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CO, (equivalent)
emissions and
Global warming

m Photovoltaic and thin films
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Largest coal power plant in EU.
5,030MW,Belchatow, Poland

tistics/1264199/largest-operatione ants C city-in-the-eu

|. CO2 and equivalent
emissions

Christophe Ballif / Philippe Thalmann / Claudia Binder


https://www.statista.com/statistics/1264199/largest-operational-coal-power-plants-by-capacity-in-the-eu-27/
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=PrL Global Greenhouse gases emissions 57 GT CO, eq

gigatonnes CO, eq Land Use, Land-Use Change _
60 and Forestry (LULUCF) * Energy (inc transport)
Forest and peat fires and methane leaks - large

(N,OandCH) Part of the CO, equivalent

Land-use change emissions emissions

(C0,) « CO, from cement and steel
« Agriculture and land-use

Total emissions, excluding also important
LULUCF

F-gases — Total

Christophe Ballif / Philippe Thalmann / Claudia Binder

N,O - Energy indirect/waste
N,O - Industrial processes

N,O - Agriculture

CH, - Waste and other Strategic _ * Global warming
CH, - Agriculture Dependancies , Pollution and
CH, - Energy diseases
CO, - Other (non-energy) » Loss of biodiversity
CO, - International
1990 1 2000 200 2010 201 2020 transport
99 995 5 > CO. - Energy EDGAR - The Emissions Database for
2

Global Atmospheric Research
https://www.pbl.nl/ (europa.eu)



https://edgar.jrc.ec.europa.eu/report_2023
https://www.pbl.nl/

=PFL Other green house gases play a role: CO,equivalent

B ENERGY SUPPLY, ECONOMICS AND TRANSITION

Global warming potential of greenhouse gases relative to CO2
Global warming potential* measures the relative warming impact of one unit mass of a greenhouse gas relative to
carbon dioxide over a 100-year timescale.

Sulphur hexafluoride (SF,) 24,300

PFC-14 (CF.)

= Methane from agriculture (and cow
and sheeps) and gas/oll fields and
transports (x28 equiv CO,)

= Nitreous oxide of Agriculture (x273
Methane (CH.) | 27.9 eq COZ)

cvon s €00 = Others (HFC-PFC-SF6...)

Data source: IPCC (2021) OurWorldInData.org/co2-and-greenhouse-gas-emissions | CC BY

Nitrous oxide (N.O)

HFC-152a (CH;CHF;) | 164

1. Global warming potential: Global warming potential (GWP) measures the amount of heat absorbed by a greenhouse gas relative to the same

mass of carbon dioxide (CO,). It measures the amount of warming a gas creates compared to CO,. Carbon dioxide is given a GWP value of one. If

a gas had a GWP of 10 then one kilogram of that gas would generate ten times the warming effect as one kilogram of CO.. Since greenhouse gases

spend different amounts of time in the atmosphere, their global warming potential depends on the length of time that it's measured over. For

example, GWP can be measured as the warming effect over 20 years, 50 years, or 100 years. Potent but short-lived greenhouse gases - like . o
methane, for example - will have a higher GWP when measured over 20 years than over 100 years. The GWP value for methane over 100 yeditttps://ourworldindata.org/greenhouse-gas-emissions
(GWP100) is 28. This means one kilogram of methane would cause 28 times the warming of one kilogram of CO,.
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https://ourworldindata.org/greenhouse-gas-emissions
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Emission by sector (to 53 GT)

Figure 2. Global GHG emissions by sector (left axis, bars) and per capita (right axis, black line), 1970-2023

Japuig eipnejD / uuewey 1 addiiyd / e sydoisuyo

B Waste

M Industrial Combustion and Processes Ml Fuel Exploitation we GHG/cap

M Buildings

M Transport

Power Industry

B Agriculture

%)
sl <
24395
£l v
wl=| ®
eGR
—
_mo.m
—| =5
_Ekn_n.ve.
SR
0| gl 2 2
..I_mu
O © S
wl ol @

deybaing i

baZgd 19

NOILISNVYL ANV SOINONODT ‘ATddNS ADYIANT B

Source: JRC, 2024


https://edgar.jrc.ec.europa.eu/report_2024
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Greenhouse gas emissions by sector, World

Greenhouse gas emissions® are measured in tonnes of carbon dioxide-equivalents® over a 100-year timescale.

16 billion t Electricity and heat
14 billion t
12 billion t
10 billion t
8 billion t | ——

Manufacturing and construction
6 billion t - -,

. — Agriculture
4 billion t — Industry
et 2 Fugitive emissions
- Buildings
e B T — /754\\"'__7 - Land-use change and forestry
== —— D W | Aviation and shipping
Ot T T T T T 1 L Other fuel combustion

1990 1995 2000 2005 2010 2015 2021

Data source: Climate Watch (2024) OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

Note: Land-use change emissions can be negative.

https://ourworldindata.org/co2-and-greenhouse-gas-emissions#all-charts
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https://ourworldindata.org/co2-and-greenhouse-gas-emissions#all-charts
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A more complete way to look at the
Emissions

(n.b. the best found... from 2016
But no updated data)

Industry 24 %
Transport 16%
Buildings 17%
Agriculture 20%
Chemicals 5.2%
Fugitive emission 6%
(likely more)

Direct CO2 emission

of the electricity production

~ 40% of CO2 emission

30% of global CO2 eq emission

IT ~ 2% of CO2 émission, fast growning

Global greenhouse gas emissions by sector

This is shown [or the year 2016 — global greenhouse gas emissions were 49.4 billion tonnes CO,eq.

oo el Stee

Agriculture,

Forestry &
/ Land Use
Stewater, ~__ 18.4%
Chemicalg

Cement
3%

ture /3.2%

in Agricd g
Er\e\’g\’& Fishing (1.7%)

5/76’,# NE

. L :
use in build\ %@:f;:g =
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merq‘a/ 0D
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Source: https://ourworldindata.org/emissions-by-sector

OurWorldinData.org - Research and data to make progress against the world's largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020).
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https://ourworldindata.org/emissions-by-sector

=P7L  Annual total CO, emission by world region*

Annual CO, emissions by world region . Annually over 37 billion

Emissions from fossil fuels and industry are included, but not land-use change emissions. International

aviation and shipping are included as separate entities, as they are not included in any country's emissions. ton nes Of C02
BB Teble B Chart wsetiings o 5000 increase since 2000
40 billion t International aviation

International shipping @ Accordlng tO IEA

35 billion t
N Oceania stabilisation in 2019,
30 billion t Asia (excl. China and .
india) thanks to a switch to
25 billion t _— re newab I e
20 billion t
B k= » Visible effect of Covid in
- SOl A 2020 (but resumes in
10 billion t North America (excl.
USH 2021)
- United States
5 billion t European Union (27)
0t euope el £0-27 o China and Asia growing

1945 1960 1970 1980 1990 2000 2010 2023

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO;) emitted from the burning of fossil fuels, and directly from . .
industrial processes such as cement and steel production. Fossil CO, includes emissions from coal, oil, gas, flaring, cement, steel, and other m I t d m
industrial processes. Fossil emissions do not include land use change, deforestation, soils, or vegetation. Cu u a e e ISS I 0 nS

Source: https://ourworldindata.org/co2-emissions#co2-emissions-by-region
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https://ourworldindata.org/co2-emissions#co2-emissions-by-region

=PFL  (direct) CO2 emissions by fuel type

CO, emissions by fuel or industry type, World
40 billion t

Other industry

Flaring
35 billion t Cement
Gas
30 billion t
25 billion t Most of CO2 emissions
S oil Burning fossile fuel
15 bilion ¢ * Electricity
10 billion t * Transport
Coal ° Heatlng
5 billion t
o Cement and Steel...
1864 1880 1900 1920 1940 1960 1980 2000 2023
Data source: Global Carbon Budget (2024) QOurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

= Source: https://ourworldindata.org/emissions-by-fuel
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https://ourworldindata.org/emissions-by-fuel
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nature

Explore content v About the journal v  Publish with us v Subscribe

nature > comment > article

COMMENT ] 23 March 2022

Cement and steel — nine steps to net
Zero

It is possible — and crucial — to green the building blocks of the modern world.

By Paul Fennell &, Justin Driver, Christopher Bataille & Steven J. Davis

y f =

Cement
—> 2.3 GT of CO,/per year,

Iron and steel releases
- 2.6 GT CO,/per year

A mixture of input Energy and
emission from chemical
processes

* H2 reduction for steel ?
e (CO2 capture for concrete ?

Cement and steel — nine steps to net zero

(nature.com)

=
o

Christophe Ballif / Philippe Thalmann / Claudia Binder


https://www.nature.com/articles/d41586-022-00758-4#:~:text=Production%20of%20cement%20creates%202.3,CO2%20emissions%2C%20respectively1

=PFL  CO2 from aviation globally: 2.5% in 2020 + changes to atmosphrre N

@
- 3.5% $
—— =070 - : . Aviation Emissions
Aviation emissions includes passenger air travel, freight and military operations. It does not include non-C0O: —atd
climale forcings, or a mulliplier for warming effecls al allilude. to Skyroc ket
Global CO, emissions Carbon emissions from aviation by world
from aviation 1.04 billion tonnes region (in million metric tons CO, equivalent)
; CO,in2018
thn _ _ ) 2019 W 2050
Climate change and flying: what share of
200M fad C g 4-5% growth per North 292.9
/ global CO2 emissions come from aviation? - yearsince 2010 America 440.4
Our World in Data o= SR
BODOM Pacific 418.1
" 138.8
china
700M Financial crisis
Europe 232.2 I F T A
6500M
. _ India
Doubled since 1987 ddl - ﬁ
e Middle
500M -
Awviation as a share of East 134.5 ‘ |
global CO, emissions . 379
400M % KTz 117.8
2.8% Latin 37.7
. e e AMeErica
300M Qo dwnglang use chings

Awiation emissions have
quadrupled since 1966 Source: Bloomberg

25%

domeen e @@ G) statistaPa

200M

2% of CO:
n1990
100M

= How to « limit »
’ 0 0 aviation
1940 1950 1940 1970 1980 1950 2600 2010 2028 emSSIOn ?


https://ourworldindata.org/co2-emissions-from-aviation
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Important

= Many ways to attribute emssion

= Emissions are widespread over every
aspect of our daily life.

Work, transport, services, home,
leisure, food, new cloths, smart phones,
IT...

= Not one thing to improve, many things

Exemple: EPFL with 10’000
students. 80 GWh electricity =
8’000 kWh/year per student ...

= With swiss electricity mix ~ 800 kg
CO2.... With EU mix 3200 kg...

(if one wants to count per student !)

=Y
N

Christophe Ballif / Philippe Thalmann / Claudia Binder



Services d'éducation, sociaux et financiers Voiture
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Services d'éducation, sociaux et financiers: 821 kg eq. CO2

https://climpact.ch/about

Restaurants et hotels Vétements et chaussures

BIENS ET SERVICES TRANSPORT

Appareils électroniques Réseau Loisirs et culture E m re I n te
carbone d'un.e

citoyen.ne suisse

h i
Chauffage Gestion| Nouveaux batiments
des
déchets

Christophe Ballif / Philippe Thalmann / Claudia Binder

11.7 tons/year

-
Lagumes. Graisses
animales

LOGEMENT ALIMENTATION

Graisses animales /=] T A=

o Lait. produits laitiers
Eau chaude IEau ~s: Travaux d'entretien IRe'nw tion

Meubles Appareils électroménagers
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https://climpact.ch/carbon-footprint/
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CO; mole fraction (ppm)

420r
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320

Atmospheric CO; at Mauna Loa Observatory

Scripps Institution of Oceanography
NOAA Global Monitoring Laboratory

B January 2025: 426.65 ppm

January 2024: 422.80 ppm

Last updated: Feb 07, 2025

Pre-indus. revol.: 280ppm

SCRIPPS iwsnenian ar
OCEANOGRAPHY

UCSan Diego

3

Year

https://gml.noaa.gov/ccqa/trends/

1960 1970 _ 1980 1990 _ 2000 _ 2010 _ 2020

iary-07

2025-Febi

The Mauna Loa Atmospheric Baseline Observatory in Hawaii began measuring the
amount of carbon in the atmosphere in 1958, Susan Cobb/NOAA


https://gml.noaa.gov/ccgg/trends/

Atmospheric Carbon Dioxide Concentration
1958

NOAANWDS Paleoclimatology

Antarctic lce Cores Revised 300KYr CO2 Data HOASE Mauna Los Obsonmtory




EPFL

2025
Carbon Dioxide Variations

C02 atmospheric concentration increase

400 : : . : -
The Industrial Revolution Has !
330[ Caused A Dramatic Rise in CO, 1 1990
300} 1 i
1000 1200 1400 1600 1800 2000 {1
Year (AD) ]
lce Age i
Cycles '
400 300 200 100 0

Thousands of Years Ago

400

w
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300

250

200

Hasn't Earth warmed and cooled naturally throughout history? | NOAA Climate.qgov

CO, Concentration (ppmv)


https://www.climate.gov/news-features/climate-qa/hasnt-earth-warmed-and-cooled-naturally-throughout-history#:~:text=Earth%20has%20experienced%20cold%20periods,peaked*%20around%2020%2C000%20years%20ago.

=F*L " Intermation panel on

B ENERGY SUPPLY, ECONOMICS AND TRANSITION

climate change (IPCC)

https://www.ipcc.ch/

= In depth-synthesis of causes
and (partially) actions required

In general, validated by states !

ipCC

INTERGOVERNMENTAL PANEL on ClimaTe chanee

The Intergovernmental Panel on
Climate Change (IPCC) is the United
Nations body for assessing the
science related to climate change.

sssssssssssssss
ARG Synthesis Report: Climate Change 2023

March 2023

EXPLORE

Find all latest report on

https://www.ipcc.ch/reports/
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https://www.ipcc.ch/
https://www.ipcc.ch/reports/

=PrL Facts

B ENERGY SUPPLY, ECONOMICS AND TRANSITION

= Fossil fuel burnings has impact on health, relates to a huge mining/soill
exploration and pollution, leads to conflicts, strategic dependances...

= Fossil fuel are the major reasons for global warming (~ 70-75 %)

= Unparallel CO, concentration increase in the atmosphere
(413 ppm in 2020 - 426 in Jan 2025) linked to fossil fuel burning
(and other CO2 eq emissions)
= Major global temperature increase (now at > 0.2°C/decades, 1.1° more

since beginning of industrialisation)
» Dec. 2023 =1.65°C > 1880 - 1920
* Dec. 2023 = warmest Dec. Since 1880
* Average T Dec. For the last 10 years - 1.18°C > Dec. average 1880 - 1920

[y
©
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https://www.co2.earth/


https://www.co2.earth/

=P*L  Average world temperature increase

50 Temperature Anomalies over Land and over Ocean

o Land Surface Air Temperature
Average > 1.5°C from

= /1 1950 on land

Sea Lowess Smoothing E &

15 Land Lowess Smoothing

o Sea Surface Water Temperature

Slope tends to
accelerate

Curves can be
modelled with
complex models

Temperature Anomaly w.r.t. 1951-80 (°C)

NASA/GISS/GISTEMP v4
~1%50 1900 1920 1940 1960 1980 2000 2020

Source: https://data.giss.nasa.gov/gistemp/graphs _v4/

Notes: past cyclic (like cooler area) and non-cyclic events (e.qg. little ice age) are associated
to e.g. osciallation of earth orbits, or sun activity, meteorites and volcanic eruptions...


https://data.giss.nasa.gov/gistemp/graphs_v4/

=PFL  1.5°C already reached ?

Global mean temperature 1850-2024
Difference from 1850-1900 average

WORLD
METEOROLOGICAL
ORGANIZATION

Weather Climate Water

1.5 HadCRUTS (1850-2024.11)
NOAAGIobalTemp v6 (1850-2024.12)

Berkeley Earth (1850-2024.12)

1.0 JRA-3Q (1947-2024.12)
WMO confirms 2024 as
© warmest year on record at
02 . about 1.55°C above pre-
‘ 1 A Ax Industrial level
N k\ "\\ , ," } ; | Y R v ® PRESS RELEASE
0.0 \ \. ‘V\ V\ v‘| I \ v 10 January 2025
L
¥ \

1860 1880 1900 1920 1940 1960 1980 2000 2020
Year



Changes in global surface temperature relative to 1850-1900

Jahres-Temperatur - HadCRUT4 (global, land&ocean) - 1850-2016

Abweichung vom Durchschnitt 1864-1900
a) Change in global surface temperature (decadal average) 12
as reconstructed (1-2000) and observed (1850-2020) .
o 0.8 { '5,,"\
¢ b GLOBAL
2.0 0 o6 e
Warming is unprecedented é 0.4 -
in more than 2000 years é i
1.5 '
Warmest multi-century %97
/ period in more than 02
- 1‘0 10 100’000 years o : ; : ; ; ; ; OMetIeoSchweiz
observed 1860 1880 1900 1920 1940 1960 1980 2000
Annual perature - land - 1864-2024
departure from the mean 1871-1900
0.5 e © MeteoSwiss : :
L 0.2 1K = BALE-and CH~
20 : < 4 :
0.0 .
reconstructed % i
-0.5 T
_1 — -2.0 T T T T T | T T
1880 1900 1920 1940 1960 1980 2000 2020
1 500 1000 1500 1850 2020
B years above mean 1871-1900 year 2024: +3.3°C (rank 3 1)
B years below mean 1871-1900

—— 30-year smoothed mean (LOESS) - 1871/1900-2024: +2.94°C (pval: 0) LOESS30 value 2024: +2.94+0.37°C
(climate trend line) (current climate mean)



Climate models

(a) Multi Model Mean Surface Temperature

Are highly complex!
Are constantly
improving !

0
30 24 18 12 -6 0 6 12 18

(c) Multi Model Mean of Absolute Error

Surface Temperature

1
B L
c0.99[-
2ogsf- *
(=] L]
(5] -
=
5097
£ | .
o
0.96—
t ] 1
0.95
CMIP2 CMIP3 CMIP5
Precipitation
1
§ o9 .
E * 4
2 osl :
Q
[+] * &
E 07} *
= :
06 * .
*
05 ] ] ]
’ CMIP2 CMIP3 CMIP5

Model capability in simulating annual mean temperature and precipitation

patterns as illustrated by results of three recent phases of the
Coupled Model Intercomparison Project

(CMIP2, models from about year 2000; CMIP3, models from about

2005; and CMIP5, the current generation of models)
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5 Chapter09 FINAL.pdf



https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter09_FINAL.pdf

Over 100 meters sea level rise since the ice age
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1°C further increase in temperature since 1900
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Temperature change in °C

Up to 5°C further increase in temperature until 2100
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=P7L  Global warming: human made

All scientists agree that human activities and CO, (and eq CO2) emissions are
responsible for the current temperature mcreaseél

All the (complex) models made by climate scientists show the same effects and
trends

Hence there is a full consensus about global warming and its causes, to an
unprecedented level

There is no other model who could help explain the observed CO2 and
temperature increase, even less a model validated by a scientific community

The human cause of current global warming is part of the scientific knowledge
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=F7L Why do you still have climato-sceptics and little

actions i

' ' o> =
Itis a mixture of R. Murdoch, one of the
Not understanding how «science works» world most influential
climato-sceptic

Not perceiving the risks of climate change

Disinformation campaign to discredit climate science (e.g. Koch fundation in
US, Rupert Murdoch media empire including Foxnews, Trump and Co*, Hertiage

foundation)
Lobbyism to support business as usual (from oil and oil related industry and
countries **) and profit opportunities

Some countries have a lot to loose (e.g. major oil/gas exporters) in the short
term if strong actions are taken

+ *See an in-depth at NY times magazine https://www.nytimes.com/interactive/2019/04/03/magazine/rupert-murdoch-fox-

news-trump.html
**a.g https://www.theguardian.com/business/2019/oct/24/fossil-fuel-big-five-spent-251m-lobbying-european-union-2010-

climate-crisis



https://www.nytimes.com/interactive/2019/04/03/magazine/rupert-murdoch-fox-news-trump.html
https://www.theguardian.com/business/2019/oct/24/fossil-fuel-big-five-spent-251m-lobbying-european-union-2010-climate-crisis

=P7L. Climatosceptics are still here, close to you

INTERVIEW

Christophe Barthes X . . . . . .
B o 5arthescChristop - Suivre «Fir die Bauern ist die Klimaerwarmung
nicht schlecht», sagt der kiinftige SVP-

RECHAUFFEMENT CLIMATIQUE ? ou DEREGLEMENT o i
Prasident Marcel Dettling

CLIMATIQUE ?
Le 3 janVier 2024, la Suede a enregiStré les températures Dem Landwirt ist es lieber, wenn es warmer wird statt kélter. Und er
les plus basses depuis 25 ans, avec -43 degrés
A cette heure, nous n'avons pas encore de commentaires

du GIEC. lls ne se sont toujours pas manifestés 4z S

(Interview)

will sich beim Stromgesetz mit seinem Bundesrat Albert Rosti anlegen.

@ Héren [] Merken E;] Drucken ﬁ) Teilen

17.02.2024, 18.56 Uhr 9 min

Ich bin ein gldubiger Mensch, und ich glaube auch, dass wir nicht

tiber alles bestimmen kénnen.

French RN (n.b. maybe some understand the
difference between climate and local weather)

NEW HEAD of the largest Swiss Political party



=P7LNotunderstanding how science work

What science should be

« Hypothesis
« 1St publication
' ommunity

lon
scientific knowedge

Typical strategy of
climate-sceptics (with
or without awareness)

Keep only 1st
publication as facts,
even if they are
demonstrated wrong
later

32



Intensité du rayonnement cosmique au sol et niveau de la couverture en nuages bas
1980-2011 (rayonnementcosmique en % du maximum sur la période ; anomalie par rapport
a lamoyenne de la couverture nuageuse en %) (Source : Berruyer, d'aprés données NASA)
! - 0%

2,5 1 Couverture en !
ﬂ nuages bas :
\ f

1,5 ' ' \. = '10%

0,5 - ’ L ‘ / L - -20%
Rayonnement ' 1
cosmique :

0,5 - 1 - -30%
1
1
1

1,5 : - -40%
1
1
1

25 : - 50%
1
1
1

_3’5 T T T T T T T I L L L I L L L I L L L L ' L -60%

1980 1985 1990 1995 2000 2005 2010
Olivier Berruyer, www.les-crises.fr

Cited by more than 6000 climatosceptics websites !!!!
And no more valid at all !!!

33

Svensmark, H.

Journal of Atmospheric and Solar-Terrestrial
Physics

59(1997) 1225-1232, Variation of cosmic ray flux
and global cloud coverage - A missing link in
solar-climate relationships

Hypothesis and linked refuted
since then by many studies.

Journal of Atmospheric and Solar-Terrestrial
Physics

Volume 62, Issue 1, January 2000, Pages
73-77

Torben Stockflet Jargensena, Aksel Wallge
Hansenb

The same for virtually all papers
trying to challenge the human
impact


http://www.les-crises.fr/images/1300-climat/1354-nuages/svensmark-1.jpg

=PFL  Climate pledge: try to keep 1.5°, if not 2°C global
waming (average) before industrialisation

COP 21 in Paris
COP 27 in Sharm El
Sheikh, Egypt

B ENERGY SUPPLY, ECONOMICS AND TRANSITION

UN Climate Change Conference (COP21) in Paris reached a breakthrough
on 12 December 2015: the historic Paris Agreement.
The Agreement sets long-term goals to guide all nations:

*substantially reduce global greenhouse gas emissions to limit the global
temperature increase in this century to 2 degrees Celsius while pursuing
efforts to limit the increase even further to 1.5 degrees;

sreview countries’ commitments every five years;

sprovide financing to developing countries to mitigate climate change,
strengthen resilience and enhance abilities to adapt to climate impacts.

The Agreement is a legally binding international treaty. It entered into
force on 4 November 2016. Today, 192 Parties (191 countries plus the
European Union) have joined the Paris Agreement.

[
-
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http://www.cop21paris.org/
http://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter=27&clang=_en
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Issue with Paris Agreement

= Not constraining
= Did it mention fossile fuels ?

= Answer:

w
o
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=p= Global greenhouse gas emissions and warming scenarios SUSGE

in Data

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario.
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dicxide-equivalents

150 Gt
In 2019 ~ No climate policies
Complex modelling ! 36.9 GT CO2 41 —tle C » |
14.1 GT CO2e i&:{{f&?ﬁ%ﬁﬁ?%Qimiife'f?iﬁ%i’%im
100 Gt 51.0GT
50 Gt Current policies

B ENERGY SUPPLY, ECONOMICS AND TRANSITION

25-29°C

- emissions with current climate policies in
place result in warming of 2.5 to 2.9°C by 2100.

Greenhouse gas emissions

up to the present ‘Pledges & targets (2.1 °C)

- -}em\ssmns if all countries delivered on reduction
pledges result inwarming of 2.1°C by 2100.

2°C pathways
1.5°C pathways

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Data source: Climate Action Tracker (based on national policies and pledges as of November 2021). Last updated: April 2022.
OurWorldinData.org - Research and dala to make progress against the world's largesl problems. Licensed under CC-BY by the authors Hannah Ritchie & Max Roser.

current-

https://ourworldindata.org/co2-and-greenhouse-gas-emissions?insight:

climate-policies-will-reduce-emissions-but-not-enough-to-keep-temperature-

Christophe Ballif / Philippe Thalmann / Claudia Binder

rise-below-2c#key-insights



https://ourworldindata.org/co2-and-greenhouse-gas-emissions?insight=current-climate-policies-will-reduce-emissions-but-not-enough-to-keep-temperature-rise-below-2c#key-insights
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CO, reductions needed to keep global temperature rise below 2°C R

in Data

Annual emissions of carbon dioxide under various mitigation scenarios to keep global average temperature rise
below 2°C. Scenarios are based on the CO, reductions necessary if mitigation had started - with global
emissions peaking and quickly reducing - in the given year.

40 billion t

« The longer you wait,
30 billion t

decrease
20 billion t

10 billion t

Oty

1980 2000 2020 2040 2060 2080 2100

Data source: Robbie Andrews (2019); Global Carbon Project (2018); IPCC SR15 (2018)
Note: Carbon budgets are based on a >66% chance of staying below 2°C from the IPCC's SR15 Report.
OurWorldInData.org/co2-and-greenhouse-gas-emissions | CC BY

« The faster you need to

https://ourworldindata.org/co2-and-
other-greenhouse-gas-emissions

w
=
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https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
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Remaining carbon budget

(at42.2 Gt/year)

2°C scenario

o M 1.5°C scenario
issions (tonnes/sec)

1'337

ime left until CO2 budget depleted

sar month day hour min sec

5. JlusEsE o3 37709

CO: budget left (tonnes)
187297492800

At current burning rate:
5 years for 1.5°C scenario...

22 years for 2°C scenario ~935
Gtonnes...

Is a 1.5° scenario realistic ?
(note there uncertainties in the
simulation, but all points to
negative feed-back loops)

2°C scenario

COzemissions (tonnes/sec)

e
ime left until CO2 budgéi—deﬁ_ﬁfed
ar month day hour min ‘sec

3 S 6 13 23=35VS

CO2 budget left (tonnes)
229'170'134'434

Bl 1.5°C scenario

w
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https://www.mcc-berlin.net/en/research/co2-budget.html
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https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions

C02 and equivalent emissions: summary

Global average temperatures have increased by more than 1.2-15°C since pre-industrial.

CO, concentrations in the atmosphere are now well over 423 ppm —
their highest levels in over 800,000 years.

Globally we emit over 36 billion tonnes of CO, per year — this continues to increase, and
another 12-17 billons tonnes CO2-eq, around 70-75% linked to energy

Large differences — more than 100-fold — in per capita CO, emissions between countries.

Today, China is the world’s largest CO, emitter — accounting for more than one-quarter of
emissions. This is followed by the USA (15%); EU-28 (10%); India (7%); and Russia (5%).

The USA has contributed most to global CO, emissions to date, accounting for 24% of
cumulative emissions. This is followed by the EU-28 (21%); China (15%); Russia (7%) and
Japan (4%).

Large amount of CO, embedded in traded goods = some countries’ emissions increase while
others decrease when we look at emissions based on consumption rather than production.

There are large inequalities in CO, emissions: the world’s poorest have contribute less than
1% of emissions, but will be the most vulnerable to climate change impacts.

The world is not on-track to meet its agreed target of limiting warming to 2°C. Under current
policies, expected warming will be in the range 2.7-3.3°C, in the best case. Worst case 3-5°

w
©
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https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
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INTERGOVERNMENTAL PANEL oN ClimaTte chanee
022/08/PR

28 February 2022 28th february press

IPCC PRESS RELEASE release and report

Climate change: a threat to human wellbeing and health of the planet. of WOI‘kIng group 2.

Taking action now can secure our future

BERLIN, Feb 28 — Human-induced climate change is causing dangerous and widespread disruption

in nature and affecting the lives of billions of people around the world, despite efforts to reduce the

risks. People and ecosystems least able to cope are being hardest hit, said scientists in the latest ARG Synthesis Report:
Intergovernmental Panel on Climate Change (IPCC) report, released today. Climate Change 2023

“This report is a dire warning about the consequences of inaction,” said Hoesung Lee, Chair of the
IPCC. “It shows that climate change is a grave and mounting threat to our wellbeing and a healthy
planet. Our actions today will shape how people adapt and nature responds to increasing climate
risks.”

3675 pages

The Summary for Policymakers of the IPCC Working Group Il report,Climate Change 2022: Impacts, Adaptation
and Vulnerability was approved on Sunday, February 27 2022, by 195 member governments of the IPCC,
through a virtual approval session that was held over two weeks starting on February 14
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https://www.ipcc.ch/report/ar6/syr/

=PFL  Impact of global warming: alreadytoday -3¢

See level rise (melting ice on land,
expanding water)

Costal erosion (south of France,
Spain, Florido all impacted)

Even more impactful with storms

Sur la cote atlantique, la destruction au début du moi evr
Soulac-sur-Mer, est devenue le symbole de I'érosion cotiére en France. ephane Mahe
REUTERS]

N.B: if Melting most snow of Antartica,
Greenland, glaciers: 70 meters maximum
= water elevation

*Rise currently 3 mm per year

*Process-based models considered in the IPCC special
report on the ocean and cryosphere in a changing
climate project a rise in sea level over the 21st century
in the range of 0.29-0.59 m for a low-emissions
scenario and 0.67-1.70 m for a high-emissions
scenario. News studies show for 2100 a global mean
sea level rise in the range of 0.9-1.6 m* (low vs high
emission scenarios)

*Global mean sea level in 2300 will likely be 2.5 m
above current levels for a low-emissions scenario
and 10 m for a high-emissions scenario”.

* These values will rise substantially if the largest
estimates of sea level contributions from Antarctica
over the coming centuries are included

https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5 Chapterl3 FINAL.
pdf

*A High-End Estimate of Sea Level Rise for Practitioners (wiley.com)



https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter13_FINAL.pdf
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2022EF002751
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errL Floading, dykes and dams

= |f rich enough build dykes/seawalls (but this will
modify the environement)

= | eave or adapt !!!

MPR News

Climate change was the engine that powered Hurricane Maria's ...

Everglades under
threat as Florida's
mangroves face death
by rising sea level

©2 May 2018 LEEY

Séeveral people have died and others are missing
after record rains hit Australia's east coast,
according to Reuters

= Feb 28th. 2022

300 miles

Equivalent to the
distance between ymmmme
Brighton and Newcastle o
i
Scotland
Newcastle
-
Birmingham e
100 miles
) m London
The same distance as
between London and o Bri h:
Birmingham E righton
- ele Havre
.
France

How the dyke compares to other projects

300 miles
The proposed Scotland to Norway dyke

100 miles
Danyang-Kunshan Grand Bridge, China

o &

50 miles
Panama Canal
[ L ]

20 miles
Saemangeum sea wall, South Korea

Guardian graphic. Source: Royal Netherlands Institute for Sea Research

North
Sea

Amsterdam
& .,

»
=
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=prL 2024 extreme events

2024's most costly climate disasters
killed 2,000 people and caused $229bn
in damages, data shows

Analysis of insurance payouts by Christian Aid reveals
three-quarters of financial destruction occurred in US

<

... Atleast 87 dead and dozens
missing in Vietnam after

I y |)h00n Ya i What to Know About

- ; gl Spain’s Devastating Floods
[, https://www.pbs.org/ g ok et e

Properties in fire-stricken areas “damaged o s e Bomues 2 0
beyond belief,” LA County official says ]

From CNN's Chris Boyette

2 Ballif / Philippe Thalmann / Claudia Binder

as the worst they had ever witnes

O The aftermath of Hurricane Milton in Manasota Key, Florida, in the US in October 2024.
Photograph: Rebecca Blackwell/AP

https://www.thequardian.com/

https://www.cnn.com/

An aerial view of beachfront homes that burned in the Palisades Fire in Malibu, California, on Wednesday. Mario Tama/Getry Images

https://www.nytimes.com/2024



https://www.theguardian.com/environment/2024/dec/30/2024s-most-costly-climate-disasters-killed-2000-people-and-caused-229bn-in-damages-data-shows
https://www.cnn.com/weather/live-news/fires-los-angeles-california-01-16-25#cm5zjogng000e3b6qdgrg4t21
https://www.nytimes.com/2024/10/30/world/europe/spain-flash-floods.html
https://www.pbs.org/newshour/world/at-least-87-dead-and-dozens-missing-in-vietnam-after-typhoon-yagi
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In addition to see level rise

- More extreme climatic events,
* storms, rains, floods

* Heat, fires, Droughts

* Loss of biodiversity

The frequency and strength of all
events Is increasing. This is validated
by simulations.

As at the end of glaciation age, several
feed-back loops start: reduced
reflection from

snow and glaciers, liberation of
methane from thermafrost,

change in marine current (e.g AMOC,
gulf stream)

Major impacts of global warming

E

a) Synthesis of assessment of observed change in hot extremes and
confidence in human contribution to the observed changes in the world’s regions

Extreme heats

Type of observed change
i tremes

‘ Increase (41)
‘ Decrease (0)

| Low agreement in the type of change (2)

|| Limited data and/or literature (2]

Confidence in human contribution
to the observed change
eee High
oo Medi
® Low(
0 Low

Type of observed change
in heavy precipitation

‘ Increase (19)

[ | Decrease (0)
[ Low agreement in the type of change (6)

[ Limitert Asb= st sne bammiinn 101

Confidence |
to the obser
eee High
oo Mediu
® Low due w mmeu agreemen:
O Low due to limited evidence

Drought

and confi

Type of observed change
in agricultural and ecological drought

[ ] Increase (12)

‘ Decrease (1)

[ Low agreement in the type of change (28]

|| Limited data and/or literature (4)

Confidence in human contribution
to the observed change
eee High
oo Medium
® Low due to limited agreement
© Low due to limited evidence



=F7L Amajor risk: food supply instabilities
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Indicative example of transitions

Infrequent
price spikes

affect
individual
countries

Sustained food

supply

disruptions Very high

globally

Periodic food -

shocks across

regions O Moderate

M
O-—— Undetectable

|
nH

Food supply instabilities

(Rapport du GIEC sur les terres émergées: https://www.ipcc.ch/srccl)

Purple indicates very high
risks of severe impacts/risks
and the presence of
significant irreversibility or
the persistence of
climate-related hazards,
combined with limited
ability to adapt due to the
nature of the hazard or
impacts/risks.

Red indicates severe and
widespread impacts/risks.
Yellow indicates that
impacts/risks are detectable
and attributable to climate
change with at least medium
confidence.

White indicates that no
impacts are detectable and
attributable to climate
change.

Food risks will become one of the major issues in the 21st century.

Every tons of CO2 not emitted counts !



=F7L Impact of global warming: alreadytoday ¢ w.c uomosu

Population migration (cf World bank report)

Agriculture conditions changing, soil becomes
unusable, food security risks

Many effects of global warming are
accelerated/reinforced by local behaviour:
endengering water supply, underground water,
deforestation, attack on biodiversity through
pesticides, mono-culture, overfishing, ....

Forecast from international thinktank the
IEP predicting that 1.2 billion people could

be displaced globally by 2050 due to
climate change and natural disasters.


https://www.economicsandpeace.org/wp-content/uploads/2020/09/Ecological-Threat-Register-Press-Release-27.08-FINAL.pdf

https://ipbes.net/ https://ipbes.net/global-assessment

=PFL Loss of biodiversity

Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES)

Main conclusions

A. Nature and its vital contributions to people, which
together embody biodiversity and ecosystem functions
and services, are deteriorating worldwide.

B. Direct and indirect drivers of change have accelerated
during the past 50 years

C. Goals for conserving and sustainably using nature and
achieving sustainability cannot be met by current
trajectories, and goals for 2030 and beyond may only be

achieved through transformative changes4 across The global
economic, social, political and technological factors. assessment repokt on

BIODIVERSITY
D. Nature can be conserved, restored and used B AND ECOSYSTEM

sustainably while other global societal goals are : d SERVICES
simultaneously met through urgent and concerted efforts YWY
fostering transformative change

: MMARY FOR‘*POLICYMAKERS


https://ipbes.net/
https://ipbes.net/global-assessment
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= Pollution from fossile fuels cost trillions to the world

Other effects of heaVy fossile
- Quantifying the Economic
Costs of Air Pollution from
e u m I n Fossil Fuels

economy, annually

“Quantifying the Economic Costs of Air Pollution from
Fossil Fuels” is the first study to assess the global
economic burden caused by air pollution from fossil fuels,
estimating the costs at US$2.9 trillion in 2018, or 3.3% of " Mttpsi/jenergyandcleanair.org

) ) ) labout-us
global GDP, far exceeding the likely costs of rapid
reductions in fossil fuel use. 5 billions per day

Fossil fuels are further subsisded (mostly reduction of local sale price):

up to 5 trillions in subsidies to fossile fuels annually
https://www.imf.org/en/Publications/WP/Issues/2019/05/02/Global-Fossil-Fuel-Subsidies-Remain-

Large-An-Update-Based-on-Country-Level-Estimates-46509

[L]
w
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https://energyandcleanair.org/about-us
https://energyandcleanair.org/publications/costs-of-air-pollution-from-fossil-fuels/
https://www.imf.org/en/Publications/WP/Issues/2019/05/02/Global-Fossil-Fuel-Subsidies-Remain-Large-An-Update-Based-on-Country-Level-Estimates-46509

=PFL - Conclusion

Scientificually
Yes our world is burning
Men are responsible for that

Climato-sceptics are wrong, and
likely criminals

Action is highly needed and is
already taking place punctually




£PFL  Climate crisis: the obvious answers to mitigate

= Produce useful energy with CO2 neutral sources

Reduce CO2 and Eq [ Reduce sources of other CO2 equivalent sources

e EriEea (Methane and agriculture)

» Produce steel- ciment and other material CO2 neutral

= Look for improved efficiency everywhere (same service but less energy
usage)

Energy efficiency and

substitution of CO2 = Buy/build less what is CO2 intensive (e.g. a concrete vs a wood house)
and eq intensive

solutions

= Consume less what is CO2 intensive (train rather than plane, small car)

= Eat less (red) meat and CO2 eq intensive products

= Start to think of capturing some or a lot of CO2, needed for the long

Recapture CO2 term

AL EINEYECN . promote SUFFICENCY (sobriété) :travel less, consume less, rethink our

living full way of consuming

B ENERGY SUPPLY, ECONOMICS AND TRANSITION
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o Energy It is the cost not the price, stupid!
SUffiC|ency - Hans Nilsson, Fourfac

Events =

Home About = Themes Library & resources = News «

Introducing
sufficiency

Why energy
sufficiency?

Understanding
sufficiency

Project & contact

Progress within boundaries

Energy sufficiency goes beyond energy efficiency: it’'s about
having enough but not using too much. It’'s about doing
things differently; about living well, within the limits.
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The big challenges of consumption

= Many developping countries have a growing economy and they don’t

B ENERGY SUPPLY, ECONOMICS AND TRANSITION

want to stop their growth (for the reasons above, and cause they want to
access some wealth).

No countries wants to limit energy access or impone sufficiency

n.b. 800 billions subsidies for fossile fuel after Ukraine invasion. Switzerlland
paid 400 millions for 250 MW generators rented for 4 years to avoid possible
cuts. Manifestations and protests as soon as energy taxed.

Individuals can make a difference by changing habits (less plane/car, smaller
appartement/houses, less (red meat), less services...

In practice few really do, even in the most aware countries. It is hard to
impone smaller appartments. Some people care, but most don’t want
change much.

It is not likely that mankind will reduce it's energy consumption
‘ in the coming two decades (in the BP accounting technique).
Assuming a reduced growth (1.5% vs 2%) is conservative.

(3]
=
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=PFL  In otherwords

= Demands defined the requested
amount of energy

ippe Thalmann / Claudia Binder

= CO2 free energy source do not
come in addition to fossile, and
create more demand.

"La transition énergétique est:
plus un slogan qu'une notion
8 scientifique”, interview de
Jean-Baptiste Fressoz

CIHIISWPIIE Dal

But when .... D
_ . Historian: Fressoz says:
= \When there is more demand, if it we add energy sources on
IS not covered by CO2 free top of each other. We
sources, it is covered with fossile never renounce to what

was before.

B ENERGY SUPPLY, ECONOMICS AND TRANSITION
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A summary

= As seen hard/impossible to limit energy
= People risks to dig for energy and the last drop of fossil if enought

= Many populistics movements, industries and groups will propagate
wrong theories, and will continue to push for fossils (for commercial or
ideological reasons).

= Many well intented environmentalists or nature preservation people
tend see more the impact (mining, landscape, CO2, rare materials) than
the profit of clean energy sources, and indirectly support the
continuation of fossile fuel

The safest option (and mandatory) is to

Make low CO2 energy sources and systems so cheap and so
convenient, that even the most reluctant governments/people will have
no other option than to switch to clean options, to enforce energy
efficiency (e.g. insulation) everywhere where possible

Christophe Ballif / Philippe Thalmann / Claudia Binder
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Climate fresk

= The fresks are fun,
collaborative and creative
workshops meant to raise
awareness about
environmental issues, and

based on collective intelligence.

= The Climate Fresk uses data
from the International Panel on
Climate Change (IPCC) report.

3

Wer

Join us for
the next Climate
Fresk workshop!

climatefresk.org x\
A

. FRESK
N

https://www.epfl.ch/about/sustainabi

lity/community-and-awareness-

building/fresks/

Christophe Ballif / Philippe Thalmann / Claudia Binder


https://www.epfl.ch/about/sustainability/community-and-awareness-building/fresks/
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=F7L  And you are here !
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=rrL  Emission of power sector (electricity) in advanced

]
economies: a ray of hope
15'000 8 Gt CO2
TWh
7’500
TWh 4 Gt CO2

Electricity generation

Power sector CO2 emissions (right axis)

T T T o
2000 2010

1990 2019

= A reason for hope: a decoupling of CO2 emission and electricity
generation in advanced economies... it is accelerating since 2019

www.iea.org/data-and-statistics/charts/electricity-generation-and-

power-sector-co2-emissions-in-advanced-economies-1971-2019

Christophe Ballif / Philippe Thalmann / Claudia Binder


http://www.iea.org/data-and-statistics/charts/electricity-generation-and-power-sector-co2-emissions-in-advanced-economies-1971-2019

