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=PFL Global Greenhouse gases emissions 57 GT coz 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  Primary energy consumption: the world challenge

Exajoules In this representation: electricity in kWh of
M il B Coal B Natural gas B Nuclear energy blom_as_s, hydro, solar, nuclear wind |_S
% " m Hydroelectricity Renewables multiplied by 2.5 to be shown as primary

. energy source («BP» substitution method)

500

= ~ 172’000 TWh (CH ~ 320 TWh)

= 2% annual growth in the last 20 years
driven mostly by China and India

= Still 80% fossile fuel

= 20% renewable and nuclear

CO2

free - . “
Statistical review of world energy ¥

World Energy Outlook 2024 — Analysis -
IEA 1ea
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https://www.energyinst.org/__data/assets/pdf_file/0006/1542714/684_EI_Stat_Review_V16_DIGITAL.pdf
https://www.iea.org/reports/world-energy-outlook-2024

"L Energy and environmental/socletal transition: Is it

possible ? In this part ...

Does the Paris agreement mentions fossile fuels ?
(or coal or oil or natural gas) ?

Where do we stand ? Where should we go ? How fast ? Should we bet on carbon sequestration
or geo-engeeniring ?
Is the oil peak reached and is it relevant ?

Is it true that an equivalent of 110 nuclear powerplants
Can nuclear energy solve most pr0b|ems ? of renewable eleCtl‘iCity prOdUCtion installed in 20237

Is hydrogen economy the best solution ?
Is the impact of renewable worth it ? (e.g. mining)

Can we still keep our target of 2°C global warming ?
What should happen ? What will happen ?

Can’t we simply accomodate global warming ?
Will China save the world from climate change ?

B ENERGY SUPPLY, ECONOMICS AND TRANSITION
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=P7L Socletal challenges related to energy
Climate action,

The Future of Food Secure, clean and Smart, green and environment and
and its Origins efficient energy integrated transport resources

5

[

% « Sustainability in * Reduce energy . * Lower CO2

E ) : * Resource-efficient o

2 managing land consumption and _ emissions on

g and water carbon footprint  Climate and global level

5 environmentall

8 * Clean water and * Low-cost and low- : y Prevent sea

g friendly .

- food for all carbon energy levels from rising
5 . i « Safe and -

5 «  Preserving supplies . - Efficient resource
2 . : : functional

2 biodiversity » Energy security usage

P

u: https://www.nice-eu.org/global-challenges ¢ Educate people
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https://www.nice-eu.org/global-challenges

=PFL  The 2030 agenda for sustainable development

As identified by the United Nations in 2015. Adopted by all UN members in 2015

ND GOOD HEALTH QUALITY GENDER CLEANWATER
POVERTY AND WELL-BEING EDUGATION EQUALITY AND SANITATION
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Energy-related sustainable development goals

A,
@v SE\S,Ef‘(','“,!ﬁEhE ‘m ALS As identified by the United Nations in 2015

@) susTAlNABLEGoALS 0 ]3 CUMATE
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ACT NOW TO STOP GI.OBAL WARMING.

Global emissions of carbon dioxide (CO2) have increased
by almost 50% since 1990.

RECYCLE PAPER, PLASTIC, GLASS
AND ALUMINIUM.

By 2050, the equivalent of almost three planets
could be required to sustain current lifestyles.

Affordable and Sustainable cities Climate action Responsible
clean energy and communities consumption and
production

https://www.un.org/sustainabledevelopment/sustainable-development-goals/

@ TerGOALS | 0O 12 i
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https://www.un.org/sustainabledevelopment/sustainable-development-goals/
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Key indicators to understand the state of the world

Energy access

Energy use

CO2 emissions

https://ourworldindata.org/12-key-metrics

=Y
N
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https://ourworldindata.org/12-key-metrics

=PrL
Energy use per person vs. GDP per capita, 2023

Energy refers to primary energy’, measured in kilowatt-hours? per person, using the substitution method®. Gross
domestic product (GDP) is adjusted for inflation and differences in living costs between countries.

Our World
inData

Per capita energy consumption (kilowatt-hours)

Bahrain Qatar. B Africa
® % L] 3
Kuwa'}/ Brunei - sla
100,000 kWh ., =

.Turkmenistan A’;Austmln

/UPW .Austna,
Bhu.tan .. Aybuw md B?rbuch. L4 b

W North America
® M Oceania
M South America

y=4.06x""° r*=0.76

Laos o '09 ‘“/. o0 Romasua .Macao
@ [raqlAlbéman L °
10,000 kWh Kyrgyzstan ‘ P Botswana
Mucronesn countr,y yéBd.ZC’ L
'Ca_npoﬁ'la Srl Lanka
) & e® % Angola
Mozamblque }.’Ben.m )’; ®
® -
¢ ° ./.Camercpn
Mali 7
leena S Hafti
1,000 kWh
.Aﬁgha’mstan
o 7~ 3wanda °
° o'@ﬁad
Burund1
[ ]
/ Somaha
$1,000 $2,000 $5,000 $10,000 $20,000 $50,000 $100,000

GDP per capita (international-$ in 2021 prices)

Data source: U.S. Energy Information Administration (2023) and other sources
Note: GDP data is expressed in international-$* at 2021 prices.
J. Brown et al. “Energetic limits to economic growth”, BioScience, 2011

https://ourworldindata.org/grapher/energy-use-per-person-vs-gdp-per-capita

OurWorldinData.org/energy | CC BY

Energy - key source of “economic growth”

Some countries over 10°000
Watts per capita power
consumption

(86’000 kWhlyear)

i.e. 1 liter of oil per hour,
permanently

Central role of energy in the
economy — apparent
positive relationship
between energy use and
economic growth

Higher rates of energy
consumption seem required
to sustain and grow larger
and more developed
economies
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https://ourworldindata.org/grapher/energy-use-per-person-vs-gdp-per-capita
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£PFL  Production-based vs. consumption-based CO, emissions

5]
7 billion t 12billiont -~ China - Territorial emissions g
6 billion t 10 billion t China - Consumption-based l 5
emissions c
o 4+ 10% ¢
> billion t 8 billion t 5
i United States - %
st Consumption-based emissions 704 6 billion t §
3billion t _ o 0 £
United States - Territorial 4 billion t =
2 billion t emissions 8
o USA 2 billion t g
1 billion t 2
o

0t I T T T Ot T T T T T |

1990 1995 2000 2005 2010 2015 2023 1990 1995 2000 2005 2010 2015 2023

* Production-based (territorial) emissions are calculated within country boundaries, thus
without accounting how goods are traded across the world
Consumption-based emissions account for trade of goods

* Imported goods — need to add CO2 emissions emitted in production of these goods
« Exported goods — need to subtract CO2 emissions emitted in production of these goods
« Most of Western Europe, the Americas, and many African countries are net importers

Most Of Eastern Europe and AS|a are net eXporterS https://ourworldindata.org/consumption-based-co2#additional-information



https://ourworldindata.org/consumption-based-co2#additional-information

=y
o

=PFL  Production-based vs. consumption-based C02 emissions

"S;’ = https://ourworldindata.org/consumpti
on-based-co2#additional-information

Christophe Ballif / Philippe Thalmann / Claudia Binder

140 million
120 million
But we import smart-phone
100 million fridges, lamps, computers,
N Solar panels, Cars, metals,
80 million . construction materials
Switzerland Food, IT services, flights...
60 million t

Switzerland his good at exportings

. . . . I
40 million tM its emission industry !
Switzerland - Territorial emissions

Even fuels have an import CO2
footprint !

20 million t

0 t I T T T T T 1
1990 1995 2000 2005 2010 2015 2023

Data source: Global Carbon Budget (2024) OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY


https://ourworldindata.org/consumption-based-co2#additional-information
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Production-based vs. consumption-based C02 emissions
140 million t
https://ourworldindata.org/consumpti
120 million t Switzerland - Consumption-based on-based-co2#additional-information
emissions
100 million t

Annual emission from

80 million t
4.2 tons to 12 tons of CO2
60 million t per capita if consumption
40 mil\iont based
Switzerland - Territorial emissions
20 million t 12 tonnes/year = Permanent
«fossile fuel burning» of 16
ot 1990 1995 2000 2005 2010 2015 2023 Switzerland IiterS/kg oil/coal per day
Data source: Global Carbon Budget (2024) OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

« Some countries adopt (voluntarily or not) the strategy of achieving emissions

reduction by “offshoring” emission-intensive production to other countries:
production-based emissions are stagnating, while consumption-based emissions
are increasing — Switzerland, Norway, Ireland etc.

« Genuine CO2 reductions (both production-based and consumption-based) have

been achieved in UK, France, Germany, Sweden, USA etc.

[y
o
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https://ourworldindata.org/consumption-based-co2#additional-information

=prL C02 emissions vs. GDP per capita, 2022, consumption -

« Large inequalities in per capita
emissions across the world

* Prosperity is a primary driver of
CO, emissions: more developed
countries have higher carbon
footprint (Uganda vs. US)

* Across developed countries,
energy policy, choice of
energy sources and
technology (house insulation)
make a difference in per capita
emissions (Switzerland vs. US)

* Here consumption based
emissions (includes exports and
imports)

Consumption-based CO, emissions per capita vs. GDP per capita,
2022

Consumption-based emissions' are measured in tonnes per person. They are territorial emissions minus emissions
embedded in exports, plus emissions embedded in imports. GDP per capita is adjusted for inflation and for differences in
living costs between countries.

Consumption-based emissions per capita (tonnes per person)
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° o 9 3 ®
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$2,000 $5,000 $10,000 $20,000 $50,000 $100,000

GDP per capita (international-$ in 2021 prices)

Data source: Global Carbon Budget (2024); Population based on various sources (2024); Data compiled from multiple sources by
World Bank (2025)

Note: GDP per capita is expressed in international-$* at 2021 prices.

OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

® https://ourworldindata.org/grapher/consumption-co2-per-capita-vs-gdppc



https://ourworldindata.org/grapher/consumption-co2-per-capita-vs-gdppc
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Consumption-based emissions' are national emissions that have been adjusted for trade. This measures fossil
fuel and industry emissions®. Land-use change is not included.

Change in CO, emissions and GDP, Sweden -

+100%
Sweden - GDP
Some elements

1. Growing Carbon Tax

since 1991

Increasing Renewable

Energy Sources and

electric vehicles

3. Improving Energy

Efficiency:
sweden - Consumption-based co, 4+ Promoting Sustainable

+80%

+60%

+40%

Christophe Ballif / Philippe Thalmann / Claudia Binder

+20%

+0%

-20%

emissions .
Transportation
40% Sweden - CO, emissions .
= 0 | | | 1 I 1 1
1990 1995 2000 2005 2010 2015 2023 5. Encouraging
Data source: Data compiled from multiple sources by World Bank (2025); Global Carbon Budget (2024) SUSta INa b | e CO nsum pth n
Note: GDP is measured in international-$* at 2021 prices to account for inflation and differences in living costs between countries. .
OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY an d p rOd u Ct Ion
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https://ourworldindata.org/grapher/co2-emissions-and-gdp?country=—SWE



https://ourworldindata.org/grapher/co2-emissions-and-gdp?country=~SWE

ePFL CO, emissions per capita vs. GDP per capita, 2022

This measures CO, emissions from fossil fuels and industry® only - land-use change is not included. GDP per
capita is adjusted for inflation and differences in living costs between countries.

Per capita emissions (tonnes per person)
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https://ourworldindata.org/grapher/co2-emissions-vs-qdp



https://ourworldindata.org/grapher/co2-emissions-vs-gdp

=PFL Decoupling energy demand from economic growth

Maybe happen by 2035...7
Driven by switching

from industrial to

service economies. But Driven by decreasing

risks to move energy Steep. Marked energy-intensity of

ing industri B 1T | | buildings due to
demanding industries to energy Increase In ol el
other places intensity of energy technology improvements

GDP (?) efficiency and changes in users’
mindsets

Christophe Ballif / Philippe Thalmann / Claudia Binder

Drivers

Driven by decline in LCOE
The growing of renewables and

use of decentralization. Depends
renewables on how you count energy

Driven by the rise of EV

in the transportation ITh? _?i_setpf
sector. electrification

Depends on how you
count energy
Obijectives: LCOE-= levelised cost of electricity
« At least decarbonize economic activities
* Increase energy productivity

* Increase energy security

https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/the-decoupling-of-gdp-and-energy-growth-a-ceo-quide

If economic growth, it should be with no
CO2 increase and limited impact on nature

B ENERGY SUPPLY, ECONOMICS AND TRANSITION



https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/the-decoupling-of-gdp-and-energy-growth-a-ceo-guide
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Key takeaways

Energy-related sustainable
development goals:

Affordable and “clean”
energy

Sustainable cities and
communities

Climate action

Responsible consumption
and production

Energy has been
central to economic
growth

Efficiency of energy
usage on a per capita
basis varies across
developed economies

fcos

Prosperity has been
a primary driver of
CO2 emissions

Difference between
production-based
and consumption-
based CO2 emissions

N
>4
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Il. Energy units and
important definitions
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=pr. Major Energy units

B ENERGY SUPPLY, ECONOMICS AND TRANSITION

m k (kilo) / M (Mega) / G (Giga)/
1 Joule = kg (;) Power 1 W = 1£ T(Tera) /P (Peta)
1 kWh = 3.6 x 10° ]

~1 liter of oil ~1 m?3 of natural gas ~10-11 kWh, 1litre of gasoline ~ 9 kWh

1 Ton of oil equivalent (Toe) = 41.868 GJ = 11’630 kWh
1 Gigaton of oil equivalent (Gtoe) = 11°630 TWh

Barrel of Oil Equivalent (BOE), the energy released by burning one
barrel (159 liters) of crude oil. 1 BOE =6.1 GJ =1.7 MWh

1 British thermal unit (Btu)=1055.06 J =0 .293071 Wh

Levelized Cost Of Energy (Electricity) - LCOE, average net present cost of
energy (electricity) generation for a generating plant over its lifetime (including
construction, capital costs, maintenance, operation, fuel, ...). Calculated in
$Price$ / Unit Energy.

N
w

Christophe Ballif / Philippe Thalmann / Claudia Binder



=prL Qrders of magnitude

4%107 ] 2%10%] 2 %1017 J 6 % 1020 ] 5.5 % 1024 ] 1.2 %1034]

11 kWh 600 kWh 61.5 TWh 168’0000 TWh

G4
e

\‘/ k
S T -

L.

Combustion 61l ordinary Swiss annual  Total world Annual energy  Total yearly

of 1m3of gasoline electricity annual received by energy output
natural gas tank consumption primary Earth’s surface of the Sun
in 2023 energy from the Sun
consumption

in 2022

B ENERGY SUPPLY, ECONOMICS AND TRANSITION
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Orders of magnitude - production of “large” powemplant

Nuclear power plant

Coal-fired power plant

0.4-1.6 GW per unit
0.4-7.9 GW per complex

Kashiwazaki-Kariwa (7 units)

Wind power plant

g

Solar power plant

200 MW-20 GW onshore
200 MW-1.2 GW offshore

Gansu

Hydroelectric power plant

B 2-6.7 GW per complex

Tuoketuo (12 units)

Pavagada

Christophe Ballif / Philippe Thalmann / Claudia Binder

Three Gorges Dam

Geothermal power plant

10 MW-250 MW per unit
50 MW -1.5 GW per complex

The Geysers (22 units)
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Orders of magnitude - consumption

Annual household

Daily world oil demand

~100 Million barrels e

electricity demand in EU

1 3000-5000 kwh
(without heating)

Total world natural gas
consumption in 2021

W T

’Ooooccom

https://lyearbook.enerd

4’000 billion m3
40’000 TWh

Total world electricity
Production in 2022

BB .00 TWh

Total USA energy
consumption in 2018

e Ballif / Philippe Thalmann / Claudia Binder

2.3 Gtoe
Or 26’000 TWh

Total world energy
consumption in 2022

& 147 Gtoe
168’000 TWh



https://yearbook.enerdata.net/
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Energy efficiency and capacity factor - definitions

. Energy output
Energy Efficiency = Energy input 100%

) Actual output
Capacity Factor = , —100%
Potential output at nameplate capacity

N
=

Christophe Ballif / Philippe Thalmann / Claudia Binder
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Efficiency of large power plants in the 30-45% range

Average efficiency for Selected Electricity power plant

https://www.ela.qov/electricity/annual/html/epa 08 01.html

Coal

2008 32.9

2013 32.6

2018 32.5

2023 31.7
Best in class

» Best efficiencies up to 43-45% for new
«supercritical coal powerplant»
« Up to 62% for gas combined cycled powerplants

One strategy of China: substitute old by new coal powerplants and
Reach CO2 emission plateau by 2028 ! Likely reached before

Analysis: China’s emissions set to fall in 2024 after record growth in clean enerqgy - Carbon Brief

Petroleum Natural Gas Nuclear

31.0
31.8
30.8
29.7

41.1
42.9
43.6
44.2

32.6
32.7
32.6
32.6

From chemical or nuclear
to thermal energy to
electricity -> 65-68%

average losses

Part of heat could be used
for heating purposes (co-
generation)

Christophe Ballif / Philippe Thalmann / Claudia Binder

2 GW
out as heat in
GOsgen


https://www.eia.gov/electricity/annual/html/epa_08_01.html
https://www.carbonbrief.org/analysis-chinas-emissions-set-to-fall-in-2024-after-record-growth-in-clean-energy/
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Process efficiency

Electricity to wheel

Fuel to wheel

Wind to electricity

Heat to electricity

Wind
turbine

Geothermal
power plant

16-25%

a» I.I.I

70-85%

*including
regenerative
breaking

*pest commercial motor

can reach 40% at optimal
speed. Some special
diesel could reach 50%

35-45%

10-20%



=PFL  Capacity factor = percentage of the time at nominal capacity

Christophe Ballif / Philippe Thalmann / Claudia Binder&

Coal: 70%-90%
Capacity factor varies throughout the year

25%-55% 12%-30%

« Capacity factor varies widely across the world

B ENERGY SUPPLY, ECONOMICS AND TRANSITION

« Typical numbers given here. A gas peaker can be used only a few days per year
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=PrL Nucear

GCeothermal

93.1%

Other gas

Other biomass

Example
capacity factor
2023 USA

Matural gas - combined cycle

Wood

Coal

Hydroelectric

Wind

Christophe Ballif / Philippe Thalmann / Claudia Binder

Solar photovoltaic

With attempts to reduce
CO2

The target is to maximise
the capacity factor of non-
CO2 emitting sources

Matural gas - internal combustion
Matural gas - steam turbine
MNatural gas - gas turbine
Petroleum - steam turbine
Pumped storage*

Battery*

Petroleum - internal combustion

© Statista 2025

Petroleum - gas turbine

- 06 20% 40% 60% 80% 100% 120% https://www.statista.com/statistics/183680/us-average-
Capacity factor capacity-factors-by-selected-energy-source-since-1998/



https://www.statista.com/statistics/183680/us-average-capacity-factors-by-selected-energy-source-since-1998/
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=PFL  Typical annual production
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1GW Nuclear 1GW solar 1GW Wind

- 8 TWhlyear - 1-2 TWhlyear - 2-4 TWhlyear
(8000 hours) (1000-2000 hours) (2000-4000

hours)
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=F*L  Primary and secondary energy

Primary energy (PE) is an energy
form found in nature that has not
been subjected to any human
engineered conversion process.
Primary energy can be non-
renewable or renewable.

Crude Oil, Hard Coal,
Natural Gas Liquids,
Natural Gas, Nuclear
Energy, etc.

Petroleum Products,
Manufactured Solid

Fuels and Gases, efc. Total primary energy supply

(TPES) is the sum of production
and imports subtracting exports
and storage changes

Electricity and Heat

°l

Wind, Geothermal,
Bicm_a;.s, Secondary energy sources are
Hydroeleerl%ryi Wave energy carriers derived from the
and Tida
Energy, etc.

Transformation
uolydwnsuon)

transformation of primary energy
sources

- Definitions adapted from Wikipedia
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B ENERGY SUPPLY, ECONOMICS AND TRANSITION

Electricity generation from primary energy sources

Natural gas

Coal Fossil fuel power plant

Natural uranium Nuclear power plant
Solar PV power plant
Wind Wind farm Electricity

Water/tide Hydro power station

Biomass Biomass power plant

Geothermal Geothermal power plant

w
o
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=PrL Primary energy: how to count practically ?

B ENERGY SUPPLY, ECONOMICS AND TRANSITION

1.

The Direct Equivalent Method
 Distinguishes between combustion and non-combustion electricity generation

« It assumes that electricity generated from all non-combustible energy sources — including
nuclear, solar thermal, and geothermal — is primary energy (but not for electricity from
biomass)

The Physical Energy Content Method (IEA reports)
 Distinguishes between thermal and non-thermal sources of electricity (including nuclear).

- It assumes that the thermal energy generated from nuclear fuels, geothermal sources,
solar heat, and fossil fuels is primary energy (and applies conversion factors)

* The electricity from non-thermal sources — such as wind, solar PV, and hydropower — is
counted as primary energy.

The Substitution Method (e.g. BP report, now Energy Institute report, “our
world in data”)

« Computes the primary energy content of non-combustible sources by determining how
much fossil fuel would be necessary to generate the same amount of electricity (input
equivalent-basis).

» This method then ‘substitutes’ the efficiency of an average, hypothetical combustion
power station for the efficiency of non-combustible sources, typically assuming ~ 40 %
efficiency. It applies to wind, Solar, Hydro, Nuclear, and all other non-combustible
methods....by multiplying by 2.5 the kWh electrical....

w
-
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=P7L  Primary energy - Swiss case 2022 (inside circle 2018)

er

There is no standard methodology !

I[EA Our world in data BP report*2018 2 Coal

.314 TWhe Nuclear

. ~
. . Wind, solar, eic
= il
o€ ’ TWh ‘ Mtoe s Natural gas
>
4

Kkt
O oty
‘ ' » Biofuels and waste
» |[EAtakes data from SFOE* and uses the physical energy content method. They apply 33% nuclear
conversion efficiency, 10% for geothermal electricity and 50% for heat, 33% for solar thermal electricity

and 100% for heat. They use values for hydro, wind and PV directly as primary energy.

2018
280 TWh

Christophe Ballif / Philippe Thalmann / Claudia Bind

» BP applies 40% (x2.5) conversion efficiency (from heat to electricity) to nuclear, hydro, renewable
electricity, as in substitution method. World in data uses values taken from BP report

» BP counts biofuels inside oil category, includes waste in renewables (but not our World in Data)
https://www.iea.org/data-and-statistics
https://ourworldindata.org/grapher/energy-consumption-by-source-and-country

SFOE= Swiss Federal office of energy https://elements.visualcapitalist.com/wp-content/uploads/2023/08/Statistical-Review-of-World-Energy-2.pdf

% B ENERGY SUPPLY, ECONOMICS AND TRANSITION



https://www.iea.org/data-and-statistics
https://ourworldindata.org/grapher/energy-consumption-by-source-and-country
https://elements.visualcapitalist.com/wp-content/uploads/2023/08/Statistical-Review-of-World-Energy-2.pdf

Fig. 6 Energieeinsatz und Endverbrauch der Schweiz 2023

E PF L Utilisation totale et consommation finale de la Suisse en 2023
m Bruttoenergieverbrauch 1024 990 TJ Endverbrauch 767 450 TJ
SWIte“ a nd 2023 inklusive 2,2% Ausfuhriiberschuss an Elektrizitat
Consommation brute d’énergie 1024990 TJ Consommation finale 767 450 TJ

y compris 2,2% de solde exportateur d'électricité

In «primary energy
consumption» (Physical
energy content, IEA)

Total of 284 TWh (counted
with ~ 50% fossile, and
around 25% nuclear)

In final consumption,
Electricity (58 TWh)
accounts for

26.3% of a total 212 TWh
(with around 60% fossile

fue |) Erdal Gas Erdélbrennstoffe

Pétrole Gaz Combustibles pétroliers
https://www.bfe.admin.ch/bfe/fr/h o Rohwasserkraft O Rest ] Treibstoffe
e/versorqunq/statistik—und— Forces hydrauliques brutes Reste Carburants

i icti Kernb: toff Elektrizitat
qeodqten/e_ne_rq|estat|st|ken/qesa o oo e Gaires [y
= energiestatistik.exturl.html/

®) BFE, Schweizerische Gesamtenergiestatistik 2023 (Fig. 6)
OEEN S#sfictioiia alaobhala cisicea da 'énaroie 2022 (Fio 6)

cnrsopne saiir / Fnuippe 1 naimann / cliauaia sinaer


https://www.bfe.admin.ch/bfe/fr/home/versorgung/statistik-und-geodaten/energiestatistiken/gesamtenergiestatistik.exturl.html/
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Consumption mix for EU - 28 countries (2023)

Primary energy mix

_ a 34.2%
Likely _ Total petroleum products
The Physica —
S 0 T rr—
ontent Ty Natural gas
Method
@ I 72 B
Renewable energy >
) EE e .
Muclear energy
—
B s :
Solid fossil fuels g

B ENERGY SUPPLY, ECONOMICS AND TRANSITIO

Other

https://ec.europa.eu/eurostat/web/interactive-publications/enerqy-

2023#energy-sources

Secondary energy mix

s a l 2.7%

Solid fuels

<) I o

Total petroleum products

D 20sw

Natural gas

VD

4.5 %
Derived heat

- 10.1 %

Renewable energy

I o

Electricity

0.4 9%
Other

Calculated in Toe units

w
©
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https://ec.europa.eu/eurostat/web/interactive-publications/energy-2023#energy-sources

=P7L Primary energy consumption: the world challenge

Exajoules In this representation: electricity in kWh of
M il B Coal B Natural gas B Nuclear energy blom_as_s, hydro, solar, nuclear wind |_S
% " m Hydroelectricity Renewables multiplied by 2.5 to be shown as primary

. energy source («BP» substitution method)

500

= ~ 172’000 TWh (CH ~ 320 TWh)

= 2% annual growth in the last 20 years
driven mostly by China and India

= Still 80% fossile fuel

= 20% renewable and nuclear

CO2

free - . “
Statistical review of world energy ¥

World Energy Outlook 2024 — Analysis -
IEA 1ea

400

300

200

100

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023



https://www.energyinst.org/__data/assets/pdf_file/0006/1542714/684_EI_Stat_Review_V16_DIGITAL.pdf
https://www.iea.org/reports/world-energy-outlook-2024

=P7L " Primary energy in the substution method

80,000 TWh Asia Pacific (El)
100,000 kWh Canada
70,000 TWh
60,000 TWh
80,000 kwh United States
50,000 TWh
40,000 TWh 60,000 kWh
20000 TWh Narth America (El)
20,000 TWh Europe (EI) o France
Middle East {E” 62:’?251 Kingdon
10,000 TWh South and Central
£ atst—ttmtt—t—t—t—t==4 - America (E) 20,000 lh
0TWh T T T Africa (El) Indonesia
1991 2000 2005 2010 2015 2023 wlndia
0 kWh ; ‘ - - , Niger
1965 1980 1990 2000 2010 2022
Primary energy consumption by world region Per capita and selected country

= (ourworldindata.orq)



https://ourworldindata.org/grapher/primary-energy-consumption-by-region?time=2000..latest

=PFL  Primary energy (substitution method) most likely path

++ Stagnating or going down in industrialised low growth countries (thanks to efficiency, shift to
renewables and partly sufficiency)

--- But more than compensated by the still huge growth potential

in China, in India, in Indonesia, and in growing African countries..... a majority of the habitants of the planet
expect to see their standard of living raised an also dream of consuming....

Every persons lifted out of ,poverty” will become a consumer of good and energy, even if it does it in a
more efficient manner than in western countries

-- Restrictions and limitations

it is virtually impossible to cut energy usage by imposing restrictions or taxes (in democracy - protests).
And non-democracy need energy for their economic growth and to avoid social unrest

As soon as energy is too expensive Governement intervene (e.g. during war in Ukraine: 800 billions
subsidies to EU households for energy bills*) or there is a risk of ,not enough® (e.g. 500 millions CHF for
renting generators for 250 MW in Switzerland, to prevent electricty cut). We’ll mine more fossile rather than
restrain

R . — Further growth ~ 1.5%-2%/year expected
™ €800 bilion. Where i the moriey going? | Euronews



https://www.euronews.com/green/2023/02/13/energy-crisis-europes-spend-to-shield-consumers-nears-800-billion-where-is-the-money-going

=PFL Primary energy consumption
(substitution method - BP)
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https://files.investis.com/bp _acc_ia/stat_review 2008/htdocL/reports/report 19.html



https://files.investis.com/bp_acc_ia/stat_review_2008/htdocs/reports/report_19.html

=PFL Primary energy consumption
(substitution method - BP)
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https://files.investis.com/bp _acc_ia/stat_review 2008/htdocL/reports/report 19.html



https://files.investis.com/bp_acc_ia/stat_review_2008/htdocs/reports/report_19.html

=PFL  Primary energy consumption

(substitution method - BP) 1000 GW/year solar (CF 0.18)
and 500 GW/year wind (CF 0.3)
15 GW/year Nuclear (CF0.9)

1000
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https://files.investis.com/bp _acc_ia/stat_review 2008/htdocL/reports/report 19.html



https://files.investis.com/bp_acc_ia/stat_review_2008/htdocs/reports/report_19.html

=PFL Primary energy consumption
(substitution method - BP)

Even in the 1.5% primary energy growth scenarion

By installing 27000 GW solar (CF 0.18)

and 12500 GW wind (CF 0.3)

And 375 GW Nuclear (CF0.9)

And shifting to electricity for transport and heating (with heat pump)

Energy sector quasi decarbonized by 2050

Easier/faster if less increase in Primary energy consumption (BP) !

https://files.investis.com/bp _acc_ia/stat_review 2008/htdocL/reports/report 19.html



https://files.investis.com/bp_acc_ia/stat_review_2008/htdocs/reports/report_19.html

=PFL  Primary energy consumption

(substitution method - BP) 1000 GW/year solar (CF 0.18)
and 500 GW/year wind (CF 0.3)
15 GW/year Nuclear (CF0.9)

700 0 % growth

600

500

Exajoules
oD
o
o

w
o
o

200
100
0
B A S R GG R R R O G g At gt

M Coal mOQOil M Natural gas ™ Nuclear ™ Hydro Renewables

https://files.investis.com/bp _acc_ia/stat_review 2008/htdocL/reports/report 19.html



https://files.investis.com/bp_acc_ia/stat_review_2008/htdocs/reports/report_19.html

=PFL  Primary energy consumption

(substitution method - BP) 1000 GW/year solar (CF 0.18)
and 500 GW/year wind (CF 0.3)
15 GW/year Nuclear (CF0.9)

-2 % growth

Exajoules
78} £ L =]
8 8 8 8

3

3

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

mCoal mOil mMNaturalgas mNuclear mHydro Renewables



=F*L " Important: when a scenarios shows a reduction
(IEA Method)

1000 GW/year solar (CF 0.18) o gVO\l\"‘h It is because Electricity

and 500 GW/year wind (CF 0.3) A0 Is taken at value of one

15 GW/year Nuclear (CF0.9) .- (not multiplied by 2.5) !
-

Primary energy consumption (IEA method)‘__ -

Exajoules

If you multiply by 2.5
solar, Wind and hydro,...
as in substitution method.

o & O O NV A o™ 0 B QO &V o 0 0 O D B O & (O
Q S L NN A"V QOO 7 XXX X0
SO SSES SFFSESSSSSSS SS S

mCoal mOil mNatural gas ®Nuclear mHydro Renewables

Check the error on nuclear!



=F*L  Important: when a scenarios shows a reduction
(IEAMethod)

1000 GW/year solar (CF 0.18)
and 500 GW/year wind (CF 0.3)
15 GW/year Nuclear (CF0.9) -2 % growth

Primary energy consumption (IEA method)

600 In 2038, installations

« stopped »
500

N
o
o

It is because Electricity
Is taken at value of one
(not multiplied by 2.5) !

Exajoules
w
o
o

N
o
o

100

0
> © @ QO U Hx 0 DO QD o D
v NS SV

o

Q" L O >
ORI S S S S S S SN S S Sl S N I S S NS S S S S N

S o O o 1 3 > © R
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P>
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=F*L  Important: when a scenarios shows a reduction

Figure 2.5 > Total energy supply in the NZE \ It is because Electricity
Is taken at value of one
— 600 Other \ (not multiplied by 2.5) !
B Other renewables
500 Wind
B Solar
400 B Hydro
Traditional use of biomass Exemple
Modern gaseous bioenergy Net Zero Emission
300 Modern liquid bioenergy :
B Modern solid bioenergy scenario
200 Nuclear of IEA (2021... already
W Natural gas outdated)
m Coal If you multiply by 2.5
solar, Wind and hydro,...
2000 2010 2020 2030 2040 2050 as in substitution method.

IEA. All rights reserved.

Renewables and nuclear power displace most fossil fuel use in the NZE,
and the share of fossil fuels falls from 80% in 2020 to just over 20% in 2050



=PFL  End of the Growth of direct CO2 emission ?

Annual CO,; emissions by world region
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.

40 billion t International
| aviation
| International
35 billion shipping

Oceania
| Asia (excl. China

30 billion and India)

25 billion
China
20 billion
15 billion — India
— Africa
~ South America
10 billion | North America
(excl. USA)
United States
5 billion . European Union
(27)
. Europe (excl.
EU-27)
1243 1250 1260 1270 1280 1220 2000 2010 2023
Data source: Global Carbon Budget (2024) OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

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
industrial processes. Fossil emissions do not include land use change, deforestation, soils, or vegetation.

Annual CO, emissions by world region
(ourworldindata.orq)



https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=1943..latest

=PFL  End of the Growth of direct CO2 emission ?

Annual CO,; emissions by world region
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.

40 billion t International
| aviation
| International
35 billion t shipping

Oceania
| Asia (excl. China

30 billion t and India)

25 billion t

China
20 billion t
15 billion t r India
— Africa

South America
North America
(excl. USA)
United States

10 billion t

5 billion t . European Union
(27)
. Europe (excl.
h EU-27)
1243 1250 1260 1270 1280 1220 2000 205 i} k] 20 30
Data source: Global Carbon Budget (2024) OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

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
industrial processes. Fossil emissions do not include land use change, deforestation, soils, or vegetation.

Annual CO, emissions by world region
(ourworldindata.orq)



https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=1943..latest
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B ENERGY SUPPLY, ECONOMICS AND TRANSITION

Key takeaways

Difference between primary
and secondary energy (e.g.
transformation to electricity)

Attention to the way energy
statistical datas are calculated
and reported. Often
impossible to find...

Nuclear and renewables
might look large or small
depending on the
representation

Definition of energy
efficiency

Typical energy
efficiency values of
conversion
technologies

Typically factor 3
gains when using
electricity rather than
chemical energy

Definition of capacity
factor

Typical capacity factor
values of different
power plant types

Capacity factor varies
throughout the year,
depends on geography
and usage

[*J
=
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=PFL - Appendix (just for information)
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=PFL " Primary energy consumption: the world challenge (cont.)
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=PFL " Primary energy consumption: the world challenge (cont.)

Share of global primary energy

Regional consumption pattern 2022

40%
% shares

100%

35%
90%
30% 20%
70%

25%
__m 0%
20% 509%
40%

15%
30%

10%
20%

—
o h\ - 10%
0%
0 Total North America  Total 5. & Cent. America Total Europe Total CIS Total Middle East Total Africa Total Asia Pacific
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 W Ol M Naturalgas B Coal M Nuclearenergy M Hydroelectricity Renewables
— O] — 0 = Natural gas m— Nuclear energy
— Hydroelectricity Renewables

L https://www.energyinst.org/__data/assets/pdf_file/IEA World Energy Outlook 2023



https://www.energyinst.org/__data/assets/pdf_file/IEA
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B ENERGY SUPPLY, ECONOMICS AND TRANSITION

Affordable and clean
energy

Ensure universal access to affordable, reliable
and modern energy services

Increase substantially the share of renewable
energy in the global energy mix

Double the global rate of improvement in
energy efficiency

Enhance international cooperation to facilitate
access to clean energy research and
technology and promote investment in energy
infrastructure and clean energy technology

Expand infrastructure and upgrade technology
for supplying modern and sustainable energy
services for all in developing countries

https://www.un.org/sustainabledevelopment/energy/

ENSURE ACCESS TO AFFORDABLE, RELIABLE,
SUSTAINABLE AND MODERN ENERGY FOR ALL

BEFORE COVID-19

EFFORTS NEED SCALING UP
on SUSTAINABLE ENERGY

é?&g MILLION
PEOPLE LACK
ELECTRICITY

[2018)
COVID-19 IMPLICATIONS

AFFORDABLE ano RELIABLE ENERGY
IS CRITICAL FOR HEALTH FACILITIES

o

IN SOME DEVELOPING COUNTRIES [2018)

STEPPED-UP EFFORTS
IN RENEWABLE ENERGY
= ARE NEEDED —

W SHARE R
0/ * RENEWABLES
17% 71 Ao tNeney
CONSUMPTION

V4 2
W wm ©

ENERGY EFFICIENCY
IMPROVEMENT RATE
FALLS SHORT o
— 3% NEEDED —

FINANCIAL FLOWS T DEVELOPING COUNTRIES  $21.4
foR RENEWABLE ENERGY Z& [NCREASING BILLION

(2017

i
BUT 490y BOESTO
ONLY 12% {os


https://www.un.org/sustainabledevelopment/energy/
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B ENERGY SUPPLY, ECONOMICS AND TRANSITION

Sustainable cities and
communities

Provide access to safe, affordable, accessible
and sustainable transport systems for all

Enhance inclusive and sustainable
urbanization and capacity for participatory,
integrated and sustainable human settlement
planning and management in all countries

Reduce the adverse per capita environmental
impact of cities, including by paying special
attention to air quality and municipal and other
waste management

Substantially increase the number of cities and
human settlements adopting and implementing
integrated policies and plans towards inclusion,
resource efficiency, mitigation and adaptation
to climate change, resilience to disasters

https://www.un.org/sustainabledevelopment/cities/

TS N MAKE CITIES AND HUMAN SETTLEMENTS INCLUSIVE,
ﬁE@ﬁ SAFE, RESILIENT AND SUSTAINABLE

BEFORE COVID-19

SHARE OF URBAN POPULATION
LIVING IN SLUMS
ROSE 10 24% i 2018

OVER 90%

OF COVID-19
CASES ARE i
URBAN AREAS

ONLY HALF
THE WORLD'S URBAN
POPULATION 15
CONVENIENT ACCESS

T0 PUBLIC TRANSPORT
(2019)

1]
i =me P
AIR POLLUTION

CAUSED 4.2 MILLION
PREMATURE DEATHS
w2016

-

47% OF POPULATION uve WITHIN 400 METRES

WALKING DISTANCE 1o OPEN PUBLIC SPACES



https://www.un.org/sustainabledevelopment/cities/

TAKE URGENT ACTION TO COMBAT
CLIMATE CHANGE AND ITS IMPACTS

=PFL  Climate action

« Strengthen resilience and adaptive capacity
to climate-related hazards and natural U= &
disasters in all countries Efliﬂﬂm[l]:ﬂmmm?ggglﬂg =| &
 Integrate climate change measures into U213 THE CLIMATE CRISIS ﬁ?ﬂiﬁg‘;ﬂ'“
national policies, strategies and planning l DSASTERISK
' iai SETON8 WREST VEAR REDUCTION STRATEGIES
« Improve education, awareness-raising and ONRECORD T
human and institutional capacity on climate , SENDAI FRAMEWORK

GLOBAL TEMPERATURES
ARE PROJECTED TO RISE
BY UPTD 3.2°C BY 2100

change mitigation, adaptation and impact

reduction CLIMATE FINANCE:
« Mobilize jointly $100 billion annually by 2020 E:IVSESSI{MFEUNETLLS"
from all sources - operationalize the Green COVID-19 MAY RESULT INA CONTINUES T0 BE HIGHER
Climate Fund through its capitalization @) 6% DROP IN GREENHOUSE CLINATE ACTITES

¢ GASEMISSIONS For 2020

STILL SHORT o¢ 7.6% ANNUAL N it
REDUCTION REQUIRED T LIMIT .
GLOBAL WARMING TO 1.5°C :

1111111111111111111
FIRANCE

* Promote mechanisms for raising capacity for
effective climate change-related planning
and management in least developed
countries and small island developing States

CLIMATE CHANGE CONTINUES TO b2ty 8¢ = M AFFECTING ieran
EXACERBATE THE FREQUENCY AND ig’-’; ’% & #: AN

. . v S
https://www.un.org/sustainabledevelopment/climate-change/ SEVERITY OF LEWETVIENNARY  wissnewormes moovoms — wmmemnes eos.—— —— [N 2018 ——

B ENERGY SUPPLY, ECONOMICS AND TRANSITION



https://www.un.org/sustainabledevelopment/climate-change/
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B ENERGY SUPPLY, ECONOMICS AND TRANSITION

Responsible consumption
and production

Implement the 10-year framework of
programs on sustainable consumption and
production, all countries taking action, with
developed countries taking the lead

Achieve the sustainable management and
efficient use of natural resources

Support developing countries to strengthen
their scientific and technological capacity to
move towards more sustainable patterns of
consumption and production

Rationalize inefficient fossil-fuel subsidies
that encourage wasteful consumption by
removing market distortions

https://www.un.org/sustainabledevelopment/sustainable-consumption-

production/

125%e. | ENSURE SUSTAINABLE CONSUMPTION
QO | AND PRODUCTION PATTERNS

THE WORLD CONTINUES TO ;LAIIESBTTEHUNIB
USE NATURAL RESOURCES E GREW BY
— UNSUSTAINABLY | 38%
BUT
7 " ‘ LESS THAN
.’ L | &2 2[]%
IS RECYCLED
(2010-2019]
6L THIRL GLD ERIAL
FOOTPRINT FOOTPRINT
73.2 BILLION 85.9 BILLION
METRIC TONS METRIC TONS ih
470N
e
1111 i~
THE PANDEMIC OFFERS AN OPPORTUNITY TO o
DEVELOP RECOVERY PLANS FOSSIL FUEL SUBSIDIES
THAT BUILD A MORE SUSTAINABLE FUTURE ARE CONTRIBUTING TO
THE CLIMATE CRISIS
—— | 79 GOUNTRIES AND THE
= $318 §427
EUROPEAN UNION REPORTED
AT LEAST ONE POLICY TD Blllr.g._l_f_lﬂ Elll:!.llnf_lﬂ
PROMOTE SUSTAINABLE S o
CONSUMPTION AND PRODUCTION

5 290 I s
I g g

HARVESTING  TRANSPORT ~  STORAGE  PROCESSING 13.8%
o O O O OF FOOD IS LOST IN SUPPLY CHAINS [2016)



https://www.un.org/sustainabledevelopment/sustainable-consumption-production/

=PFL  Electricity consumption and GDP per capita

9]
g
)
k]
©
=}
©
(@)
5 Our Worldis
i P s GDP per capita inData [
Per Ca[)lta C]CCU ICID sener ation This data is adjusted for inflation and for differences in the cost of living between countries. TE5
Annual average electricity generation per person, measured in kilowatt-hours'. =
[
14,000 kWh $60,000 United States &
=
o
United States =
1o $50,000 3
Q
<
[=%
=]
10,000 kWh 2
$40,000 Japan S
% 8,000 kWh -
[=
2 $30,000
< Europe
£ 6000kwh China
S
& $20,000 .
8 4,000 kwh China
s World World
%) Brazil Brazil
o]
S Jomim $10,000
> India ‘//-"‘"\ India
-}
& // _
o) 0kWh $0
g 1985 1990 1995 2000 2005 2010 2015 2022 1990 1995 2000 2005 2010 2015 2020
4
W
z

mios://ourworldindata.orq/qrapher/per—capita—electricitv—consumption?tab:chart&countrv:USA~I ND~CHN~BRA~Europe~OWID WRL~JPN
https://ourworldindata.org/grapher/qgdp-per-capita-worldbank?tab=chart&time=earliest..2020&country=OWID WRL~USA~JPN~BRA~CHN~IND~Euro+area



https://ourworldindata.org/grapher/per-capita-electricity-consumption?tab=chart&country=USA~IND~CHN~BRA~Europe~OWID_WRL~JPN
https://ourworldindata.org/grapher/gdp-per-capita-worldbank?tab=chart&time=earliest..2020&country=OWID_WRL~USA~JPN~BRA~CHN~IND~Euro+area

