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Human needs energy to live

Per capita

Energy Balance at every time of life t 
 - 20% muscles : work (  [kW]) 
 - 20% brain : control ((  [kW]) 
 - 10% heart : distribution (  [kW]) 
 - 30% leaver : conversion ( ) 
 - 20% other : including storage (  [kW])  
 - temperature control : 37°C 
          by cogeneration (  [kW])

·me−Δv
·me−Δv

·m ⋅ δ ⋅ ΔP
·m ⋅ Δhr [kW ]

·mfat ⋅ h0
fat

M ⋅ cp ⋅ ΔT

C(H2O) + O2 → CO2 + H2O + ΔE

·m+
C(H2O)[kg/s]

·m+
O2

, ·m+
N2

[kg/s]

·Q− [kW ]

·m−
lossesCxHyOz

[kg/s]

·m−
O2

, ·m−
N2

, ·m−
CO2

, ·m−
H2O[kg/s]

h0
C(H2O)[kJ/kg]

ΔE ≈ 20[MJ/kgC(H2O)]

·Q−[kW ] = ·m+
C(H2O) ⋅ h0

C(H2O) − ΔMfat ⋅ h0
fat − ·m−

lossesCxHyOz
⋅ h0

CxHyOz

·Q− = 70 − 100 [kW ]
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▪ International system (MKSA): Metre, Kilogramme, Second, Ampère

▪ Energy forms
• Kinetic energy Ec = ½mass x speed2 

• Work = force x displacement; [T] = N x m

• Potential Energy  E = stored to produce work
▪ [E] = J : Ex. weight energy : mass x g x altitude =  mgh

Physical units of energy : Joule 3

Force [N ] = kg ⋅ m ⋅ s−2

Energy [Ec] = kg ⋅ (m ⋅ s−1)2 = Joule[J ]

Energy [J ] = [N ]x[m] = kg ⋅ m ⋅ s−2 ⋅ m

J =
kg ·m2

s2
= N ·m = Pa ·m3 = W · s

James Prescott Joule 
(1818–1889)

http://en.wikipedia.org/wiki/James_Prescott_Joule
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▪ Work due to the pressure  = pressure x volume; 

▪ [E] = kg/(ms2) x m3 = N x m

▪ Heat = disordered energy of the movements due to temperature

▪ Electrical energy = charge x electrical potential

▪ Chemical energy = Molecule formation x chemical reaction progress
▪ Nuclear energy =   Atome formation x nuclear reaction progress

▪ Quantic energy E = hν; h Planck constant, ν light frequency

▪ Relative energy of a resting mass E = mc2

Different forms of energy 4

c = 299 792 458 m⋅s-1
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Energy units 5

C
O
N
V
E
R
S
I

O
N

F
A
C
T
O
R
S

58

General Conversion Factors for Energy

Conversion Factors for Mass

Conversion Factors for Volume

To: TJ Gcal Mtoe MBtu GWh

From: multiply by:

TJ 1 238.8 2.388 × 10–5 947.8 0.2778

Gcal 4.1868 × 10–3 1 10–7 3.968 1.163 × 10–3

Mtoe 4.1868 × 104 107 1 3.968 × 107 11630

MBtu 1.0551 × 10–3 0.252 2.52 × 10–8 1 2.931 × 10–4

GWh 3.6 860 8.6 × 10–5 3412 1

To: kg t lt st lb

From: multiply by:

kilogram (kg) 1 0.001 9.84 × 10–4 1.102 × 10–3 2.2046

tonne (t) 1000 1 0.984 1.1023 2204.6

long ton (lt) 1016 1.016 1 1.120 2240.0

short ton (st) 907.2 0.9072 0.893 1 2000.0

pound (lb) 0.454 4.54 × 10–4 4.46 × 10–4 5.0 × 10–4 1

To: gal U.S. gal U.K. bbl ft3 l m3

From: multiply by:

U.S. Gallon (gal) 1 0.8327 0.02381 0.1337 3.785 0.0038

U.K. Gallon (gal) 1.201 1 0.02859 0.1605 4.546 0.0045

Barrel (bbl) 42.0 34.97 1 5.615 159.0 0.159

Cubic foot (ft3) 7.48 6.229 0.1781 1 28.3 0.0283

Litre (l) 0.2642 0.220 0.0063 0.0353 1 0.001

Cubic metre (m3) 264.2 220.0 6.289 35.3147 1000.0 1

James Prescott Joule (1818–1889)

Joule
calorie
ton of oil equivalent
British thermal unit
Watt hour

http://en.wikipedia.org/wiki/James_Prescott_Joule
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• Energy system scale
▪ Exajoule EJ = 1018J; TeraWatt-years TWyr = 31.5EJ; Tonnes of oil equivalent toe = 42 GJ

• Energy consumption of the world ~500EJ (~15TWyr ~12x109 toe) of energy per year
• Industrial scales

▪ kiloWatt-hour 1kWh = 3.6x106J
• A household ~200kWh/m2 per year

▪Oil barrel (~energy of 160l of oil) ~6x109J
• world consumption ~4x1010 barrels of oil per year (~200EJ) 

• Human scale
▪ calorie = energy needed to increase by 1°C the temperature of 1g of water ; 1cal=4.19J

• Un plat de pâtes = 500’000 cal = 2100 kJ
• Microscopic scale

▪ Electron-Volt = energy of one electron under a potential of 1 Volt; 1eV = 1.6x10-19J
• Energy of 1 red photon = 1.5eV

Energy scales 6
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Power is the rate (flow) of the energy

• [P]= [E]/s = J/s = Watt (W)

Physical units of Power 7

Scottish engineer James Watt 
(1736–1819)

!!!!   Power : 1 J/s = 1 W (Watt) !!!! 
!!!!    Energy : 1 Wh = 3600 J      !!!!

http://en.wikipedia.org/wiki/James_Watt
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▪ Energy 
• Daily need of an adult : 6-8 [MJ] 
• 1 Liter of Oil : 36 [MJ] 
• 100 km in a VWGolf : 230 [MJ] (6.4l)  

▪ Power 
• Computer : 100 -200 [W] (J/s) 
• Professional cyclist : 450 [W] 
• Adult : 100 [W] 
• 100 students : 15 [kW] 
• Car engine : 75 [kW] 

• Filling your tank at the filling station : 50[l /min] ⋅ 36[MJ/l]
60[sec/min]

= 30[MJ/s] = 30[MW ]

Examples of energy and power content 8
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Human body needs energy to live

Per capita

C(H2O) + O2 → CO2 + H2O + ΔE

·m+
C(H2O)[kg/s]

·m+
O2

, ·m+
N2

[kg/s]

·Q− ≈ 0.100 [kW ]

·m−
lossesCxHyOz

[kg/s]

·m−
O2

, ·m−
N2

, ·m−
CO2

, ·m−
H2O[kg/s]

h0
C(H2O)[kJ/kg]

·Q−[kW ] = ·m+
C(H2O) ⋅ h0

C(H2O) − ΔMfat ⋅ h0
fat − ·m−

lossesCxHyOz
⋅ h0

CxHyOz

·Q− = 70 − 100 [kW ]

0.25 
l*/day

100
l*/year

9 
CHF/day (1)

(1) https://www.bfs.admin.ch/bfs/fr/home/statistiques/situation-economique-sociale-population/revenus-consommation-et-fortune/budget-des-menages.assetdetail.3882095.html

* l = 1 l of oil equivalent = 10 kWh = 36000 MJ
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Do we have a problem of energy ? 10

1.5 hours
Time needed for the irradiation of the sun to cover all 

our annual needs

6500 years
Number of years we can survive with one year of solar 

irradiation energy.

SUN
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The gift of Mother Nature : Energy conversion and storage 11
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1-100 years100 millions years
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20 MJ/kg

40 MJ/kg
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e

Sun

CO2

H2O

Biomass
CH2O

O2

nutrients

Photosynthesis

6

1’000’000

100 = 390 EJ

Wind

Rain

Heat
Photons

Conversion 
Storage

Distribution  
Energy Management 
Circular economy

17 MJ/kg 
Food : CH2O

37 MJ/kg 
Fat : CH2O0.125
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Energy is not the problem, the problem is energy management 
▪ Demand is intermittent and stochastic 
▪ Resources are intermittent, stochastic and diverse 
▪ High storage density at different scales is needed 
▪ Co-production of chemical products : trees  (structures) - leaves (fibers/polymers) 
▪ Integrated supply chain 
▪ Circular economy 

“ Nothing is lost, every atom and the energy is conserved ” 

“ Energy can be converted from one form to another but can not be produced “

Mother nature Learning outcomes 12



Fr
an

ço
is 

M
ar

éc
ha

l –
 fr

an
co

is.
m

ar
ec

ha
l@

ep
fl.

ch

M
E-

40
9 

EN
ER

GY
 C

O
N

VE
RS

IO
N

 A
N

D
 R

EN
EW

AB
LE

 E
N

ER
GY

▪Provides the living comfort  
•Lightning  
•Heating/cooling  
•Food  
•Health 

▪Allows the fabrication of goods and products  
•Heavy industries  
•Manufacturing  

▪Provides mobility  
•Bikes 
•Cars  
•Trains  
•Airplanes  
•Ships  

▪Provides communication  
•Internet 
•Banks 
•Markets 

Energy is the driving force of our society 13
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The earth/human energy
14
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1-100 years100 millions years
G
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he
re

20 MJ/kg

40 MJ/kg

A
tm

os
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e

Sun

Coal, Oil, Gas
CxHy

Decomposition under high 
pressure and temperature

10% of 1 year of solar irradiation

CO2+H2O

CO2

H2O

Biomass
CH2O

O2

nutrients

Photosynthesis

9

6

29

28 35

146

18

1’000’000

6

CaCO3

CO2

100 = 390 EJ = final energy consumption (source : iea.org)World balance 2013

4.6 
tCO2/year/cap

http://iea.org
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Humans need energy … 15

0.25 
l*/day

100
l*/year

9 
CHF/day

Oil

5.5
 l/day

8.5 -12 
CHF/day

in which 3 - 7 CHF/day for import

Per Swiss capita

http://www.bfe.admin.ch/themen/00526/00541/00542/00631/index.html?lang=fr&dossier_id=00763

(1) https://www.bfs.admin.ch/bfs/fr/home/statistiques/situation-economique-sociale-population/revenus-consommation-et-fortune/budget-des-menages.assetdetail.3882095.html

* l = 1 l of oil equivalent = 10 kWh = 36000 MJ

Food

Per capita
Gas : 9 - 13 cts/kWh
Electricity : 17 - 31 cts/kWh
Gasoline : 16 - 21 cts/kWh

Poutine effect
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The conversion chain 16

E[kJp/hab/an] = ⌘e[kJp/kJe] · ⌘s[kJe/kJs] · ed[kJs/an/m2] · dhab[m2/hab] · hab[hab]
<latexit sha1_base64="LYitj72yBduuoH0E2wk3tIOHOyQ="></latexit><latexit sha1_base64="LYitj72yBduuoH0E2wk3tIOHOyQ="></latexit><latexit sha1_base64="Jt6zYgIXWOmp6MUvbsHcW34azsE="></latexit><latexit sha1_base64="Jt6zYgIXWOmp6MUvbsHcW34azsE="></latexit><latexit sha1_base64="Jt6zYgIXWOmp6MUvbsHcW34azsE="></latexit><latexit sha1_base64="Jt6zYgIXWOmp6MUvbsHcW34azsE="></latexit>

Needs
services->cap

Population
cap

Primary energy
Extraction->resource

4.5

20% to harvest

Conditioning
resource->distributed

Conversion efficiency = 60%

Conversion
distributed->energy

2.2

Distribution losses = 8%

Services
Energy->services

2
Efficiency = 50%

1

3.6
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The World Energy Balance 17

http://www.iea.org/Sankey/

28

35

29

9

Electricity :18

75 % of electricity is fossil based

Total : 167
Fossil :142 (85%)
Renewable :18
Nuclear Heat : 7

In : 51
Fossil :38
Nuclear : 6
Renewable : 7

Oil : 6
Gas: 2
Coal : 1

Oil : 25
Gas : 1

Oil : 5
Gas : 7
Elec : 10
Biom : 9
Coal : 1.7

Oil : 3.5
Gas : 5.5
Elec : 7.5
Biom : 2
Coal : 9

100

Transport

Services 
& Household

Industry

Products
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Energy density = energy storage 18

MJ/l MJ/kg l (equiv essence)

Diesel 37.7 44.0 0.87
Jet fuel 34.8 41.4 0.94
Chocolate 33.1 25.0 0.99
Gasoline 32.8 44.9 1.00
High grade coal 23.3 29.2 1.41
Ethanol 23.3 29.2 1.41
Methanol 17.7 21.6 1.85
Low grade coal 12.0 16.0 2.72
CNG 10.3 7.2 3.17
Compressed H2 5.6 5.9 5.83
Lithium ion battery 1.8 0.6 18.70
Ni-MH battery 0.8 0.3 41.42
Lead acid battery 0.3 0.2 95.52
Hydrodam 0.00098 0.00098 33385.12
Fission (U-235) 85’000’000
Fusion (D-T) 3’500’000’000
E = mc2 90’000’000’000

C. F. Shih, T. Zhang, J. Li and C. Bai, Powering the Future with Liquid Sunshine, Joule 2(1), pp. 1925-1949, 2018. Dams = 100 m height
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Energy is not the problem, the problem is energy management 
▪ Demand is intermittent and stochastic 
▪ Resources are intermittent and stochastic and diverse 
▪ High storage density at different scales is needed 
▪ 2 months of oil supply 

▪ Integrated supply chains 
▪ but fossil CO2 is an insulation layer and is a thread to humanity

Fossil based Energy system : Learning outcomes 19
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20
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Gouvernment

The energy trilemma 21

Security of supply

Environment

Local ressources 
Renewables 
Diversification 
Strategic Stocks 
Infrastructure

Subsidies 
Investments 
Infrastructure  
Taxes 
Cost of impact

Regulation 
Taxes 
Deals

Economy
GDP
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• Global markets: World GDP ~72’000 milliards $ 
• Agriculture	 	 ~2’300 billions $ /year (~3%) 
• R&D	 	 	 ~1’500 billions $ /year (~2%) 
• Military	 	 	 ~1’750 billions $ /year (~2.5%) 
• Education	 	 ~3’500 billions $ /year (~5%) 
• Health	 	 	 ~7’200 billions $ /year (~10.%) 
• Drugs (crime)	 	 ~1’000 billions $ /year (~1.5%) 
• Energy	 	 	 ~15’-20’000 billions $ /year  (~ 20-27%) 
• Resources 
• 	 	 Oil	 ~3’600 billions $ /year 
• 	 	 Gas	 ~1’300 billions $ /year 
• 	 	 Coal	 ~1’200 billions $ /year	

Energy and the global economy 22

Source The World Bank
IAEA
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Energy use (kg Oil eq./capita) vs income 23

1 kg Oil eq. = 41.9 MJ

 

https://www.gapminder.org/tools-offline/

http://gapminder.org
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https://www.gapminder.org/tools-offline/

24
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Energy and development : decorelation 25

www.gapminder.org

https://www.gapminder.org/tools-offline/

Increasing energy use is not needed to grow
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▪ Energy is the engine of the society 
• Comfort,Health, Mobility, Education, Safety 

▪ Political goals 
• Electrification, security of supply 
• Economies 

▪ Geopolitical impacts 
• Irak, Syria (ressources, EI ?) 
• Ukraine (EU supply from Russia) 
• North Corea, Iran (nuclear) 
• Venezuela, Russia (revenue) 
• USA (security of supply) 
• Yemen/South Arabia 
• Greece vs Turkey (gas resources)

Geopolitical impact 26



Fr
an

ço
is 

M
ar

éc
ha

l –
 fr

an
co

is.
m

ar
ec

ha
l@

ep
fl.

ch

M
E-

40
9 

EN
ER

GY
 C

O
N

VE
RS

IO
N

 A
N

D
 R

EN
EW

AB
LE

 E
N

ER
GY

Geopolitical impacts (supply) 27

https://www.iea.org/publications/freepublications/publication/MTOMR_2015_Final.pdf
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Each element of the supply chain is critical 28

https://www.trtworld.com/magazine/uk-s-driver-shortage-caused-shutdowns-of-oil-stations-50218 
26.09.2021

https://www.trtworld.com/magazine/uk-s-driver-shortage-caused-shutdowns-of-oil-stations-50218
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The energy market price 29
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Do we have the money ? 
2015 fossil spendings world wide

30

1. Energy investment trends 23 

Global energy investment trends 

Total energy investment worldwide, including capital spending on energy supply and 
improvements in end-use energy efficiency, in 2017 is estimated to have amounted to 
1.8 trillion USD,1 accounting for 1.9% of global GDP, a lower share compared with the 
previous two years (Figure 1.1). Investment in all sectors of the economy as a share of GDP 
has been stable, suggesting that availability of capital generally has not been a constraint. 
The power generation sector accounted for most of the decline, due to fewer additions of 
coal, hydro and nuclear power capacity, which more than offset increased investment in 
solar PV. Capital spending on fossil fuel supply also stagnated at 34% below 2014. 

 

 Figure 1.1 Global energy investment in 2017 and percent change from 2016 

 

Global energy investment in 2017 fell for the third consecutive year, to USD 1.8 trillion, with declines in 

electricity and coal supply, while oil and gas grew marginally and efficiency rose 3%. 

Notes: RT&H = Renewable transport and heat. All values in USD (2017) billion. “Networks” includes battery 
storage. 

 

 

                                                            
 
1 Unless otherwise stated, economic and investment numbers cited in this report are presented in real 
USD (2017), converted at market exchange rates. 
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World energy investment 2018 IEA.org

Others
1'602 bUSD

India
209 bUSD

EU
289 bUSD

Russia
551 bUSD

USA
649 bUSD

China
1'400 bUSD

2.5 US$ 

Subsidies by countries

World energy subsidies 2015 imf.org

1.0 US$ 
Investment by industry

1’800  
bUS$/year (2017)

 4’700 
bUS$/year (2015)

 4.0 US$ 
Social/Repair

Jarmo S Kikstra et al 2021 Environ. Res. Lett. 16

 7’200 
bUS$/year (2015)

200 USD/t CO2

repairing the damages

http://IEA.org
http://imf.org
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▪ World wide impact

Energy has a global impact 31
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• 2011 : Fukushima accident 
▪ Switzerland, Germany defining new policy : 

The energy transition (Energiewende) 
• 2015 - Climate change 
▪ 195/196 countries signed the Paris agreement (COP 21) to limit earth 

temperature increase to 1.5°C

Energy and policy 32
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Coal combustion and its impact (Pekin, winter, 2014) 33

theguardian.com, Tuesday 25 February 2014 - Chinese scientists have 
warned that the country's toxic air pollution is now so bad that it resembles a 
nuclear winter, slowing photosynthesis in plants – and potentially wreaking 
havoc on the country's food supply.

Concentration PM2.5
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Environmental impact 34

Marcellus field (US)

Eau de Fracking

Leakage in the aquifer

Land occupation 
7-10 years of exploitation

Waste mineralised water

Under ground ? -> Earthquake

Leakage in the atmosphere
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Greenhouse gases and climate change 35

Without the greenhouse effect we would not 
have liquid water on our planet.

▪ Greenhouse gases = insulation 
▪ CO2 by human activities 

▪ 1850 : 290 ppm 
▪ 1960 : 316 ppm 
▪ 2000 : 369 ppm 
▪ 2020 : 414 ppm 
▪ 2023 : 420 ppm 
▪ 2024 : 424 ppm 

ftp://aftp.cmdl.noaa.gov/products/trends/co2/co2_mm_mlo.txt

1.82 W·m2

2.63 W·m2



SCIENTIFIC EXPLANATION : CO2 AND GREENHOUSE EFFECT

The Berkeley Lectures on Energy            M Went 1/21/2016

Svante Arrhenius’ 1896 Paper

2x CO2 in the atmosphere, 
T goes up by 50 C

Later refined his calculation 
to include feedbacks to get 2.10 C

Monday, September 22, 14

1896



Supran et al., Science 379, 153 (2023) 13 January 2023 

1982 : INDUSTRY ESTIMATES ITS IMPACT

▪Exxon study (1982) 
Exxon’s private prediction of the future growth of 
carbon dioxide levels (left axis) and global 
temperature relative to 1982 (right axis). 
Elsewhere in its report, Exxon noted that the most 
widely accepted science at the time indicated that 
doubling carbon dioxide levels would cause a 
global warming of 3°C. Illustration: 1982 Exxon 
internal briefing document

December 2020: 414 ppm
March 2022: 420 ppm

March 2022: +1°C



©Francois Marechal -IPESE-IGM-STI-EPFL 2024

Greenhouse gas effect : climate change 
Ocean’s temperature  
90% of the imbalance

Consequences 
Mai 2024

India : 52 °C

Brasil  
Floods

Pakistan : 55°C



CO2 IS A REAL THREAD !

California 2018

Europe 2018
China-EU 2022

Japan 2018
Floodings Fires and Droughts

Heat waves

Migration
Zones in the world where the temperature is 
higher than the cooling temperature of the body

+ 2°C
In Switzerland

Youth Revolution

and scientists…

Australia 2019
California 2020
California 2021
California 2022

China 2022
Europe 2022

Germany 2021
India 2021
China 2021
Pakistan 2022

+200 $/t CO2
Costs to you



IN BEGINNING (1960) THE MAN WAS PROUD OF HIS DISCOVERY

(1) 
Inc, T. LIFE; Time Inc, 1962.

Energy Balance : ice melting [355 kJ/kg]  
75 kg ice melted/l Oil



IN REALITY

•From 1970-2021 : climate change

•7 kg glacier melted / kg CO2

•18.8 kg / litre d’essence

•1 kg / km (6l/100 km car)
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Global warming gases emissions 42

https://informationisbeautiful.net/visualizations/how-to-reduce-the-worlds-carbon-footprint-by-2050/

36.5 
GT CO2/y

Human activities related

48%  
remains in the atmosphere
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CO2 emissions of one Swiss citizen

24
kg/day/cap

2
kg/day/cap

15
kg/day/cap

47% 36% 17%

41
kg/day/capIn Switzerland Outside Switzerland
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The world carbon emissions and its budget 44

US and African corn,
Indian wheat

compared to today,
a warmer atmosphere
holds more moisture

unknown

see data for details

unknown

unknown

relative to 
1990 sea level

over pre-industrial
average temperature

serious
inundation

oceans become
more acidic as 
they absorb CO2

Greenland ice
sheet starts to
disintegrate.
Will take 50,000
years to melt
with 2°C warming,
but will raise
sea levels by 6m.

Risk of releasing
huge amounts 
of CO2 & methane
by melting of
permafrost in
Siberia and Arctic.

Risk of releasing
ocean floor
methane, causing
runaway climate
change. Possibility
of mass extinction.

GLOBAL WARMING
IF RELEASED

SCENARIO 

SEA LEVEL
RISE BY 2100

DROWNING
CITIES

% MORE HEAVY
RAIN OVER LAND

HEAT

CORN & WHEAT
YIELDS

OCEAN
ACIDIFICATION

SPECIES AT RISK
OF EXTINCTION

REALLY
SCARY THINGS

3,500,000
LAST TIME CO2 LEVELS

WERE THIS HIGH

YEARS AGO
400
CURRENT ATMOSPHERIC
CO2 LEVELS

PARTS PER MILLION

TIME NEEDED TO RE-ABSORB 
ALL THIS CO2 FROM ATMOSPHERE

300,000 
YEARS 

How Many Gigatons of Carbon Dioxide...?

have we released 
to date?

more can we 
“safely” release*? 

are left to release?

gigatons36CURRENT ANNUAL
FOSSIL FUEL EMISSIONS

TIME BEFORE WE BREAK 
OUR ‘CARBON BUDGET’

* before 2050 and still have an 80% chance
of staying below 2°C warming

if emissions continue to increase at 2.5% per year
8 YEARS 

500
added 
2000-2015

1010 GtCO2

added
1850-1999

335 710
in fossil fuel
reserves
of all energy
companies

780
remaining 
company 
reserves that 
could be
developed

1,265
other reserves
(including state-owned)

inevitable

+1.5°C

-10%

7%

nightmare

+5-6°C

more 
acidic150%

35-42%

Bangkok

happened

+0.8°C

30% more 
acidic

more severe
heat waves

Italy, Spain, 
Greece 
deserts

every Euro 
summer a 
heatwave

“safe” limit

+2°C

bleachedstops growing

CORAL

Amsterdam

-20%

13%

tipping point

+3-4°C

dead

New York

-30-40%

20-26%

0.85M 1.04M 1.24M 1.43M

40%
up to 
30%

what’s in the ground: 2755

our
‘carbon
budget’

Sources: Carbon Tracker Initiative, International Energy Agency (IEA), IPCC 2014 & 2007, CDIAC, Global Carbon Project
NASA, National Oceanic and Atmospheric Administration (NOAA), National Research Council, 

Potsdam Institute for Climate Impact Research, World Bank, European Commission Joint Research Centre, our own calcs

Note: Our emissions data is expressed in gigatons of carbon dioxide (GtCO2), so values are 3.664 times larger than the same amount of emissions expressed in gigatons of carbon (GtC).

Data based on emissions from fossil fuel burning only – see data sheet for emissions including land use changes.

All data & workings: http://bit.ly/CO2Gigatons2016

Concept & Design: David McCandless // v2.2 // Feb 2016
Lead Research: Miriam Quick

Additional Research: Ella Hollowood  // Additional design: Kathryn Ariel Kay, Paulo Estriga, Fabio Bergmaschi

InformationisBeautiful.net

 informationisbeautiful.org All data & workings: http://bit.ly/CO2Gigatons2016

55
%

27
%

18
%

Needs to remain underground !

-10 %/year

33 GtCO2/year7 GtCO2/year

http://informationisbeautiful.org
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Our chalenge : Engineering the Efficiency for a Net-Zero future

Citizens 
• Behaviours

• Needs

• Services

• Values

Waste-Water-Energy

Circularity 
Waste to products


CO2 to products

Waste to energy

Sustainability metrics 
Wealth

Economy

Environment

resiliency

(New) Technologies

sizes : conversion and storage


Infrastructure => synergies & mutualisation

CO2 sequestration

Management  
Operation + Storage

Investments

Renewable resources 
Where-When-How much ?

Fossil resources 
From where-When-How much - At which cost ?

Demand  
Products

Services

Security of supply
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This course : Energy conversion and renewable energy

Sustainability metrics 
Economy

Environmental

Social

CO2 capture and sequestration

(New) Technologies

Management  

Storage

Conversion

to Renewable resources 
From Fossil resources

Demand  
Products

Services

Security of supply


