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The Challenge



The Challenge
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| Planetary Boundaries (including Climate Change)
Credit: J. Lokrantz/Azote based on Steffen et al. 2015



Public Perception
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Sins for research

How climate-damaging 
is basic research 
allowed to be?

Trouble‘s brewing @ 
Helmholtz



grid energy 
consumption

energy 
procurement

waste management & 
recycling

Categories of Sustainability for RI‘s
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water 
consumption

research infrastructure 
system efficiency

mobility &
business travel

energy related 
research

heating & waste 
heat recycling

office/lab energy 
consumption

efficient 
technologies

Source: M.Seidel, Technologies for Sustainable Accelerators, First iFAST annual meeting, 2022,
https://indico.cern.ch/event/1138690/contributions/4782721/

use of materials 
and resources
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Permanent Magnets



Energy Consumption
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• Increasing use of PM in new lattices

• PMs run without electricity

• Hugh power savings

• ESRF: before upgrade 16.9 GWh / year
after upgrade  8.5 GWh / year

• PSI: SLS 6.4 GWh / year
SLS2.0 2.6 GWh / year

• HZB: BESSY II 5.1 GWh / year
BESSY III     < 1.3 GWh / year

I 
J.Chavanne, Permanent accelerator magnets for
light sources, 5th ESSRI Workshop 2019, 
https://indico.psi.ch/event/6754/contributions/1
8013/

I M.Seidel, Technologies for Sustainable
Accelerators, First iFAST annual meeting, 2022,
https://indico.cern.ch/event/1138690/contributi
ons/4782721/

I
J.Völker, Overview permanent magnets at 
accelerator facilities, iFAST REE workshop 2023, 
https://indico.desy.de/event/35655/timetable/#
20230206.detailed



Current Situation
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• Rare earths (REE) are 
mined and processed 
under destructive social 
and environmental 
conditions

• No alternative sources or 
certified mining and 
processing available

• So far no sufficient 
progress on recycling of 
old PM

I ORF, 2015, Auf der dunklen Seite des Fortschritts: 

https://orf.at/v2/stories/2272650/2272651/

I UK Guardian: article on shocking working conditions in 
cobalt mining, cobalt is also to be used in PM

I Spektrum, 2020, Politik 

bedroht unberührte 

Amazonasgebiete, 

https://www.spektrum.de/ne

ws/politik-bedroht-

unberuehrte-

amazonasgebiete/1754314



What to do?
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• Implement life cycle management already in 
planning phase of new RIs

• Find best practice for recycling of these materials

• Support development of certification system for 
mining and processing of critical materials

I Image by brgfx on Freepik

I Image by juicy_fish on Freepik

I from M.Erdmann: https://indico.desy.de/event/35655/contributions/137541/
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Mining and 

Comminution

Refining / 
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Permanent Magnets

→ Life Cycle Assessment



What is LCA?
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European Commission, Joint Research Centre, Cristobal-Garcia, J., Pant, R., Reale, F., et al., Life cycle assessment for the impact 
assessment of policies, Publications Office, 2017, https://data.europa.eu/doi/10.2788/318544

“LCA is a tool for the 
analysis of the 
environmental burden 
of products at all 
stages in their life 
cycle”

+ Social

+ Governance

https://data.europa.eu/doi/10.2788/318544


What is being looked at?
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Indicator Unit

▪ Climate Change Potential (Global Warming) GWP kg CO2 eq.

▪ Eutrophication Potential (Over-fertilization) EP kg P eq./kg N eq.

▪ Photochemical Ozone Depletion Potential (Summersmog) POCP kg Ethene eq.

▪ Ozone Depletion Potential (Ozone hole) ODP kg CFC-11 eq.

▪ Acidification Potential land and ocean (Acid rain) AP kg SO2 eq.

▪ Human toxicity HTP kg 1,4-DCB eq.

▪ Ecotoxicity FAETP / MAETP / TETP kg 1,4-DCB eq.

▪ Abiotic Resource Depletion (Resource scarcity) ADP kg Cu eq.

▪ Water scarcity m3 world eq. 

▪ Land use m2a

▪ …… …….



Neodymium
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Normalized impacts of 1 kg of
neodymium. 

BO-B/M: Bayan Obo bastnäsite/monazite
(China)
MP-B: Mountain Pass bastnäsite (U.S.)
MW-M: Mt. Weld monazite
(Australia/Malaysia)
NK-Eu: Norra Kärr eudialyte (Sweden) P. Zapp, A. Schreiber, J. Marx and W. Kuckshinrichs: Environmental impacts of rare 

earth production; MRS Bulletin 2022 Vol. 47 Issue 3 Pages 267-275
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Permanent Magnets

→ Recycling
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I from C.Burkhardt: 
https://indico.desy.de/
event/35655/contribut
ions/137453/
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I from J.Gassmann: 
https://indico.desy.de/
event/35655/contribut
ions/137452/
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I from C.Burkhardt: 
https://indico.desy.de/
event/35655/contribut
ions/137453/
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I from J.Gassmann: 
https://indico.desy.de/
event/35655/contribut
ions/137452/
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Permanent Magnets

→ Certification/Auditing
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I from M.Erdmann: 
https://indico.desy.de/
event/35655/contribut
ions/137541/
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I from M.Erdmann: 
https://indico.desy.de/
event/35655/contribut
ions/137541/
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I from L.Berners: 
https://indico.desy.de/
event/35655/contribut
ions/137504/
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Next Steps



Next steps LCA
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• Analyse existing LCA on rare 
earth

• Develop further down the 
supply chain

• Start LCA on other (easier) 
technical components with 
better data available →
electronics

I from A.Lotan: https://indico.desy.de/event/35655/contributions/137465/



Next steps Recycling
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European Commission, Joint Research Centre, Cristobal-Garcia, J., Pant, R., Reale, F., et al., Life cycle assessment for the 
impact assessment of policies, Publications Office, 2017, https://data.europa.eu/doi/10.2788/318544

• Include questions of RC 
already in design

• Help make REE recycling 
a successful business 
case

• Cooperation with 
institutes and industry 
developing REE RC

https://data.europa.eu/doi/10.2788/318544


Next steps Certification
• Raise awareness

• Get better data/transparency

• develop and establish a first set of 
criteria to be specified in the 
procurement tenders → together

• start with transparency, 
auditability and initial questions on 
the biggest issues

• become more stringent over time

• Support political processes for CoC
Certification
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I from M.Erdmann: https://indico.desy.de/event/35655/contributions/137541/



Scources

• Infos taken from several presentations given at the iFAST
Workshop “Critical Materials and Life Cicly Management: The 
example of Rare Earths – curse or blessing” 06.-08.02.2023 at 
DESY; indico: https://indico.desy.de/e/ree 
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https://indico.desy.de/e/ree
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