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Context

“Stepping up Europe’s 2030 climate ambition”, published 17.09.2020 https://ec.europa.eu/clima/sites/clima/files/eu-climate-action/docs/impact_en.pdf

-63% -84%

https://ec.europa.eu/clima/sites/clima/files/eu-climate-action/docs/impact_en.pdf
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Watts, N., Adger, W. N., Agnolucci, P., Blackstock, J., Byass, P., Cai, W., ... & Cox, P. M. 

(2015). Health and climate change: policy responses to protect public health. The Lancet.
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Comparative results



Hertwich EG, Gibon T, Bouman EA, et al (2015) Integrated life-cycle assessment of electricity-supply scenarios confirms global 
environmental benefit of low-carbon technologies. Proc Natl Acad Sci U S A 112:6277–82

Environmental and resource 

implications of electricity generation 

following the IEA BLUE Map scenario 

instead of the IEA Baseline scenario, 

addressing impacts from the indicated 

power sources

Left = absolute values

Right = % variation from 2007

Coal phaseout is a 
priority – multiple

co-benefits

Material 
requirements are 
a clear trade-off



More scenario comparison!
No emissions constraint Cumulative 2011-2050 power sector emissions limited to 240 GtCO2.

Full portfolio Full portfolio
Wind and solar power 
limited to 10%

Nuclear phase-out, no 
CCS in the power sector
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Trade-offs

Luderer, G., Pehl, M., Arvesen, A., Gibon, T., Bodirsky, B. L., de Boer, H. S., ... & Hertwich E. G. (2019). Environmental co-benefits and adverse side-
effects of alternative power sector decarbonization strategies. Nature communications, 10(1), 1-13.





Discussion

Creutzig, F., Agoston, P., Goldschmidt, J. C., Luderer, G., Nemet, G., & Pietzcker, R. C. (2017). The underestimated potential of solar energy to mitigate climate change. Nature Energy, 2(9)
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Forecasting material use 

Boubault, A., & Maïzi, N. (2019). Devising mineral resource supply pathways to a low-carbon electricity generation by 2100. Resources, 8(1), 33.

Increase in material requirements, TIAM-FR model, world
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Critical Raw Materials list 

(2020)

in ecoinvent 2.2? 

(2010)

in ecoinvent 3.6? 

(2019)

characterized in 

EF3.0? (2020)*

Antimony no yes yes

Baryte yes yes no

Beryllium no yes yes

Bismuth no yes yes

Borax yes yes no

Cobalt yes yes yes

Coal yes yes as a fossil resource

Fluorspar yes yes no

Gallium yes yes yes

Germanium no yes yes

Hafnium no yes no

Heavy Rare Earth Elements 2/10 10/10 1/10

Light Rare Earth Elements 2/6 5/6 0/6

Indium yes yes yes

Magnesium yes yes yes

Natural Graphite yes yes no

Natural Rubber no no no

Niobium no yes yes

Platinum Group Metals yes yes partly

Phosphate rock no no no

Phosphorus yes yes yes

Scandium no yes no

Silicon yes yes yes

Tantalum yes yes yes

Tungsten no yes yes

Vanadium no yes yes

Bauxite yes yes yes

Lithium yes yes yes

Titanium yes yes yes

Strontium no yes yes
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Techno-economic 

parameters, 

decision criteria

Technology choices

Environmental impactsResource depletion

Boubault, A., & Maïzi, N. (2019). Devising mineral resource supply pathways to a low-carbon electricity generation by 2100. Resources, 8(1), 33.
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Outlook

Lèbre, É., Stringer, M., Svobodova, K. et al. The social and environmental complexities of extracting energy transition metals. Nature Communications 11, 4823 (2020). https://doi.org/10.1038/s41467-020-18661-9

https://doi.org/10.1038/s41467-020-18661-9


https://www.resourcepanel.org/reports/green-energy-choices-benefits-risks-and-trade-offs-low-carbon-technologies-electricity
mailto:thomas.gibon@list.lu


Extra slides



Outlook
Semi-quantitative representation of flows of raw materials and their current supply risks to the nine 

selected technologies and three sectors

(European Commission 2020 https://ec.europa.eu/docsroom/documents/42882)

https://ec.europa.eu/docsroom/documents/42882
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Completing the picture
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+ biomass and nuclear, human health & ecosystem damage

Unit results for the damage to human health (a) and ecosystem quality (b) 
of one kilowatt-hour of electricity at grid, weighted by global production. 
Bars represent variability, not uncertainty.

Gibon T, Hertwich EG, Arvesen A, et al (2017) Health benefits, ecological threats of low-
carbon electricity. Environ Res Lett 12: . doi: 10.1088/1748-9326/aa6047




