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Context: Energetic transition – A needed step to tackle climate change

• By 2050: 

o Reduction of final energetic consumption, of the 
share of nuclear and primary fossil energy
carriers 

o Increase of the renewable energy share in the 
final energetic consumption

• Examples in the PPE

o Sobriety: Reduction of 7% in 2023 and 14% in 
2028 (from 2012 level)

o Primary fossil energy: Reduction of 20% in 
2023 and 35% in 2028 (from 2012 level)

o Renewables: 74 GW in 2023 (+50% from 2017 
level) – 102 to 113 GW in 2028 (+100%)

Goals set by the French energetic transition act (August 2015)
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Adapt to renewables

Sobriety

Source: https://www.ecologique-solidaire.gouv.fr/sites/default/files/Synth%C3%A8se%20finale%20Projet%20de%20PPE.pdf

https://www.ecologique-solidaire.gouv.fr/sites/default/files/Synth%C3%A8se%20finale%20Projet%20de%20PPE.pdf
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Context: Energetic transition – A needed step to tackle climate change but requires new infrastructures

• Photovoltaic panels

o Almost 1 MWc by ha

o Load factor +/- 15% (*)

o Almost 8 ha/MW eq

o 5200 ha (52 km2, half of Paris area) to replace a 1 GW nuclear reactor
operating at 75%(*)

• Windmills

o Almost 100t steel per MW

o Load factor +/- 22% (*) 

o Almost 1700 2 MW windmills to replace 1 GW nuclear reactor operating at 
75%(*) ~ 340000 t steel, 50 times the steel needed for the Eiffel tower

o For a nuclear power plant: 30 to 60 t of steel /MW ~ 30000 to 60000 t steel per 
GW

Do renewable energies require more raw materials (minerals and metals) than the 
actual energy mix? 

Some figures

3(*) From : Bilan de l’énergie RTE



BRGM THE FRENCH GEOLOGICAL SURVEY WWW.BRGM.EU

Context: Energetic transition – A needed step to tackle climate change but requires new infrastructures

Material requirements vs energy transition: a highly topical issue!
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The SURFER project: materials and metals requirements for the French energetic transition

• Temporal assessment of direct and indirect materials requirements

o Raw materials consumption for energy transition?

o Requirements in terms of energy, water, land?

• Feasibility of the energy transition

o What is the « weight » of these requirements within the national 
consumption?

• What impacts?

o How many, where, when? 

o From a dependency to fossil energies to a dependency to metals? 
When?

• 4 years project – December 2016 – December 2020

Project’s ambition
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Assessing the direct material requirements – Material intensity

• Materials contained within the energy
production infrastructures for a given
installed capacity/power 

 e.g. t of steel within a wind turbine for 1 kW 
installed capacity

• Amount of fuels (fossil, nuclear…) 
consumed for energy production

 e.g. kg of uranium for producing 1 kWh

• Materials contained within the fuels supply
infrastructures (production + transport) 

 e.g. t of steel within the uranium mining and 
processing infrastructures

One goal of SURFER: build a database
gathering the « material intensities » of different
energy technologies 
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Peters et al., 2017, The environmental 

impact of Li-Ion batteries and the role 

of key parameters – A review

Concept of Material intensity Literature as a source for material intensity, but...
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Assessing the direct material requirements – Material intensity
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From the SURFER database...

Multiple sources of data imply a lot of heterogeneity 

regarding material content to analyze…

Harmonization procedure (for each 
technology type)

1. Basic treatments

• Elimination of non original data 
and replicates

• Standardization of materials 
(e.g., steel alloys)

• Conversion in SI units

2. Material intensities (MI) calculation

• Aggregation of kg per substance 
and per component

• Divide by a reference value (e.g. 
capacity)

• Return MI (in kg/MW)
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Assessing the direct material requirements – Material intensity
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From the SURFER database... to THE material intensity

Multiple sources of data imply variability within the harmonized MI
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Procedure

• Elimination of outliers

• Comparison with industrial data

• Validation by experts
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Applying these material intensities to the deployment of energetic scenarios

• Scenarios based on « Visions 2035-2050 » from ADEME

Different energetic scenarios
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50% 

Nuclear
• Total electricity

production: 425 

TWh

• In 2050: 44% 

renewable electricity

and 49% nuclear

Statu quo

• Total electricity

production : 546 

TWh 

• In 2050, 17% 

renewable electricity

and 79% nuclear

90% RE
• Total electricity

production : 501 

TWh 

• In 2050: 90% 

renewable electricity

and 5% nuclear
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Applying these material intensities to the deployment of energetic scenarios

• Definition of three types of windmill parks

Example for the deployment of wind turbines 
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• Scenarios



BRGM THE FRENCH GEOLOGICAL SURVEY WWW.BRGM.EU

Applying these material intensities to the deployment of energetic scenarios

Some results for wind turbines, gas-fired plants and nuclear plants
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Applying these material intensities to the deployment of energetic scenarios

Some results for wind turbines, gas-fired plants and nuclear plants
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How to consider indirect material requirements and material cycle?

• Indirect material requirements

o Application of life cycle approaches

• Material cycle – how to consider dismanteling?

o Industrial reconversion

o Two possible approaches for recycling

 Closed-loop recycling

 Recycling without the same product system

 Recycling without any changes to inherent properties

 Open-loop recycling

 Recycling into different product systems

 Recycling with changes to inherent properties

o Two important notions to consider

 Recycled content

 End-of-life recycling input rate (EOL-RIR)

13Source: https://publications.jrc.ec.europa.eu/repository/bitstream/JRC112720/kj-na-29435-en-n_recycling_report.pdf

https://publications.jrc.ec.europa.eu/repository/bitstream/JRC112720/kj-na-29435-en-n_recycling_report.pdf
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Conclusions

• Challenges raised by the SURFER project

o Data collection and harmonization

o Assumptions and evolutions to take into account
(lifespan, recycling rage,...)

o Modelling of scenarios 

• Still some work to do

o Assessment of the total materials requirements

o Assessment of the environmental implications of 
these requirements (energy, water, land)

o Contextualization to French consumption

o Materials criticity assessment
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Analyse de l'impact matières premières, 
énergies et eau du déploiement des 

énergies renouvelables sur la période 
2015-2050 en France 



Thank you for your attention
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