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1. Research goal
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Disclosure of data



2.1. Metals covered
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Lack of studies for minor metals
! Relevant for energy transition

40 studies



2.1. Research scopes
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GEOGRAPHIC 
SCOPE TEMPORAL SCOPE

SCENARIO 
TYPE

TECHNOLOGICAL
SCOPE

Start year End year

Highly heterogeneous Difficult to compare results
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2.2. Trends of future impacts: GHG emissions
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Total

Increase

Decrease

Equal

Direction depends
on scenario

Most studied: specific impacts and 
GHG emissions

Absolute impacts still likely to increase

Specific impacts (per kg) may decrease 

No clear consensus on future impact trends: 
Results depend on scopes, metal and scenario variables

Cu, Al, Pb

Exceptions, e.g. Li!



2.3. Scenario variables (15)
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2–9 scenario variables/study 



2.4. Scenario modelling approaches & data sources
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Derived within the publication

Governmental data

Highly heterogeneous Difficult to compare results

Top 3

• High diversity
• 229 data sources

• Documentation: inconsistent



2.5 Disclosure of scenario data
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K  w      p        Zenodo G  H b

Yields* 7. %  . %  . %

Keywords never mentioned: machine readable; interop*; reus*; FAIR data; reproduc*; 
product system model; complete model

• Data not published: 25% studies

• Large variety of:
• data formats 
• documentation

Adherence to FAIR data principles:
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3. Challenges & recommendations
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Challenges Recommendations

Lack of studies addressing:
• metals for energy transition (Nd, Dy, …)
• impacts other than GHG emissions
• future absolute impacts

Reusing existing work:
• Documentation and data format

not standardized
• Publishing scenario data in a transparent 

& reproducible way is uncommon

More prospective LCAs on metals needed: 
• couple demand and supply scenarios

Improve accessibility + reusability of
scenario data:
• common format for scenario data and 

documentation
• FAIR data principles

Comparing impacts quantitatively:
• depend on scope and assumptions

Harmonize assessments:
• identify & harmonize key scenario variables
• shared scenario narratives 



4. Database of reviewed studies
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…

Reviewed studies: Modelling approachesScope

List of all data sources:
Repository• Impact trends

• …



5. Conclusions
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Specific impacts (per kg) likely to decrease, but absolute impacts may increase
! Exceptions depending on metal

High diversity of scopes and scenario assumptions
ultimate impacts unclear

Further research needed
Quantitative impact assessment with harmonized models
Community effort

Improve research practices
Harmonize methods & models
Standardize documentation and data formats (FAIR data principles)

Future environmental impacts of metals: A systematic review 
of impact trends, modelling approaches, and challenges. 
Resources, Conservation and Recycling

PublicationRepository
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