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The evolution of the planetary boundaries framework. Licenced under CC BY-NC-ND 3.0. You are free to share — copy and redistribute the 

material in any medium or format. (Credit: Azote for Stockholm Resilience Centre, Stockholm University. Based on Richardson et al. 2023, 

Steffen et al. 2015, and Rockström et al. 2009) 

The challenge

Permanent 

Magnets

Awareness

Life Cycle 

Assessment

Recycling

Certification

Next steps



Page 4

Public Perception
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Sins for research

How climate-damaging 

is basic research 

allowed to be?

Trouble‘s brewing @ 

Helmholtz

https://infrasevent.presidencyeu.es/#event
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Accelerator
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Energy Consumption in other accelerator facilities
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• Increasing use of permanent magnets in new lattices

• Permanent magnets run without electricity

ESRF: before upgrade 16.9 GWh / year J.Chavanne

after upgrade 8.5 GWh / year Permanent accelerator magnets for light sources

5th ESSRI Workshop 2019,

https://indico.psi.ch/event/6754/contributions/18013/

PSI: SLS 6.4 GWh / year M.Seidel

SLS2.0 2.6 GWh / year Technologies for Sustainable Accelerators

First I.FAST annual meeting 2022

https://indico.cern.ch/event/1138690/contributions/4782721/

HZB: BESSY II 5.1 GWh/ year J.Völker

BESSY III <1.3 GWh/ year Overview permanent magnets at accelerator facilities

I.FAST REE workshop 2023 

https://indico.desy.de/event/35655/timetable/#20230206.detailed
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Bending magnets at PETRA IV
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• H6BA lattice: DLQs combine the function of a dipole and quadrupole

magnets to save space

• Soft iron poles and yoke; SmCo magnets

• Thermal shims for temperature compensation

• Energy savings:      nearly 2.87 GWh/year

(calculated with 6500 h operation time per year; without cooling and heating)

for all electromagnets in PETRA IV nearly 6.4 GWh per annum (6500 h operation time)
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CO2 footprint for bending magnets
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• First calculations for material and energy:

NO! production, transport and cooling in operation

included

• Literature research for Global warming

potential (GWP) for materials

• Depending from included processes (eg. mining,

sintering …) and mining/production region

but also from data base, program for calculation

values for one material differ a lot

• Here only cradle to gate calculations (for SmCo

only the raw material Sm and Co) 

Energy GWP from UBA for renewable electricity

Life Cycle Assessment of Metals: A Scientific Synthesis
Philip Nuss1*, Matthew J. Eckelman

www.plosone.org 1 July 2014 | Volume 9 | Issue 7 | e101298
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• First calculations for material and energy:

NO! production, transport and cooling in operation

included

• Literature research for Global warming

potential (GWP) for materials

• Depending from included processes (eg. mining,

sintering …) and mining/production region

but also from data base, program for calculation

values for one material differ a lot

• Here only cradle to gate calculations (for SmCo

only the raw material Sm and Co) 

Energy GWP from UBA for renewable electricity

Fe 1.5 kg CO2 eq/kg Sm 59.1 kg CO2 eq/kg

Life Cycle Assessment of Metals: A Scientific Synthesis
Philip Nuss1*, Matthew J. Eckelman

www.plosone.org 1 July 2014 | Volume 9 | Issue 7 | e101298
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First calculations - CO2 footprint for bending magnets
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Energy GWP from UBA for renewable electricity

GWP for (a) material  (electromagnets- blue and permanent magnets – orange) 

0 500 1000 1500 2000

DLQ3 electromagnetic

DQL3 permanent magnet

DLQ2 electromagnetic

DQL2 permanent magnet

DLQ1 electromagnetic

DQL1 permanent magnet

GWP [kgCO2eq/DLQ]
(a)

Material and energy consumption for DLQs
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Energy GWP from UBA for renewable electricity

GWP for (a) material  (electromagnets- blue and permanent magnets – orange) 

and (b) including estimated energy consumption (material + renewable electricity for 2 years – green)

0 500 1000 1500 2000

DLQ3 electromagnetic

DQL3 permanent magnet

DLQ2 electromagnetic

DQL2 permanent magnet

DLQ1 electromagnetic

DQL1 permanent magnet

GWP [kgCO2eq/DLQ]

0 500 1000 1500 2000 2500

DLQ3 electromagnetic

DQL3 permanent magnet

DLQ2 electromagnetic

DQL2 permanent magnet

DLQ1 electromagnetic

DQL1 permanent magnet

GWP [kgCO2eq/DLQ](a) (b)

Material and energy consumption for DLQs
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Problems and challenges of permanent magnets

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 13th 2023 / Trieste, Italy

The challenge

Permanent 

Magnets

Awareness

Life Cycle 

Assessment

Recycling

Certification

Next steps

a) Private, illegal minning in China; http://www.chinahush.com/2009/10/21/amazing-pictures-pollution-in-

china/; 2009 - 2011 ChinaHush is licensed under a Creative Commons License Copyright: Lu Guang; 

b) air pollution by heavy industries; Quelle: china-digital-times Copyright: My Essentia com blog; 

c) In-Situ-Leaching; Quelle: Web-Page Bellona

Copyright: Andrej Ozharovsky; 

d) Entrance to waste disposal for radioactive waste from REE production in Bukit Merah

in Kledang mountains; built for 20 years storage of radioactive waste (14 Mrd years radioactive

half-life); 1985 Copyright: Consumer Assciation Penang

Beitrag: Collector

Lizenz: Creative Commons (CC-BY-NC-SA) V.3.0

a) b)

c) d)

Beginning of life cycle: Mining and Processing

• Rare earths are mined and processed under 

destructive social and environmental conditions

• No alternative sources or certified mining and 

processing available

In operation

• Temperature fluctuations and radiation damages 

reduce the life span

• Magnetic field is not adjustable, so changes in 

trajectories can not be compensated

• Magnetic field can not be switched off 

(Safety aspects like maintenance)

End of life cycle: Recycling

• So far no industrial recycling chain

http://www.chinahush.com/2009/10/21/amazing-pictures-pollution-in-
https://www.mineralienatlas.de/lexikon/index.php/UserHomepage?memberid=10001
http://creativecommons.org/licenses/by-nc-sa/3.0/de/
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What to do?

• Awareness at accelerator community

• 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

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop
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Awareness

• Life Cycle Assessment (LCA) and Recycling for permanent magnets

• Certification and auditing for rare earth elements

Workshop: Critical Materials and Life Cycle Management: The Example of Rare Earths – curse or blessing?

All Presentations can be found at: 

https://indico.desy.de/event/35655/overview

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 14th 2023 / Trieste, Italy
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REPM 2023 in Birmingham

REPM 2023 (eventsair.com)

https://uobevents.eventsair.com/international-conference-on-magnetics
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Life Cycle Assessment
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Life cycle 

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
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Life Cycle Assessment (LCA)

D. Völker, Annual Meeting 

IFAST 2023

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

▪ …… …….

A tool for the analysis of the environmental burden of products at all stages in their life cycle

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop
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Process chain for REE

| from P.Zapp

https://indico.desy.de/event/

35655/contributions/137451/Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop
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LCA for permanent magnets

| from P.Zapp

https://indico.desy.de/event/35

655/contributions/137451/
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Magnet recycling
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Future material demand

I from C.Burkhardt: 

https://indico.desy.de/event/35655/contri

butions/137453/

The challenge

Permanent 

Magnets

Awareness

Life Cycle 

Assessment

Recycling

Certification

Next steps

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 14th 2023 / Trieste, Italy



Page 25

| from D. Vogt

https://indico.desy.de/event/35655/co

ntributions/137462/
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The recycling chains
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The short loop

I from C.Burkhardt: 

https://indico.desy.de/event/35655/contrib

utions/137453/
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Source: Speight, J.; Climate Change from a Materials Perspective, The University of Birmingham, 

02.08.2019
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| from D. Vogt

https://indico.desy.de/event/35655/co

ntributions/137462/
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Balancing in recycling
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I from J.Gassmann: 

https://indico.desy.de/event/35655/cont

ributions/137452/Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 14th 2023 / Trieste, Italy



Page 29

Balancing in recycling

The challenge

Permanent 

Magnets

Awareness

Life Cycle 

Assessment

Recycling

Certification

Next steps

I from J.Gassmann: 
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Challenges in recycling process
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I from C.Burkhardt: 

https://indico.desy.de/event/35655/contrib

utions/137453/
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Challenges in recycling in accelerator facilities:
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Designed for recycling ?

Example old DORIS undulators: At the workshop - initiation of

recycling of some DESY undulators

Problem 1: how to disassemble the magnet structures/ undulators?

Problem 2: Magnets are glued and coated (to avoid

rusting), this pollute the material in short loop

recycling with HPMS

T.Vielitz, DORIS undulator

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 14th 2023 / Trieste, Italy

HPMS is a hydrogen based process which is used to extract NdFeB magnets 

from electrical products such as hard disk drives. The extracted NdFeB

powder is in the form of an alloy which can be re-processed into different 

forms which can be sold back into the supply chain for rare earth magnets.

Source: Speight, J.; Climate Change from a Materials Perspective, The 

University of Birmingham, 02.08.2019
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Certification and audit
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The challenge
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I from M.Erdmann: 

https://indico.desy.de/eve

nt/35655/contributions/13

7541/Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop
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| from L. Berners

https://indico.desy.de/event/35655/c

ontributions/137504/

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop
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Next steps
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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/

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 14th 2023 / Trieste, Italy
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Certification

The challenge

Permanent 

Magnets

Awareness

Life Cycle 

Assessment

Recycling

Certification

Next steps

• 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

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

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 14th 2023 / Trieste, Italy
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Recycling
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• Include questions of 

RC already in design

• Help make REE 

recycling a successful 

business case

• Cooperation with 

institutes and industry 

developing REE RC

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 14th 2023 / Trieste, Italy

Source: Speight, J.; Climate Change from a Materials Perspective, The University of 

Birmingham, 02.08.2019
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At DESY
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• Discussions about permanent magnets for focussing

electron beam (Quadrupole)

First design studies are done

• Development of a procurement scheme for

sustainable magnets (in cooperation with other

accelerator facilities)

Cooperations with consultant is planned

iFAST Workshop 

• In the design phase, the recycling has to be in mind!  
200mm

4
0

0
m

m

Iron 

yoke

PM

Fe-Ni shim
(Temperature 

compensation)

Gradient tuning 

(5 T/m)

P. Ngotta

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 14th 2023 / Trieste, Italy
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Sources
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Infos taken from several presentations given at the iFAST Workshop 

“Critical Materials and Life Cycle Management: The example of Rare Earths – curse or blessing”

06.-08.02.2023 at DESY;

indico: https://indico.desy.de/e/ree

Andrea Klumpp– Low Emittance Ring – Permanent Magnets Workshop

November 14th 2023 / Trieste, Italy

https://indico.desy.de/e/ree
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