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Basics



Climate Change

Temperature rise

Global temperature change (1850-2022)

1950

| Source: https://showyourstripes.info

Scientific facts: Research Centers as scientific institutions have to act accordingly!
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Planetary Boundaries

The Challenges

2009

NOVEL ENTITIES
(Not yet quantfied)

CUMATE CHANGE &

STRATOSPHERIC DZONE
PLETION

ATMOSPHERIC
AEROSOL
LAND-SYSTEM
CHANGE LOADING

Not yet quantified)

OCEAN
ACIDIFICATION

3 boundaries crossed

| Source: The evolution of the planetary boundaries framework. Azote for Stockholm Resilience Centre, Stockholm University. Based on Richardson et al. 2023, Steffen et al. 2015,

and Rockstrom et al. 2009

2015

NOVELENTITIES
Vot yet quantiied)

BIOSPHE]
INTEGR!' STRATOSPHERIC OZONE
DEPLETION

L0
(ot yet quontifed)

ATMOSPHERIC
AEROS0L
LOADING

(Not yet quantifed)

LAND-SYSTEM
CHANGE

OCEAN
ACIDIFICATION
FRESHWATER USE

4 boundaries crossed
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2023

CLIMATE CHANGE

BIOSPHERE

INTEGRITY STRATOSPHERIC OZONE
DEPLETION
ATMOSPHERIC
LAND-SYSTEM f&“ﬁ?ﬁé
CHANGE

Freshwates use

< e wirter)

> Green

water

OCEAN
ACIDIFICATION
FRESHWATER CHANGE

/

\
/ BIOGEOCHEMICAL
/ FLOWS

6 boundaries crossed



Public Perception

. . —_ oy DER TAGESSPIFGEL
Securing social and political legitimacy

Brandbrief for Klimaschutz 02.09.2020, 17:34 Uhr

Dicke Luft bei Helmholtz

Mitarbeiter der Forschungsorganisation fordern weitreichende MaRnahmen fiir sofortigen
Klimaschutz. von Jan KixMULLER

Trouble's brewing @
Helmholtz

Siinden liir die Forschung

Expeditionen, Teleskope und Grofigerite belasten das Klima. Langsam kommt es zum Umdenken

Von Ravr Nestoem

Reisen oder nicht? Diese Frage stellen
sich viele Forscherinnen und Forscher.
Denn: Die pandemiebedingten Beschriin-
kungen sind weitgehend abgeschafft, sie
kdnnten wieder durchstarten zu Expedi-
tionen, Speziallaboren und K

Doch die Reisen belasten das Klima und
vergrofern weiter den CO,-Fuflabdruck
der je nach Disziplin ohnehin oft deutlich
iiber dem Durchschnitt liegt.

Das liegt unter anderem an grofen For-
schungsbauten aus Beton und Stahl, die
zudem viel Strom verbrauchen. Die As-
tronomie mit ihren Teleskopen und Re-
chenzentren gehért eindeutig zu den gro-

fen Emittenten. Doch auch die Teilchen-

physik mit ihren Beschleunigern und die

Umweltforschung -

—————————  Stichwort Expediti-

o onslogistik - tragen

.,K?nnen zum  Klimawandel
Universum bei.

nicht auf Wie viel, das lisst

sich kaum fassen.

Kostendes  per Klimasbdruck

einer Spiegeloptik,

Planeten einschliefllich Her-

How climate-damaging is
basic research allowed to
be?

Studie zu Emissionen

Wie klimaschddlich darf

erforschen® stellung, eines Ge-
———  biudes oder von
Dienstreisen, kann

Grundlagenforschung sein?

geschiitzt werden. Studien haben daher
eine gewisse Unsicherheit, kinnen Ten-
denzen jedoch deutlich machen.

De: h sind in der A ie die
Infrastrukturen der dominierende Fak-

In China soll ein riesiges Neutrino-Observatorium entstehen. Schon vor Baubeginn wird Gber
okologische Auswirkungen diskutiert. Das Beispiel zeigt: Die Klimakrise ist bei den

Fahrt furs Klima. Der Polarstern hat auf der , Mosaic*Expedition rund 7000 Tonnen Schiffsdiesel verbraucht. Foto: dpa/AWE

Astronomen und Astronominnen angekommen.

Von Christoph Seidler
16.01.2021, 19.12 Uhr
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What are we looking at?
What and How

Sustainable Research Centers

~

Research for Sustainability = What
\LL7
N
Y -

Y

| e.g. Contribution UN Sustainable Development Goals

Sustainable Research = How

~ —— -

Se~ s :

~ s,

. R S ~
~ ~ow o~ oo
~

~
O

| e.g. Usage of eco-power
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Sustainability at Research Organizations (Ger

Broad approach

Science

» culture of scientific integrity to
ensure good scientific practice
> reflection of societal responsibility
in the research process

b LeNa

Nachhaltigkeitsmanagement
in auReruniversitaren

O

/\ﬂ%ﬂ

Infrastructure

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

Supportmg processes

Procurement
Cooperation in campus security,
safety, environmental protection

Forschungsorganisationen Staff and m0b|||ty
Handreichung
» Sustainable  career \\ /
development
Y - » Keep knowledge on
.\ ; campus and attract ‘ @ J Corporate Governance

best talents
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» Transparent to employees and stakeholders
» Documentation of processes and decisions
» Boost socio-economic impact
(education, employment, technology transfer)

Seite 7



Impact Degree

Including Effort

( )

Easy, cheap,
many volunteers

\ J

Measures not specific
for research centers

(e.g. Travel, Catering,
Mobility ....)

Fast, needs
investment

%
%
By
Measures with the
infrastructure

(e.g. Remote access,

renewable energy, waste

heat, PV ....)
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~

Possibly decades of
research needed

,
Measures at the infrastructures
(e.g. energy recovery; high
temperatures, substitutes for
certain gases, Plasma, Data
management ....)
Seite 8



Focus Infrastructure

Footprinting / ‘&ﬂ
o o

efficient

(4

tech n?@
research infrastructure &@ water

system efficiency : consumption
( %fﬁce/lab energy
waste management & g@ consumption energy
recycling procurement

)
\ heating & waste
0 ergy heat recycling use of materials and

sumption resources
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Life Cycle

It starts with the DESIGN

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

+ Social

+ Governance

Transportation

Manufacturing, Retail, use

processing

RESOURCES EMISSIONS
Resource )
extraction, Disposal
farming,
processing

Recycling, re-use,
energy recovery

| 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
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What is being looked

Not only Greenhouse Gases

at

| 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

f)

e

RESOURCE
DEPLETION

B

CLIMATE CHANGE LAND USE

EUTROPHICATION

yee

o=

-—
ACIDIFICATION OZONE DEPLETION ECOTOXICITY IONISING
RADIATION
PHOTOCHEMICAL WATER HUMAN TOXICITY
OZONE FORMATION DEPLETION
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What is being looked at?

Not only Greenhouse Gases

Indicator Unit

= Climate Change Potential (Global Warming) GWP kg CO, 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 SO, 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 m?3 world eq.

= Land use m2a

DESY. Intro Sustainability for large scale RIs | Denise Volker, DESY | ALEGRO Workshop 2024 Seite 12



Design for Sustainability

General Approach

Exhibit 2 - Six Sustainable-Design Strategies

Circularity

« Design for disassembly

« Design for end-of-life collection
« Design for reuse

« Enable material traceability

« Enable material homogeneity

Product efficiency

» Variable energy consumption

» Energy consumption efficiency

» Material consumption efficiency
« Change consumer behavior

Design for repairability and maintenance
Design for upgradability and adaptability
Design to last

Design for remanufacturing

Design for multiple uses

DESY. Intro Sustainability for large scale RIs | Denise Volker, DESY | ALEGRO Workshop 2024

End of life

Usage

Design for
sustainability

Sourcing

Operations

Dematerialization

« Content reduction

« Design for value

« Digitization

» Weight reduction

« Minimal material and packaging
« Generative design

Next-best materials
selection

« Renewable and biodegradable
material

» Recycled matenial

« Recyclable material

« Lightweight material

Green supply chain

« Frugal processes and operations
« Detoxified processes

« Standardization and modularity
« Design for logistics

| Source: Boston
Consulting Group. Six
Strategies for Designing
Sustainable Products;
https://www.bcg.com/publ
ications/2023/six-
strategies-to-lead-
product-sustainability-

design

Seite 13
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Projects
examples



Energy consumption DESY 2021

- electrical power (GWh)

I heating energie(GWh)
© . electrical power XFEL (GWh)

electrical
power

heating
energy

accelerator

FLASH
Office, workshops LINAC
and laboratories
computing center HERA

cooling center DESY

canteen

others

DESY. Intro Sustainability for large scale RIs | Denise Volker, DESY | ALEGRO Workshop 2024

available heat

SUSTAIN
ABLE
DESY.

Seite 15



Energy consumption at DESY 2021 itéETEA'N

DESY campus in Hamburg DESY.
19,5 GWh o
* In 2021 this is in total as much energy
m Electricity DESY consumption as 14.000 households? (but:
households use most energy for heating and
= Electricity XFEL DESY uses mainly electrical energy)
" District Comparison only in electrical energy:
Heating P y gy
* Only DESY 49.000 households?
« DESY + XFEL ca. 70.000 households?
Cﬂnsumptiﬂn 2“21 1source: Energy consumption of private households: 16.433 kWh; ca. 70% for room heating;
o5 https://www.destatis.de/DE/Presse/Pressemitteilungen/2018/10/PD18_378_85.html ; average
ElE"’-'t"':lt'o' DESY 152:5 EWh household has ca. 2 persons: http://www.bpb.de/nachschlagen/zahlen-und-fakten/soziale-
EIEEtI'iEIt‘." XFEL EE!D Ewh situation-in-deutschland/61587/haushalte-nach-zahl-der-personen
District Heating 19,5 GWh 2source: Only electricity, no other energies. Electricity consumptions depends on size of
household. Average household of ca. 2 persons uses 3.106 KWh
TDTE' 233,[} EWh (https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/ UG R/private-

haushalte/Tabellen/stromverbrauch-haushalte.html)
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Climate Protection at DESY itéETENN

Focus CO, DESY.

DESY has 3 big CO2 emission sources (and many little ones)

1. Electrical power: from 2023 on 100 % Renewable — 40.000 tons CO, less per year (55.000 tons
with XFEL) (compared to 2019)

2. Business trips: 1/3 less travel in total - short trips only by train - flights we can’t avoid to be
compensated - CO, savings between 4.000-6.000 tons

3. Heating: currently comes from a coal plant nearby - already use waste heat from the cryogenic hall
(>10 GWhly) — next project: usage of unused waste heat of ca. 12 GWh/y — possible CO, savings
of about 4.000 tons (compared to 2019)

-',/“é ILI\ | |é@
- \ .' j‘ f;‘;!;h

o
CTA
o o
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Waste Heat Usage 1 iléETENN

Cryogenic Plant - in use since 2017 DESY.

» Since 2017 use of waste heat from cryogenics

» Cooling of helium down to 2 Kelvin for the
operation of the superconducting accelerators

» Waste heat with a temperature of 70 °C

* More than 10 GWh each year

— More than 1/3 of the required heat @ DESY

DESY. Intro Sustainability for large scale RIs | Denise Volker, DESY | ALEGRO Workshop 2024 Seite 18



Waste Heat Usage 2

Unused Potential at DESY Campus in Hamburg

« Waste heat from accelerators not yet in use

* Project with University of applied science in
Hamburg (HAW) to identify potential
— Result: 129 GWhly of waste heat available
at a temperature level of 30°C - 40°C

« Can cover all of DESYs heat demand
(12 GWhly)
— usable in existing and new buildings

« Possible CO, savings at DESY campus of

about 4.000 tons/y =

. Abwirmequellen

‘ Fernwdrmebezug

Realisierte Warmeriickgewi

DESY. Intro Sustainability for large scale RIs | Denise Volker, DESY | ALEGRO Workshop 2024

PetraNord Ost

Fernwdrmebezug

SUSTAIN
ABLE
DESY.

DESY Hamburg?:

Wirmebedarf: 23,13GWh
WRG Kryogenik: 9,40 GWh
Fernwdrmebezug: 15,73 GWh
Abwirmequellen?:
AMTE: 3,86GWh (22°C)
DESY 16d: 8,74GWh (30°C)
Flash PH1: 3,77GWh (30°C)
Flash PH2: 5,44GWh (30°C)
Hera West: 19,6 GWh (29°C)
Petra Nord Ost: 26,8 GWh (30-38°C)
Petra Siid: 16,3GWh (35°C)
XFEL-XHM: 44,9GWh (34-38°C)
1: Daten aus dem Jahr 2019
(zertifizierung TU Dresden)
2: Daten aus dem Zeitraum ab dem
01.04.2019 bis zum 01.04.2020
Seite 19



Civil Construction iléEEAlN

Assessment System for Sustainable Building (BNB) e -~ DESY.

Main Criteria Groups of the BNB System

Ecological Economic Socio-Cultural B : E
Quality Quality and Functional ~ p=. .
Quality - — —

| CTA-SDMC Zeuthen

22,5% 22,5% 22,5%

Technical Quality 22,5%

Process Quality 10%

Location Profile

Source: BBSR

| DESYUM
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Sustainability at DESY iLEJBETEAlN

Green DESY DESY

» Building 36 — Total area of
greening 4,570 m2 = half a
hectare (roof and 3 walls)

» Bird's eye view at the

beginning and in a few years
Draft: L+ Landschaftsarchitekten
Visualization: luminousfields

Benefits:

« more efficient rainwater management through retention by increasing water seepage and evaporation
opportunities

« Healthy microclimate

* Reduction of the heat island effect (cooling down of the city heat in summer)
 Air pollution control / Respirable dust absorption

« Breeding and foraging habitats for birds and insects

« Contribution to biodiversity

DESY. Intro Sustainability for large scale RIs | Denise Volker, DESY | ALEGRO Workshop 2024 Seite 21



DESY Sustainability Report

2019-2021

Impulse setzen.
Nachhaltig forschen.

DESY-Nachhaltigkeitsbericht
2019-2021

SUSTAINABLE
DESY.

https://nachhaltigkeit.desy.

de/sustainability report/ind

ex eng.html

jahrliche Ke
durch Ab:

40000t

maximales COz-Einsparpotenzial
durch Abwdrmenutzung

1/ ha

Fassaden- und Dach-
begriinung an Halle 36

37000t

jahrliche COz-Emissionen
weniger durch Okostrom

1 Mio.

potenzielle Betrieb:

skosteneinsparung

bei Versorgung beider Standorte mit
vorhandener Abwarme

6000 t

Schwerbeton recycelt

34000 k

613 kg 1100

Holz weniger durch
digitale Rundschreiben

2800 Mitarbe
n Rebow

enden

>10

jahrliche Abwarme
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GWh

aus der Kryogenikanlage

Die Abwarmeriickgewinnerin
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Lets get closer to the
accelerator



Upgrade PETRA Il : PETRA |V PETRAIV.
What is the benefit of the upgrade? %

Photon source size —ideal imaging capabilities

102 | PETRA IV. v=woid N E
107 | _ L T

Brightness (ph/s/0.1% bw/mm?*/mrad?)

1(’2l 3 UEGS-4.3m B
2 - 3 Comparison of the beam emittance for PETRA Il (left) and PETRA IV (right)
== - _ PETRA Il PETRA IV
PETRA Il
19 A 1

Photon Energy (eV)

10 pm rad 5 pm rad

Wavefront

Spectral brightness of PETRA IV (H6BA lattice) compared to PETRA I11 [1]

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

Coherent Fraction

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

Coherence of the emitted light for PETRA Ill (bottom) and PETRA |V. (upper figure)

DESY. Intro Sustainability for large scale RIs | Denise Vélker, DESY | ALEGRO Workshop 2024 [1] €.G. Schroer etall Eur. Phys. J. Plus 137, 1312 (2022) Seite 24
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Permanent Magnets - Energy Consumption
Very good DESY

* Increasing use of PM in new lattices

) .. DESY calcutaled Energy savings with the current design:
* PMs run without electricity & J J

* Hugh power savings _ o | _ |
(calculated with 6500 h operation time per year; without cooling and heating)

* ESRF: before upgrade 16.9 GWh / year ! |
J.Chavanne, Permanent accelerator magnets for light
after u pgra de sources, 5th ESSRI Workshop 2019,
https://indico.psi.ch/event/6754/contributions/18013/
* PSI: SLS 6.4 GWh / year . | _
M.Seidel, Technologies for Sustainable Accelerators,
S LSZ 0 First iIFAST annual meeting, 2022,
https://indico.cern.ch/event/1138690/contributions/478
2721/
I
¢ HZB B ESSY I I 5 . 1 G\Nh / Vea r J.Vélker, Overview permanent magnets at accelerator
BESSY | | | facilit.ie's, iFAST REE workshop 202_3,
https://indico.desy.de/event/35655/timetable/#2023020
6.detailed
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Rare Earth Elements - Current situation
Very bad

« Rare earths (REE) are mined
and processed under
destructive social and
environmental conditions

* No alternative sources or
certified mining and
processing available

| ORF, 2015, Auf der dunklen Seite des Fortschritts:
https://orf.at/v2/stories/2272650/2272651/

« So far no sufficient progress
on recycling of old PM

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

DESY. Intro Sustainability for large scale RIs | Denise Volker, DESY | ALEGRO Workshop 2024

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

Children as young as seven mining
cobalt used in smartphones, says
Amnesty

Amnesty International says it has traced cobalt used in batteries
for household brands to mines in DRC, where children work in life-
threatening conditions

| Spektrum, 2020, Politik
bedroht unberuhrte

§ Amazonasgebiete,
https://www.spektrum.de/ne
ws/politik-bedroht-
unberuehrte-
amazonasgebiete/1754314
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adult

What to do? 6—~;¥%
Small steps have value \

flugl& &
. . . I Image by brgfx on Freepik
« Implement life cycle management already in planning ‘\

phase of new Ris a“ <

legs \*. / tadpole “

* Find best practice for recycling of these materials

« Support development of certification system for mining
and processing of critical materials | image by iuicy_fish on Freepik

Intermediary Separation Refinin.g/ Semi- S - (Re-)Use /
Trad EDEEEIE, Reduction Fabrication & a U ac- Recyc”ng
ra e SO'Vent Ca|Cinati0n . turlng Wh0|esa|e 4
(optional) ST Electrolysis' Conversion (optional)

| from M.Erdmann: https://indico.desy.de/event/35655/contributions/137541/
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Tunnel Temperature PETRA IlI

Heated and unheated Sections DESY

Tunnel Climatization today:

36

" l l | ‘ |1‘

e Air (252 C) blown in every 300/600 m
* Cooling water inlet: 252 C

31

] Temperature over one year

* Temperature difference between
positions up to 5°C

[
=3

*  Operating schedule of PETRA clearly visible

. Summer and winter time visible

2k : ! el : :
Jan 26 Mar 26 May 25 Jul 24 Sep 22 Nov 21 Jan
| Jan 26 1%:06:30 CET 2020 12 Mo

Black curve, 262 — 312 C: Concrete floor, OR59, air temperature regulated (302 C)
Red curve, 232 — 342 C: Concrete floor, SOR87, air temperature unregulated |Source:Temp.Calc.Kickoff| PETRA IV WP
Blue curve, 232 — 362 C: Air temperature, SOR85, air temperature unregulated 1.12 - Michael Bieler
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3D calculation of tunnel air and heat flowa

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.

e Alist 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

DESY. Intro Sustainability for large scale RIs | Denise Volker, DESY | ALEGRO Workshop 2024

SUSTAIN
ABLE
DESY.

(Cedric Kula TAC)

PETRA IV CalCulator e s 212 sccessPiRs 4 6.0 12

screenshot of the app

and first test results
(R. Zimmermann)

Zi Fraunhofer
5
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CO2 emissions for different tunnel temperatures

PETRA IV requires very stable temperature

3000 900,0
= 2900
= 2800 850,0
= Cenn
R 800,0
> 2600 ==
L 2500 750,0
v
5 2400 )
£ 2200 oz 650,0
2 2100 '
2000 600,0

20 21 22 23 24 25 26 27 28 29 30 31

Tunnel temperature [°C]

use of primary energy (inlet 30°C) === se of primary energy (inlet 25°C)

(0002 emissions (inlet 30°C) w02 emissions (25°C inlet)

Primary energy consumption and CO, emission for different tunnel temperatures and cooling

water inlet temperatures with reference PETRA IV operation
(T. Warnecke ,Report on thermal parameters of PETRA 1V”)
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CO2 Emissions [t/a]

SUSTAIN
ABLE
DESY.

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

Optimal temperature in
the tunnel are:

Water: 30°C
Air: 25°C
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SUSTAIN
Accelerator R&D ABLE

Plasma based injector PETRA IV DESY.

Plasma injector

6 GeV LINAC Il

500 MeV

LPA simulation

plasma injector

Ve

Injection
channel

100 m

conventional
0 1000 2000
average power consumption (kW)

PETRA IV
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. . SUSTAIN
Sustainable Design ABLE

International exchange on Sustainable Accelerators DESY

ESSRI conference

« Energy for Sustainable Science at Research Infrastructures
(ESSRI) 25./27. Sept. 2024 in Madrid

* Program includes: energy management, latest efficiency ideas
and critical materials

 https://agenda.ciemat.es/event/4431/

Know your footprint Campaign
« Developed by the young High Energy Physicists

(yH EP) Know your footprint - Evaluation of the professional carbon footprint for individual
. Paper' https://arxiv.ora/abs/2403.03308 researchers in high energy physics and related fields
. - ) ) Valerie Lang™"*, Naman Kumar Bhalla®, Simran Gurdasani®, Pardis Niknejadi®
b Cal CU I ato r . S A berr- Ludwigs-Universing, Freiburg, Germany

B enrrches Elekmonensynchrorron ( DESY), Hamburg, Germany

https://limesurvey.web.cern.ch/863499?lang=en
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Thank you
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