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Why this research
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* Inaccurate predictions hamper
the energy transition

* This jeopardises meeting the <~

goals of the Paris Agreement
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Problem Cause?

Current models of the Societal dimension
energy transition are energy transition is
Inaccurate missing

Examples:

* Societal acceptance
* Policy feedbacks
* Changing norms
* Climate protests
* Greenfinance
* Energy security




At the same time...social tipping dynamics
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Internal, reinforcing (positive) feedbacks that speed up change, and dampening (negative) feedbacks that slow
down change (Lenton et al., 2022). These are mathematically positive or negative feedbacks, not to be confused
with normatively positive or negative tipping points.
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Sustainability transitions field has studied many of these interactions

* Motors of innovation
* Typology of pathways
 Social tipping dynamics

Here we review the empirical evidence for underlying feedbacks & look for
policy leverage points
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Main ‘positive’ feedback loops in the energy
transition

* Learning curves
* Policy feedbacks

What about

- behaviour change
- social influence

- changing norms?

Some evidence — but does it
stick?



Cost reduction — learning feedback

* Learning curve

* More-granular technologies are empirically associated with

* faster diffusion, lower investment risk, faster learning, more opportunities to
escape lock-in, more equitable access, more job creation, and higher social
returns on innovation investment.

* Sensitive leverage points — carrots then sticks
 Selfsustaining (depends on policy feedback, global developments but can be quite early)

Granular technologies to accelerate decarbonization C. Wilson, A. Grubler, N. Bento, S. Healey, S. De Stercke, and C.
Zimm Science, 368 (6486), . DOI: 10.1126/science.aaz8060

Meckling, J. (2019). Governing renewables: Policy feedback in a global energy transition. Environment and
Planning C: Politics and Space, 37(2), 317-338. https://doi.org/10.1177/2399654418777765



Learning curves

* Describe cost reductions over time / or with cumulative production

* More-granular technologies are empirically associated with
 faster diffusion,
* lower investment risk,

faster learning,

* more opportunities to escape lock-in,

* more equitable access,

more job creation,

and higher social returns on innovation investment.

Granular technologies to accelerate decarbonization C. Wilson, A. Grubler, N. Bento, S. Healey, S. De Stercke, and C.
Zimm Science, 368 (6486), . DOI: 10.1126/science.aaz8060
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THE SURPRISING FACTORS

THAT DETERMINE THE FATE OF EVERY PROJECT

FROM HOME RENOVATIONS TO SPACE EXPLORATION
AND EVERYTHING IN BETWEEN
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Policy feedbacks

* When government support builds
an industry -> That industry can
lobby for support (Meckling — 2019)

* The IRA spurs additional subsidy
opportunities in the EU, etc

Meckling, J. (2019). Governing renewables: Policy feedback in a global energy transition. Environment and Planning C:
Politics and Space, 37(2), 317-338. https://doi.org/10.1177/2399654418777765



Feedbacks in the social system

 Some evidence
* Wide range of estimates when feedback becomes self-sustaining
* How to make it stick?

* Policy intervention typically only legitimate when norm has already
shifted

Nisa, C. F., Bélanger, J. J., Schumpe, B. M., & Faller, D. G. (2019). Meta-analysis of randomised
controlled trials testing behavioural interventions to promote household action on climate change. Nature
communications, 10(1), 4545. https://doi.org/10.1038/s41467-019-12457-2



Social processes

PV and EV cluster in space
* Visibility

* Trialability

* Word of mouth

van der Kam, M. J., Meelen, A. A. H., van Sark,
W. G. J. H. M., & Alkemade, F. (2018). Diffusion
of solar photovoltaic systems and electric
vehicles among Dutch consumers: implications
for the energy transition. Energy Research and
Social Science, 46, 68-85. DOI:
10.1016/j.erss.2018.06.003
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So...

* Many reinforcing feedbacks!

* But...

* Balancing feedbacks

* |tis not enough
* Increase renewable generation
 Match renewable generation with demand
 Reduce demand (in the face of electrification)

* How to go from tipping dynamics to tipping cascades
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Figure 4.3.2: Cascading effects from renewable energy supply to household energy demand. The feedbacks that led to the strong growth in
distributed renewable energy supply, can also strengthen the feedbacks that help reduce household energy demand when policy support is in
place. R = reinforcing feedback, B = balancing/dampening feedback.

T. Powell, S.R. Smith, C. Zimm, E. Bailey (eds) 2023, ‘Section 4: Positive Tipping Points in Technology, Economy
and Society’ in [T. M. Lenton, D.l. Armstrong McKay, S. Loriani, J.F. Abrams, S.J. Lade, J.F. Donges, M. Milkoreit,
T. Powell, S.R. Smith, C. Zimm, J.E. Buxton, E. Bailey, L. Laybourn, A. Ghadiali, J.G. Dyke (eds), 2023, The Global
Tipping Points Report 2023.] University of Exeter, Exeter, UK.



Sensitive intervention points

Substantial change in
social and user practices

Car sharing, bike sharing,
efficiency improvements by
Energy service companies,
modal shift to bicycles

and buses, mobility
demand management

A

Intermodal transport system,
passive house, compact cities,
tele-working, tele-conferencing,
transition to digital decentralized
manufacturing (3D printers),
maodal shift to light-rail

or subway system.

Technologically Radical
incremental > technical
Insulation (walls, lofts, innovation

double glazing), fuel-efficient
conventional cars,
energy-efficient household
appliances (washing
machines, fridges, boilers)

\J

Heat pumps, LED lights,

electric or fuel cell vehicles,
biofuel cars, whole house retrofit,
district heating system,
bio-methane use in gas gnd

Modest change in
social and user practices

Geels (2018)

Fig. 1. Variety of low carbon innovations with dif-
ferent degrees of social and technical novelty,
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Implications for policy & design/engineering

 So far, we have mostly focused on low-impact intervention points
* (taxes, subsidies)

* Consistent and aligned policy mixes are needed that (systems
approach)
* Target both demand and supply
* Go for fast learning (experimentation space)
* Have sustainability as core goal
e Target both reinforcing and balancing feedback loops (carrots and sticks)

* In design/engineering
* Include the use context!
* Go for modularity & fast learning



Summary & closing remarks

 How to create cascading effects?

 How to target balancing feedback loops?

* To make social changes stick (sticks are needed but tend to disappear from policy
packages)

* Foresight methods and impact assessments like prospective LCAs to
identify targets for early-stage financing (new materials/recyclability/
design to reuse and recycle)

* Deployment: Infrastructure & skills build-up need to keep pace

* Demand policies — digitisation promises to reduce demand without
reducing service levels — but will it fulfil that promise?
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