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“When the Last Tree Is Cut Down, 
the Last Fish Eaten, and the Last 
Stream Poisoned, You Will Realize 
That You Cannot Eat Money”
Sitting Bull 

“We can not solve our problems 
with the same level of thinking 
that created them”
A.Einstein
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3Warning and limits
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▪ The presentation focuses on future Electric Production

▪ CO2 emission : it does not consider other  gas (methane, PFC, etc.)

▪ Presentation will focus on Renewables Electric Technologies : this is 

only one part of the picture

▪ Typically, Ammonia and/or H2 production is not covered

▪ Constraints linked to Grid issues are not covered

▪ Constraints linked to mineral supplies are not covered

▪ All datas used are public
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4Sources used
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5Energy World Consumption 2022
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6World Population Growth
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Following the 

world population 

growth

?

World peak by 

2080-10 Billion



7Is it sustainable? Fossil proven reserves
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There are 50 years of proven 

reserves for Oil & Gas and more 

than 100 years for coal
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But only 1/3 can be (still) burnt to 

avoid important climate change

Is it sustainable? Climate Change



9Global warming is a problem for who?
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The temperature increase is significantly 

more sensitive in :

➢ Norhern hemisphere : Central Europe, 

Greenland, Siberia, Arctic

➢ Australia

➢ Antartica

This doesn’t take into account unpredictible 

events :

- Hailstorms

- Heavy rains

- Wildfires 



10Global warming is a problem for who?
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End of 

dinosaurus

Mammal

spread

Australopithecus

Homo Sapiens

Massive Life 

Extinction



11CO2 emissions by world region
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Europe has started to decrease its CO2 emissions but represents 14% of the total emissions (EU-27 + others)

44% of CO2 world emissions are USA and China; +20% for other Aisian countries (excl. India : Korea, Japan, …)
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CO2 emissions by sector

42,8%

22,3%

17,0%

7,6%

4,4%

3,7%

1,6%

0,8%

Total 36 billion t

43% of total CO2 emissions are 

made for Electricity and Heat
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CO2 balance

To keep climate « as is », world CO2 

emissions has to be divided by 2!

This doesn’t mean CO2 reduction in 

the atmosphere!

Excess of CO2 emissions and storage capacity

Average Human Annual emissions for the period 2009-2018 (emissions and 

absorption by natural sources and oceans)

In Gt CO2
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IPCC Net Zero Emission (NZE)

World GPD is estimated approx. USD 104 Trillion/year
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Electricity Production Mix (2022)

In 2022, 57% of 28 576 TWh world 

Electricity is produced with Fossil 

Energy
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X2,65
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World Electricity Production (NZE)
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World Electricity Production Mix by 2050 (NZE IEA)

Renewables Nuclear Unabated fossil fuels Hydrogen-based Fossil fuels with CCUS

Date 2019 2020 2022 2030 2040 2050

Total generation 26 922 26 778 28 525 37 316 56 553 71 164 x factor

Renewables 7 153 7 660 8 531 22 817 47 521 62 333 8

Solar PV 665 821 1289 6 970 17 031 23 469 29

Wind 1 423 1 592 2 139 8 008 18 787 24 785 16

Hydro 4 294 4 418 4 326 5 870 7 445 8 461 2

Bioenergy 665 718 677 1 407 2 676 3 279 5

   of which BECCS - -  129  673  842

CSP (Concentrated Solar 

Panels )
14 14  204  880 1 386 99

Geothermal 92 94 100  330  625 821 9

Marine 1 2  27  77 132 66

Nuclear 2 792 2 698 2 610 3 777 4 855 5 497 2

Hydrogen-based 875 1 857 1 713

Fossil fuels with CCUS 1 4 459 1 659 1 332 333

Coal  with CCUS 1 4  289  966  663

Natura l  gas  with CCUS  170  694  669

Unabated fossil fuels 16 941 16 382 17 384 9 358 632 259 0,016

Coal 9 832 9 426 10 190 2 947

Natura l  gas 6 314 6 200 6 309 6 222 626 253

Oi l 795 756 885 189  6 6

Electricity Generation (TWh)

By 2050, NZE IEA scenario is predicting a huge 

increase in Electricity production (x2.65) 71 164 TWh 

with a mix where Renewables jump from 28% to 

87,5% (x8)
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LCOE per type of renewables

It : The initial cost of investment expenditures

Mt : Maintenance and operations expenditures

Ft : Fuel expenditures (if applicable)

r : Discount rate of the project The total output of the power-

generating asset will include:

Et : The sum of all electricity generated

t : Lifetime of the investment (wind : 20 years, nucelar 40-50 

years

Renewables are now competitive with fossil 

energy

Off Shore wind will remain expensive

PV is now cost efficient
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Solar PV+On Sh. Wind vs Fossil
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Renewables are now competitive with 

fossil energy for Electricity production. 

Type of Renwables dépend on natural 

available sources

LCOE per type of renewables
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Renewables Competitiveness

2010 2021 Percent 

change

2021

Bioenergy 0,078 0,067 -14% 0%

Geothermal 0,05 0,068 34% 1%

Hydropower 0,039 0,048 24% -28%

Solar PV 0,417 0,048 -88% -28%

CSP 0,358 0,114 -68% 70%

Onshore 

wind

0,102 0,033 -68% -51%

Offshore 

wind

0,188 0,075 -60% 12%

fossil fuel 0,078 0,067 -14%

ratio with 

Fossil

Levelised cost of electricity

(2021 USD/kWh)
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Solar PV

PROS

• CO2 friendly (pay back footprint CO2 in 3-4years)

• Reliable

• Cost effective

• Simple to implement, especially in zones with limited Grid

CONS

• Depend on lattitude

• To be coupled with storage capacity (batteries)

• kWh/Kwp is very interesting in countries where Electricity demand is limited

• High potential regions are isolated (Sahara, salt deserts, etc.)
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Solar PV / where for who?

Unfortunately, kWh/Kwp is very interesting in countries where Electricity demand is limited
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Solar PV / where for who?

Unfortunately, kWh/Kwp is very interesting in countries where Electricity demand is limited
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CSP (Concentrating Solar Power)

Supcon Delingha 50MW CSP Plant (146 Gwh annual production)
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CSP (Concentrating Solar Power)

Supcon Delingha 50MW CSP Plant (146 Gwh annual production)

Pros

• Technology proven but needs to be 

improved to become competitive

• Possible to implement big factories

• Possible to store Energy

• Electricity + Heat delivery

Cons

• Expensive and not competitive (as 

of today)

• Dedicated to specific 

environnement (dry)

• Grid issues to connect plants
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CSP different technologies

Supcon Delingha 50MW CSP Plant (146 Gwh annual production)
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CSP (Concentrating Solar Power)

LCOE is not (yet) competitive
High improvements were made in the 10 past years
Efficiency could increase with hugher temperature 
(goal : 600-800°C) and energy storage



28On Shore Wind
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29Off Shore Wind – UK First
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30Off Shore Wind
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31Off Shore Wind
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32Off Shore Wind- Potential bottleneck
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33Marine – Ocean Energy Potential
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34Marine
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Examples of grant funding programmes: 

Regional 

• Basque Country’s Aid Programme for 

Investment in the Demonstration and 

Validation of Emerging Marine Renewable 

Energy Technologies

National 

• Swedish Ocean Energy Fund 

• France’s Investissements d’avenir 

• US Department of Energy funding for 

ocean energy 

• Spanish Technological Development Aid 

Programme for investment in offshore 

renewable pilot projects and test 

platforms 

Global 

• European Union’s R&I Programme - 

Horizon Europe 

• US Department of Energy grant scheme 

for hydrokinetic energy



35CCUS in NZE: a keystone

CC(U)S – Carbon Capture (Utilization) and Storage

Goal of CCUS: 7,6 Gt per year CO2 captured in 2050 (20% of 2019 CO2 emissions)

When examining Low CCUS case (LCC): 150 Mt/year CO2 captured from fossil fuel sources in 2050, 

compared to scenario goal 3,6 Gt/year captured from fossil fuels

Failure to meet this goal, results in relying on prototype industries

• Increased electricity demand by 9 000 TWh from NZE in 2050

• Increased capacity of electrolysers, 2 000 GW or 60 % increase from NZE in 2050
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36CCUS: Present Situation

• Current capture rate and capacity: 30 projects, 43 Mt per year 

• In development: 164 projects, 244 Mt per year (incl. current)

• Overall technical storage capacity: 8 000 Gt to 55 000 Gt

• Onshore: 6 000 Gt to 42 000 Gt

• Offshore: 2 000 Gt to 13 000 Gt
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37CCUS: cost distribution

Strong cost discrepancy between projects and technologies – capture typically most costly
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38CCUS – capture vs transport

IEA, 2020
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Renewables Competitiveness

Fossil fuel w/ 50% 

LCOE increase

Carbon capture 

Integrating CCUS cost in fossil fuel 

will increase LCOE by 50%, 

making renewable invesment 

attractive

2010 2021 Percent 

change

2021

Bioenergy 0,078 0,067 -14% 0% -33%

Geothermal 0,05 0,068 34% 1% -32%

Hydropower 0,039 0,048 24% -28% -52%

Solar PV 0,417 0,048 -88% -28% -52%

CSP 0,358 0,114 -68% 70% 13%

Onshore 

wind

0,102 0,033
-68%

-51% -67%

Offshore 

wind

0,188 0,075
-60%

12% -25%

fossil fuel 0,078 0,067 -14%

fossil w CCS 0,1005

ratio with 

Fossil

Levelised cost of electricity

(2021 USD/kWh)



40Case Study : China
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China 2023 Government Goals :

• Achieve its goal to reach peak carbon emissions by 2030 after which its target is to have carbon emissions decline

• Become carbon neutral by 2060

• Reach a 39% non-fossil fuel share for electricity generation by 2025

• In 2022, China approved a record breaking 106 GW new coal-fired power capacityhas accepted

• In first half of 2023, authorities granted for 52 GW new coal power 

• There are 1,037 existing coal-fired plants in Chin



41Case Study : CO2 EOR in US 2020
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In face of climate change, CO2 emissions have to be 
reduced

Technical solutions are available now 

Climate change is a human issue… in the hands of a few 
decision makers

Renewable are already competitive with Fossil fuel

NZE scenario create investment opportunities for the 
coming decades worldwide



Thank you for your attention
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152, Avenue de Malakoff

75116 Paris - France
Telephone +33 (0)1 45 26 90 83

www.naudet.fr

http://www.naudet.fr/
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Appendix – geological trapping

Global CCS Institute, 2023
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Global capacity of CCS

Global CCS Institute, 2023

As of September 2022, total capacity of CCS projects

IN DEVEOPMENT was 244 Mtpa
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CO2 Retained by EOR
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