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Energy: Conversion of a ressource by human beings or other means

Fundamentals of Energy

Energy = To extract ressource from environment and to convert it into work+heat

Example of converter: Human being who being fed, produces W and Heat:

Examples of conversion more powerful than human beings:

After Jean-Marc Jancovici, 2019
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Energy: Man compared to Oil

Energy: comparison of human being with 1 gasoline liter

Human work by legs:

80 kg (man) + 10 kg (rucksack) x 2000 m (elevation) ≈ 0,5 kWh

Every other day, i.e., 100 kWh/year

Accounting for a minimum wage (20 k€/year) : 200 €/kWh

Human works by arms:

6 m3 of soil elevated at 1 meter ≈ 0,05 kWh

Every other day, i.e., 10 kWh/year

At minimum wage : 2000 €/kWh

Energy developed by 1 unique liter of gasoline:

10 kWh (2 to 4 kWh mechanical), i.e. 10 to 100 times more than legs or arms

1,5 €/liter thus 0,4 €/kWh i.e. 500 to 5000 times less expensive

After Jean-Marc Jancovici, 2019

4



Arnaud Delebarre, 2021

Content

Plan

Fundamentals of Energy

Data on Greenhouse Gases (GHG) Climate & Energy

Indicators on Climate, Energy, Mixed/Elaborated

Actions on Climate, Energy, Companies/Individuals

Conclusion

5



Arnaud Delebarre, 2021

Sources of Greenhouse Gas (GHG) emissions
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• Annual worldwide GHG emissions 2019: 60 Gigatonnes CO2eq

– Energy: 19%+7%+(40% of 7%)+10%+5%+14% = 58%

– Food: 20%+11% = 31 %

After Jancovici, 2020
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Greenhouse Gas (GHG): Emissions vs time
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• Introduction de nouvelles méthodes de production de l'énergie, de la
mobilité, de la sobriété, de la digitalisation…, mais ça continue de croître

After Jancovici, 2020
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Temperature and Sea level Increase
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• Sea level: >1,7 mm/year ; +26 à +98 cm en 2100 after IPCC

• Temperature increase is evaluated by so-called "anomaly": +0.08ºC/decade since 1880;
+0.18ºC/decade since 1981; +0.82ºC/2011-2020. Thus 2040 +1,5ºC and 2060 +2ºC. In these

cases anomaly is the difference with 1901–2000 average temperature that is 13.9ºC)

After Hansen et al. 2017 & CGDD, 2019 and NOAA (NCDC), 2020
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Temperature in Mountain and Arctic regions increase faster
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• Russia and France have in common a greatest temperature increase
compared to the average of earth because of Mountains or Latitude

• French Alpes compared to earth:

• From 1880 to 2012, mean temperature in French Alpes increased of 2ºC

• From 1880 to 2012, mean temperature earth surface increased of 0.85 ºC

• Ossoue Glacier (Pyrénées) lost 112 m length and 16 m thickness from 2005 to 2015

After Meteo France, several references
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Temperature in Mountain and Arctic regions increase faster (Ctd)
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• On 3rd March 2021: Federal Service for Hydrometerology and Environmental
Monitoring of Russia (НИУ Росгидромета) published :

• +0.51ºC/decade in Russia compared to average 1961-1990

• +3.22ºC in Russia in 2020 compared to average 1961-1990

• Remind for whole earth: +0.18ºC/decade compared to 1901–2000 avg. temperature

Источник : Национа́льный иссле́довательский университе́т НИУ Росгидромета
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Energy: Total Primary Energy Supply (TES) vs Sources

11After IEA, 2020



Arnaud Delebarre, 2021

Primary Energy and Useful Energy
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After WGI IPCC SPM, 2013 and 
CGDD 2019
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Energy : primary, secondary, final, useful…
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After Alexandre Stegner, 2017
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Energy : primary, secondary, final, useful…
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After Alexandre Stegner, 2017
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Total (Energy) Final Consumption (TFC) vs Sources

15After IEA, 2020
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Electricity: Notion of (national) mix

16

• Electricity generation in Russian Federation in 2019 : Total = 1118.1 TWh 
Oil = 6.9 TWh; Gas= 519.5 TWh (46%) Coal 182.2 TWh; Nuclear 209.0 TWh 
(18,7%); Hydro 194.4 TWh; Renewables 1.8 TWh (0,16%); Other 4.3 TWh 1118.1

• Electricity generation in China in 2019 : Total = 7503.4 TWh 
Oil = 6.0 TWh; Gas= 236.5 TWh; Coal 4853.7 TWh (65%) ; Nuclear 348.7 TWh 
(4,7%); Hydro 1269.7 TWh; Renewables 732.3 TWh (9,8%); Other 56.5 TWh

• Electricity generation in France in 2019 : Total = 537.7 TWh 
Nuclear 70.6 %; Hydro 11.2%; Renewables 10.3%

• World: non-hydro Renewable 2806 TWh > Nuclear production 2657 TWh in 2019

After BP, WNISR, and IEA and RTE, 2020
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Indicators for energy : consumption per capita
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After Alexandre Stegner, 2017
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Indicators (ctd) : Energy consumption per capita vs GDP per capita

Per capita commercial energy consumption and per capita 
income ($PPA = $Purchasing power parity) 2010

After Renaud and May Gicquel, 2013
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Indicator of CO2 emissions : CO2 per capita vs time and region
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CO2 emissions, standard of living and demography
• 2016: 4,8 t CO2/capita, namely -0.8% / 2015. Emissions +0,3 % population growth +1,2 %

After Commissariat DD 2019, World Bank, 2017
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Indicator of CO2: Kaya relationship
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CO2 = [CO2/TPES] * [TPES/GDP] * [GDP/People] * [People]

After Jancovici and OWID, 2019
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Indicator of GHG emissions: Inventory and Footprint
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Green House Gases (GHG) emissions: national inventory and 
footprint accounting for imports, inventory per capita, France

After Commissariat DD, 2020
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Indicator of CO2 emissions: Inventory and Footprint
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National inventory and footprint accounting for imports in CO2

emissions per capita in 2011 in Europe

• Russia and France: same carbon footprint (7,5 tCO2/capita) with different
territory emissions (5 tCO2/capita in France vs 12 tCO2/capita in Russia)

After Commissariat DD, 2015
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Individual footprint: if individual CO2 quota were existing
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• Imagine if there were an annual allocation of CO2 emission for each. E.g. 20 billion tonnes
of CO2 eq for 7 billion people, that's 3 per person, for 9 billion, roughly 2:

– 15 000 km en avion (un A/R Paris Chicago) OR

– 6000 à 8000 km in a car in a urban zone ; 2 times minus if it is a 4 x 4 wheels OR

– 7 000 kWh natural gas heating (few months) OR

– 500 kg manufactured products…

After CGDD, 2019
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Individual footprint: Example of a French Individual
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• https://ecolab.ademe.fr/apps/climat

After CGDD, 2019
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Individual and collective contribution to emission reduction

27After Carbone 4, 2019

• Emissions by individual and by activities in France: 10.8 tonnes CO2eq/capita vs target 2050 of 2 tCO2eq

Toward 2050

Now



Arnaud Delebarre, 2021

Individual and Collective contributions (ctd) 
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• To each his share of effort: -10% individual way of life ; -10% home renovation ; -60%
companies and organizations

After Carbone 4, 2019
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Conclusion: Carbon budget
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• https://openclimatedata.net/climate-spirals/from-emissions-to-global-warming-line-chart/

• End of 2019, cumulated CO2 emissions = 2 400 Gt, hence 1.5 ºC [emissions during 1850-
2019: 1 649 Gt from fossil fuels + 751 Gt CO2 change of land use (after CITEPA, 2020)]

After WGI IPCC Summary for Policymakers, 2013 and CGDD 2019 39
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Conclusion: Two types of economical impacts
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• To be impacted by decisions of changes of climate
policies OR by changes due to climate change ?


