A SUSTAINABLE FUTURE IN HIGH-ENERGY PHYSICS

What do (or should) HEP, Astro and Nuclear organisations do\to minimise
their footprint?

e A tour of the report [HECAP+, to appear in JINST, arXiv:2306.02837] \

¢ Including some recommendations, from the report

e And some statemenFs for discussion, which.are qnne ‘
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SUSTAINABILITY

Sustainability is the ability to main-

tain an activity at a certain rate or

level. It integrates three stakes: So- Society
ciety, Economy and Environment.

A science programme is sustainable Bearable Szl
if
@ has obtained a “social license” Sustainable
to operate,
; ; Environment Economy
@ avoids the depletion of Viable

natural resource

@ long-term affordable with
well-understood and managed
risks.
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[HECAP+, to appear in JINST, arXiv:2306.02837]

HECAP-+ SUSTAINABLE SCIENCE REPORT

Reflection document following Sustain-
able HEP workshops [indico] and [indico]

Envir il ility in
i i basi h
Gives an overview over current status o cas
of sustainability in HECAP+ ——

=» High Energy Physics, Cosmology
and Astroparticle Physics +
Hadron and Nuclear Physics

Sustainable HECAP+ Initiative, “En-
vironmental sustainability in basic re-
search: A perspective from HECAP+",
2023, available at: [https:/ /sustainable-

Avstract

and
humanity to take

The HECAP+ ct ities (High Energy Physics, Cosmology, Astroparticle
Physi i of

arXiv:2306.02837v2 [physicssoc-ph] 18 Aug 2023

hecap-plus.github.io/]. [HECAP+, to appear in JINST,

arxiv:2306.02837]. Accepted by JINST.

Nik[hef

Patrick Koppenburg A sustainable future in High-Energy physics [5/22]


http://arxiv.org/abs/2306.02837
https://indico.cern.ch/event/1004432/other-view?view=standard
https://indico.cern.ch/event/1160140/other-view?view=standard
https://sustainable-hecap-plus.github.io/
https://sustainable-hecap-plus.github.io/
http://arxiv.org/abs/2306.02837
http://arxiv.org/abs/2306.02837

[HECAP+, to appear in JINST, arXiv:2306.02837]

HECAP-+ SUSTAINABLE SCIENCE REPORT

Chapters in alphabetical order on

@ Computing - S
© Energy e
0 Food OTSR——
Q@ Mobility
@ Research Infrastructure and
Technology

@ Resources and Waste

Avstract

Including best practices, recommenda-
tions and case studies.

and
humanity to take
timi

The HECAP+
Physi

arXiv:2306.02837v2 [physics.soc-ph] 18 Aug 2023
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[HECAP+, to appear in JINST, arXiv:2306.02837]

INTRODUCTION

a) Net global greenhouse
g0 gas (GHG) emissions

2019 emissions were
\[ 12% higher than 2010

=
= = ey Implemented policies result in projected
g . Implemented policies emissions that lead to warming of 3.2°C, with
g 60 arange of 2.2°C to 3.5°C (medium confidence)
& i Nationally Determined
a ! Contributions (NDCs)
S ~ range in 2030 Key
2
5 40 Implemented policies
= (median, with percentiles 25-75% and 5-95%)
Q
.g == Limit warming to 2°C (>67%)
o
P 2 Limit warming to 1.5°C (>50%)
S with no or limited overshoot
s
g === Past emissions (2000-2015)
2
% 0 ——{net zero T Model range for 2015 emissions
@ . Past GHG emissions and uncertainty for
2015 and 2019 (dot indicates the median)
=20
2000 2020 2040 2060 2080 2100
NikJhef
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INTRODUCTION

Energy use
in industry
Agriculture,
Forestry &

Chemicals
Energy

Rail
Cement = 732% I Aistion

transport

. 4

Residential & commerci
heating, electrict

Global, 2016
49.4 GtCOze
6.3 tCO,e/capita

[HECAP+, to appear in JINST, arXiv:2306.02837]

— %)

Electrical + magnets \

Civil+ Tecnical services —— L

Mechanical + Raw material ——

Caveat:
Mobility

only  for
CERN 2021-21 CERN
361 kt CO2e employees

20 t COge /researcher

The dominant GHG sources depend on location and activity.
For CERN 50% are gas emissions (2021-22).

Nik|hef
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[HECAP+, to appear in JINST, arXiv:2306.02837]

INTRODUCTION

Self-reported annual workplace emissions, per researcher

Budget Global I Scope 1 (direct)
to 2050 average [ Scope 2 (indirect, purchased)
B Travel (business)
ETHZ DPHYS EEE Travel (commuting
. E=S Food Scope
Nikhef EBA Procurement 3
BN Waste treatment
MPIA BN Upstream energ
CERN
(LHC shut down)
FNAL ~  [Tked]

o 25 5 75 10 125 15 17.5 20 35 40 45
GHG emissions (tCO»e)

2019 data, save MPIA (2018), and ETHZ business travel (average 2016-2018).

v/ ETH and Nikhef are top
X But away from 2050 target

X Labs like MPIA (Heidelberg), CERN or FNAL (Fermilab) are well above
the world average

=» Science causes GHG
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[HECAP+, to appear in JINST, arXiv:2306.02837]

INTRODUCTION

Per capita CO, emissions Ma [
[worl ta]

Carbon dioxide (CO,) emissions from fossil fuels and industry”. Land-use change is not included.

Self-reported annual

Budget Global
to 2050 average

ETHZ DPHYS
15t United States
Nikhef
MPIA ot
CERN Japan
(LHC shut down) Eoropean Union 27)
FNAL st S
Swizerand
o 25 5 7.5 o
GHG emi o
180 1900 2022

Data source: Global Carbon Budget (2023); Population based on various sources (2023)
o & &

2019 data, save MPIA (2

1 i emitted burning of fossilfuels,
o I, oil, gas, fla 1, steel,

v/ ETH and Nikhef are top S o s oo tton
X But away from 2050 target

X Labs like MPIA (Heidelberg), CERN or FNAL (Fermilab) are well above
the world average

=» Science causes GHG
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Do as we say
not as we do
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Symbol: sustainable way
of getting up the hill
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[HECAP+, to appear in JINST, arXiv:2306.02837]

ENERGY

Our World Global Primary Energy Consumption ENERGY/SECOND
in Data Primary energy is calculated based on the 'substitution method which takes account 28000 GW
of the inefficiencies in fossil fuel production by converting non-fossil energy into the
energy inputs required if they had the same conversion losses as fossil fuels. |-26000 GW
-24000 GW
CoP 27
Wind, Solar, Biofuels, etc. z -22000 GW
dro Saving
ENERGY /YEAR Nuclear oy 1-20000 GW
160,000 TWh
' -18000 GW
CoP 1 . The Energy Gap
140,000 TWh l 16000 GW
120,000 TWh -14000 GW
CO>-free R
- -12000 GW
100,000 TWh _Production
-10000 GW
80,000 TWh
|- 8000 GW
60,000 TWh

40,000 TWh

20,000 TWh

h -0
1965 1980 1990 2000 2010 2021 2030 2040 2050 Jahr

Source: Our World in Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy OurWorldinData.org/energy *+ CG by 4.0
Nik[hef
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https://www.sesame.org.jo/news/sesame-becomes-worlds-first-large-accelerator-complex-be-fully-powered-renewable-energy
https://cds.cern.ch/record/2663342

[HECAP+, to appear in JINST, arXiv:2306.02837]

ENERGY: ELECTRICITY

Mitigation potential of energy-related options to 2030
Potential contribution to net emission reduction GtCO,e/yr
1 2 3 4 5 6

]

7 [IPCC, 2022]

Wind energy

Solar energy
Nuclear energy
Bioelectricity
Hydropower
Geothermal energy

Carbon capture and storage (CCS)
Bioelectricity with CCS
Reduce CH, emission from coal mining

W Costs lower than reference
mEE §-26 USD per tCOse
-
-

20-50 USD per tCOse
56-196 USD per tCOze

Reduce CH, emission from oil and gas W 166-200 USD per tCOze

Costs calculated with respect to conventional power generation; mitigation potential assessed with respect o current policy reference scenarios. For all measures
save emissions reductions, the cost categories are indicative, and estimates depend heavily on factors such as geographical location, resource availability and
regional circumstances. Relative potentials and costs will vary across countries and in the longer term.

@ Use low-carbon sources

@ Produce in house? Works for SESAME.
Far off for CERN.

@ Production (i.e. low costs) may be

intermittent
Patrick Koppenburg A sustainable in High-Energy physics [11 / 22]
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[HECAP+, to appear in JINST, arXiv:2306.02837]

ENERGY: ELECTRICITY

Mitigation potential of energy-related options to 2030

Potential contribution to net emission reduction GtCO,e/yr
1 2 3 4 5 6 7 [IPCC, 2022]

]

Wind energy
Solar energy

Nuclear energy

Bioelectricity

« Can we run our experiments only
when electricity is abundant (and
cheap)?

all measures
ilability and

* Do you know how much power your
group uses?

@ Produce in house? Works for SESAME.
Far off for CERN.

@ Production (i.e. low costs) may be

intermittent
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NIKHEF RENOVATION

Nikhef's footprint is improving as we
now heat the building from the com-
puting centre

Nik[hef
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ATLAS CPU USAGE (2024) [ \
+1

700k jobs running on average

= 6 MW (cerny = 50 GWh /year =» 10 kt CO2 for 3000 authors
=» More than 3 t CO5 per author

Slots of Running jobs by ADC activity = @
1 Mil
[LHCC 11/09/2024]
800K

800 K

03/18 04/01 04718 05/01 05/16 08/01 08/16 07/01 07/16 08/01 08/18 09/01
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https://indico.cern.ch/event/1444045/#1-atlas-status-report
https://monit-grafana-open.cern.ch/d/000000884/it-overview?orgId=16

ATLAS CPU USAGE (2024) r \
+1

700k jobs running on average
= 6 MW [cery) = 50 GWh /year =» 10 kt COg for 00" it S
=» More than 3 t CO, per authn~ f your 12
GHG em b7
omputing g . 2016—18
— yertices U \ast
1 Mil \\ p A P
[HCE 11/09 Wy harvest offe 000 hours ©
800K \_H Cb data use

missions o

Do You know the

Slots of Running jok

Weeke“d

800 K

400 K

200K

4/16 05/01 05/16 08/01 08/16 07/01 07/16 08/01 08/16 09/01
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[SURF S\t\the Nikhief building]
l
. P“\\\ : F ) Y.

: K (s!; ,{% ‘!%i‘%% - /

. | |
INFRASTRUCTURE Mostly cooling (but don't forget f.
construction) i

Sustainable cooling cscs
* Heat-reuse s

. Optimisation of frequency [Szczepanek et al., arXiv:2408.12445]
Smart queuing systems

=» Power usage effectiveness =» ~ 1. (world average 1.55)
HARDWARE Manufacturing is 80% of personal equipment.
* Keep as long as possible. Upgrade and repair.
SOFTWARE Dedicated measures can have a huge immediate
impact.
=» Needs effort from everyone involved

~ Dt ck@konpenbura ch

[1; 7.22]
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[HECAP+, to appear in JINST, arXiv:2306.02837]

MoBILITY

Travel = Commute + Fieldwork + Conferences

Mobility emissions per 1ger km, linear scale
France

Rail (>200 km) |29 Research involves travel

Subway, tram [-3g Especially when the lab is far away
Bicycle I ..
Bicycle (electric) Choice of transport is important
Rail (<200 km) Q E—
Scooter (electric) Choice whether to travel is important too

Coach

Car (electric)

Bus

Plane (long haul)
Car (hybrid)
Motorbike

Car (diesel)

Car (petrol)
Plane (short haul)

[ 50 100 150 200 250 300 350 400 450
GHG emissions (gCOye/km)

Source: Labos1.5 database. Estimates include production emissions, and may vary slightly based on occupancy of public transport, and between countries.
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[HECAP+, to appear in JINST, arXiv:2306.02837]

MOBILITY : CONFERENCES

400 ICHEP Valencia 1268 ICHEP Seoul
36% |of 7% of B Rail, bus or car —_ 36% | 7% of HEEE Rail, bus or car —
350 jattendees ttendees  mmm Short-haul 20 9 ttendees B Short-haul 3B
[ Long-haul o 1000 [ Long-haul -
T 300 B superlonghadl| S G Em Super long-haul | 38 S
& %
) J 535 3 kel
QO 250 & g %3
2 200 I 5 2 600 2 5
o 10 Tj S T.E
8 10 2 8 4 e
5 5 E 5
5 100 5 9 @ I ©9
5 200 5
i K ol L
® M ﬂﬂ[ [l M m = ® ol mm | mel o [l L1 — m g
25

m -
[ 25 5 75 18 125 15 175 ) 5 75 1® 125 15 175
Distance travelled (‘900 km) Distance travelled ('900 km)

ICHEP attendees by human development index
—eryigh  me Hign  mEm Meom mEm Low

o Conference location has large impact

wrcezo: I @ But optimising forces people from remote
enicaso 201 [ areas to travel more
s, e~ @ Virtual conferences slightly improve
. R S accessibility

Niklhef
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[HECAP-+, to appear in JINST, arXiv:2306.02837]

Foob

Greenhouse gas emissions per 100 grams of protein

Emissions are measured in carbon dioxide equivalents (CO2eq). This means non=CO2 gases are weighted by the
amount of warming they cause over a 100-year timescale.

Bect(beetnero | -
Lamb & o | 1
prawns tarme:) | 15 19 =

Beef (dairy herd) 16.87 kg
Cheese 10.82 kg

itk | ¢ 5 e
pig Meat | 761 ke
Fish (farmed) — 5.98 kg
Poultry Meat | [N 57 <
eges [N 421 ¢
Grains - 2.7kg

Tofu (soybeans) - 1.98 kg
Groundnuts . 1.23 kg
Other Pulses |l 0.84 kg

Food is a sensitive cultural
topic

Soft measures can be
taken. Interesting
-3 :;::: initiatives at EPFL.
Okg 10 kg 20 kg 30 kg 40 kg
Source: Poore. J., & Nemecek, T. (2018). Additional calculations by Our World in Data.

Note: Greenhouse gases are weighted by their global warming potential value (GWP100). GWP100 measures the relative warming impact of
one molecule of a greenhouse gas, relative to carbon dioxide, over 100 years.

OurWorldInData.org/environmental-impacts-of-food ¢ CC BY
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[HECAP-, to appear in JINST, arXiv:2306.02837]

TECHNOLOGY ﬁﬁﬁ@

Half of LHCb’'s GHG emissions are hy-
drofluorocarbon gases [LHcb-TDR-023).
=» Minimise leaks and use different
gas mixtures.
@ These measures are best taken
when designing experiments.

B Gas Emissions mElectricity mTravel

Gas Emissions
51%

: (CF4 & C4F10)
Electricity
26%
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[HECAP+, to appear in JINST, arXiv:2306.02837]

RESOURCES

Other procurement ~

\

Etectrical + magnets ~__
Civit+ Tecnical services —

Y

0 ape

l
:

The elephant in the room is procurement

It's hard to quantify. It's hard to address. But it's a big contributor to GHG
emissions.

Patrick Koppenburg A sustainable future in High-Energy physics [19 / 22]
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[HECAP-+, to appear in JINST, arXiv:2306.02837]

RECOMMENDATIONS

o Make and model positive change in
research activities

o Save energy
o Make,sustainable personal computing
choices
o Schedule queuing systems with
environmental sustainability in mind
o Reduce consumption of animal products,
especially ruminants
@ Assess need and mode of business travel
o Re-assess needs for in-person meetings

o Share, repair, reuse and refurbish to
minimise waste
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[HECAP+, to appear in JINST, arXiv:2306.02837]

RECOMMENDATIONS | (D]

Monitor, assess, report on and set targets in relation to the
environmental impacts of research activities
o Ensure that environmental sustainability is an essential consideration at all
stages of projects
o Critically assess the environmental impact of materials
o Prioritise suppliers instituting sustainable sourcing
o Make environmental sustainability is a core consideration when designing
and choosing sites
Allow flexibility in policies and procedures e.g., budget allocation, that
enable environmentally sustainable choices to be made

o Support sustainable commuting and travel
Monitor and report energy usage. Prioritise renewable energy.

Incentivise consumption of plant-based food
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[HECAP+, to appear in JINST, arXiv:2306.02837]

STANDARDISATION

X Limited avallablllty Of E IA(I:PowerstnergyolFumreeeColliders
data on emissions and = 600L = )
— wsms CEPC, 2 IPs, lumi up, power priv. com.]
resources consumption for [ [ ety it ]
basic research 2 e T |
s o 400
infrastructure, O L j
X Data not standardised % i il
=» Comparisons are ° 200L 1
difficult i ]
v Good examples: ESO, ol L e
GRAND, RUEDI, 107 1
CLIC. .., [Labos 1.5] Center-of-Mass Energy [TeV]

Need a fair comparison of projects with standard life-cycle and cost-benefit
analyses
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Assessmg, reporting on, defining target' >
coordinated efforts to limit our negative ir
climate and e%)systems must become :
we planmmd lmﬁlertake all aspects ..,:‘

)~

[ @pkoppenburg,bsky.social] [w @pkoppenburg] [patrick-koppenburg@nikhef.nl]

40RD01E _ww koppanbuig org
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