajectories by creating self-reinforcing
feedback mechanisms, which lead to institutional lock-in. Change only occurs
at periods of disruption (critical junctures) that open windows of
opportunity®-3.

Incentives, sanctions and contracts prevent self-interested “Agents” to deviate
from the interests of “Principals” by mitigating information asymmetry and
monitoring actions®.

Individual decision-making is more sensitive towards potential losses than
potential gains, with individuals being more risk-averse in securing benefits
and more risk-seeking in avoiding sure losses*.

Political rent-seeking makes self-interested decision-makers susceptible to
powerful third-party interests and hence often fail to serve public interests*'.

Punctuations of stability triggered by external shocks or reframing of issues
lead to deeper change in otherwise inert political and institutional systems*?.

Individuals are rational and have perfect information to take decisions
according to what optimizes or maximizes their utility and self-interest*.



Realism

Risk perception theory

Social capital theory

Social identity theory

Social movement theory

Social network theory

Social practice theory

State capacity theory

Technological
innovation systems
theory

Technology acceptance
model

Theory of planned
behavior (incl. theory of
reasoned action)

Political science

Psychology

Sociology

Psychology;
Sociology

Sociology;
Political science

Sociology

Sociology;
Anthropology

Political science

Interdisciplinary
transition
studies

Psychology

Psychology

National self-interest and relative power gains are the key drivers of how
states act in international politics**. High information asymmetry and the
absence of a global authority make cross-border cooperation difficult.

Risk-perception is driven by subjective and affective factors (trust, familiarity,
controllability) rather than purely by analytical evaluation (statistical)*.

Interpersonal interactions create norms of reciprocity, trust, and shared
values which promote social capital that help advance individual and
collective goals*.

Individual behavior is shaped by “in-group” and “out-group” identities that help
simplify social complexities and interpret reality in order to ensure alignment
in values, behaviors, and norms with other group members*’.

The construction of shared identities, values and grievances, and the ability to
mobilize resources build bottom-up collective actions for policy change at
moments of political opportunity*®.

The intensity (weak vs. strong) and network position (centrality, bridging) of
social relationships and peer pressure determine group behavior and
opportunities of influence®.

Individual behavioral change arises from sustained practices that shift
materials (technology), competences (skills), and meanings (norms) of habits
and routines®.

States' capacity to influence society and markets at large is defined by its
administrative, political and fiscal powers®'.

Knowledge development, market formation and resource mobilization impact
how technologies diffuse within systems®.

Perceived usefulness and ease of use positively influence willingness to
adopt, use and accept new technologies®.

Attitudes, subjective norms, and perceived behavioral control impact an
individual's intention to change behavior and the ultimate behavioral
change®.



Value-belief-norm theory Values, beliefs, norms, awareness of consequences and the ascription of
(incl. norm-activation- Psychology personal responsibility to consequences impact pro-environmental
theory) behavior®>-°¢.



A1.2. Definition of transition factors

Transition factors are defined as cause-effect mechanisms from social science theories
that explain intentional behavior of an actor (e.g., individual purchase of electric vehicle)
or unintentional outcomes from the interaction between systems, actors, and external
factors (e.g., technological lock-in). Transition factors were distinguished based on their
explanatory logic (“why”) rather than the outcome they predict (“what”) to account for
theoretical overlaps across social sciences (e.g., rational choice as the core logic for
explaining individual or institutional behavior). After an initial screening round of all
theories, transition factors with large similarities in their explanatory logic and analytical
scope were merged to avoid duplicates, even if they originated from different theories.
The final 24 transition factors are listed in Table A2. Their assigned type is defined and
showed in Table A3.



Table A2: List of 24 transition factors in alphabetical order, including their definition and theory support.

Transition
factor

Attitudes,
perceptions,
preferences

Bounded
rationality

Critical
junctures

Discursive
power

Emotions

Expected costs
and benefits

Definition

Attitudes, perceptions and preferences shape intentions and
behavior, because they act as subjective filters and
evaluative judgments (e.g., good/bad) for whether outcomes
are seen as desirable, accepted, or supported®>*.

Bounded rationality shapes preference formation and
decision-making, because individuals operate under
cognitive, situational, and informational constraints that limit
the ability to process information in an analytical-rational
way and lead to systematic perception biases, satisficing,
and heuristics*"3,

External shocks at critical junctures alter the perceptions of
problems and solutions, because they disrupt established
and stable trajectories and thereby create temporary
windows of opportunity to adopt new ideas and
behaviors33742,

Discursive power shapes public perceptions and attitudes,
because it emphasizes or downplays the legitimacy of
political and societal issues and guides the interpretation
with the help of framing tools®.

Emotions and affect shape individual judgments, decision-
making, and willingness to change behavior, because they
operate as automatic information signals and act as
motivational drivers to resolve internal inconsistencies
Expected costs and benefits shape the strategic and
rational decision-making and behavior of individual and
collective actors, because it determines whether actors
anticipate gaining more or losing more from a particular
action®43,

11,14,24

Theory support

Psychology (Theory of planned behavior;
Technology acceptance model; Justice theories)
Transition studies (Diffusion of innovation)
Political science (Affective intelligence theory)

Psychology (Bounded rationality; Prospect
theory; Dual-Process theory)
Political science (Affective intelligence theory)

Political science (Historical institutionalism;
Punctuated equilibrium theory; Advocacy
coalition framework; Multiple streams framework;
Affective intelligence theory)

Sociology (Social movement theory; Social
practice theory; Organizational learning theory)
Transition studies (Multi-Level-Perspective)
Economics (Evolutionary economics)
Psychology (Habit discontinuity theory)

Sociology (Discourse theory)
Political science (Constructivism)

Psychology (Dual-Process theory; Risk
perception theory; Cognitive dissonance theory)
Political science (Affective intelligence theory)

Economics (Rational choice theory; Game theory;
Deterrence theory)

10



Geopolitical
power

Incremental
learning

Institutional
quality

Intentions

Justice and
fairness

Lobby power

Path-
dependency

Political and
social
cohesion

Geopolitical power shapes the willingness to cooperate,
because states prioritize relative power gains, national
interests, and strategic independence over common goals
in an anarchic system without strong global authority**.

Incremental learning gradually improves decision-making
and performance over time, because accumulated
experiences from past failures and successes help inform
and guide current choices and strategies'%5:3¢,

The quality of institutional frameworks and governance,
including capacities and barriers, shape the ability of states
and authorities to coordinate, enforce, and monitor policies
effectively because strong institutions limit opportunistic
behavior among actors and promote efficiency®"*’.

Intentions shape the likelihood of fulfilling a behavioral
change, because they drive the willingness and
effortfulness in trying to perform an action or behavior?”>*.

Perceived procedural, distributional and recognitional justice
enhances the acceptance of and compliance with policy
outcomes, because it strengthens the perceived legitimacy,
credibility, and fairness of decision-making processes®’.

The political and economic influence of interest groups
shapes the speed, direction, and level of ambition for public
policy, because they divert or delay policy measures by
rent-seeking decision-makers'%'.

Path-dependency impacts the speed and direction of
political and economic decision-making, because it locks in
early decisions that are reinforced through positive
feedback and thereby make alternative paths more
costly*”*8,

Political and social cohesion shapes the capacity to
implement policy objectives and the collective ability to act,
because shared values, identities, and ideologies reduce
internal opposition between individuals and groups and
stabilize long-term decision-making*®4°*".

Political science (Realism)

Sociology (Organizational learning theory)
Economics (Evolutionary economics)
Political science (Advocacy coalition framework)

Political science (Comparative political economy;
State capacity theory; Collective action theory;
Principal-Agent theory)

Economics (Institutional economics)

Psychology (Theory of planned behavior; Habit
discontinuity theory)

Sociology (Institutional trust theory)
Psychology (Justice theory)

Political science (Public choice theory; Advocacy
coalition framework)

Political science (Path-dependency and historical
institutionalism; Punctuated equilibrium theory)
Economics (Evolutionary economics)

Transition studies (Multi-Level-Perspective)

Political science (Constructivism; Collective
action theory)

Sociology (Social capital theory; Social identity
theory; Social movement theory)

11



Political
economy

Political regime
and culture

Risk and loss
aversion

Social
conformity

Social
movement
capacity

Social
practices

Social
resources

The political economy influences the speed and cost-
efficiency of policy-making, because it determines the type
of preferred instrument, degree of state control, and
intervention in markets and production systems'®.

The political regime and culture shape how policies are
adopted and challenged, because they determine how
political power is distributed within formal institutions and
influence what type of authority and social organization is
perceived as legitimate and desirable®.

Risk preferences and loss aversion impact individual
decision-making under uncertainty, because individuals
tend to be more risk-seeking in avoiding sure losses and
more risk-averse in attaining equivalent gains*.

Social identity and subjective norms influence preference
formation, behavior and compliance with policy, because
individual or collective actors create external pressure to
conform with the norms, values and expectations of social
groups that they identify with or seek approval from'2347,

The capacity to organize collective action shapes the long-
term influence of social movements and the diffusion of
innovations and behaviors, because a strong identity
around shared values and the ability to mobilize both
tangible and intangible resources helps to coordinate, grow,
and persist over time*®.

Social practices impact the individual willingness and ability
to adopt new behaviors, because routines and habits are
deeply rooted in material infrastructures, social
competences and cultural meanings?"*°.

Social resources, including networks and social capital,
enhance the diffusion of new ideas, behaviors, and
innovations, because strong relationships improve the flow
of information and strengthen peer influence*®*°.

Political science (Comparative political economy;
State capacity theory)
Economics (Institutional economics)

Political science (Comparative political economy;
State capacity theory; Cultural theory of risk)

Psychology (Prospect theory; Dual-Process
theory)

Sociology (Social identity theory; Social network
theory)

Political science (Constructivism; Institutional
liberalism; Collective action theory; Neo-
institutional theory)

Psychology (Theory of planned behavior; Cultural
cognition theory)

Sociology (Social movement theory; Social
capital theory)

Transition studies (Technological innovation
systems theory)

Sociology (Social practice theory; Habit
discontinuity theory)

Transition studies (Multi-Level-Perspective
theory)

Sociology (Social network theory; Social capital
theory; Critical mass theory)

Transition studies (Diffusion of innovations
theory)

12



Social tipping points shape the speed and patterns through
which new ideas, behaviors, or innovations spread,
because the quantitative or qualitative thresholds trigger
non-linear responses or self-sustaining growth dynamics
once a critical mass has been reached'®,

Social tipping
points

Sociology (Social movement theory; Critical mass
theory)

Trust between individual and collective actors enhances the

acceptance of and compliance with policy outcomes and the Sociology (Institutional trust theory; Social capital

Trust willingness to participate in collective actions, because it theory) . . .
" L P Psychology (Justice theory; Risk perception
strengthens the legitimacy, credibility and perceived theory)
45

fairness of decision-making processes®
Values, beliefs and personal norms guide and motivate
individual attitudes and behaviors, because they represent
stable and fundamental principles that determine what
individuals consider important and expect of themselves
(internal pressure)®®*.

Values, beliefs
and norms

Psychology (Theory of planned behavior; Value-
Belief-Norm theory; Cognitive dissonance theory)

13



Table A3: Definition of types and examples of transition factors.

Type
Cognitive-

motivational

Socio-
normative

Institutional-
structural

Strategic-
rational

Definition

Mechanisms related to how information
is mentally processed, reasoned and
perceived, and that impact the internal
motivation and willingness to act’.

Mechanisms that relate to internal and
external pressures of social and
normative beliefs, expectations and
identities®®.

Mechanisms that relate to formal rules,
procedures and enforcement that are
objectively embedded in institutional
and systemic structures®

Mechanisms that relate to calculated or
rational reasoning in relation to
anticipated behavior, costs and
benefits*:.

Transition factors

Attitudes, perceptions, preferences;
Bounded rationality; Emotions;
Intentions; Risk and loss aversion.

Justice and fairness; Political and
social cohesion; Social conformity;
Social movement capacity; Social
practices; Social resources; Social
tipping points; Trust; Values, beliefs,
norms.

Critical junctures; Discursive power;
Incremental power; Institutional
learning; Institutional quality; Path-
dependency; Political economy;
Political regime and culture.

Expected costs and benefits;
Geopolitical power; Lobby power.

14



A1.3 Qualitative coding categories for transition factors

To gain qualitative insights into literature that addressed transition factors, we evaluated
the level, main actor, sector, resolution, geographic scope, economy, and research type
for each relevant article. This information was collected during the Top100 ASReview and
is based on the information available in the abstract, title, and keywords. Articles were
only allocated to one tag based on what seemed to be the fit with the available information
in the abstract. The exception to this rule were the groups of geographic scope and
economy, for which several continents and economy types could be selected. For this
reason, Table 3 in the main manuscript only indicates the share (%) of each subcategory
against the total amount of mentions. For articles from the modeling literature, we also
determined what type of strategy was used to integrate the transition factor into the model-
based evidence. Here, we consulted the full text to be able to make a proper judgment,
where necessary. The full definitions and examples of the qualitative coding categories
can be found in Table A4.

Table A4: Definitions and examples for the qualitatively coding of relevant articles included in the
evidence base of each transition factor.

Group Tags Definition and examples
Analysis that captures systemic or structural processes,

Level Macro e .
institutions or macro-economic contexts
Analysis that captures intermediary processes between
Meso individuals and state, such as social movements or interest
groups
Micro Analysis that captures individual processes, such as

perceptions or preferences by consumers or households
Other / n.a. | Other or information not available (e.g., purely theoretical)
States and | (Inter)national and institutional actors and structures that govern
institutions | through formally codified rules, such as governments or policy
Systems without centralized (or intentional) agency, but

Main actors

System- analyzed as integrated wholes, such as energy systems or
level agents

technology sectors
Economic Individual and collective actors and organizations that engage
actors in economic activity, such as companies or energy communities

. Collective actors with a formal or semi-formal character that are

Organized . )

linked by a common purpose, such as social movements or
groups :

media

o Individuals with autonomous agency, such as households or

Individuals i

citizens
Other / n.a. | Other or information not available (e.g., purely theoretical)
Whole . .

The analysis focuses on more than one sector or on entire

Sector energy

energy systems
system
Electricity The analysis focuses on the electricity sector, including

production, demand, transmission, and storage

15



The analysis focuses on the transport sector, including personal

Transport mobility (cars, trains, aviation etc.) and freight (ships, aviation
etc.)
. The analysis focuses on the building sector, including heating
Buildings . :
and cooling services
Industry & The analysis focuses on the industry and service sectors,
services including raw material processing and the public sector
Other / n.a. | Other or information not available (e.g., purely theoretical)
Resolution Global- The analysis focuses on global systems or aggregated national
continental | systems across continents, such as the EU-27 or G7
National The analysis focuses on national systems and on single
countries, such as Switzerland or the USA
Sub- The analysis focuses on systems below the national level, such
national as federal states, cities or municipalities
Other/n.a. | Other or information not available (e.g., purely theoretical)
Geography* | Europe and
North All countries on the European continent, USA and Canada
America
Asia and . . : .
Oceania All countries on the Asian continent and Oceania
?;Zﬁi?a?nd All countries on the South American and Central American
America continent
Africa All countries on the African continent
Other/n.a. | Other or information not available (e.g., purely theoretical)
Economy* | High- High-income industrial and high-income industrializing
income economies
Middle- Middle-income industrial and middle-income industrializing
income economies
Low- Low-income economies
income
Other/n.a. | Other or information not available (e.g., purely theoretical)
Research Quantitative | The research applies empirical methods that primarily generate
type empirical quantitative results, such as modelling or statistical analysis
Qualitative | The research applies empirical methods that primarily generate
empirical qualitative results, such as interviews or ethnography
Conceptual | The research applies theoretical reasoning that primarily
theoretical | generates conceptual results, such as frameworks or literature
reviews
Other / n.a. | Other or information not available (e.g., purely theoretical)
Integration | Merging Full endogenization of transition factors into model structure,
strategy™* e.g., parameterization or creation of new socio-technical
models.
Iterating Translation of exogenous and qualitative narratives of transition

factors into quantitative model assumptions, e.g., scenario
analysis.

16



Bridging Post-modeling interpretation of model outcomes based on
transition factor, e.g., qualitative discussion or quantitative
indicator.

Other/n.a. | Other or information not available

* Based on country and economy classification of UNIDO®®.

** Based on classification by Hirt et al.® and Trutnevyte et a

|60

17



A2 Evaluation of relevance and technical feasibility

A2.1 Criteria definition

Table A5: Definition of evaluation criteria for relevance and feasibility. The evaluation results can
be found in Table A6 and Table A7.

Criteria Key question Measurement
Increased Which model Descriptive categories based on qualitative judgement:
model assumptions can
realism potentially be Technology adoption and use: Assumptions that
improved by impact the individual adoption, use and diffusion of
integrating the technologies, such as peer effects or social practices.
transition factor? Socio-political environment: Assumptions that impact
the socio-political feasibility of technologies and
policies, such as social acceptance or political support.
Policy implementation: Assumptions that impact how
policy is implemented or enforced, such as delays or
cost-efficiency.
Technology cost: Assumptions that impact the cost of
technologies, such as learning curves or trade.
External constraints: Assumptions that impact
external dependencies and constraints, such as trade
relations, technology availability or cross-border
cooperation.
Policy Can policymakers Descriptive categories based on qualitative judgement:
leverage influence or steer
the transition factor | Low = Low possibility to influence transition factor
with available policy | Medium = Medium possibility to influence transition
tools and levers? factor
High = High possibility to influence transition factor
Quantitative | What is the Share of quantitative research articles from the
evidence availability of evidence base (Top100 ASReview) of the social
availability quantitative scientific literature:
research on the
transition factor in Low: 0-25% of quantitative articles in evidence base
the social scientific | Medium: 26-75% of quantitative articles in evidence
literature? base
High : 76-100% of quantitative articles in evidence
base
Data What is the Descriptive categories based on qualitative judgement:
availability availability of open
access databases Low: Data is not or poorly available and must be
suitable for collected
integrating the Medium: Data is partially available
transition factor? High: Data is largely available
Integration Which integration Integration strategies found in the modeling literature:
strategy strategies were

18



found in the
modeling literature
evidence base?

Merging: Transition factor is endogenously modelled or
parameterized into the structure of models.

Iterating: Transition factor is used to exogenously
inform quantitative assumptions integrated into models.
Bridging: Transition factor is used to interpret
outcomes post-modeling.

19



A2.2 Technical feasibility criteria: Empirical research, data availability, and integration examples

Table A6: Description of the empirical research and data availability in the social scientific literature on energy transition and integration
examples according to merging, iterating, and bridging strategies in the modeling literature. The description of the empirical research
is based on the top 100 results from the ASReview and is not fully representative. Examples of databases were collected from the
review and from an independent search.

Transition factor
(index score)

Social scientific literature: Empirical research
and data availability*

Modeling literature: Integration examples

Emotions (1.0)

Empirical research: Emotional and affective
responses to technologies®’, policies®, or disruptive
events, such as wars® or accidents®, have been
frequently studied, often in the context of social
acceptance and public attitudes from the individual’s
perspective.

Data mostly stem from surveys®', media analysis® or
sentiment analysis, partly with language models®.

Examples of databases: No examples found.
Data availability: Low

No empirical examples found.

Social movement
capacity (0.99)

Rich literature on collective action initiatives, in
particular the role, emergence and operation of
energy communities®” or grassroot movement®®. The
ability to organize is rarely the main angle, but partly
addressed by looking into leadership roles, such as
mayors®, or what drives mobilization, such as
crowdfunding’ or collective resistance’”.

Data is primarily of qualitative nature®® " and elicited
from specific case studies, but with some mixed-
method examples using surveys or qualitative
comparative analysis® "3,

No empirical examples found.

20



Examples of databases: Global Protest Tracker’®,
NAVCO Nonviolent and Violent Campaigns’®, Mass
mobilization data project™.

Data availability: Low

Intentions (0.98)

Large pool of empirical studies on the intention to
purchase, invest in, or adopt renewable
technologies, such as solar PV’’, electric vehicles’®,
or renewable heating systems’®, as well as the
intention to use energy-efficient household
appliances®. Intentions usually studied from a micro
level (individuals), and more rarely from the
meso/macro perspective, such as project
developers®'.

Structural equation modelling frequently applied, in
particular when using behavioral frameworks like
Theory of Planned Behavior or Acceptance

Models®®2, Data foremostly comes from surveys

Examples of databases: No examples found.
Data availability: Low.

81,83

No empirical examples found.

Trust (0.98)

Trust (or the lack thereof) is primarily examined from
the perspective of citizens or the public towards
governments and official ®*or energy project
developers®. It is frequently included as a variable in
determining technology acceptance, in particular
towards emerging technologies®, or transition
policies®’.

Data comes mostly from surveys®” and frequently
used for structural equation modelling as part of
different acceptance models and frameworks®.
Some examples also include more mixed-methods
and qualitative data, such as from deliberative
workshops®®.

No empirical examples found.

21



Examples of databases: World Values Survey®,
OECD Trust Survey Data in Public Institutions®,
(Euro/Asia/Afro/Americas) Barometer®'~*, European
Social Survey®.

Data availability: Medium

Social resources
(0.97)

The literature is focused on the effects of social
networks, social ties and social capital, such as
influence of neighbors and family*® or word-of-mouth
learning among farmers® and mostly targets
technology uptake®® or participation in renewable
energy communities®.

Survey data is primarily used to examine quantitative
effects, e.g., with regression analysis®. Qualitative
case studies using interviews, site visits and
documentary research also exist, such as comparing
the social ties of latecomers'® or the role of social

capital and community in technology adoption'".

Examples of databases: OECD How'’s Life? (Social
connections & Civic Engagement)'%?, Eurostat
Quality of Life (Social interactions)'®

Data availability: Low

Merging:

The endogenous inclusion of “Public Willingness
to Participate” (driven by social capital) into a
system dynamics energy-emissions model that
amplifies or dampens the diffusion and
implementation of policy measures for energy
and emission savings'®*.

Lobby power
(0.97)

The influence of lobby groups and advocacy
coalitions on political decision-making and regulation
has frequently been examined, including examples
where it has acted as a barrier'® as well as a force
of action for the energy transition'®. The Advocacy
Coalition Frameworks is frequently used as
conceptual support for interpreting power
dynamics'”’.

Merging:

The modeling of pro-fossil and pro-renewable
lobby influence on policy formation that explores
how policy volatility impacts investment (flows)

into electricity generation technologies?" "
WoS

Bridging:
The feasibility of an energy simulation with high
shares of PV and seasonal storage in Finland is
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Data mostly comes from case studies that apply
comparative or qualitative methods, including
interviews'® or media and policy documents'®.

Examples of databases: LobbyFacts.eu'®,
Transparency International Integrity Hub'°,
BridgeGap database on corruption measures'",
Lobbying Disclosure Act (US-only)'"2

Data availability: Medium

2/9/26 5:11:00 PM

discussed based on the results of a survey that

examines the vested interests and lobby efforts

against high shares of renewables'".

Social conformity
(0.95)

A lot of empirical studies look into when, how, and
why social influence or peer pressure drives the
uptake of different technologies, such as solar PV'™*
or energy-efficient household appliances'"®, and
participation in renewable energy communities'"®.
Some also look into investors’ susceptibility to

normative pressure'’.

Data is primarily collected from surveys''®, using
frameworks such as Theory of Planned Behavior
and structural equation modelling to evaluate
effects'912°,

Examples of databases: No examples found.
Data availability: Low

Merging:

The inclusion of social influence / social learning
on vehicle adoption behavior in global integrated
assessment models, based on heterogeneous
adopter groups whose likelihood to purchase an
alternative fuel vehicle increases with diffusion
(modelled as changes in risk premiums)'?"122,

Social tipping
points (0.92)

A large part of the literature examines threshold and
non-linear effects on macro-level indicators of the
energy transition, such as the impact of regulation'?,
resource rents'?*, geopolitical risks'?® or green
finance'® on renewable energy consumption. Some
examples study reinforcing loops and transitional
tipping points between technologies, policies, users,
finance, and infrastructure'?’ but are less common.
Studies that focus on tipping points in energy-related
behavior are primarily conceptual'?®,

No empirical examples found.
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Macro-scale panel data used in regression analyses
is readily available and frequently used'?®'?, Local
case studies rely on qualitative data collection

methods'?’.

Examples of databases: No database available on
social tipping points, but macro-scale panel data can
be used to study the phenomenon. See literature.
Data availability: Medium

Institutional
quality (0.89)

Research on institutional barriers and capacities look
into the moderating or hampering effect of mostly
political and financial macro-indicators on driving
renewable deployment or consumption, such as
corruption levels'?, financial development' or
regulatory quality'', often in developing regions™®.

Quantitative and global panel data are readily
available, often relying on composite macro
indicators'?®. For some national and sub-national

case studies, qualitative data is also available':.

Examples of databases: Corruption Perceptions
Index™* re, World Wide Governance Indicators'®,
Fragile States Index'®, BridgeGap database on
corruption measures (Transparency,
Enforcement)'"", Global Financial Developmen
Rule of Law Index'®

Data availability: High

137
£,

Merging

The modeling of transaction costs and other
barriers as indirect costs and including them into
the cost optimization of energy models'®.

Iterating

Emission reductions in models scenarios are
limited by the potential of technologies which is
determined based on assumptions of the
institutional quality in different regions (e.g.,
expertise, regulatory capacity) to handle the
technology development and or associated
proliferation risks'**'*!. Scenario analysis
with/without regulatory barriers that are
implemented in models as availability of
transmission capacity and degree of sector

coupling and flexibility 2.

Political and
social cohesion
(0.88)

Existing studies focus on the impact of political
stability on innovation'? and investments in
renewable energy'**. The empirical evidence
addresses more often political than social indicators,

such as party support'® and ideological factors'*.

Merging:

Political instability of energy technology supply
chains is included as a function into a multi-
objective energy system optimization model’.

Iterating:
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Country-scale panel data or public surveys are
frequently used to build regression models and study
direct or indirect effects between variables'’, with a

few cases using mixed-method analyses'*.

Examples of databases: National Elections Across
Democracy and Autocracy (NELDA)™® Democratic
Electoral Systems Around the World'*°, World Wide
Governance Indicators (Political stability)'>®, Social
Cohesion Radar (Asia)'®

Data availability: High

2/9/26 5:11:00 PM

Construction of different decarbonization
scenarios with granular policy mixes that are
considered to be politically feasible under

different federal political contexts'®?.

Bridging:

An energy supply risk metrics that considers
political instability is applied post-modeling to the
results of an energy system model to evaluate
which sectors are mostly affected by disruption
risk®3,

Social practices
(0.88)

Social practices and habits have been extensively
studied, especially for households and individuals.
Examples include laundry'*, indoor heating'®®, or
cooking'®® and are generally considered rigid and
difficult to change.

Most studies show a mix of quantitative-qualitative
methods and results'*®, where surveys are often
accompanied with some deliberative element, like
living labs'®*, ethnographies'” or interviews'®®.
Examples of databases: No examples found.
Data availability: Low

Merging

Energy demand is shaped and determined by
heterogeneous household practices from the
adoption of digital technologies in an agent-
based model and the least-cost pathway for the
energy system is then calculated with a soft-
linked energy system model. Similar examples

from the transport sector exist too'°.

Iterating

Scenario analysis that detail how energy
services will be provided in the future, based on
building and vehicle parameters related to use
behavior and habits/practices, such as per-
capita floor space'®. Using energy demand
estimations from econometric models or
household surveys that considers occupant

behavior and habits in energy scenarios™®’.

Values, beliefs,
norms (0.87)

There is a rich empirical literature that establishes
different value bases'®*'%, beliefs about climate
change, technologies and the economy'®®, and pro-
environmental personal norms'®® as determinants
for the willingness to adopt, buy or deploy renewable

Merging

Integrating agents’ beliefs about economic
growth, climate sensitivity, cost of climate
damages, and technological progress into a
climate-economic models linked with agent-
based models that complements the
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energy, often with the help of the Theory of Planned
Behavior and Value-Belief-Norm frameworks.

Data primarily come from surveys and is used for
establishing quantitative relationships between

variables, such as in structural equation modeling
164

162—

Examples of databases: World Values Survey®’,
(Euro/Asia/Afro/Americas)barometer®' .

Data availability: Medium

2/9/26 5:11:00 PM

optimization module'®’. Inclusion of
heterogeneous and quantified attitudes and
norms towards solar PV from a household
survey into an agent-based model that then
calculates the diffusion and adoption of solar PV

vs a reference scenario'®®.

Iterating

Boundary constraints in mitigation scenarios
were defined and evaluated in terms of
feasibility and acceptability by sectoral
stakeholders in order to reflect normative
considerations and value judgments in model
structure and results'®”.2/9/26 5:11:00 PM

Risk and loss
aversion (0.85)

Prominent applications of risk-related research
address financial risk preferences for renewable
energy'®, impact of risk perceptions on public
acceptance and willingness to adopt'’®, and the
technical modeling of uncertain outcomes in
electricity grid or dispatch models with operators that
exhibit different risk preferences and risk
management strategies'’"'"2,

Empirical data on risk preferences largely stem from
surveys or choice experiments'”, whereas risk
modelling is frequently done based on purely
theoretical assumptions about risk-averse or risk-

seeking strategies'™®.

Examples of databases: Global Findex
Database'”®, World Risk Poll'"®
Data availability: Low

Merging

The inclusion of risk aversion and risk
preferences in energy system modelling through
modelling discounted payback period of
renewable heating technologies'”’ or specific
decision criteria that characterize risk attitudes
of a decision-maker towards climate
uncertainty'’® or previous technologies'®. The
modelling of risk-averse and risk-tolerant
consumers that are differently influenced by

other users in their own adoption decision'?',

Bridging:

Discussion of the potential of linking energy and
climate system models with modular agent-
based models that represent the investment
decisions of power companies with different risk
attitudes'®. The analysis of energy system
model results based on a composite indicator for
security of supply that considers the risk-averse

level of the decision maker'®'.

26



Political regime
and culture (0.78)

A considerable number of articles examine the
“‘democracy-climate-energy” nexus, such as the
impact of democratic governance on energy
consumption® and policy'®. There are also many
qualitative case studies that give insights on the role
of governance structures and division of political
pOWGr184’185.

Readily available data includes global panel data
and composite indicators about democracy and
governance, often with a focus on the developing
world and applied in regression models'®-1¥7

Examples of databases: World Wide Governance
Indicators'®, The Polity5 Project'®®, Variety of
Democracy and Party Identity'®, Freedom in the
World'®, Global State of Democracy Index'®".

Data availability: High

Iterating

Scenario analysis that examines the
effectiveness of different combinations of
national/centralized and subnational/
decentralized policies for electric vehicle
adoption'®?, emission control'®®, and electricity

sector'®.

Bounded
rationality (0.75)

Literature includes examples that simulate decision-
making of heterogeneous actors under bounded
rationality or information asymmetry, e.g., in the
transport '%°, electricity sector'®® or energy
markets'®’. Prospect theory and game theory
models'®® are frequently used as a frameworks.

The empirical data on various cognitive biases and
limitations in individuals are collected with surveys,
but rather limited'9%2%,

Examples of databases: No examples found.
Data availability: Low

Merging

Applying limited or myopic foresight for the
energy system model to reflect the imperfect or
partial knowledge of technological and socio-
political developments from the perspective of
the decision-maker?'2%2, Modelling of near-
optimal alternatives to reflect the heterogeneity
and partly conflicting interests of decision-
makers that deviate from purely rational (cost-
optimal) objectives''?%, Coupling of
optimization models with agent-based models to
introduce agents with biased perceptions and
decision-making for improving estimations of
needed capacity'%°2%,

Critical junctures
(0.45)

The empirical literature on critical junctures is
diverse and contains studies on how financial
crises?®® and pandemics?® have impacted the
energy supply and demand®”’, technology

Merging

Quantification of the supply risk of clean energy
technologies and the endogenous minimization
of that supply risk based on a multi-objective
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deployment®® or energy policies®®. The implications
of wars and conflicts have also been readily
studied®'®?"", Some articles also look into the effects

of disruptive policies on energy systems?'?,

Quantitative data for the analysis of macroeconomic
data is readily available?*®?*”. Much of the research
has a qualitative nature and is based on interviews
or comparative and descriptive case studies?'32™,

Examples of databases: ACLED Conflict Index?®,
Crisis Watch Conflict Tracker?'®, International
Disaster Database?'”, Economic Policy Uncertainty
Index?'8, World Development Indicators®'®

Data availability: High

energy optimization model'. Stochastically
modelled random shocks to labor productivity,
capital, stocks and energy efficiency?®. The
impacts of disruptive events are randomly
modelled with the proxy of failed generators and
the duration of their removal®?".

Iterating

The disruptive risk related to the introduction of
different policies is analyzed in scenarios with
varying degrees of nuclear and biomass?'?.
Scenario analysis of the impact of COVID-19
recovery package on the low-carbon
transformation of the energy system?*2
shocks??®, disruptive trade policies®** , weatggr-

induced disruptions to the electricity system==.

, energy

Bridging

The evaluation of price fluctuations and supply
disruption likelihood of clean energy materials
based on their raw material cost, geopolitical
and market aspects for future inclusion in energy

system models?*°.

Attitudes,
perceptions,
preferences
(0.43)

Social and public acceptance towards technologies,
often emerging and contested ones such as
nuclear®?’, carbon capture storage®® and energy
policies?*® have been widely examined, with most
studies taking the individual or citizen perspective
when examining preferences and perceptions.
Attitudes, perceptions and preferences are both
used to predict acceptance®, and acceptance is
also used as a variable to predict intentions and

willingness to pay®".

The evidence base is heavily dominated by
quantitative studies, mostly relying on representative
surveys®*, as well as some mixed-methods

Merging

Incorporating heterogeneous preferences of
households?** or social acceptance®® into cost-
optimal energy models. Representing
heterogeneous consumer preferences and
technology purchase decisions through the
inclusion of disutility or disamenity costs?*¢%’,
The non-financial technology preferences of
heterogeneous decision-makers are taken into
account by linking agent-based models with
energy system models to accurately represent
investment decisions in the residential sector®®
or vehicle choices'?" %,
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approaches , including interviews?*® and deliberative
workshops®®.

Examples of databases: World Values Survey®’,
(Euro/Asia/Afro/Americas)barometer®™*,
Data availability: Medium

Iterating

The sectoral energy demand of transport is
exogenously calculated based on user
preferences in vehicle choice and is then
merged with energy system model to calculate
cost optimal energy supply infrastructures®.
Scenario analysis to illustrate the system effects
and costs of low social acceptance?®2*',
Evaluation of system costs in scenarios
showcasing different spatial distribution
strategies of renewable energy as a proxy for
public acceptance??24® | Scenarios are
qualitatively described and designed®**,
including the use of Shared Socioeconomic

Pathways®*.

Bridging:

Combining energy system models with multi-
criteria assessment that elicit stakeholder/user
preferences to examine and rank socially
acceptable solutions for local energy systems
and decarbonization pathways®*6:247.
Stakeholders evaluate energy system scenarios
post-modeling to explore their own economic

and social preferences?¥.

Geopolitical
power (0.38)

The literature addressing elements of geopolitical
risk or international power dynamics frequently view
it as a barrier to the energy transition, studying its
impacts on renewable energy consumption®,
investments?° or deployment. The use of indicators
such as import dependency®°'2°2 or other energy
security metrics®®® is common. Several contributions
also look at the material supply chains of renewable
energy technologies, such as lithium dependency

254

Merging

The analysis of optimal subsidy policy design by
stochastically modelling geopolitical conflicts
that disrupt energy supply®®°. Future energy
markets are examined with an agent-based
model that endogenously models investment
decisions, including the impact of a 25% trade
tariff by China on the US?®".

Iterating
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The examined research was primarily of quantitative
nature, with global panel data on trade®",
geopolitical risk and threats®® or natural resources?*®

readily available.

Examples of databases: ACLED Conflict Index?'®,
Crisis Watch Conflict Tracker?'®, SIPRI databases
(Military Expenditure Database, Arms Transfers
Database etc.)*’, Global Peace Index*®, Global
Energy Monitor Trackers?*®

Data availability: High

The design of stylized geopolitical futures, e.g.,
with the help of democracy indices as a proxy
for future conflicts between nations based on
their political conviction, and subsequent
scenario analysis of how they impact maritime
trade and energy demand levels®?. Scenario
analysis of endogenous vs exogenous
technological progress to represent a reduction
in global cooperation®®®, import constraints??+2%
and how wars and conflict impact the energy
system, notably the war in Ukraine?®®2%,

Bridging

Model outcomes (e.g., decarbonization
scenarios) are evaluated post-modeling based
on energy security metrics, such as import
dependency?¥’, resilience metrics®®, supply

risk'>® and other?®.

Discursive power
(0.36)

Many studies examine the (public) discourse around
controversial technologies?’®?"" as well as polarized
energy transition decisions such as phase-
outs/ins?’2, Study experiments also include social
acceptance from the perspective of different frames,
storylines and narratives®”® such as justice or cost-

efficiency®’*.

Qualitative studies dominate over quantitative ones
in the examined literature, such as media or
discourse analysis techniques?®’®. Data tends to be
tailor-made and collected from specific local or
national case studies.

Examples of databases: Directory of open access
books?’®, Digital discourse database?”’, ParlaMint
database on parliamentary corpora®’®

Data availability: Medium

Iterating

The use of low energy demand scenarios in
energy system analysis that focus on energy
reduction rather than on technology
substitution®’®?%% or any other scenarios or
narratives that emphasize certain framings of
problems and solutions?31282,

Bridging

Discussion of the dominating narratives and
portrayal of technologies by analyzing model
scenarios that limit global warming to 2
degrees®*?8 Qualitative discussion of how
model results challenge existing narratives
around hydrogen deployment?°.
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Justice and
fairness (0.31)

The energy justice literature comprises of a
significant amount of conceptual analyses that speak
about distributional, recognition, and procedural
fairness and equality?®®, also addressing aspects of
energy democracy®®’ or the role and visions of
political and civil agents?®®. Empirical studies focus
on distributional impacts, often as an output of
energy transitions?°.

Quantitative analyses are mostly grounded on
survey data®® or spatial databases on e.g., energy
resources or technology adoption®®', from which
distributional aspects and socioeconomic impacts
can be studied®*?.

Examples of databases: World Values Survey®’,
(Euro/Asia/Afro/Americas)barometer®™®*, Corruption
Perceptions Index'*, Rule of Law Index'®

Data availability: Medium

Merging
Integration of equality considerations into the

optimization logic of the energy system model®*’.

Using discount rates close to zero for renewable
energy investments factors to represent
intergenerational equality®®.

Iterating

Implementations of narratives as a set of
theoretical assumptions for energy system
modelling to explore how centralized vs
decentralized, fossil fuel vs renewable electricity
access impact justice issues®**. Scenario
analysis of equitable spatial distribution based
on decentral and central planning of renewable
generation?¥?, different justice principles of
allocating carbon budgets?®® or emission
rights?% or electrification plans based on various

justice principles®’.

Bridging

Measuring (in)equality in energy system outputs
with different justice metrics, including
affordability and access?®, the spatial
distribution of cost, investment, capacity and
generation®®® | employment**°, and health
impacts®".

Incremental
learning (0.24)

The principle of incremental learning is
overwhelmingly found in literature applying
technology learning curves®®, i.e., the curve
describing falling costs with accumulating
deployment over time, where it is often studied as
the driving force of technology diffusion in energy

Merging

The use of technological learning curves and
learning rates, parameterized into the cost
function of energy technologies, and acting as
an input variable to the model for calculating
energy system impacts, such as cost or
diffusion%’-3%¢,
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systems®®. Institutional or policy learning is studied
more rarely®+3%°,

Data is readily available for calculating technology
curves and learning rates, mostly relying on installed

capacity and cost data®®.

Examples of databases: No database available on
(social) incremental learning, but technology data
readily available. See literature.

Data availability: Medium (Technology cost &
deployment)

Path-dependency
(0.21)

A rich literature on various lock-in effects exist, such
as for carbon emissions, or technologies, and how
they impact the energy transition or climate change
mitigation®®®*'°. An important part of the literature

also discusses how to break lock-ins®'".

Numerous descriptive case studies exist that rely on
qualitative data and comparative case studies®'%3'2,

In quantitative studies, stranded assets in the energy
sector are often taken into account®'®, as well as the

lifetime of carbon-intensive technologies®".

Examples of databases: Global Energy Monitor
(Global Coal Plant Tracker, Global Oil and Gas Plant
Tracker, Global Gas Finance Tracker, Global
Methane Emission Tracker etc.)?*® Global Power
Plant Database®'®

Data availability: High

Merging

Extension of the lifetime of power capacities
(years), if the capacity remains economically
profitable®®. The irreversibility of investments
are built into the optimization structure as a
property of capital stock®'®. Modelling of
abatement inertia, which is represented by a
penalty on abatement speed to reflect that a
rapid abatement would lead to stranded asset
and repurposing costs*'”. The modeling of policy
volatility with advocacy coalitions and how
political lock-in impacts investment (flows) into
electricity generation technologies®'.

Iterating

Scenario analysis of different amounts of coal
power plants coming online by different timelines
and how that impacts stranded assets®'°.
Scenario analysis of policy timing and its effects
on generation portfolios, including energy
subsidies®®, the deployment on negative
emissions technologies®', the lifetime of coal
power plants and their early retirement®?? and

early vs late decarbonization efforts®?.
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Bridging

The assessment of technological lock-in effects
in scenario results, analyzing with the help of
carbon pricing, fuel price uncertainty or
technology mixes what can help break the lock-
in of fossil energy infrastructure®*32°. Definition
of carbon intensive lock-in based on the share of
green energy that the model produces®?® .
Quantification or qualitative discussion of
stranded assets in different energy and climate
scenarios, such as lock-in of coal**” gas®?, or
blue hydrogen®%,

Political economy
(0.02)

The literature on political economy frequently
examines combinations of policy mixes and their
effectiveness, such as the impact of carbon taxes?®'?,
feed-in-tariffs**°, or command and control tools**'.
The influences of neoliberal market reforms have

also been studied>*

Many studies take a qualitative approach, presenting
descriptive and comparative case studies based on
historical and institutional research, interviews or
workshops®®. Quantitative studies also exist, based
on typologies of governance systems and renewable
energy macro data®* and policy mix evaluations®*°.
Examples of databases: Index of Economic
Freedom®*®, Varieties of Democracies'®®, EEA
Integrated National Climate and Energy Policies and
Measures (PaM) **", Climate Policy Database®®,
Policy Instruments for the Environment (PINE)®*
Data availability: High

Iterating

Scenario impact analysis in energy system
models of different policy instruments and mixes
to decarbonize energy systems and mitigate
climate change, including feed-in-tariffs3*°,
energy subsidies®', energy efficiency
policies®*?, technology or decarbonization
targets®*®, as well as emission trading
schemes®***. Examined impacts include cost-
effectiveness®®®, health benefits and regional
disparities®*®, or renewable energy
deployment®*’.

Expected costs
and benefits
(0.00)

Expected costs and benefits as a decision-making
logic has been widely examined in the form of cost-
optimization exercises, such as with energy system

Merging
Cost-optimization applied as a decision logic to
models, such as for decarbonizing energy
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optimization models, and applied to transition systems and for reaching climate mitigation
technologies, decarbonization pathways and targets or net-zero®®':3%2,
scenarios®*:34°,

Contributions are to a large extent quantitative, with
technology or aggregated system cost data acting as
the pillar for most analyses®¥3%°. Qualitative
analyses are rare®®.

Examples of databases: No database available on
expected costs and benefits in terms of individual
decision-making, but technology cost data readily
available for cost-optimal simulations. See literature.
Data availability: High (Technology cost data).

*Only databases that are open access and with a minimum continental geographic scope and a temporal scope of at least
two years are listed. The examples are non-exhaustive and only indicative of the data availability.

A2.3 Relevance criteria: Increased model realism and policy leverage

Table A7: Evaluation of increased model realism and policy leverage of all transition factors. Evaluations were done subjectively
based on available empirical research from the literature review and independent research. Responses indicate general tendencies
and are neither fully representative nor exhaustive.

34



Transition
factor
(index score)

Increased model realism (=which model
assumptions can be improved by integrating the
transition factor)

Policy leverage (=can policymakers influence the
transition factor with policy tools and levers)

Emotions (1.00)

Considering insights from empirical research on
emotions (e.g., strongly negative or positive
reactions towards technologies or policies) would
primarily impact model assumptions on individual
technology adoption and use®? and on the socio-
political environment, such as public
acceptance®?.

Low possibility to influence the emotional and
affective responses of individuals with policy tools,
as emotions are generally considered to be
instinctual and formed outside of rational-analytical
processes’.

Social
movement
capacity (0.99)

Considering insights from empirical research on
social movement capacity (e.g., development of
grassroot initiatives®) would primarily impact model
assumptions on collective technology adoption
and use (e.g., by energy communities®’) and on
the socio-political environment, such as
collective resistance’".

Low possibility to influence the driving factors
behind social movement capacity with policy tools,
in particular those related to intangible resources,
such as shared set of grievances, values, and
identities. Structural prerequisites for collective
action, such as windows of opportunities, are
typically also out-of-scope for policy measures®®.

Intentions (0.98)

Considering insights from empirical research on
behavioral intentions would primarily impact model
assumptions on individual technology adoption
and use and the socio-political environment
(e.g., willingness to adopt or support®119),

Low possibility to influence behavioral intentions
with policy tools, as they are largely considered to
be driven by subjective norms, attitudes, and
perceptions®. Techniques such as nudging and
choice architecture in public policy exist, but
effectiveness is controversially debated®*3%°

Trust (0.98)

Considering insights from empirical research on
trust-based factors (e.g., trust towards authorities®
or other individuals) would primarily impact model
assumptions on technology adoption and use
and on the socio-political environment, such as
public acceptance®’.

Medium possibility to influence interpersonal or -
institutional trust with policy tools, such as
implementing practices of good governance (e.g.,
transparency, rule of law, accountability etc.3°¢%7),
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Social resources
(0.97)

Considering insights from empirical research on
social resources (e.g., peer effects® ) would
primarily impact model assumptions on individual
technology adoption and use, and on the socio-
political environment, such as public support.

Low possibility to influence social resources with
policy tools, as networks and relations are largely
considered to be the result of personal and
reciprocal interactions within a social system™.

Lobby power
(0.97)

Considering insights from empirical research on
lobby power (e.g., influence of advocacy
coalitions'*”) would primarily impact model
assumptions on the socio-political environment,
such as level of political support®**®, and on policy
implementation'®.

High possibility to influence lobby power with policy
tools, such as implementing practices of
transparency rules (e.g., lobby registers,
publication of meeting records etc.).>*®

Considering insights from empirical research on
social conformity (e.g., normative pressure) would

Low possibility to influence the drivers of social
conformity with policy tools, as it is largely

Social ) primarily impact model assumption on individual considered to arise from shared identities and
conformity technology adoption and use''’” and the socio- | norms within social networks*'.
(0.95) political environment, such as public support3®.
Considering insights from empirical research on Medium possibility to influence social tipping points
social tipping points would primarily impact model with policy tools, in particular by adopting policies
Social tipping assumptions on technology adoption and use that would trigger positive tipping points, e.g., in the

points (0.92)

and on the socio-political environment, e.g.,

diffusion patterns of new technologies and ideas'?.

adoption of innovations or behaviors®*'.

Institutional
quality (0.89)

Considering insights from empirical research on
institutional quality would primarily impact model
assumptions on policy implementation (e.g.,
corruption'®® and technology cost (e.g.,

transaction costs and institutional barriers™?).

High possibility to influence institutional quality with
policy tools, in particular by implementing practices
of good governance (e.g., transparency, anti-
corruption, rule of law, accountability etc.).'%:36?

Political and
social cohesion
(0.88)

Considering insights from empirical research on
political and social cohesion would primarily impact
model assumptions on the socio-political
environment (e.g. partisan support'*®) and on
policy implementation (e.g., policy stability’*).

Low possibility to influence political and social
cohesion with policy tools, as this is considered to
be born out of shared values, identities, and
grievances''”,
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Social practices
(0.88)

Considering insights from empirical research on
social practices would primarily impact model
assumptions on technology adoption and use
(e.g., culturally meaningful energy uses'®).

Low possibility to influence culturally and socially
anchored practices with policy tools. Techniques
such as nudging and choice architecture in public
policy exist, but effectiveness is controversially
debated**%°.

Values, beliefs,
norms (0.87)

Considering insights from empirical research on
values, beliefs, and norms would primarily impact
model assumptions on technology adoption and
use (e.g., as determinants for willingness to buy or
adopt'®®) and on the socio-political environment
(e.g., related to the support of certain policies'®?).

Low possibility to influence values, beliefs, and
norms with policy tools, as these are generally
considered to be formed outside of rational-
analytical processes®.

Risk and loss
aversion (0.85)

Considering insights from empirical research on
risk and loss aversion would primarily impact model
assumptions on technology adoption and use,
such as through various risk preferences for
technologies'®®, and the socio-political
environment, such as public support'’®.

Low possibility to influence risk behavior with policy
tools, as these are generally considered to be
formed outside of rational-analytical processes™.
Techniques such as nudging and choice
architecture in public policy exist, but effectiveness
is controversially debated®**3%°,

Political regime

Considering insights from empirical research on
political regime and culture would primarily impact
model assumptions on policy implementation,

Medium possibility to influence political regime and
culture with policy tools, such as with electoral
reforms or (de)centralization and democratization

agc7!8culture such as the impact of federal and state power of decision-making®%**%4,
(0.78) division or of democratic institutions'®2184,
Considering insights from the empirical research on | Low possibility to influence rationally bounded
bounded rationality would primarily impact model decision-making. Techniques such as nudging and
Bounded assumptions on technology adoption and use choice architecture in public policy exist, but

rationality (0.75)

and the socio-political environment, such as
technology preferences or support without full
information'®.

effectiveness is controversially debated®*3%°
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Critical junctures
(0.45)

Considering insights from the empirical research on
critical junctures would impact model assumptions
on technology adoption and use (e.g., disrupted
practices®®®), socio-political environment (e.g.,
radical shifts in public perceptions®®), technology
costs (e.g., availability of technologies®®®), and
external constraints (e.g., trade restrictions®'").

Medium possibility to influence critical junctures
with policy tools, such as through the
implementation of resilience and preparedness
(e.g., in the area of infrastructure®®).

Considering insights from the empirical research on
attitudes, perceptions, and preferences would

Low possibility to influence the formation process of
attitudes, preferences, and perceptions with policy

Att'tUd?.S’ primarily impact model assumptions on tools, as these are generally considered to be
perlcc:ep 10N, technology adoption and use (e.g., acceptance formed outside of rational-analytical processes'.
E)(;e‘é;ences as determinant of willingness to use?*'), and the
' socio-political environment (e.g., public
support®?").
Considering insights from the empirical research on | Medium possibility to influence geopolitical power
Geopolitical geopolitical power would primarily impact model with policy tools, such as through the

power (0.38)

assumptions on technology cost (e.g., imports
dependency?**) and external constraints (e.g.,
trade®’).

implementation of security measures (e.g., energy
autarky, diversification strategies etc.>®").

Discursive
power (0.36)

Considering insights from the empirical research on
discursive power would primarily impact model
assumptions on the socio-political environment
(e.g., narratives that strongly influence public
opinion®*).

Medium possibility to influence discursive power
with policy tools, such as code of practices on
disinformation, measures on content control or
media literacy in digital environments3¢83%°,

Justice and
fairness (0.31)

Considering insights from the empirical research on
justice and fairness would primarily impact model
assumptions on the socio-political environment
(e.g., perceived justice as a determinant for
acceptance®?).

Medium possibility to influence perceptions of
justice and fairness with policy tools, in particular
through the implementation of good governance
(e.g., transparency, rule of law, accountability etc.)
and energy justice principles®%3"",
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Incremental
learning (0.24)

Considering insights from the empirical research on
incremental learning would primarily impact model
assumptions on policy implementation (e.g.,
through policy learning®*) and technology costs
(e.g., technology learning curves®®?).

High possibility to influence incremental learning, in
particularly by adopting supportive policies in the
area of research & development and technology
deployment (e.g., subsidies, investment support®’?).
Social learning more difficult to impact, but could be
improved with tools such as regulatory scrutiny or

better regulation agendas®”>.

Considering insights from the empirical research on

Medium possibility to influence path-dependency

Path- path-dependency (e.g., policy or infrastructure lock- | with policy tools, such as with policies that break
dependency in®"*) would primarily impact model assumptions on | previous technology lock-ins*”®. Inertia in political
(0.21) policy implementation and technology cost. and social systems more difficult to change®’.
Considering insights from the empirical research on | High possibility to influence the political economy
political economies would primarily impact model with policy tools, in particular through choices of
Political assumptions on policy implementation (e.g., policy instruments and mixes that regulate

economy (0.02)

through regulatory approach®') and technology
cost (e.g., through type of policy instruments®'?).

markets®®.

Expected cost
and benefits
(0.00)

Considering insights from the empirical research on
expected costs and benefits (e.g., through the
application of cost-optimality®*° in individual or
system preferences) would primarily impact model
assumptions on technology adoption and use,
the socio-political environment and technology
cost.

High possibility to influence expected costs and
benefits with policy tools, such as by creating
financial incentives for desirable practices (e.g.,
subsidies) and financial punishments for
undesirable practices (e.g., taxes)®”’.
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A3 Literature review

A3.1 Definition of keywords for the literature bases

Two literature bases were defined in order to contrast how transition factors are
represented (Table A8). For the social scientific literature, we used keywords that describe
the systemic energy transition in a general and broad manner. Sector-specific (e.g.,
electricity, buildings, industry etc.) or technology-specific keywords (e.g., PV, wind,
nuclear, biomass) were excluded. Keywords were compared to and complemented by the
results from other systematic literature reviews on energy transitions37837®, The modeling
literature was defined with keywords that describe modelling practices for energy and
emission projections, complemented by systematic searches from other reviews*’.
Keywords specifically targeted energy optimization models, energy simulation model, and
integrated assessment models due to their similar structural logic (e.g., focused on
systems, tendency of centralized coordination®®?). Keywords targeting electricity,
transport, industry, buildings (heating & cooling) sectors were included to capture models
with a sector-specific scope (e.g., “energy transport model*”). Abbreviations and sector-
specific keywords with no evident relation to energy were included with the Boolean
operator “NEAR/25 “energ*” to reduce false positives (e.g., “IAM*” NEAR/25 “energ*”).

Table A8: Search query for the literature scope on the social scientific literature on energy
transition and modeling literature.

(Social scientific) literature on energy transition

Keywords: “energy transition*” OR “energy system Search: Results
trans*” OR “energy system decarboni*” OR “energy Topic (Title, (16.07.2025)
system moderni*” OR “sustainable energ*” OR abstract, keyword | N= 198 742
‘renewable energ*” OR “clean energ*” OR “green plus, and author

energ*” OR “low-carbon energ*” OR “decarboni* keywords)

*n

energ”” OR "net-zero energ™ OR “climate-neutral
energ*” OR “carbon-neutral energ*”

Modeling literature

Keywords: "energy system* model*" OR "energy Search: Results
system* optimi* model*" OR (“ESOM*” NEAR/50 Topic (Title, (16.07.2025)
“energ*”) OR “energy optimi* model*” OR "model* abstract, keyword | N=8 993
energy transition*™" OR "energy transition model*™ OR plus, and author

“energy decarboni* model*” OR “energy simulation*® keywords)

model*” OR “energy system simulation*” OR "integrated
assessment model*™ OR ("IAM*" NEAR/50 “energ*”)
OR “electricity system model*” OR “electricity system
optimi*” OR “power system model*” OR “electricity
sector model*” OR “power sector model*” OR “transport
energy model*” OR (“transport system model*”
NEAR/50 “energ*”’) OR (“transport sector model*”
NEAR/50 “energ*”) OR “building energy model*” OR
“residential energy model*” OR “heat* system model*”
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OR “cooling system model*” OR “indust* energy
model*” OR (“industr* sector model*™" NEAR/50"energ*")

A3.2 Definition of keywords for transition factors

A3.2.1 Keywords from social scientific theories

The search strings of transition factors are shown in Table A9. These keywords were
primarily identified from the theory review, as a way to directly link when literature has
used theories or concepts from social sciences in the context of energy transition research
or modeling. Keywords were extended and adapted to include neighboring concepts with
a similar meaning (e.g., social acceptance and public support) to account for the non-
consistent use of terminology in literature. For very generic words with a double meaning
(e.g., value, cost) we included several explanatory words to reduce the number of false
positives in the literature records. To avoid duplicates, keywords were assigned
exclusively to one transition factor, where possible. The exception to this practice was the
use of some theory-specific keywords, such as “value-belief-norm” or “theory of planned
behavior, from which several transition factors were derived (e.g., “Values, Beliefs,
Norms”, or “Attitudes, Perceptions, and Preferences” and “Intentions”). When transition
factors were closely related (e.g., “Critical junctures” and “Geopolitical power”), the author
assigned keywords based on a subjective judgement (e.g., “war” and “crisis”).

A3.2.2 Keywords from modeling practices and workshop with modelers

To capture literature that is not theory-based, we also included keywords from current
modeling practices that directly or indirectly represent social scientific transition factors.
To do this, we evaluated the list of transition factors and tried to identify modeling
equivalents (and their keywords) that correspond to the cause-effect mechanism of
transition factors. For example, the use of Shared Socioeconomic Pathways?®' or
technology-specific scenarios (e.g., negative emission technologies?®) can be seen to
indirectly represent the transition factor of “Discursive power”, as these types of scenarios
impose a dominating narrative on models of what constitutes legitimate solutions to
societal problems. Technology learning curves can be seen as a representation of the
transition factor of “Incremental learning”, whereby models assume a constant
improvement in cost reduction as experience in deployment grows3%’. Similarly,
considering social acceptance in cost-optimal energy scenarios can be seen to reflect the
transition factor of “Attitudes, perceptions, preferences”3%. While including these types of
keywords into the search string extended the scope of relevant literature, it also
broadened the definition of what constitutes as a transition factor. Nonetheless, this trade-
off was accepted, as otherwise a large part of modeling practices would have been
excluded.

To get better insights into such practices, we organized a workshop together with
representatives from the modelling community. The aim was to identify new keywords and
improve the accuracy of existing one in order to capture recent and relevant literature,
where modeling includes insights from social sciences. A total of seven researchers from
the University of Geneva with professional experience in energy and emission modelling
participated in the interdisciplinary exchange, which took place in July 2025 in Geneva.
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Participation was on a voluntary basis, and all participants gave their written consent to
share the results anonymously after the workshop and for the purpose of this research.
The workshop was moderated by the corresponding author and was structured in four
sections. In each section, one transition factor type (i.e., cognitive-motivational, socio-
normative etc.) was presented and explained with examples. Participants were then asked
to share examples of existing cases or ideas of how this type of transition factor could be
represented or integrated into energy models. Participants could suggest their own
keywords to add or propose changes to existing ones. The final decision on whether to
implement the proposed changes to the set of keywords was taken by the corresponding
author and are marked bold in Table A9.
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Table A9: Search strings for each transition factor used in the literature search on Web of Science. Keywords marked in bold
represent those that were added after the workshop with modelers. A justification for including these keywords and why they can be
seen as an equivalent of existing modeling practices is given in the right column.

Transition
factor

Attitudes,
perceptions,
preferences

Bounded
rationality

Critical
junctures

Discursive
power

Search string

%7

“attitude™” OR “preference™” OR “judgment™ OR “theory of planned
behavio® OR “social acceptance” OR “public acceptance” OR “poli*
acceptance” OR “social support” OR “public support” OR “poli*
support” OR “social opposition” OR “public opposition” OR “poli*
opposition” OR “perception*” OR “subjective interpretation* OR
“perceived benefit*” OR “perceived use™ OR “perceived behavio*” OR
“perceived eas™ OR “perceived cost™ OR “perceived effic*” OR
"perceived control" OR "perceived behavio™ OR “disamenit*” OR
“disutilit*” OR “discount*”

“heuristic*” OR “bounded rationality” OR “cogniti*” OR “satisfic*” OR
“mental shortcut*” OR "judgment error*" OR “bias*” OR “information
asymmetr”” OR “asymmetric information*” “imperfect information*” OR
“myopic decision*” OR “access to information*” OR "hurdles*" OR
"information availabili*" OR "limited information*" OR “near* optimal”
OR “imperfect foresight*” OR “limited foresight*” OR “myopic

planning*” OR “myopic foresight*”

“critical juncture®” OR “policy punctuation*” OR “policy window*” OR
“‘window™ of opportunit*” OR “landscape pressure*” OR “regime
destabili*” OR “regime shift*” OR “external shock*” OR “exogenous
shock*”OR “price shock*” OR “price crash*” OR “economic cris*” OR
“poli* cris*” OR “financial cris*” OR “recession*” OR “extreme event*”
OR “shock scenari*” OR “supply shock*” OR “supply cris*” OR
“discontinuit*” OR “disrupti*” OR “instabilit*” OR “transient shock*” OR
“oil shock” OR “gas shock” OR “black swan*”

“discourse*” OR “discursive” OR “framing*” OR “agenda* setting” OR
“‘media analys*” OR “narrative*”

Modeling practices and keywords

The term of “disamenity” or “disutility” cost
is used in modeling to internalize the
negative effect that local opposition has on
the success rate of energy infrastructure
projects, e.g., due to impacts on
landscapes or noise?®’. Similar effects can
be achieved through the use of discounting
rates.

The use of imperfect, limited or myopic
models, i.e., models that solve cost-
optimality based on shorter sequences and
time periods, are used to reflect policy
making under real-world circumstances,
whereby policy-makers take short-term
decisions based on limited information
about the future®*®. Similar logic to the use
of near-optimal models®*°.

Historical disruptions to energy supply and
demand are sometimes termed “black
swans”, i.e., events with low probability and
low predictability but highly impactful®®’.

Models frequently use technology-
specific?®? or solution-specific narratives®’®
in scenario analyses that reflect certain
discourses.
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Emotions

Expected
costs and
benefits

Geopolitical
power

Incremental
learning

Institutional
quality

“affective” OR “affect-driven” OR “affect-based” OR “affect heuristic*”
OR “emotion* OR “sentiment™ analy*” OR "fear*" OR "anxi*" OR
"anger" OR "guilt™ OR "happ™" OR "hope*™ OR "enthusias™ OR
"empower*"

“anticipated behavio*” OR “strategic behavio*” OR “rational*” OR
“expected cost*” OR “expected benefit*” OR “cost* benefit” OR “self-
gain*” OR "game theory" OR "deterrence theory" OR "rational choice
theory" OR "utility maximi*" OR “benefit maximi*” OR OR “value
maximi*” OR “cost optim*” OR “profit maximi*” OR “revenue
maximi*” OR "utility optimi*" OR “cost minimi*” OR “least-cost”

"geopolitic*" OR “energy security” OR “energy sovereign*” OR “energy
autarch*” OR “energy autonom*” OR “energy risk*” OR “import
reduction*” OR “import *dependen*” OR “energy *dependenc*” OR
“strategic *dependenc*” OR “regional cooperation*” OR “international
cooperation*” OR “cross-border cooperation*” OR “international
conflict*” OR “international politic*” OR “international relation*” OR
“anarch*” OR “antagonist*” OR “trade war*” OR “embargo” OR “tarif*
war*” OR “trade tension*” OR “energy trade” OR “threat*” OR “energy
*sanction®” OR “trade restriction*” OR “trade dynamic*” OR “conflict*”
OR “trade disput*”

“regulatory learning” OR “policy learning” OR "single-loop learning"
OR "double-loop learning" OR “learning-by-*" OR “learning effect*” OR
“trial-and-error*” OR “incremental learning*” OR “institutional learning*”
OR “experience curve*” OR “learning curve*” OR "learning rate"
OR “technolog* learning”

"governance capacit*™ OR "governance qualit*" OR “good
governance” OR "institutional capacit*" OR "institutional qualit*™" OR
"administrative capacit*™ OR "administrative qualit*™" OR "bureaucratic
capacit*™ OR "bureaucratic qualit*™ OR "regulatory qualit*" OR
“regulatory capaci*” OR "government capacit*™ OR “state capaci*” OR
"implementation capacit*" OR "coordination capacit*™ OR
“enforcement capacit*” OR "state capacity" OR “transaction cost*” OR
“institutional barrier*” OR “regulatory barrier”” OR “bureaucratic
barrier*” OR “administrative barrier*” OR "hurdles" OR “negotiat*

No equivalent modeling practices or
keywords found.

There is a large terminology for describing
the various objective functions that models
aims to optimize based on the logic of cost-

optimal outcomes>®2.

No equivalent modeling practices or
keywords found.

Models frequently assume a constant cost
reduction, as technology deployment
increases®”’. Although primarily applied in a
techno-economic sense, the principal
reflects incremental learning.

No equivalent modeling practices or
keywords found.
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Intentions

Justice and
fairness

Lobby
power

Path-
dependency

Political and
social
cohesion

Political
economy

cost™” OR “enforcement cost*” OR “implementation cost*” OR
“coordination cost*” OR “implementation barrier*” OR "corruption

*Nn

“intention*” OR “intended” OR “motivation*” OR “readiness to*” OR
"willingness to*” OR “theory of planned behavio*”

“distribution* fairness” OR “distribution* justice” OR “procedur* justice”
OR “procedur* fairness” OR “recognition* fairness” OR “recognition*
justice” OR “energy justice” OR “just transition” OR "*equit*™" OR
"*equalit*™" OR “energy povert*” OR “disparit*” OR “distribution™
outcome™” OR “affordabili*” OR “justice theor*” OR “intergeneration
OR “social discount*”

%

“lobb*” OR “advocac*” OR “interest group*” OR “interest
representation*” OR “poli* power*” OR “poli* influence” OR
“‘incumbent” interest*” OR “vested interest*”

"lock-in*" OR "path-dependen*"OR “pathdependen®’ OR "institutional
inertia" OR “poli* inertia” OR “institution* rigid*” OR “historical
institutionalism” OR “policy legac*” OR “historical legac* OR “system*
inertia*” OR “stranded asset™ OR “sunk cost*”

“Poli* *stabilit*” OR “govern* *stabilit*” OR “poli* volatilit”” OR
“pbipartisan” OR “ideolog*” OR “poli* value*” OR “poli* will*” OR
“political consensus” OR “poli* cohesion” OR “party cohesion” OR
“poli* polari*” OR “poli* *coherence*” OR “social cohesion*” OR “poli*
fragment® OR “social* fragment*” OR "poli* feasib*" OR "social*
feasib™

"political econom™*" OR "varieties of capitalism" OR “market econom
OR "economic governance*" OR “liberali*” OR “market-based” OR
‘command-and-control” OR "state intervention*" OR "*regulation*" OR
“state control*” OR “feed-in*” OR “phase-out*” OR “technolog* ban*”
OR “carbon tax*” OR “carbon pricing” OR “auction*” OR “tender*” OR
“subsid*” OR “carbon market*” OR “emission trading system*” OR

*9

“cap-and-trade™”.

*n *0N

No equivalent modeling practices or
keywords found.

Social discount rates that are close to zero
have been used to represent
intergenerational equality in models®®,

No equivalent modeling practices or
keywords found.

Models frequently quantify sunk costs or
stranded assets in order to evaluate
technological lock-ins or delayed policies
that stem from path-dependency or system
inertia®®.

No equivalent modeling practices or
keywords found.

Models very frequently examine and
compare the impacts of policy instruments
and mixes, which reflects the different
approaches on how to regulate energy
markets and negative externalities
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Political
regime and
culture

Risk and
loss
aversion

Social
conformity

Social
movement
capacity

Social
practices

Social
resources

Social
tipping
points

“political regime*” OR “political system*” OR “political culture*” OR
“political governance” OR “participat® democra*” OR “consensus-
based” OR "authoritarian*™ OR "egalitarian" OR "communitarian" OR
"individualist" OR “technocra*” OR “individualist*” OR “fatalist*” OR
“hierarchist” OR “cultural theor*” OR “federal*” OR “*centrali*” OR
“democra™”
“risk behavio® OR “perceived risk*” OR “perceived uncertaint*” OR
“risk perception® OR “loss aversion* OR “risk-averse” OR “risk
aversion® OR “risk-seeking” OR “prospect theory”

“social identi*” OR “group identi*” OR “community identi*” OR
“collective identi*” OR “conformi*” OR “in-group™” OR “out-group*” OR
“normative pressure*” OR “social pressure*” OR “peer pressure®” OR
“peer influence*” OR “social influence*” OR “norm internali*” OR
“subjective norm*” OR “identity-based”

*

“social movement™ OR “resource mobili*” OR “organi* capacit* OR
“fundrais®” OR “social mobili*” OR “poli* mobili*” OR “collective
action*”OR "social action*" OR "grassroot™ OR "collective mobili*"
“social practice” OR “routine™ OR “domestic practice™ OR
“‘consumption practice* OR “habit*” OR “practice theory” OR
“behavio* practice™ OR “practice-based” OR “practice-centered”

“social capital*” OR “social network®” OR “social relation*” OR “social*
learn*” OR “personal network*” OR “peer effect*” OR "network effect*"
OR “spread* of information*” OR “knowledge sharing*” OR
“‘information sharing” OR “knowledge diffusion*” OR “knowledge
spillover” OR “behavior* spillover” OR “neighbo*’OR “friend*” OR
“family" OR “word of mouth*”

“tipping point*™" OR “tipping*" OR "critical mass™" OR "poli* threshold*"
OR "social threshold*" OR "adoption threshold*" OR "particip*®
threshold*" OR “domino effect™” OR “critical threshold*” OR “cascade
effect*” OR “change threshold*” OR “non-linear effect*” OR “non-linear
dynamic*” OR “threshold effect*”

No equivalent modeling practices or
keywords found.

No equivalent modeling practices or
keywords found.

No equivalent modeling practices or
keywords found.

No equivalent modeling practices or
keywords found.

No equivalent modeling practices or
keywords found.

No equivalent modeling practices or
keywords found.

No equivalent modeling practices or
keywords found.
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Trust

Values,
beliefs and
norms

“trust* OR “*legitima*” OR “*credib™”

“core value*” OR “moral value*” OR “pro-environmental value*” OR
“normative value*” OR “social value*” OR “collective value*” OR
“‘common value*” OR “fundamental value*” OR “deep* value*” OR
“belief*” OR “normative” OR “norms” OR “worldview*” OR “altruistic”
OR “egoistic” OR “eco-centric” OR “anthropocentric’ OR “human-
centered” OR “value orientation*” OR “value-oriented” OR “value-
belief-norm” OR “theory of planned behavio*” OR “personal norm*” OR
"personal value*" OR “awareness of consequence*” OR “awareness of
impact*” OR “ascription of responsibility” OR “personal responsibility”
OR “collective responsibility” OR “common responsibility” OR “sense
of obligation” OR “moral obligation” OR “norm activation” OR “value-
belief-norm” OR “moral judgment” OR “perceived consequence™” OR
“perceived responsibility”

No equivalent modeling practices or
keywords found.

No equivalent modeling practices or
keywords found.
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A3.3. ASReview

ASReview is an open-source, machine-learning model that has been developed to make
systematic reviews and meta-research more efficient and less prone to human errors3+.
It is based on the Researcher-in-the-Loop concept, whereby the algorithm interacts with
human expertise to identify and rank articles in large datasets. In a first step, the
researcher selects articles that have already been identified as relevant for the review
purpose, called prior knowledge. This constitutes the training data from which the
algorithm learns to identify relevant articles and draft a relevance ranking order. Next, it
suggests articles to the researcher, one-by-one, who labels them as either relevant or not
relevant. The model learns from each labeling decision, and thus continuously updates its
relevance ranking order and improves its prediction of relevant articles®®4. Importantly,
each article is screened and labelled by the researcher, with the algorithm merely
suggesting articles based on relevance3®. The researcher can define stopping rules to
determine when the dataset has been exhausted of relevant articles, expressed as a
number of consecutively labelled articles as not relevant3®. ASReview has been applied
across multiple fields and has been found to significantly reduce the reviewing time387:388,

ASReview was integrated into the literature review to facilitate the identification of relevant
articles that addressed transition factors from the two large literature bases (Figure A1).
First, we uploaded the literature records extracted from Web of Science to ASReview for
each transition factor (n=24) and literature base (n=2), giving a total of 48 datasets. From
each dataset, we selected a maximum of five articles as prior knowledge (Table A10).
Where possible, we made sure that prior knowledge articles equally represented
keywords to minimize biases in the machine-learning algorithm. Next, articles were
labelled as either relevant or not relevant based on whether articles addressed 1) the
conceptual or empirical study of the energy transition / modeling of energy and emission
projections, 2) the conceptual or empirical use of transition factors. Because of the very
large number of articles from the 48 datasets (in total >110 000 articles), we set a limit of
screening a maximum of 100 articles per dataset. We defined our stopping rule at 20
consecutively labelled irrelevant articles. While the use and definition of stopping rules
pose a trade-off between resource-intensity and comprehensiveness3®, it was a
necessary choice to manage practical time constraints of the review. As a consequence
of only reviewing a maximum of 100 articles per transition factor and literature base, we
stress that the resulting evidence bases cannot be viewed as fully representative of the
entire available literature.
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[ Semi-systematic and machine-assisted literature review on Web of Science ]

Definition of literature scope based on Definition of literature scope based on
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Figure A1: Overview of the semi-systematic and machine-assisted literature review. ASReview
was integrated into the screening phase to identify the top 100 most relevant articles for the

evidence base.



Table A10: Articles used as prior knowledge in the ASReview screening process for finding relevant articles that included transition

factors.

Transition
factor

Attitudes,
perceptions,
preferences

Bounded
rationality

Prior knowledge (max. 5): Social scientific

literature

1. The Role of Environmental Attitudes in Explaining
Public Perceptions of Climate Change and
Renewable Energy Technologies in Lithuania

2. Exploring public acceptance of nuclear waste in
Taiwan, China: investigating the impact of perceived
risks and benefits of nuclear energy

3. Segmenting the South Korean Public According to
Their Preferred Direction for Electricity Mix Reform

4. On the Socio-Cultural Determinants of Polish
Entrepreneurs’ Attitudes towards the Development of
Renewable Energy: Business, Climate Skepticism
Ideology and Climate Change

5. Public attitudes towards renewable energy
technologies in Norway. The role of party preferences

1. The impact of heterogeneous market players with
bounded-rationality on the electricity sector low-
carbon transition

2. Dynamic analysis on decision-making behavior in
energy market with renewable energy generation
considering the bounded rationality

3. Ahigher rebound effect under bounded rationality:
Interactions between car mobility and electricity
generation

4. How cognitive bias and information disclosure affect
the willingness of urban residents to pay for green
power ?

5. Impact of myopic decision-making and disruptive
events in power systems planning

Prior knowledge (max. 5): Modeling literature

1.

Incorporating homeowners' preferences of heating
technologies in the UK TIMES model

Integration of behavioral effects from vehicle choice
models into long-term energy systems optimization
models

Incorporating social mechanisms in energy
decarbonisation modelling

Integration of disamenity costs and equality considerations
regarding onshore wind power expansion and distribution
into energy system optimization models

Multi-country evidence on societal factors to include in
energy transition modelling

Modelling to generate near-Pareto-optimal alternatives
(MGPA) for the municipal energy transition
Agent-based modeling of urban energy supply systems
Evaluation of sector-coupled energy systems using
different foresight horizons

MUSE: An open-source agent-based integrated
assessment modelling framework

Fuzzy model of residential energy decision-making
considering behavioral economic concepts
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Critical
junctures

Discursive
power

Emotions

Effect of major policy disruptions in energy system
transition: Case Finland

Multiple dimensions of disruption, energy transitions
and industrial policy

Effect of the COVID-19 Pandemic on Renewable
Energy Firm's Profitability and Capitalization
Assessment of autonomous renewable energy
system operability under extreme events and
disasters

Waves of disruption in clean energy transitions:
Sociotechnical dimensions of system disruption in
Germany and the United Kingdom

An Array of Deficits: Unpacking NIMBY Discourses in
Wind Energy Developers' Conceptualizations of Their
Local Opponents

The Renewable Energy Transition and the People -
Exploring the Intersections of Right-wing Populism
and the Renewable Energy Transition in Portuguese
Media Discourses

Social acceptance of new energy technology in
developing countries: A framing experiment in rural
India

The influence of information format and framing on
acceptance of energy storage technologies

Framing low-carbon pathways: A discursive analysis
of contending storylines surrounding the phase-out of
coal-fired power in Ontario

Mixed feelings: A review and research agenda for
emotions in sustainability transitions

Emotions towards a mandatory adoption of renewable
energy innovations: The role of psychological
reactance and egoistic and biospheric values

Effect of major policy disruptions in energy system
transition: Case Finland

Limited impact of COVID-19 recovery packages on near-
term CO2 emissions pathways

How do energy systems model and scenario studies
explicitly represent socio-economic, political and
technological disruption and discontinuity? Implications for
policy and practitioners

Green hydrogen in the iron and steel industry increases
resilience against shocks in energy prices

Raw material risk in clean energy technologies and the
power supply system: For which materials should price
fluctuations be prioritised?

When justice narratives meet energy system models:
Exploring energy sufficiency, sustainability, and universal
access in Sub-Saharan Africa

Narrative scenario development based on cross-impact
analysis for the evaluation of global-warming mitigation
options

Fossil Natural Gas Exit - A New Narrative for the European
Energy Transformation Towards Decarbonization
Evolving Narratives of Low-Carbon Futures in
Transportation

Linking narratives and energy system modelling in
transport scenarios: A participatory perspective from
Denmark
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Expected costs
and benefits

Geopolitical
power

Emotional energy communities: Centering emotions
and feelings within energy transitions in southern
Mexico

What's love got to do with it? Understanding local
cognitive and affective responses to wind power
projects

Contrasting Affective responses and the Politics of the
Energy Transition: Impact of the War in Ukraine on
the Colombian Coal Industry

Which wind turbine types are needed in a cost-
optimal renewable energy system?

The performance of small scale multi-generation
technologies in achieving cost-optimal and zero-
energy office building solutions

Investment appraisal of cost-optimal and near-optimal
pathways for the UK electricity sector transition to
2050

The United States-China Race for Green
Transformation: Institutions, Incentives, and Green
Industrial Policies

Photovoltaics in Nigeria - Awareness, attitude and
expected benefit based on a qualitative survey across
regions

The geopolitics of energy system transformation: A
review

Raw material risk in clean energy technologies and
the power supply system: For which materials should
price fluctuations be prioritised?

What is the causal relationship among geopolitical
risk, financial development, and energy transition ?
Evidence from 25 OECD countries

Geopolitical Risk as a Determinant of Renewable
Energy Investments

Coal vs. renewables: Least-cost optimization of the
Indonesian power sector

Modelling least cost electricity system scenarios for
Bangladesh using OSeMOSYS

Enhancing policy realism in energy system optimization
models: Politically feasible decarbonization pathways for
the United States

Least-cost options for integrating intermittent renewables
in low-carbon power systems

Improved representation of investment decisions in the
German energy supply sector: An optimization approach
using the TIMES model

Raw material demand and geopolitical risk in carbon-
neutral futures

Global energy scenarios: A geopolitical reality check
Modeling Europe's role in the global LNG market 2040:
Balancing decarbonization goals, energy security, and
geopolitical tensions

Navigating geopolitical crises for energy security:
Evaluating optimal subsidy policies via a Markov switching
DSGE model
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Incremental
learning

Institutional
quality

5. The geopolitics of renewables; exploring the political
implications of renewable energy systems

1. Areview on learning effects in prospective technology
assessment

2. The impact of technology learning and spillovers
between emission-intensive industries on climate
policy performance based on an industrial energy
system model

3. The role of regulatory learning in energy transition:
The case of solar PV in Brazil

4. Policy learning or politics as usual? Explaining the

rise and retrenchment of renewable electricity support
policies in Europe

5. Boosting solar investment with limited subsidies: Rent
management and policy learning in India

1. The social efficiency of instruments of promotion of
renewable energies: A transaction-cost perspective

2. An expert judgement approach to determine

measures to remove institutional barriers and
economic non-market failures that restrict photovoltaic
self-consumption deployment in Spain

3. Identifying institutional barriers and policy implications
for sustainable energy technology adoption among
large organizations in California

5.

—_

The implications of geopolitical, socioeconomic, and
regulatory constraints on European bioenergy imports and
associated greenhouse gas emissions to 2050

Importance of technological change and spillovers in long-
term climate policy

Reviewing the complexity of endogenous technological
learning for energy system modeling

Hindcasting to inform the development of bottom-up
electricity system models: The cases of endogenous
demand and technology learning

Inclusion of technology diffusion in energy-systems
models: some gaps and needs

Applying Endogenous Learning Models in Energy System
Optimization

Incorporating indirect costs into energy system
optimization models: Application to the Dutch national
program Regional Energy Strategies

Enhancing the realism of decarbonisation scenarios with
practicable regional constraints on CO2 storage capacity
The truth about co-benefits: a multidimensional feasibility
assessment for thailand and beyond
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Intentions

Justice and
fairness

Exploring the impact of institutional quality to South
Africa's transition to renewables

Political economy of renewable energy: Does
institutional quality make a difference in renewable
energy consumption?

An experimental study of consumer attitudes and 1.

intentions in electricity markets

Understanding the Factors Influencing Consumers'
Intention toward Shifting to Solar Energy Technology
for Residential Use in Saudi Arabia Using the
Technology Acceptance Model

Determinants of willingness to pay for smart meters:
An empirical analysis of household customers in
Germany

The effects of behavioral intention on the choice to
purchase energy-saving appliances in China: the role
of environmental attitude, concern, and perceived
psychological benefits in shaping intention

The price of actor diversity: Measuring project
developers' willingness to accept risks in renewable
energy auctions

Fair enough? Unraveling justice perspectives on 1.

Germany's energy

Public participation in decision making, perceived 2.

procedural fairness and public acceptability of
renewable energy projects

Impact assessment framework of just energy 3.

transition: based on the justice principles
Social equity issues in the distribution of feed-in tariff

policy benefits: A cross sectional analysis from 4.

England and Wales using spatial census and policy

data 5.

Quantifying the social equity state of an energy
system: environmental and labor market equity of the
shale gas boom in Appalachia

Representing the drivers of lifestyle change in Integrated
Assessment Models using theories from environmental
psychology: introducing the Motivation, Agency, and Past
Behaviour (MAP) framework

Can we optimise for justice? Reviewing the inclusion of
energy justice in energy system optimisation models
Integration of disamenity costs and equality considerations
regarding onshore wind power expansion and distribution
into energy system optimization models

When justice narratives meet energy system models:
Exploring energy sufficiency, sustainability, and universal
access in Sub-Saharan Africa

Social discounting, social costs of carbon, and their use in
energy system models

Distributional trade-offs between regionally equitable and
cost-efficient allocation of renewable electricity generation
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Lobby power

Path-
dependency

Political and
social
cohesion

Incumbent lobbying as a barrier to forward-looking 1.

regulation: The case of demand-side response in the
GB capacity market for electricity

Who drives China's renewable energy policies?
Understanding the role of industrial corporations
The NRRP and the Italian energy transition. Interest
groups in implementation, between structural power,
insiderness and new coalitions

A struggle for change-The formation of a green-
transition advocacy coalition in Finland

Energy Lobbying in the Decision-Making Process of
the European Union

Locked in transition? Towards a conceptualization of 1.

path-dependence lock-ins in the renewable energy

landscape 2.

Revisiting carbon lock-in in energy systems:
Explaining the perpetuation of coal power in Japan

The role of lock-in mechanisms in transition 3.

processes: The case of energy for road transport

Breaking the carbon lock-in: Identifying pathways for | 4.

Malaysia towards a low-carbon future

The key role of historic path-dependency and 5.

competitor imitation on the electricity sector low-
carbon transition

The effect of policy stability on clean energy 1.

investment
Political Stability, Economic Risk, and Renewable

Energy Technology Innovation: International Evidence @ 2.

In the transformation of energy systems: what is
holding Australia back?

Contribution of green bonds and green growth in
clean energy capacity under the moderating role of
political stability

The dynamics of political power: The socio-technical
transition of California's electricity system to renewable
energy

Deliberation Platform for Energy Transition Policies: How
to Make Complex Things Simple

Emissions Lock-in, Capacity, and Public Opinion: How
Insights From Political Science Can Inform Climate
Modeling Efforts

Implications of accelerated and delayed climate action for
Ireland's energy transition under carbon budgets
Multi-country evidence on societal factors to include in
energy transition modelling

Policy spillovers, technological lock-in, and efficiency
gains from regional pollution taxes in the U.S.

Enhancing policy realism in energy system optimization
models: Politically feasible decarbonization pathways for
the United States

The dynamics of political power: The socio-technical
transition of California's electricity system to renewable
energy
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Political
economy

Political regime
and culture

Risk and loss
aversion

How does political stability affect renewable energy
finance? International evidence

Varieties of capitalism and clean energy transitions in
the European Union: When renewable energy hits
different economic logics

The contribution of energy policies to green energy
transition in the Asia-Pacific region

Political economy of renewable energy transition in
rentier states: The case of Oman

The political economy of decarbonisation: from green
energy race' to green division of labour

Political economy of renewable energy: Does
institutional quality make a difference in renewable
energy consumption

The dynamics of advancing climate policy in federal
political systems

The transition to renewable energies in Tunisia: The
asymmetric impacts of technological innovation,
government stability, and democracy

Determinants of renewable energy consumption:
Importance of democratic institutions

Swedish wind power expansion: Conflicting
responsibilities between state and municipalities
Political power and renewable energy futures: A
critical review

Examining the inter-relationships between procedural
fairness, trust in actors, risk expectations, perceived
benefits, and attitudes towards power grid expansion
projects

Comparing different support schemes for renewable
electricity in the scope of an energy systems analysis
Modelling Policy Pathways to Maximise Renewable
Energy Growth and Investment in the Democratic
Republic of the Congo Using OSeMOSYS(Open
Source Energy Modelling System)

Navigating complexity: integrating political realities into
energy system modelling for effective policy in Sub-
Saharan Africa

Investigating emission regulation policy in the electricity
sector: modeling an oligopolistic electricity market under
hourly cap-and-trade

The decarbonization pathway of power system by high-
resolution model under different policy scenarios in China

Enhancing policy realism in energy system optimization
models: Politically feasible decarbonization pathways for
the United States

Modelling barriers to low-carbon technologies in energy
system analysis: The example of renewable heat in
Ireland
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Social
conformity

Social
movement
capacity

Energy efficiency and electricity expenditure: An
analysis of risk and time preferences on light bulb use
in Ghana

Risk preferences, bill increases and the future
reliability of electricity networks in Australia
Comprehensive assessment for battery energy
storage systems based on fuzzy-MCDM considering
risk preferences

Gain and loss of money in a choice experiment. The
impact of financial loss aversion and risk preferences
on willingness to pay to avoid renewable energy
externalities

Using the social identity model of pro-environmental
behavior to predict support for the adoption of solar
panels

Exploring the relationship between group-level
autonomy and social acceptance of geo- thermal
energy: The role of procedural justice climate, social
identity violation, and collec- tive self determined
motivation

Multiple levels of agency in socio-technical transitions
- Mnemonic agents and the constitution of group
identities

Citizens' self-mobilization, motivational factors, and
the group of most engaged citizens: The case of a
radioactive waste repository in Denmark

The role of peer influence in rooftop solar adoption
inequity in the United States

Citizens' self-mobilization, motivational factors, and
the group of most engaged citizens: The case of a
radioactive waste repository in Denmark
Communities at Risk for Mobilization: Neoliberal
Governance and the (un) Contentious Politics of the
Dakota Access Pipeline in Rural lllinois

1.

An investment behavioral modeling framework for
advancing power system transformation toward renewable
energy integration

Interactions between social learning and technological
learning in electric vehicle futures

Modelling social influence and cultural variation in global
low-carbon vehicle transitions

Societal Transformations in Models for Energy and
Climate Policy: The Ambitious Next Step
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Social
practices

Social
resources

How can energy become a community endeavor in
Europe? Consortium benchmarking strategies for the
mobilization of collective action initiatives

Leaders or networkers? The role of mayors in
renewable energy transition

Citizens' engagement in funding renewable and
energy efficiency projects: A fuzzy set analysis

A Systematic Literature Review of the Interplay
between Renewable Energy Systems and Occupant
Practices

Influence of social-cultural practices on the adoption
of Renewable Energy Technologies (RETs) in Uganda
Engaging men and women in energy production in
Norway and the United Kingdom: The significance of
social practices and gender relations

From technical innovations towards social practices
and socio-technical transition? Re-thinking the
transition to decentralised solar PV electrification in
Africa

Systems and practices: Reviewing intervention points
for transformative socio-technical change

Engaging Communities in Energy Transitions: A Study
on Attitudes Towards Sustainable Heating
Technologies and the Role of Peer Effects in
Southern Chile

Peer effects on photovoltaics (PV) adoption and air
quality spillovers in Poland

The impacts of observational learning and word-of-
mouth learning on farmers' use of biogas in rural
Hubei, China: does interpersonal trust play a role?
Analysis of smallholder farmers' dynamics of
knowledge sharing, skill transfer, and participation in
using biogas (application of social network analysis)s

1.

Improving the behavioral realism of global integrated
assessment models: An application to consumers' vehicle
choices

The role of digital social practices and technologies in the
Swiss energy transition towards net-zero carbon dioxide
emissions in 2050

The German energy transition: Modeling competition and
substitution between nuclear power and Renewable
Energy Technologies

Interactions between social learning and technological
learning in electric vehicle futures

Modelling the socio-political feasibility of energy transition
with system dynamics
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Social tipping
points

Trust

Values, beliefs
and norms

A social network perspective on involvement in
community energy initiatives: The role of direct and
extended social ties to initiators

Molehills into mountains: Transitional pressures from
household PV-battery adoption under flat retail and
feed-in tariffs

Policies to bring about social-ecological tipping points
in coal and carbon intensive regions

Initiating social tipping dynamics in energy transitions:

A novel analytical approach for exploring feedback
loops and intervention points

Social tipping dynamics in the energy system
Collapse, social tipping dynamics, and framing
climate change

Trust and community: Exploring the meanings,
contexts and dynamics of community renewable
energy

Trust gaps in energy transitions: Japan's National
Deliberative Poll after Fukushima

Effects of trust and public participation on
acceptability of renewable energy projects in the
Netherlands and China

Trust and confidence as socio-technical problems in
the transformation of energy systems

Trust and the transformation of energy systems

Analysis of values-beliefs-norms of decommissioned
nuclear power plant reestablishment acceptance in
developing countries: a perspective from the
Philippines

Citizens? willingness to pay for local anaerobic
digestion energy: The influence of altruistic value and
knowledge

Impacts of tidal stream power on energy system security:

An Isle of Wight case study

Identifying decarbonisation opportunities using marginal

abatement cost curves and energy system scenario
ensembles

Energy policies avoiding a tipping point in the climate
system
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The role of value, belief and norm in shaping
intentions to use residential rooftop solar for
environment sustainability

The Impact of Awareness for the Consequences from
Adopting Electric Scooters-The Crucial Role of Warm
Glow and Extrinsic Appeal

Perceived responsibility to address climate change
consistently relates to increased pro-environmental
attitudes, behaviors and policy support: Evidence
across 23 countries
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A3.4: Literature review results

Table A11: Summary table on literature review results. The literature results indicate the total
number of articles found from the keyword search on Web of Science in each of the literature
bases. The evidence base indicates the relevant articles selected from the screening of 100
articles with ASReview. The representation gap index score is calculated by dividing the evidence
base of the modeling literature by that of the social scientific literature and inverting the score.

Social scientific literature
on energy transition

Modeling literature

Transition factor Index Literature Evidence base Literature Evidence base
score results (Web of (Top 100 results (Web of (Top 100
Science) ASReview) Science) ASReview)
Emotions 1.00 3312 85 108 0
Social_ movement 0.99 514 73 14 1
capacity
Intentions 0.98 4’618 96 170 2
Trust 0.98 2’048 86 101 2
Social resources 0.97 13’220 73 383 2
Lobby power 0.97 627 86 16 3
Social conformity 0.95 468 96 15 5
Social tipping points 0.92 468 76 63 6
Institutional quality 0.89 2’208 79 36 9
Politic_al and social 0.88 1097 68 63 8
cohesion
Social practices 0.88 1’868 89 72 11
Values, beliefs, norms | 0.87 1673 93 84 12
Risk and loss aversion | 0.85 800 86 39 13
Political regime and 0.78 7295 60 312 13
culture
Bounded rationality 0.75 4’463 76 312 19
Critical junctures 0.45 4’991 76 204 42
Attitudes, perceptions, 0.43 9088 92 419 52
preferences
Geopolitical power 0.38 11°348 91 435 56
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Discursive power 0.36 2’163 90 120 58
Justice and fairness 0.31 6’183 95 349 66
Incremental learning 0.24 760 97 101 74
Path-dependency 0.21 1°223 78 100 62
Political economy 0.02 18547 85 755 83
2R S G 0.00 7196 96 621 96
benefits

Total - 106’178 2’022 4’892 695

*Number in brackets indicates the share of quantitative research from the evidence base of the social

scientific literature
**Number in brackets indicates examples found in the modeling literature base
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