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Feasibility of energy transitions

WILEY

OPFINION

On the political feasibility of climate change mitigation pathways:
Is it too late to keep warming below 1.5°C?

Jessica Jewell'* © 1 Aleh Cherp*®

[an outcome is feasible] if there is an agent or group of
agents who have the capacity to carry out a set of actions
which will lead to that outcome in a given context
(Gilabert & Lawford-Smith, 2012)
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Examples of actions we evaluate

S.Korea Vietham
Wind and solar power

Fossil fuel decline

Energy use / intensity

Nuclear power

CCS

Biomass

www.polet.network
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agents and context

® Many different actors (e.g. governments, investors, foreign companies)

® Complex interplay between actors and the context of their action

?

® |nterests?
® Capabilities?
® Both actors and contexts change over time

® Complex and diverse evidence is required for feasibility assessment

www.polet.network
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Evidence for feasibility assessment

/-- Historical experience ..

.. of the same country of other countries

/T«

Existing trends Worldwide
and prOJectlons regularities

\\\ National targets

and plans

\\) Feasibility of a climate /
/ solution \\
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Method 1a: trends analysis

Assumption: recently observed values affect feasibility

Solar capacity growth rates, GW/year
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Method 1b: trends and plans projection

Assumption: projections and plans affect feasibility
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Method 2a: Counterfactuals - own history

What-if? The country behaved as in the past (nuclear power in this example)
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www.polet.network Hyun et al. in preparation
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Normalized decadal nuclear capacity growth rates

Method 2a: Counterfactuals - own history

What-if? The country behaved as in the past (nuclear power in this example)

Normalised nuclear capacity

Scenario
Empirical
Scenario 1
Scenario 2

Scenario 3

Scenario 4

2000 2020 2040

Scenario 5

www.polet.network

e 29.4 (1986)

Annual growth
(MW/TWh/y)

2.4 (2021)
2.4 (2021)
4.9 (2048)
4.8 (2032)

9.0 (2022)

77.7 (1986)

5-year growth
(MW/TWh/5y)

8.5 (2023)
8.5 (2023)
16.5 (2049)
13.8 (2034)

28.2 (2025)

132.6 (1987)

Decadal growth
(MW/TWh/10y)

11.7 (2024)
11.7 (2024)
22.6 (2053)
22.8 (2048)

44.7 (2030)

Hyun et al. in preparation
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Method 2b: Counterfactuals - other countries’ history

What-if? The country behaved as other countries in the past
Wind power capacity (normalised)

1504
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Method 2b: Counterfactuals - other countries’ history

What-if? The country behaved as other countries in the past
Solar power capacity (nhormalised)
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Method 2b: Counterfactuals - other countries’ history

What-if? The country behaved as other countries in the past
Nuclear power capacity (normalised)
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Method 2b: Counterfactuals - other countries’ history

What-if? The country behaved as other countries in the past

Energy use per capita
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0.050 4

TPES / capita
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Method 2b: Counterfactuals - other countries’ history

What-if? The country behaved as other countries in the past

www.polet.network

TPES /GDP (USD 2010)
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Method 3a: Worldwide regularities (max growth rates)

ARTICLES nature
encrgy

M) Crack tor sdntes

National growth dynamics of wind and solar
power compared to the growth required for
global climate targets

Aleh Cherp"2°%2 Vadim Vinichenko®**, Jale Tosun %, Joel A. Gordon'* and Jessica Jewell ©/3478%

Climate mitigation scenarios envision considerable growth of wind and solar power, but scholars disagree on how this growth
compares with historical trends. Here we fit growth models to wind and solar trajectories to identify countries in which
growth has already stabilized after the initial acceleration, National growth has followed S-curves to reach maximum annual
rates of 0.8% (interquartile range of 0.6-1.1%) of the total electricity supply for onshore wind and 0.6% (0.4-0.9%) for solar.
In comparison, one-half of 1.5 °C-compatible scenarios envision global growth of wind power above 1.3% and of solar power
above 1.4%, while one-quarter of these scenarios envision global growth of solar above 3.3% per year. Replicating or exceed-
ing the fastest national growth globally may be challenging because, so far, countries that introduced wind and solar power
later have not achieved higher maximum growth rates, despite their generally speedier progression through the technology
adoption cycle.
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Method 3a: Worldwide regularities (max growth rates)

ARTICLES RIS - .
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global climate targets f 1 1
Aleh Cherp©'2°%, Vadim Vinichenko™**, Jale Tosun %, Joel A. Gordon ©'% and Jessica Jewell 024742 = y l i

Ragmea stabiizaticn
‘

ai is g¥
compares with historical trends. Here we fit growth models to wind and solar trajectories to identify countries in which
growth has. annual
rates of 0. 1%) of upply

ison, one-half of 1. patibl i isior ind pot abw!Lde;holrml;
s iy Asin ¥
ing the fastest national growth globally may be challenging because, so far, countries that ln::mo.d wind and solar power t T 1
later h: igh their gen ly speedi technology
adoption cycle.
Economic profitabilty
Polcy support

Incumbernt resistance

Share of solar or wing in clectricity

Uncertainty
Hgh costs

t14

NeRasing ratums

T 1 7 T;sc-'mowgv ciffusion

Laamng and exparimantaton
Folicy support .

www.polet.network

18 ENGAGE Asia Workshop Sep 2021 - 17 September 2021




Method 3a: Worldwide regularities (max growth rates)

www.polet.network

New approach: measuring the maximum growth rate (G)

30. Wind power in Greece
@
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2050 Cherp et al. Nature Energy 2021
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Method 3a: Worldwide regularities (max growth rates

Growth ol wend or solar i3 dcceleraing

New approach: measuring the maximum growth rate (G)

2 12 124
! Austria (wwad) ,// Pakistan |wind) { Souh Kome fsounr) :
Recent growth rate « 1% yr Recent gromthrate = 0.5 ' |/ Recaont gromth rate = 0.5% w™'
¥ / /
6 ,_,4" s / 6+ /
rans"
4+ o A
A o 5 . a ) et 0 ) . <
:2 ¥ 2000 2000 2020 2000 2000 2020 2000 2010 2000
22 Yoar Yoar Yoo
2]
- % Gromth of wind or solar is statia
o o a
g = 27 Toriry (wind) / W United Sttes (wing) =1 Japan (solar)
2 E G = 0.9% yr 7 G = 0.6% yr G=1.4% yr
% J — —
2. & & ‘v‘// g ~
- Indection points r
i3 Taho off —oghs?” e
- 3.7 W o 'y A2
a5 - gt 2 bl ) 0- —ann 4
? g 2000 2000 2020 2000 2010 2020 2000 2010 2020
x ,; Yoar Yoor Yoo
:‘; Growh of wing o sdlar & swaling
2
New Zoaland {wind) Span dwnd) P T Gormany (solar)
204 - .. ‘ o 1 > 20 4 ‘
G = 08% Yy Gt %W Gri1%y
AlzOyr ALz 12y ArzByr
10 10 W0 4
u_f.p‘ r(/ -/
0 vonssd ? ) | ewwl-g 0 !
2000 2010 A0 2000 2010 2020 2000 2010 2020
Yoar Yoar Yo
Cherp et al. Nature Energy 2021
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Method 3a: Worldwide regularities (growth rates)

Maximum growth rates of onshore wind: Asia

Best-fit model. Onshore wind
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Method 3a: Worldwide regularities (growth rates)

Maximum growth rates of onshore wind: Asia + OECD

Best-fit model. Onshore wind
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Method 3a: Worldwide regularities (growth rates)

Maximum growth rates of onshore wind: Asia + OECD + other

Best-fit model. Onshore wind
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Method 3a: Worldwide regularities (growth rates)

Maximum growth rates of solar PV: Asia

Best—fit model. Solar
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Method 3a:

Worldwide regularities (growth rates)

Maximum growth rates of solar PV: Asia + OECD

Best—fit model. Solar
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Year of Maximum growth rate

Cherp et al. Nature Energy 2021
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Method 3a: Worldwide regularities (growth rates)

Maximum growth rates of solar PV: Asia + OECD + other

Best—fit model. Solar
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Visualisation of growth curves

http://applets.polet.network/shiny/fitted_curves/

Historical deployment of wind and solar power, fitted growth models and their
parameters
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Method 3a: Worldwide regularities (growth rates)

Feasibility of growth rates of solar power in selected scenarios

Scenario Fuel 2020-2025  2025-2030  2030-2035  2035-2040  2040-2045  2045-2050
NP_2025_-502050 'Sdar.total 107% Legend
NP_2025_-502050 Scfartotal ~ LO7TH -1% Dadline in solar generation
NP_2025_-402050 |sotar.tol L07T% Frequent precendents
&p‘mzs_-:mzoso lsciatict | 107% Precendents in about 1/2 of the countries
NP_2025_-202050 .Sdar.total 107% 154% Precedents only in small countries
NP_2025_-102050  Sclar.total 107% 156% - 158% - Unprecedented growth
NP_UNDC R 1.08% 104% A 081% 0.75% Table shows normalized annual growth/dedine rates
www.polet.network
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Method 3b: Worldwide regularities (growth rates)

Decadal rates of biomass increase as function of energy system size
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Cherp, Vetier, Vinichenko, forthcoming
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Method 3c: Worldwide regularities (decline rates)

Feasibility zones of fossil fuel decline as function of electricity demand growth
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Substitution
® Demand decline ® Nuclear

®  Fuel switching ® Renewables
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3 (rare precedents)
N precedent)

C
O (crisis-driven)

Vadim Vinichenko, Aleh Cherp and Jessica Jewell (in Review)
Historically unprecedented coal and gas decline in Asia,
OECD, Russia and Middle East in 1.5°C scenarios
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Method 3a: Worldwide regularities (decline rates)

Feasibility of fossil fuel decline in selected scenarios

Scenario Fuel 2020-2030 2025-2035 2030-2040 2035-2045 2040-2050 Legend

NP_2025_-602050 Coal total _ -36% -6% | -2% | -2% 1% Growth in generstion
NP_2025_-502050 Coal.total s o 7 -3% 2% Frequent precendents
NP_2025_-402050 Coal total -2% -2% Rare pracedens

NP_2025_-302050 | Coal tatal 5% 3% - Unprecedented decline

NP_2025 -202050 | Coal.total “10% -25% AATH “10% 3N Table shows normalized decadal growth/dedine rates
NP_2025_-102050 1 Coal.totsl -10% -23% -20% -11% 2%

NP_UNDC Cosl.total 5 ™ 9% % ¥

www.polet.network
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Method 4: Technology diffusion insights (for immature technologies)

Diffusion of solar and wind power (EU = OECD — large countries — the rest)

www.polet.network
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Cherp et al. Nature Energy 2021
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Method 4: Technology diffusion insights (for immature technologies)

Diffusion of nuclear power (US/USSR — OECD/COMECON — large countries — the rest)
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Method 4: Technology diffusion insights (for immature technologies)

Renewables Nuclear
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Other new technologies: (BE)CCS, Hydrogen, etc.?
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Main feasibility concerns across countries/scenarios

® Unprecedented
® Expansion rates of renewable electricity, especially solar (many countries/climate scenarios)
® High economic growth under low energy consumption (low middle income countries, all scenarios)
® Decline rates of coal/gas (some countries/climate scenarios)
® Under-ambitious
® Nuclear power growth (virtually all countries/scenarios)
® Solar power growth (some countries/scenarios)
® Highly uncertain
® Rapid and massive introduction of CCS (some countries/scenarios)
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