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Quitting fossil fuels: how fast can the world do it? 
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Dramatic decrease in coal needed to meet climate targets

Is this feasible?

Infeasibility [in models means] ... that under a 
specific model parameterization 

the transformation cannot be achieved. 


[this] … need[s] to be strictly differentiated from the 
feasibility … in the real world.”

Riahi et al. 2015

Can we phase-out fossil fuels fast 
enough to meet climate targets in 
the real-world?
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How do we know what’s feasible in the real world?

• Historical precedents of rapid fossil fuel decline


• Pledges and plans of fossil fuel decline


• Models and mechanisms of fossil fuel decline

When do fossil fuels decline? How fast can fossil fuels 
decline?

What blocks and triggers 
decline?

http://www.polet.network
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energy additions instead of energy transitions

Fouquet 2016
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How can we study fossil fuel decline if nothing ever declines?
Look at electricity
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How can we study fossil fuel decline if nothing ever declines?
Examine regions and countries
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Historically when and where did fossil fuels decline?
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Historically when and where did fossil fuels decline?
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Historically when and where did fossil fuels decline?
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Historically when and where did fossil fuels decline?
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• Technological 
innovations


• Motivation and 
strong state 
policies
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Powering Past Coal Alliance (PPCA)
COP23 in November 2017

commit to: “phasing out existing 
unabated coal power generation 
and a moratorium on new coal 
power generation without 
operational carbon capture and 
storage” 

2019
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What makes PPCA countries different than non-PPCA countries?

• Produce and use less coal


• Are richer and have better 
functioning governments

Jewell et al. 2019

Australia Kazakhstan South Africa

China Korea Spain

Czech Republic Japan Turkey

Germany Malaysia Ukraine

India Poland US

Indonesia Russia Vietnam

Biggest 18 Coal Consumers > 
90% of coal power

PPCA countries
Austria
Belgium
Canada
Denmark
Finland
France
Ireland
Israel
Italy
Mexico
Netherlands
New Zealand
Portugal
Sweden
United Kingdom
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Initial members of Powering past coal alliance = little coal + good government

AR

AT

AU*

BA

BD

BG

BR

BW

CA*

CL

CN

CO

CZ

DEDK

DO

ES*

FI

FR

GB*

GR

GT

HN

HR

HU

ID

IE

IL

IN

IT

JP

KG

KH

KP

KR*

KZ

LK

MA

ME

MK

MN

MX

MY

NA

NE

NL*NZ

PA

PE PH

PL

PT

RO

RS

RU

SG

SI

SK

TH

TJ

TR

UA

US*

UZ

VN

ZA

ZM

ZW

BE

0

3

6

9

12

0% 25% 50% 75% 100%
% of coal in electricity supply

Fu
nc

tio
ni

ng
 o

f g
ov

er
nm

en
t

Coal18

* Countries with
subnational PPCA
members

1RQï33&$

PPCA member 
without pledged 
phase-out date

PPCA members

Country type

GWe of coal power
10

50

250

900

Jewell et al. 2019lower costs

hi
gh

er
 c

ap
ac

ity dynamic feasibility
 fro

ntier



AR

AT

AU*

BA

BD

BG

BR

BW

CA*

CL

CN

CO

CZ

DEDK

DO

ES*

FI

FR

GB*

GR

GT

HN

HR

HU

ID

IE

IL

IN

IT

JP

KG

KH

KP

KR*

KZ

LK

MA

ME

MK

MN

MX

MY

NA

NE

NL*NZ

PA

PE PH

PL

PT

RO

RS

RU

SG

SI

SK

TH

TJ

TR

UA

US*

UZ

VN

ZA

ZM

ZW

BE

0

3

6

9

12

0% 25% 50% 75% 100%
% of coal in electricity supply

Fu
nc

tio
ni

ng
 o

f g
ov

er
nm

en
t

Coal18

* Countries with
subnational PPCA
members

1RQï33&$

PPCA member 
without pledged 
phase-out date
pre 2019

PPCA member
pre-2019

Country type

GWe of coal power
10

50

250

900

PPCA member
post-2019

New members of Powering past coal alliance indicate new opportunities 

Jewell et al. 2019lower costs

hi
gh

er
 c

ap
ac

ity dynamic feasibility
 fro

ntier



www.polet.network

When do fossil fuels decline?

• Fossil fuel decline has typically been accompanied by 
technological innovations


• Rapid decline was almost always achieved with 
strong state policies


• Strong policies are feasible in states with sufficient 
capacity to overcome the costs of phase-out

http://www.polet.network
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When does coal 
power peak?
Before Past Coal Pledges

Laegrid et al. in preparation
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When does coal peak?

• Under low corruption and strong electoral democracy


• Under high GDP/capita


• During electricity demand stagnation

Number of countries Year of peak

peak non-peak earliest mean latest

PPCA 18 4 1979 1997 2014

non-PPCA 2 26 2009 2010 2011

Laegrid et al. in preparation
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How fast can fossil fuels decline?
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Historical decline episodes >5%

Vinichenko et al. 2021
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How fast can fossil fuels decline?
Larger countries decline at slower rates
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Historical decline episodes >5%
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How fast can fossil fuels decline?
Powering Past Coal pledges are in-line with historical rates
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Historical decline episodes >5%
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How fast can fossil fuels decline?
Understanding the most important precedents 
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Historical decline episodes >5%
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Powering Past Coal phase-out pledges

37 episodes 
>5% decline 
>100 TWh  
(about the size of Norway or the Netherlands 
& 15 times smaller than the smallest world region) 
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Faster decline more frequent under slow demand growth
Mapping feasibility zones for fossil fuel decline

A (multiple precedents)
B (rare precedents)
C (no precedent)
D (crLVLVïGriven)
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How fast can fossil fuels decline?

• Fossil fuels can decline faster in larger systems


• Fossil fuels can decline faster in stagnant or slow-growing systems


• The maximum observed in a large system is -30% per decade which is an 
extreme case


• Powering Past Coal Pledges do not exceed these rates
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What do we need to know about models and mechanisms of decline?
• Driving and blocking factors of decline


• Often get into stable configurations 
called ‘lock-in’ 


• Destablisation when lock-in is released


• We need to understand how lock-in occurs 
and when is destablised 

• Lock-in is supported by ‘regime resistance’


• Level of resistance linked to jobs 
prospects


• We also explored how different 
components of locked-in systems work 
together
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Can renewable jobs replace fossil fuel jobs?
Globally well-below 2°C scenario leads to more jobs
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Can solar and wind jobs replace coal mining jobs?
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Can solar and wind jobs replace coal mining jobs?

Share of coal regions with sufficient potential of
Solar power Wind power

India 99% 1%

Australia 96% 4%

US 62% 7%

China 29% 5%

http://www.polet.network
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Technological System

Industrial System

Regional System

Lock-in

Maturity

Stability

Destabilization & Decay

Shake-out

Release & Downturn

Phase-out

Upgrade or exit

Reorganization

Phase 1 Phase 2 Phase 3
exit

upgrade

survival

renewal

destabilization policies 
to disrupt status quo

constraining policies and compensation
to sustain decline and manage backlash

just transition policies 
to support regional renewal

System state

Time

Figure 2

Policy sequencing

Political Action System

Policy sequencing for feasible decline pathways

Nacke et al. accepted
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What do we know now?
When do fossil fuels decline and where is coal 
being phased-out?


Under technological innovation, with strong state 
policies, in states with high capacity.


How fast can fossil fuels decline?

Faster in smaller systems and those which aren’t 
rapidly growing

Not faster than 30%/decade in large systems


How can we overcome lock-in?

Low-carbon jobs offer an opportunity

Policy-sequencing for decline can release lock-in
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Scientific and policy challenges ahead 
How can we phase-out other fossil fuels?
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Scientific and policy challenges ahead 
How to transfer lessons to developing and emerging economies?

"If we are going to put forward until 2040, then we need to have funding to retire coal earlier and to 
build the new capacity of renewable energy," —Indonesia Finance Minister Sri Mulyani at COP26.
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