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Domestic winners and losers



Ownership of global power generation 
capacity commissioned in 2015

Ownership of installed RE capacity
in Germany (2020)

Democratization of the energy system ownership



Changes in employment structure

• 11.5 M jobs in RE as of 2019

• 1 M USD invested (USA)

=> 7.5 jobs in RES

=> 2.6 in fossil energy

Sources: IRENA, 
Garret-Peltier 2017

https://www.irena.org/publications/2020/Sep/Renewable-Energy-and-Jobs-Annual-Review-2020
https://doi.org/10.1016/j.econmod.2016.11.012


Changes in employment structure

RES jobs additions to outweigh fossil fuels job losses

Source: Pai et al. 2021

https://doi.org/10.1016/j.oneear.2021.06.005


International winners and losers



Winners: the greentech race

Oil Solar

Exploration and production Raw materials production

Refining Manufacturing and assembly

Transportation Transportation

Retail and distribution Installation

Operation and maintenance



Winners: the implementation race



Winners: the implementation race

Source: RethinkX

https://static1.squarespace.com/static/585c3439be65942f022bbf9b/t/5fa57fc9d228a73c73ec4669/1604681700368/Rethinking+Energy+2020-2030.pdf


Power, influence, and security implications



(Anti)fragility of the all-electric system



New security challenges



Cyberattacks
Average number of weekly cyberattacks per organization in selected industries, 2020-2022Average number of weekly cyberattacks per organization in selected industries, 2020-2022



Will there be enough transition materials?



RES are material-intensive



And mining-intensive



And yet they will need less mining than fossil fuels



Sources: USGS, visual capitalist

https://pubs.usgs.gov/periodicals/mcs2022/mcs2022.pdf
https://www.visualcapitalist.com/all-the-metals-we-mined-in-2021-visualized/


Source: IEA WEO 2022

https://www.iea.org/reports/world-energy-outlook-2022


Getting the timing right: boom and bust cycles

Source: IEA 2021

Lead times from discovery to production, 2010-2019

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions


Getting the timing right: boom and bust cycles

Source: Schmidt & Staffell 2023



Will new energy materials breed new Saudi Arabias?

Sources: IEA 2021, Volts 2022

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://www.volts.wtf/p/minerals-and-the-clean-energy-transition


Will new energy materials breed new Saudi Arabias?

Sources: IEA 2021, Volts 2022

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions
https://www.volts.wtf/p/minerals-and-the-clean-energy-transition


Fossil fuels and critical materials are different

Sources: IRENA 2024, Schmidt & Staffell 2023

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Apr/IRENA_Geopolitics_transition_energy_security_2024.pdf


Source: McKinsey
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https://www.mckinsey.com/industries/metals-and-mining/our-insights/the-raw-materials-challenge-how-the-metals-and-mining-sector-will-be-at-the-core-of-enabling-the-energy-transition

