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Uncertainty: a major unsolved problem in the energy transition

Uncertainty in War in Ukraine — Uncertainty in
Energy Prices Social Acceptance

Climate Uncertamty
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Research Vision: The Uncertainty Funnel

Sources:

[1] Moret et al, European Journal of Operational Research, 2020

[2] Gao et al, Operations Research, 2022
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[1] Baader*, Moret*, et al. Under Review. 2024 (*Contributed

Sources:
equally)

How can we streamline hundreds of scenarios into interpretable options?

Methodology H [Fee

Energy system scenarios have many uncertainties!
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How can we streamline hundreds of scenarios into interpretable options?
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What is
the story?
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How can we streamline hundreds of scenarios into interpretable options?

Imperial College
London 7

Florian Baader

Can Machine
Learning help us
create a story?
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Sources:
[1] Baader*, Moret*, et al. Under Review. 2024 (*Contributed
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How can we streamline hundreds of scenarios into interpretable options?

1) Generate 100s of scenarios
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Sources:
[1] Pickering et al, Joule, 2022
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How can we streamline hundreds of scenarios into interpretable options?

Diversity of options to eliminate fossil fuels and
reach carbon neutrality across the entire
European energy system

Bryn Pickering, Francesco
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A variety of spatial configurations
are valid, and specific regions can
be prioritized

Although firm capacity
must have, limiting i’

Overlap of preferences

Almost anything is technically possible, but preferences
restrict the spatial and technical maneouvering space
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How can we streamline hundreds of scenarios into interpretable options?

* Methodology: 4 steps
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How can we streamline hundreds of scenarios into interpretable options?

Decision Tree for the European energy transition: 441 scenariosl!]
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How can we streamline hundreds of scenarios into interpretable options?

* Methodology: 4 steps
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How can we streamline hundreds of scenarios into interpretable options?

Decision Tree for the European energy transition: 441 scenariosl!]
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Sources:
[1] Pickering et al, Joule, 2022

How can we streamline hundreds of scenarios into interpretable options?
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Decision Tree for the European energy transition: 441 scenariosl!]
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How can we streamline hundreds of scenarios into interpretable options?

Low-Regrets & Must-Avoids for the use
of biomass in the Swiss energy transitionl!]
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How can we streamline hundreds of scenarios into interpretable options?
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How can we streamline hundreds of scenarios into interpretable options?

Energy system scenarios have many uncertainties!

How can we explore the options?

—

The modeler’s solution The social scientist’s solution
The answer, my The answer, my
friend, is blowing friend, is blowing
in the numbers in the people
) A A
HuA
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How can we streamline hundreds of scenarios into interpretable options?

Energy system scenarios have many uncertainties!

How can we explore the options?

—

The modeler’s solution

Generate many alternatives!!?]

+ Quantitative analysis

- no “soft” aspects

- Hard to interpret 100s of scenarios
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How can we streamline hundreds of scenarios into interpretable options?

Energy system scenarios have many uncertainties!

How can we explore the options?

—

The modeler’s solution The social scientist’s solution
Generate many alternatives!'? Generate a handful of storylines:
+ Quantitative analysis * Generated with stakeholders
- no “soft” aspects e Qualitative
- Hard to interpret 100s of scenarios + “Soft” aspects & stakeholder views
+ Easier to communicate | -
- May reflect stakeholder bias OV: 5 .g igh
- Potentially infeasible N |
Reconciling these approaches and narrow the gap between S| o | e low
' >

quantitative models and real-world decisions Dimormeron 1
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How can we streamline hundreds of scenarios into interpretable options?
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How can we streamline hundreds of scenarios into interpretable options?
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But this is just one part of the story...

What are the »
options?
What if things »
go wrong?’

Gabriel Wiest

Regret is
the answer!
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L R ooe R 4. [1] G. Wiest et al., Low-regret strategies for energy systems planning
OWwW- egret ks I* S & in a highly uncertain future, Cell Reports Sustainability, 2026
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What role should biomass play in the future energy system?

Can we identify strategies that we won't regret, i.e., that always perform well?
30



Low-Regret Hullw

Sources:
[1] G. Wiest et al., Low-regret strategies for energy systems planning
in a highly uncertain future, Cell Reports Sustainability, 2026
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Sources:
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in a highly uncertain future, Cell Reports Sustainability, 2026

Low-Regret

Which strategy will | regret the least if the future turns out differently than | expect?
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Sources:
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in a highly uncertain future, Cell Reports Sustainability, 2026

Low-Regret
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Summary and key references

Paper:
Baader et al., Streamlining Energy Transition
Scenatrios to Key Policy Decisions, arxiv, 2023

What are the » (coming soon an extended version: “Seeing the Forest

for the Scenarios: Using Decision Trees to Draw
Conclusions from Large Energy Scenario Sets”)
Code:
https://qitlab.ethz.ch/epse/systems-design-
public/decide

options?

&

Paper:
G. Wiest et al., Low-regret Strategies for Energy
Wha t if hin Systems Planning in a Highly Uncertain Future,
things » Cell Reports Sustainability, 2026
go wrong? Code:

https://qitlab.ethz.ch/epse/systems-design-public/low-
regret-strategies/
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How can we streamline hundreds of scenarios into interpretable options?

Distance measure d

40

35

30

25

20

15

10

Choosing 4
1. “Elbow” method 2. Number of “splits”
—— KMeans 10
——— Re-ordered 9
8 Bioenergy
utilization
w 7
d= . — qcenter)2 = Residential
Z Z , (Yei = ve ) & © electric heating
clusters ¢ points % S 5
) Transport
'g 4 electrification
Z -
3 I
2 I
1 _I_I_I_IJ_I_I o’
0
2 3 4 5 6 7 8 9 10
10 15 20 25 Number of clusters

Number of clusters

40



Sources:

M eth0d0|0gy |/a .|.§ ““"F':g«c-g [1] Pickering et al, Joule, 2022

How can we streamline hundreds of scenarios into interpretable options?

Choosing the outputs of interest

> . . . a9
a) Policy Questions . 24 b) n Candidate Outputs G;“ c) Screening Criteria ;'
) £ = B
Definition of the main policy List n possible outputs of i. Actionable policy decision?
questions, e.g. interests (y), e.g. ii. Overlapping with others?
s e e SR |:> E> iii. Variation across runs?
6 # Candidate y Units :
Which sectors should transition R —— [GWh/y] iv. Smaller compared to
first? . others?
Which technologies should be 2 | Wind E"er?Y - Al
subsidized? ¢ | el EleariEen (%] - Screening, selection and
4 | Transport Electrification [%] aggregation of y
5 | Storage Capacity GW
[.] [..] 4 L
Leagend n | Electricity Imports [GWhly]
J» Stakeholders m OutputsA of Interest
- [ m

Energy modelers Run| yi | yv2 | [..]1]| ym

Input to software
package (see Figure 5)
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