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What is sustainability at DESY
Broad approach with focus on energy efficiency

Science

➢ Science case supports
sustainability goals

➢ High number of beamlines
➢ Innovation and technology

transfer

Personnel

➢ Sustainable career
development

➢ Keep knowledge on 
campus and attract
best talents

Supporting processes

➢ Key infrastructure of
Science City Bahrenfeld

➢ Cooperation in campus security, safety, 
enviromental protection and mobility

Management

➢ Transperent to employees and stakeholders
➢ Documentation of processes and decions
➢ Boost socio-econimic impact

(education, employment…)

Infrastructure

➢ Reuse of infrastructure
➢ Energy saving technologies
➢ New building concepts and materials

DESY. | Sustainable HEP 2024 | 11.06.2024
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Energy approach
Energy monitoring system

• Detailed, unified meter marking, 
centralized data collection and 
analysis, meters directly connected 
to database

• For Electricity, Water, Heat, Cooling

→ Enables for user-based/source-
related accounting, identification of 
efficiency potentials and therefore 
more awareness

DESY. | Sustainable HEP 2024 | 11.06.2024
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Civil construction
LCA for buildings

National certification system for
sustainable building (BNB):

• Consideration of the whole life cycle
of the building (LCA)

• Ecological, economic, socio-cultural
and technical qualities are rated
equally

• End of life and recycling are included

• BNB silver for all new buildings at 
PETRA IV. 

• New experimental hall with equivalent
criteria

DESY. | Sustainable HEP 2024 | 11.06.2024
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PETRA IV
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Upgrade PETRA III : PETRA IV. 

DESY. | Sustainable HEP 2024 | 11.06.2024

What is the benefit of the upgrade?

Brilliance increase by
➔500 x (hard X-rays)
➔1000 x (high-energy X-rays)

PETRA IV. brilliance at 100 keV
higher than for 10 keV at PETRA III today!!

Photon source size –ideal imaging capabilities

PETRA III PETRA IV

Horizontal 1300 pm rad 20 pm rad

Vertical 10 pm rad 5 pm rad

Coherence of the emitted light for PETRA III (bottom) and PETRA IV. (upper figure)

[1] C.G. Schroer et all Eur. Phys. J. Plus 137, 1312 (2022)

Spectral brightness of PETRA IV (H6BA lattice) compared to PETRA III [1]

Comparison of the beam emittance for PETRA III (left) and PETRA IV (right)

https://link.springer.com/article/10.1140/epjp/s13360-022-03517-6#auth-Christian_G_-Schroer-Aff1-Aff2
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Design 4 Sustainability



Design 4 sustainability? – Design for:

Manufactoring Assembly

Logistics Use  (avoid rebound effect) Disassembly

Reuse Repurposing Repair Maintenance

Remanufactoring Refurbishment Recycling

Composting Circularity

5. Helmholtz Sustainability Summit | Andrea Klumpp



Strategies for
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Strategies for Innovate solutions
• Rethink how to provide the benefit
• Anticipate technology change
• Optimise or integrate functions
• Integrate natural systems
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Strategies for

Minimise quantity of material used
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Maximise lifetime
• Design for durability
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Optimize end-of-life
• Design for easy disassembly, component reuse

and recycling
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5. Helmholtz Sustainability Summit | Andrea Klumpp



How to …
Start as early as possible Our Roadmap

         
     

                    

  
  
 

design phase or time 

va
lu

e

influence
costs

• Analyze the starting point and/or current status
➢ L       q          (VD , …)
➢ How do others do? (eg. industry)
➢ LCA (collecting information and experiences) 

• Discussions with developers and technicians
➢ How to include sustainability in existing processes
➢ Find examples for in existing projects

• Develop of strategies and ideas
➢ Stakeholder, approaches, possible projects

• In cooperation with developer and technicians: 
developing a training programme for physicians
and technicians

5. Helmholtz Sustainability Summit | Andrea Klumpp



First steps at DESY
What is
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What is
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First steps at DESY

VDI and 

What is Life Cycle Assessment

5. Helmholtz Sustainability Summit | Andrea Klumpp
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Life Cycle Assessment



Andrea Klumpp | ESSRI 2024 | 26.09.2024

Life Cycle                  What is being 
considered:It starts with the design

Not only Greenhouse Gases
“LCA is a tool for the analysis of the 
environmental burden of products at 
all stages in their life cycle”

+ Social

+ Governance

I Source: 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

First GWP calculations for magnets have been done.
Now a complete LCA for a power supply is ready!

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


Andrea Klumpp | ESSRI 2024 | 26.09.2024

Basics

Ökobilanz (LCA) - Vollständiger Leitfaden für Einsteiger - Ecochain - DE

Life Cycle Assessment

https://ecochain.com/de/blog/okobilanz-lca-complete-guide-for-starters/
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Examples
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Bending magnets for PETRA IV. 
Permanent magnet-based dipoles with transverse and longitudinal gradient

• Dipole magnets change the direction of moving charged particles

• 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

• Modular concept, unification across the 3 DLQ types as
much as possible (yoke, block size, mounting, shimming etc.)

• 144 DLQs of each type to build, i.e. ~2000 modules

• 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) 

DESY. | Sustainable HEP 2024 | 11.06.2024



Global warming potential
Literature research

| REPM 2023 | Andrea Klumpp and Denise Völker

• Round about 100 papers
• Different regions, techniques, data bases,

calculation programs
• Cradle to gate LCA´s
• Dependend on material more or less publications

(Cu more than 20, Sm 3)
• Good overview to judge the values is shown in the picture

Life Cycle Assessment of Metals: A Scientific Synthesis
Philip Nuss1*, Matthew J. Eckelman
www.plosone.org 1 July 2014 | Volume 9 | Issue 7 | e101298

Justment of values

• Large spreading in values

• Permanent magnetic material from LCA for

electromotors

• Accuracy of values only makes sense in integers

• GWP for SmCo should be calculated by GWP from the 

incredencies
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Calculation of the Global warming potential

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)

Permanent magnetic design

Electromagnetic design



Energy savings

1. Operation of magnets

• per cell 2 magnets from each kind, 72 cells in the ring

• P=72x2x(PDQ1+PDQ2+PDQ3)~440kW

• Per year (6500 h operation time per year):  2.86GWh/year

1. bl

2. Cable losses

• Each magnet needs an average cable length of 20m to the media shaft and 70m to the power supply

• Cable losses per magnet: DQ1~ 331,29W (120mm²=262,67W),DQ2 ~ 195,23W (120mm²=154,8W)
DQ3 ~ 200,4W (120mm²=158,89W)

• P=72x2 (PDQ1cable+PDQ2cable+PDQ3cable)~ 104,98kW (120mm²=83kW) 

• Per year (6500 h operation time per year):  0.68GWh/year (120mm²=0.54GWh/year)

| REPM 2023 | Andrea Klumpp and Denise Völker
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Challenges in the use of permanent magnets
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

Workshop at DESY 6th-8th February 2023 
https://indico.desy.de/event/35655/

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)

Basis

Energy monitoring

Civil construction

LCA for technical
components

At work

Infrastructure

Operation

Finale

Research

“This project has received funding from the European Union’s Horizon 2020 research 

and innovation program under grant agreement No 101004730”

DESY. | Sustainable HEP 2024 | 11.06.2024

https://indico.desy.de/event/35655/
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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Goal and scope definition

Ökobilanz (LCA) - Vollständiger Leitfaden für Einsteiger - Ecochain - DE

- Experience with LCA:
➢ How to proceed?
➢ Which indicators are useful?
➢ Which programme fits best?
➢ What can we learn from LCA?
➢ What to look out for?
➢ How much work is it?
➢ What are the difficulties?

- Evaluation of the sustainability of the device

- Identify the sustainability potential of the device

https://ecochain.com/de/blog/okobilanz-lca-complete-guide-for-starters/


Andrea Klumpp | ESSRI 2024 | 26.09.2024

• More than 4000 power supplies will be needed for PETRA IV

• Up to 3 power supplies have to be replaced weekly

• Hot-swap system also requires some devices

• Decision: A home-built and -designed power supply should be used

• Reasons: longer life, easier to repair, tailored to requirements

Goal and scope definition

Ökobilanz (LCA) - Vollständiger Leitfaden für Einsteiger - Ecochain - DE

https://ecochain.com/de/blog/okobilanz-lca-complete-guide-for-starters/


LCA for a power supply
• Detailed Life Cycle Assessment of a 

power supply at  PETRA IV

• More than 4000 power supplies for
PETRA IV needed

• Included are extraction of material 
(mining, processing...), production, 
transport, operation, dismantling, 
recycling, disposal

• More than 1730 parts (approx. 400 
capacitors and 280 resistors)

• The weight 22.6kg, P= 2.3- 4.5 kW, 
Pv_Standby= 50 W, service life: 20 years

• Energy consumption : 160.180 kWh



Biological inspirated Girder

(1) The Girders System for the New ESRF Storage Ring (cern.ch)
(2) OEKOBAU.DAT (oekobaudat.de) 1.125 ton CO2eq/ton
(3) co2-leitfaden.pdf (guss.de) 0.881 ton CO2eq/ton

• Inspired by corals
• Design a girder structure with high 

eigen-frequencies, a high stiffness, 
and a low mass

• Using topological optimisation
program

• Casting the girder with casting iron

https://accelconf.web.cern.ch/medsi2016/papers/tuca06.pdf
https://oekobaudat.de/OEKOBAU.DAT/datasetdetail/process.xhtml?uuid=5cb2c568-76fe-4803-8b46-0084e79800c8&version=00.14.000&stock=OBD_2021_I&lang=de
https://www.guss.de/fileadmin/user_upload/co2-leitfaden.pdf
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Heritage from PETRA I
PETRA I tunnel reused for Petra IV.

PETRA IV Tunnel 

Outside the experimental halls the old PETRA I 
tunnel will be reused

• 6 old sections, 100 – 300 m long, in total ~1 
km

• The old sections of the tunnel are below 
streets, buildings, a park.

• The tunnel is covered by 3 – 10 m of soil.

Basis

Energy monitoring

Civil construction

LCA for technical
components

At work

Infrastructure

Operation

Finale

Research

DESY. | Sustainable HEP 2024 | 11.06.2024
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Tunnel temperature PETRA III
Heated and unheated sections

|Temp.Calc.Kickoff| PETRA IV 

WP 1.12 - Michael Bieler

Tunnel Climatization today:

• Air (25º C) blown in every 300/600 m

• Cooling water inlet: 25º C

Temperature over one year

• Temperature difference between
positions up to 5°C

• Operating schedule of PETRA clearly visible

• Summer and winter time visible

Basis

Energy monitoring

Civil construction

LCA for technical
components

At work

Infrastructure

Operation

Finale

Research

Black curve, 26º – 31º C: Concrete floor, OR59, air temperature regulated (30º C)
Red curve, 23º – 34º C: Concrete floor, SOR87, air temperature unregulated
Blue curve, 23º – 36º C: Air temperature, SOR85, air temperature unregulated

DESY. | Sustainable HEP 2024 | 11.06.2024
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3D calculation of tunnel air and heat flows
Cooperation with Fraunhofer Magdeburg for CFD-simulation (fluid dynamic)

• Digital Twin of the tunnel in CAD (not yet
completed)
Single parts can be selected and hidden
It can be rotated etc.

• A list with all consumer of electricity with 
their heat input
(called Stromkreisliste)

• Including the cooling capacity and the position
of air conditioners

• Fluid dynamical simulations:

− Heat distribution also for corners and hidden
places

− Optimization for cooling and heating (in 
shutdowns)

− Optimization of cabeling

(Cedric Kula TAC)

screenshot of the app
and first test results

(R. Zimmermann)

Basis

Energy monitoring

Civil construction

LCA for technical
components

At work

Infrastructure

Operation

Finale

Research

DESY. | Sustainable HEP 2024 | 11.06.2024
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Energy consumption for different tunnel temperatures

Including shutdowns, 
when we have to heat
for a constant
temperature.

Optimal temperature in 
the tunnel are:

Water: 30°C
Air: 25°C

Primary energy consumption and CO2 emission for different tunnel temperatures
and cooling water inlet temperatures with reference PETRA IV operation
(T. W     k  „R                               PETRA  V”)

Basis

Energy monitoring

Civil construction

LCA for technical
components

At work

Infrastructure

Operation

Finale

Research

DESY. | Sustainable HEP 2024 | 11.06.2024
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Temperature vs. operation mode

Reference and alternative operation schedule and outdoor air
temperature
(T. W     k  „R                               PETRA  V”)

Basis

Energy monitoring

Civil construction

LCA for technical
components

At work

Infrastructure

Operation

Finale

Research

DESY. | Sustainable HEP 2024 | 11.06.2024
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More …
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Waste heat usage
Potential at DESY Campus in Hamburg

• Currently heating is DESYs 3rd biggest 
CO2 emission source

• Project with University of applied science 
in Hamburg (HAW) to identify potential

• Result: 129 GWh/y of waste heat 
available at a temperature level 
of 30°C - 40°C

• Possible CO2 savings at DESY campus of 
about 4.000 tons/y

• Surplus can be used in neighborhood; if 
we get the 129GWh in use saving will be 
up to 40.000 tons CO2/y

DESY. | Sustainable HEP 2024 | 11.06.2024
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Reliability in operation
Use of robotics and telepresence of experts

MARWIN2 MARWIN3

MARWIN: Mobile Autonomous Robot for 
Maintenance and Inspection

• Routinely used for radiation 
measurements with the EuXFEL 
accelerator switched on

Project Proposal RobotiX: Robotics and 
Immersive User Experience

• Versatile platform based on MARWIN3 that 
provides
• Multiple sensors
• Multi-axis manipulators

• Immersive remote control interface using 
mixed reality technologies

• Project partners: Hochschule21, HAW, 
UHH, DESY

(Reinhard Bacher)

DESY. | Sustainable HEP 2024 | 11.06.2024
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Efficient use of beamtime – every photon counts
HiPhax: Highly automated pharmaceutical screening beamline for room temperature measurements

• Designed for high-throughput
pharmaceutical screening at cryogenic
temperatures and room temperature

• >1000 samples/24 h

• Goal: Fully automatic, AI- supported 
data collection

• Multicrystal samples holders (Si-chips) 
for highest throughput

• Robotic exchange of chips

• Hotel for chip storage

• Sample delivery format compatible
with installation at SPB/SFX at EuXFEL

First successful test experiments in June/July
2022 at beamline P09 at PETRA III

Hardware installation of
automatic sample changer:
HIR3X milestone M1.1

DESY. | Sustainable HEP 2024 | 11.06.2024
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Petra IV. - Remote access – high-troughput MX 
Petra IV. will enable remote access for mature and highly standardizes X-ray techniques

T              q           PETRA    ’  P11 b        
includes a robotic arm that can execute fully automated 
sample changes

(Johanna Hakanpää) 

Prime example P11 beamline PETRA III:

• Experienced users have the possibility to
collect data remotely

− No travel of persons, just sending samples
− Access via remote session from internet browser
− Guidelines for remote access (safety aspect)
− Need to register for access

If all scheduled beamtimes would be remote (example):

• Users just from EU (only single P11 beamline)

• Ca. 17 tons CO2 savings from flight travels / year
(https://www.carbonfootprint.com)

DESY. | Sustainable HEP 2024 | 11.06.2024

https://www.carbonfootprint.com/
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Keeping Data
Value of data

• Academic tradition
• ’G                       ’
• Sometimes mandated by law (USA)? 
• Ty      y             ‘  w’          10 y    
•                k  w     b  ‘   ’
• A ‘            ’    ‘         ’ 

• Keeping raw data costs significant 
    y (M€)          y (MW)

• Keeping all data for lots of 
experiments becomes expensive 
very quickly

• F      y             ’   w       
• Sustainability?

Anton Barty
TWENTY-SIXTH CONGRESS AND GENERAL ASSEMBLY

OF THE INTERNATIONAL UNION OF CRYSTALLOGRAPHYDESY. | Sustainable HEP 2024 | 11.06.2024
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Data management
A snapshot of the status quo

• Data policy
➢ Data on disk for 180 days after measurement

(was :180 days after last access)
➢ Data migrated to tape after 180 days

▪ retention on site (dCache), dual tape copy
▪ 4.5 PB ingested to GPFS in past

12 months
▪ 6 PB/year archived to tape
▪ 12 PB tapes/yr with dual copy

(€20K/PB/10YR)

• Usage highly variable between instruments

• Time to analyse data often limits publication
rate
~2 years from measurement to publication 

• Hardware typically has a 5 year lifetime
Budget for regular replacement Anton Barty

TWENTY-SIXTH CONGRESS AND GENERAL ASSEMBLY

OF THE INTERNATIONAL UNION OF CRYSTALLOGRAPHYDESY. | Sustainable HEP 2024 | 11.06.2024
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Projection for Petra IV. operation in 2028
Petra IV. science output should not be storage or compute limited

Peak total daily data generation will exceed 1PB per day 
based on actual peak 2021 GPFS usage

• Operation of any one instrument should not jeopardise operation
of other instruments 

By 2028, detectors will be larger and faster:

• Planned 130 kHz detector with a frame size of 10 MP and
dynamical range of 2 Bytes, would produce 2.5 TB/s

• Some individual instruments will produce >1PB per day 

• Luckily, not at all instruments are data volcanoes

• Increase inevitable almost regardless of PETRA-IV project

Reality check:

• Some instruments at ESRF already produce 1 PB per day

• In 2022, EuXFEL operating only 3 instruments simultaneously has 
produced 7 PB in a week (=364 PB/yr) 

• 1 PB/day * 5 big data instruments * 180 days = 900 P
Anton Barty
TWENTY-SIXTH CONGRESS AND GENERAL ASSEMBLY

OF THE INTERNATIONAL UNION OF CRYSTALLOGRAPHYDESY. | Sustainable HEP 2024 | 11.06.2024
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Petra IV.  will offer services for the complete data life cycle
Data management by the facility

Infrastructure for data evaluation
• Central HPC resouces
• Sustainable and reusable software

ecosystem
• Remote data evaluation
• Containerisation

Integrated data capture
• Electronic log books
• Sample ID database
• Standard file formats
• Integration to instrumentation
• Integrated metadata harvesting

(Open) data repositories and catalogues
• Raw data can be made open
• Searchable federated catalogues (with access control)
• Common user Ids (AAI)
• DOI minting
• Place to put open results with process data

Anton Barty
TWENTY-SIXTH CONGRESS AND GENERAL ASSEMBLY

OF THE INTERNATIONAL UNION OF CRYSTALLOGRAPHYDESY. | Sustainable HEP 2024 | 11.06.2024
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Research for Sustainability
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Petra IV. - Research for sustainability 
Petra IV. enables research to tackle sustainability challenges and develop global solutions

DESY. | Sustainable HEP 2024 | 11.06.2024
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