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Learning from the past: UK energy forecasts, 6P
projections, and scenarios R E S

forecast scenarios of different future projections scenarios
B Green Paper, 1978 Low Energy Strategy, 1979 Updated Green Paper, 1979 Friends of the Earth, 1982
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Ever increasing ensembles of models and scenarios

Global emissions scenarios

First report encouraging disclosure of companies’
projected financial performance under different climate
scenarios released by the Task Force on Climate-Related
Financial Disclosures (TCFD)

First nationally determined contributions
The proposal by Krabbe et al.” for corporate emissions target
sefting based on mitigation pathways

First Emissions Gap Report monitoring progress on policy
targets released by the
United Nations Environment Programme

Fagilitating quantitative target setting towards Kyoto

First projections of anthropogenic emissions of gases

that have the potential to affect climate change released

in IPCC Climate Change 1992: The Supplementary Report
to the IPCC Scientific Assessment

Source: Guivarch et al. 2022 Nature Climate Change
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Is the uncertainty consideration sufficient?

1’550 scenarios from 190 peer-reviewed
and grey publications as well as IPCC AR5
and SR1.5 databases

locc — World Energy

Outlook
2019
550 &

Source: Jaxa-Rozen & Trutnevyte (2021) Nature Climate Change
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L o . 6D
Meta indicators of global PV projections (1) R E S

b dest CAGR of installed capacity [%] CAGR of installed capacity [%]
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Meta indicators of global PV projections (2) R E S

CAGR of installed capacity [%]
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Predicting scenario outcomes using meta indicators R E S

73%

Climate policy
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Figure: Jaxa-Rozen & Trutnevyte (2021) Nature Climate Change
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Modeling to Generate Alternatives (MAG) with 6D

optimization models R E S
technology t, A Space with all the plausible scenarios
Solar PV
( technology t,
Offshore wind

] ——

>
technology t,
Nuclear

Gas CCGT
technology t;

Source: Trutnevyte 2016 Energy



Modeling to Generate Alternatives (MAG) with 6D
optimization models R E S

technology A Space with all the plausible scenarios
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technology t; Cost-optimal
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Source: Trutnevyte 2016 Energy



Modeling to Generate Alternatives (MAG) with 6D
optimization models R E S

technology A Space with all the plausible scenarios
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Modeling to Generate Alternatives (MAG) with E\E’?

optimization models

technology t, A Near-optimal space
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technology t; Cost-optimal
scenario

Source: Trutnevyte 2016 Energy



Modeling to Generate Alternatives (MAG) with 6D
optimization models R E S

technology t, A

Efficient random
generation

\ technique
) Scenarios
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scenario

Source: Trutnevyte 2016 Energy



¥, 6P
Technology deployment under Modeling to RE S

Generate Alternatives (MGA)

UK in 1990-2010 with 23% slack

¢+ Cost-optimal scenario
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Coal Gas Ol Nuclear Wind on Wind off Hydro Solar Wave Landfill Biomass Waste Import  Storage

Source: Trutnevyte 2016 Energy
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¥ 6P
Methods for working with large scenario ensembles R E S

|

(1) Pre-processing the ensemble

l 1

(2a) Selecting scenarios (2b) Exploring the full scenario
from the ensemble ensemble

|

(3) Providing users with efficient access to the information

Broader process of
engagement with users

|

* Diversity metrics * Descriptive statistics

e Clustering * Global sensitivity analysis-like approaches
* Cross-impact balance e Multiple regression analysis

e Scenario discovery * Decision making under uncertainty

Source: Guivarch et al. (2022) Nature Climate Change
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. . . . ®, 6P
Integration of preferences using an interactive tool RE S

Technology shares in EU27 electricity scenarios for 2035

i [ 3
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* g | o E——— (selected examples)
a ~ .
e s 7 £
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natural gas
www.riskmeter.ch :
coal

for Switzerland, France, Germany, Poland, and EU27
0%  10%  20%  30%  40%  50%  60%

& modeled scenarios for EU27 O preferred by French citizens (N=202)

since 2008 (N=92) O preferred by German citizens (N=199)
A preferred by Polish citizens (N=200)

Source: Xexakis & Trutnevyte (2022) RSET
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http://www.riskmeter.ch/

Run-of-river hydropower [

Testing various integration methods

High-resolution electricity
sector model for Switzerland
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Respondents N = 6'203
Agree or rather agree
Neither agree nor disagree
Disagree or rather disagree

Cost optimization

(New renewable technologies: 11.7 GW)
,/r
‘,/
High resistance to nucléar power
(New renewable technologies: 32.7 GW)
— integration —>
methods

L
oo

High resistance to renewable sources
(New renewable technologies: 5.1 GW)

High acceptance of renewable sources
(New renewable technologies: 33 GW)

Solar PV

Wind power
[ Biomass and waste
[ Other technologies

0 0.10.20.30.4051 2 3 4 5
GW
Source: Wen et al. (2025) Applied Energy
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@ 6P
Statistical analysis of solar PV in Switzerland REg

N=143 districts Multiple linear Simultaneous autoregressive model
regression (MLR) (SAR), radial distance weights
, .
> 68’000 solar PV projects Exploitable PV potential 0.29*** 0.27***
in 2017
Household size 0.24%** 0.25%**
Age coefficient 0.14%** 0.15%**
Electricity price 0.09** 0.05
Return on investment 0.05 0.03
Energiestadt label 0.05 0.03
Green voters 0.01 0.01
Electricity demand -0.02 -0.02*
PV projects/capita Net personal income -0.07* -0.03
i - %k _ sk ok
0.00 0.01 0.02 0.03 Unproductive area 0.14 0.13
Intercept -4.68%** -2.62%**
R *%% 1 <0.001
Source: Miiller & Trutnevyte (2020) Applied Energy Adj. R 0.71 0.81 *p<£0.05
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@ 6P

Statistical vs. optimization models R E S

Installed PV capacity, MW
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6P
PROWIDE model for probabilistic projections REg

with technology growth models
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UNIGE

Expected growth of various granular technologies RES

Germany
Solar PV [GW] Onshore wind power [GW] Offshore wind power [GW] Biogases [MW] Heat pumps [GW]
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Fuel cell electric vehicles [10¢]

Source: Zielonka and Trutnevyte (2025) iScience
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Disaggregating context changes that cannot be

assigned probabilities

¥ 6P

RES

Poland Stronger incentives Weaker incentives
200
Exceedance
probability
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e 0.5
S i .
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3 0.95
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50 -
® ® ®
0 "'. T 1 q. T 1 ’r
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Year Year Year

+ the use and testing of historical analogs for technologies with little track record
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Source: Zielonka and Trutnevyte (2025b), Zielonka et al. (2026)
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Well-known challenge of long-range projections R E%
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Hindcasting to inform long-range modeling RES

Historic data

31 national models for 1990-2019 and 2020-2050

Contants lista availabla at ScienceDirect

- B (EU27, UK, Switzerland, Norway, Iceland)
Data Article f 1
Historic data of the national electricity system ) N
transitions in Europe in 1990-2019 for a .
retrospective evaluation of models Di][l[l e.g. D-EXPANSE electricity system model
Marc Jaxa-Rozen'”, Xin Wen, Evelina Trutnevyte

Renewable Enerzy Systems. Insitute for Envirormental Sciences (ISE). Section of Earch and Enviranmental Sciences,

- t-optimal path
?g;ofg(;%a pathway Deviations

e

Hi;ft;ric data of the national electricity system Va rious mOdeI versions I

transitions in Europe in 1990-2019 for i i
retrospective evaluation of models [dataset] ‘ Historic pathway

1990-2019

Source: Jaxa-Rozen et al. (2022) Data in Brief, Trutnevyte (2016) Energy, Wen et al. (2022, 2023) Applied Energy, Fossas-Tenas et al. (2026) Energy
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Real-world deviation (slack) from cost-optimal E\E

solution

110 T T T
Energy 105 (2016) 152193
Contents lists available at ScienceDirect = 100 - - I 23% slack
Energy 90 > for
|-..] SEVIER journal homepage: www.elsevier.com/locate/energy 80 M Odell ng tO
70t Generate

Does cost optimization approximate the real-world energy transition? @c'mmk Alternatives

(MGA)

Evelina Trutnevyte 5"

* ETH Zurich, Department of Environmenial Systems Science (D-USYS), USYS Transdisciplinarity Laboratory, Universitaetstrasse 22, 8092 Zurich, 50 -
Switzerland

® University College London, UCL Energy Instirure, 14 Upper Woburn Place, London WCIH ONN, United Kingdom

i cost-optimal solution

30

UK example in 1990 - 2014

20 .

10

Cumulative discounted total system costs, bnGBP(1990)
[=2]
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0 1 1 1
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Source: Trutnevyte (2016) Energ
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Deviations (slack) across 31 countries E\E“
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Perfect foresight vs. myopic model

Netherlands HI—% 4 PE model 3 Netherlands Cyprus Switzerland Portugal Norway  Czech Republic

Ireland HI—5% 1 MY model
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Absolute Percentage Error
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Source: Shen et al. (submitted, with preprint) sMAPE Decision horizon: m (year)



Societal factors in electricity sector models E\E

Hindcasting performance of a simulation model with and without societal factors
(actor heterogeneity, infrastructure lock-in, rapid transition, investment risk, public acceptance, and governance)

? , -
g possibly worse performance likely better
92 16
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Source: Fisch-Romito et al. (2025) Nature Energy
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Hindcasting-based probabilistic projections
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Source: Wen et al. (in preparation)
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RENEWABLE ENERGY SYSTEMS

Get in touch with
questions and
comments!

Prof. Evelina Trutnevyte

University of Geneva

evelina.trutnevyte@unige.ch

SXES

?QE UNIVERSITE
/) DE GENEVE

FACULTE DES SCIENCES

SW e et swiss energy research
for the energy transition

Ir Swiss National
Science Foundation

Federal Department of Economic Affairs,
Education and Research EAER

for Education,
Research and Innovation SERI

Funded by the Horizon 2020
Framework Programme of the
European Union

UNIVERSITE
DE GENEVE




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

