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Atmospheric CO, vs. ground temperature

First publication on their relationship in 1896, i.e. 128 years ago

* Prof. Svante Arrhenius, On the Influence of Carbonic Acid in the Air upon the Temperature of the Ground
Philosophical Magazine and Journal of Science Series 5, Volume 41, April 1896, pages 237-276. (/i11k)
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» Confirmed and refined since then in many studies - See e.g. Nobel prize in 2021
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https://www.tandfonline.com/doi/abs/10.1080/14786449608620846

Guess the concentration of CO, In the atmosphere

What is the current CO, content in the atmosphere, given a mean over the last
800k years of around 225 ppm?

A) Between 250-300 ppm A N

B) Between 300-350 ppm & N
C) Between 350-400 ppm c I

D) Between 400-450 ppm o

E) Above 450ppm -

and type my

0% 10% 20% 30% 40% 50% email address

ID = valerie.lang@physik.uni-freiburg.de

Reset Vote 36 participants / Poll closed
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http://www.vote.ac/

Where are we now? — In terms of CO, In atmosphere

Measurements over the last ~70 years at Mauna Loa Observatory - Keeling curve

« Combined with data from ice cores over last 800k years - Composition of air trapped in ice from Antarctica
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https://keelingcurve.ucsd.edu/

Where are we now? — In terms of ground temperature

Copernicus Satellite Data 2 Sept. 2024 = 2"d warmest on record (after Sept. 2023)

Surface air temperature anomaly for September 2024
Data: ERAS. Reference period: 1991-2020. Credit: C3S/ECMWF

Daily sea surface temperature for 60°S-60°N

Data: ERA5 1979-2024 - Credit: C3S/ECMWF
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* Over the last 12 months (from September 2024):
o Reached (and surpassed) the global
» Average global temperature: 1.62°C above 1850-1900 level 150 incrEease IimIiOt i deal?y targete d by
» Average European temperature: 2.3°C above 1850-1900 level Paris climate agreement 2015
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https://climate.copernicus.eu/climate-bulletin-about-data-and-analysis
https://climate.copernicus.eu/climate-bulletin-about-data-and-analysis

Intergovernmental Panel on Climate Change (IPCC)

Comprehensive reports on the state of climate change, its impacts and risks, as well
as mitigation strategies = Latest: Sixth Assment report (ARG)

« Working Group | — The Physical Science Basis - Released Aug 2021
Nobel

2007 PEACE PRIZE
©® THE NOBEL FOUNDATION

« Working Group Il — Impacts, Adaption and Vulnerability - Released Feb 2022
« Working Group Il — Mitigation of Climate Change —-> Released April 2022
» Synthesis Report - Released March 2023

- From the Summary for Policy Makers of the Synthesis Report:

A.1 Human activities, principally through emissions of greenhouse gases, have unequivocally
caused global warming, with global surface temperature reaching 1.1°C above 1850-1900
in 2011-2020. Global greenhouse gas emissions have continued to increase, with unequal
historical and ongoing contributions arising from unsustainable energy use, land use and
land-use change, lifestyles and patterns of consumption and production across regions,
between and within countries, and among individuals (high confidence). {2.1, Figure 2.1,
Figure 2.2}
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https://www.ipcc.ch/reports/
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_SPM.pdf

Also see IPCC WGI
Where are we heading? Interactive Atlas:

Different scenarios in IPPC report analysed

_ L _ . - Pathways to 1.5°C (2.0°C) require rapid
« Factoring (lack of) mitigation actions, policies, etc.

and deep yearly emissions reductions!
ALl b)) Fles el - Why? Cumulative CO, emissions count
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—> Currently implemented policies lead to warming of 3.2°C

univerSitét-freiburg Valerie Lang - Colloquium at PSI 24 October 2024 7


https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_SPM.pdf
https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_LongerReport.pdf
https://interactive-atlas.ipcc.ch/

Why is > 2.0°C temperature increase a bad idea?

With warming of 3.2°C:

« ~100% biodiversity losses in large areas near equator

« Large parts of the Earth become ~uninhabitable due to risk of hyperthermia

$%¢
@

Heat-humidity = 0days 1 10 50 300 365 days
risks to ST T s T
human health 2

Y- & .. | . |
Historical 1991-2005 1.7 - 2.3°C 2.4 -3.1°C 4.2 -5.4°C
Days per year where *Projected regional impacts utilize a global threshold beyond which daily mean surface air temperature and relative humidity may induce
coml_)iped temperature and. hyperthermia that poses a risk of mortality. The duration and intensity of heatwaves are not presented here. Heat-related health outcomes
humidity conditions pose a risk vary by location and are highly moderated by socio-economic, occupational and other non-climatic determinants of individual health and

of mortality to individuals®*  socio-economic vulnerability. The threshold used in these maps is based on a single study that synthesized data from 783 cases to
determine the relationship between heat-humidity conditions and mortality drawn largely from observations in temperate climates.

- Hyperthermia = Failure of human heat-regulating mechanisms — deadly if not treated quickly
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https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_LongerReport.pdf

Why is it relevant to High Energy Physics & related fields?

High Energy Physics (HEP) and related fields contribute to CO, emissions

 Build large detector systems and infrastructures ‘\ | AT AT, 3 .
« Cause emissions from various sources ,’ o N ‘

SN

- See environmental reports e.g. by CERN S

« But: How much per researcher? - Know your footprint!

 |dea: Estimate per-researcher carbon footprint
—> Put into context with private and target footprints

« Personal identification of high-emission areas B
which need urgent adressing and raise awareness A

» Provide personal reference for gauging carbon
emission numbers

- If we want to maintain ~liveable conditions on Earth, ALL areas of research, politics, culture, industry, etc.
need to contribute to emissions reductions - This includes HEP!

universitat-freiburg Valerie Lang - Colloquium at PSI 24 October 2024



Know your footprint (Kyf) calculator

Consider private and professional emissions for researchers

» Private emissions in Germany — see by
German Federal Environment Agency (UBA)

* Professional emissions in HEP and related fields
—> Split into four categories:

Experiment
Institute
Computing
Travel

—> Investigate each category‘s impact
—> Configurable per individual researcher,
l.e. your individual research situation!

- Know your footprint (Kyf) calculator

- Paper discussing the basis of the Kyf calculator = Discuss in

the following

Carbon footprints in comparison

Carbon footprint: 10.13 t
German average: 10.35t

10.13

CO2 equivalents [tiyear]

carbon footprint

I Housing & Electricity
I Transportation & Travel
o

I Viscellaneous Consum ptio

I Fublic Consumption

10.35

German average

n

universitatfreiburg
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https://uba.co2-rechner.de/en_GB/
https://limesurvey.web.cern.ch/863499?lang=en
https://arxiv.org/abs/2403.03308

Experiment, collaboration or project footprint

Distinguish the following options

Large LHC experiment

: Based on CERN environmental report(s)
Small LHC experiment

Small HEP experiment - Based on DESY electricity consumption
Astrophysics experiment - Based on ESO annual report - Skip today § |

Definition of per-researcher footprint per year

» Per-researcher footprint = (Total annual emissions from experiment) / (Number of experiment members)
« Experiment members = collaboration members or users (and operators) according to applicability

* No consideration of indirect benefits for “the industry” or “the public” through “gained knowledge”
- Too vague and leads to responsibility diffusion

» Responsibilty for emissions lies with researchers designing, building, and operating detectors, and
analyzing their data

universitét‘freiburg Valerie Lang - Colloquium at PSI 24 October 2024 11



Footprint of large and small LHC experiments

Emissions classified into three categories by CERN environmental reports

140000

 Scope 1 - - Dominant contributors: Gases used
- Direct emissions from detectors, heating, etc. |3 B in particle detection and cooling

* Scope 2 160000
* Indirect emissions, primarily from electricity Subtracted CERN

80000

* Indirect emissions from other sources, e.g. /
travel, commute, waste, catering, procurement
@ LHC experiments - Particle detection

60000
LHC experiments - Detector cooli
40000 Other experiments
#® Heating (gas + fuel)

Other

® Electricity consumption (EDF)
® Electricity consumption (Hungary)

- Average emissions separately over:
Running years: 2017, 2018, 2022, and
Shutdown years: 2019-2021

consumption sites contribution Only counted
« Scope 3 - Considered only for Institute footprint ‘ for Scope 1

0

universitat-freiburg Valerie Lang - Colloquium at PSI 24 October 2024
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Footprint of large and small LHC experiments (ll)

Assign emissions to large and small LHC experiments

« For scope 1 emissions - LHCb Scope 1 emissions in 2022 specified in Upgrade |l Technical Design report
* Assume ALICE = LHCb - Small LHC experiment: S,
« Assume ATLAS = CMS - Large LHC experiment: 51;4,4¢

SlAll -2 SlSmall
2

Electrical power distribution 2018
— 1%
2%

6%
General services and
Administration Facilities - LHC

- SlLarge -

® General services and
Administration Facilities - Prévessin

» For scope 2 emissions

» Largest consumer: LHC - Followed by pre-accelerators
- Needed by all four experiments - Share equally

° General services and
Administration Facilities - Meyrin

- Subtract CERN-site contributions before ® LHC
SZAll @® SPs
- SZLarge = S2sman = 4 o bs

« Typical operation pattern in last years: 4 years of running, 3 years of shutdown
» Weight accordingly for overall annual emissions - Total emissions per experiment

universitat-freiburg Valerie Lang - Colloquium at PSI 24 October 2024 13



Footprint of large and small LHC experiments (lll)

Calculate per-researcher emissions per year

« Assume equal share among collaboration members

Emissions [tCO.,e] per experiment Emissions per collaboration member
Phase Scopel Scope2 Total
—  Run 2744 16206 18450 Experiment Members Mean | Emissions
- | |
SD 1030 8796 9826 =
z Z ALICE 1968 1684 | 8.76tCO,e
Overall - - | 14754 — & LHOCb 1400
o Run 78 332 16206 94538 S CMS 6288
&0 . | :- 6144 | 11.91tCO
E SD 35962 8796 44758 3 ATLAS 6000 2¢
Overall - - 173204 \

[

—> Slightly more (less) for large (small) LHC experiments compared to the private footprint in Germany

universitét-freiburg Valerie Lang - Colloquium at PSI 24 October 2024



Footprint of a small HEP experiment

Estimate based on DESY E"::‘-JI'V:::"S“"‘PUO" DESY 2021
electricity consumption = —

« Data from 2021: 128.3GWh annually
« Convert to tCO.,e - 2 options:

PETRA

66 GWh accelerator
» Green electricity
. FLASH

- Assume 100% photo-voltaic (PV) o

based production - 35 gCO,e/kWh o i
« German electricity mix in 2023 doctica g convn e ress

. power
- Includes >40% from wind, solar 21656 1525 G I ——
and water power - 416 gCO,e/kWh 2O canan

GWh

Considered for
experimental footprint

Kryo
11.5GW
heating
energy available heat

—> With 3000 guest scientists + 200 operators: 1.40 tCO.e (16.68 tCO,e) with green (conventional) electricity

383GWh others

(for comparison: gas: 572 gCO,e/kWh,
coal: 1167 gCO.,e/kWh)

université_t-freiburg Valerie Lang - Colloquium at PSI 24 October 2024 15



Institute or research centre footprint

Distinguish the options

» University (with green or conventional electricity)

- Based on University of Freiburg report
(skip Leibniz University Hannover today)

« Research centre
- Based on CERN environmental report(s)

Definition of per-researcher footprint per year

 (Total institute emissions) / (Effective number of institute members)
* One representative year outside of COVID-19 pandemic: 2019 for University of Freiburg, 2022 for CERN

» University of Freiburg as default university footprint
« Omission of procurement information by Leibniz University Hannover
* Decent agreement in overlapping categories between both universities

universitét-freiburg Valerie Lang - Colloquium at PSI 24 October 2024
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Footprint of a university - Freiburg

Emissions with green electricity

 Exclude emissions from travel here

N Included in Kyf calculator:
[ Institute footprint

13584 14486

5481

1000/ 577
Increases to
19224 tCO.e y
with conventional
electricity
1 |

M Strom Okostrom M Heiz/Kilhlenergie B Wasser M Abfall M Beschaffung® B Fuhrpark+Dienstreisen™

* Die Emissionen aus der Beschaffung basieren auf den Ausgaben des Jahres 2017

** Die Emissionen durch Dienstreisen basieren auf einer Hochrechnung fiir das Jahr 2018

Procurement - Dominating contributor

Based on procurement data from 2017

hemicals n.e.c.: 3,7 kt COz-eq Construction:
1 v TN 2o N TR el 10,5 kt COz-eq
Medical & Precision Instruments: 3 kt COz-eq
: Total GWP:

Procurement (Capital 25,6 kt COz-eq

Goods & Goods and
Services):

Machinery n.e.c.: 1,2 kt COz-eq

Office Machinery: 900 t CO:-eq

. 15,1 kt COz-eq
Other Business Services: 860 t COz-eq

Retail Trade Services; Repair Services : 620 t CO:-eq

Rubber & Plastic Products: 550 t CO:z-eq
Electrical Machinery n.e.c: 450 t CO:-eq

Computer & related Services: 420 t CO:z-eq
Materials & Products Thereof: 400 t CO:z-eq

Remaining Services: 300 t COz-eq

Radio & Television: 230 t CO:z-eq

Other: 5t CO:z-eq

Public Administration Services: 180 t CO:z-eq

d

Metal Products: 170 t COz-eq "
Printed Matter & recorded Media: 150 t COz-eq

Unclassified: 110 t COz-eq /

=

,/

. Food Products: 8 t COz-eq

Motor Vehicles and Transport: 23 t COz-eq

Membership Organisation Services: 110 t COz-eq

Insurance and Pension funding Sevices: 100 t COz-eq Eneruy. & Fuel Products{Scopa3): 37tC0xeq

Leased Assets: 100 t CO:-eq

- Many categories - Challenging to address
-~ Demand management + green procurement!

universitatfreiburg

Valerie Lang - Colloquium at PSI 24 October 2024
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Footprint of a university - Freiburg

Emissions with green electricity Procurement - Dominating contributor

« Exclude emissions from travel here « Based on procurement data from 2017

Construction:

N Included in Kyf calculator:
[ Institute footprint

hemicals n.e.c.: 3,7 kt COz-eq

10,5 kt COz-eq
Total GWP:

- Procurement (Capital 25,6kt CO-eq

- Goods & Goods and
n Services):

13584 14486

o= = e
Machinery n.e.c.: 1,2 kt COz-eq

10000
15,1 kt COz-eq
Other Business Services: 860 t COz-eq

5481 Office Machinery: 900 t COz-eq -
Retail Trade Services; Repair Services : 620 t CO:-eq
Rubber & Plastic Products: 550 t CO:z-eq

. Electrical Machinery n.e.c: 450 t COz-eq

1000

/

—->With 31147 members of the university (students and employees):
1.00 tCO.,e (1.54 tCO.,e) with green (conventional) electricity
electricity

Public Administration Services: 180 t CO:z-eq
. Metal Products: 170 t COz-eq /
1 i

Increases to
19224 tCO.,e
with conventional

Other: 5t CO:z-eq

/

Food Products: 8 t COz-eq

Unclassified: 110 t COz-eq ¥ Motor Vehicles and Transport: 23 t COz-eq

Membership Organisation Services: 110 t COz-ex

Energy & Fuel Products (Scope 3): 37 t COz-eq

Insurance and Pension funding Sevices: 100 t COz-eq

Printed Matter & recorded Media: 150 t COz-eq
M Strom Okostrom M Heiz/Kilhlenergie B Wasser M Abfall M Beschaffung® B Fuhrpark+Dienstreisen™ Leased Assets: 100t COz-eq

- Many categories - Challenging to address
* Die Emissionen aus der Beschaffung basieren auf den Ausgaben des Jahres 2017 9 Demand management + green procurement!

** Die Emissionen durch Dienstreisen basieren auf einer Hochrechnung fiir das Jahr 2018

univerSitét-freiburg Valerie Lang - Colloquium at PSI 24 October 2024 18



Footprint of a research centre — CERN

From the CERN environmental reports Procurement contribution = huge!

« Heating + Other category from scope 1 * Procurement emissions: 104 974 tCO2e in 2022!

« 5% of electricity, i.e. scope 2 « Corresponds to ~57% of total scope 1
emissions in same year

« Scope 3 L : :
* Contributions for construction of future infra-

« Excluding commute, travel, and caterin -
9 ’ ’ 9 structure, etc. included - Cannot be clearly
tCO,e . . . .
: separated - Maintain fully under institute
7
12000
® 2021 2022
25000
e Catering 20000
9000 Q
® Personnel commutes o 15000
Q
Water purification 10000
- o linana il
b Business travel ° Givil ‘ Permanent I Mechanical‘ Electronics ‘ Information ‘ Electrical ‘ Gas, ‘ Vacuum ‘ Other ‘
3000 engineering,  services  engineering andradio  technology engineering chemicals, and low
building and on the CERN  and raw frequency and magnets waste temperature
technical site materials collection and
. diati
+ Procurement e
0 EMISSIONS BY PROCUREMENT FAMILY 2021-2022 equipment
"Other" includes: office supplies, furniture, transport, handling and vehicles; centralised expenses and codes for internal use; particle and

2019 2020 photon detectors; health, safety and environment; optics and photonics.

universitat-freiburg Valerie Lang - Colloquium at PSI 24 October 2024



Footprint of a research centre — CERN (lI)

Total institute emissions

Category Emissions [tCO»e ]

Electricity

Heating (gas+fuel) + Other
Water purification

Waste

Procurement

Total
Total without Procurement

Effective CERN population

« At any time during the year:

 Fraction of CERN users at CERN, using
electricity, heating, water, etc.

« Consider together with CERN personell, i.e.
staff and CERN fellows

- Effective CERN population: 7295

- Per-researcher footprint:

16.65 tCO.e (2.26 tCO,e) including (excluding) procurement
- With procurement, articifically increased, due to impossibility of procurement split-up
- Needs update, once more refined data available

- To CERN's credit:

Environmentally Responsible Procurement Policy, effective from 1 January 2024 —
- Hopefully, procurement footprint will reduce over the next years

universitatfreiburg
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https://home.cern/news/news/cern/mitigating-environmental-impact-cern-procurement

Computing footprint

Focus on High Performance Computing (HPC)
» Specify individual’'s computing workloads in core hours

 Distinguish between CPU and GPU usage
- Choice of CPU or GPU due to computational task

« Several possibilities to tune configuration
» Assume optimal core utilization

 Possibility to add footprint of large external (commercial)
data storage resources

« Personal computers, small institute clusters, etc. not included
- Assumed to be covered by personal or institute electricity

\
bills and procurement - Thus included in personal or institute footprint

« Four benchmark scenarios for easy use available

universitét‘freiburg Valerie Lang - Colloquium at PSI 24 October 2024 21



Computing footprint (I

Calculation of computing footprint

Total [tCOZQ] = fpuk * foverh - Mwec * feonv

« With:
* fpur = HPC’s Power Usage Effectiveness (PUE)
- Default: 1.5 (Global average) > New CERN computing centre target: 1.1 ( )

* fovern = Overhead factor for power consumption when computing cores are idle
- Default: 1.17 (Hawk supercomputer idle time at the HPC Stuttgart)

* nypc = Workload Power Consumption (WPC)
Ny pc = PcpU-core * lcore—h,CPU + Pgru - lh,GPU

Pcpu—core/cpu = POWeEr consumption in kW for each CPU core/GPU

- Default: 7.25W (CPU - from the DESY Maxwell cluster with AMD EPYC 75F3 CPU cores),
250W (GPU - median of range, reported on a forum of NVIDIA GPU users)
leore-n,cru/ncpu = CPU workload measured in core hours/ GPU usage hours - User input

* feonv = Conversion factor from kWh to gCO.,e = Both, green and conventional (default) electricity possible

université.t‘freiburg Valerie Lang - Colloquium at PSI 24 October 2024 22


https://home.cern/news/news/computing/new-data-centre-cern

Computing footprint (1)

Four benchmark scenarios

Low usage
* PhD student with several jobs per week - Average of 4000 CPU core-h/month
Medium usage

» Doctoral student or post-doctoral researcher, strongly involved in data analysis - Based on top five

ranked users at the Uni-Freiburg HPC: Black-Forest Grid (BFG)

> Average of 30 000 CPU core-h/month With conventional electricity
+ High usage Scenario fg)nor:u?lm
» Accelerator scientist, studying accelerator performance with particle [tCOp ]
tracking codes and semi particle in-cell (PIC) codes - With code 2
optimized for GPUs: 2500 GPU h/month (= 80 000 CPU core-h/month) oW 0.25
- Extremely high usage Medium 1.91
* Researcher running PIC simulations or high-resolution imaging High .48
analysis = 8000 GPU h/month (= 300 000 CPU core-h/month) Extremely high 17.52

université.t‘freiburg Valerie Lang - Colloquium at PSI 24 October 2024
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Travel

Consider only business travel - Private travel included in private footprint

« Travel important in international research environment: o
» For personal connections at in-person meetings

» For building research networks, collaborations
» Etc.

,; DROEEEDE Do Baary i,
g ||||mum i 4

- Most notably missed during COVID-19 pandemic
« BUT: Travel creates CO, emissions

* Which travel is essential and which is not?

« Re-evaluate how travel is performed:
—> Longer travel times with non-air based travel —
= longer-duration stays preferrable z ~_— Fotovon detait auf
- Constraints from teaching, family, etc. = non-trivial

» Possibility for detailed calculations of business trip emissions in Kyf calculation OR benchmark trips

université.t‘freiburg Valerie Lang - Colloquium at PSI 24 October 2024


https://unsplash.com/de/@detait?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/de/fotos/ein-zug-der-auf-bahngleisen-in-der-nahe-einer-stadt-fahrt--QvuzUn1Yz8?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

Travel (I

Based on information from the German UBA

« German numbers for hotel and venue assumed to be valid internationally

Benchmark Situation Emissions
Source of Emission Emission Factor [tcoze]
Long-distance Buses 0.031 kgCO,e/km Travel within  5-day trip by trains from Freiburg to 0.1
Long-distance Trains 0.031 kgCOse/km Germany Hamburg
Personal Car 0.17  kgCOsze/km
Flights within Europe 130 kgCOse/h Same but by plane (1.5h 0.5
Transcontinental Flights 170  kgCOse/h flight/direction)
Hotel room 12 kgCOse/night o _ )
Event venue 0.19 keCOse/day Travel within  5-day trip by plane from Freiburg to 0.7

Europe Thessaloniki (2.5h flight/direction)

Travel across
continents

2-week trip by plane from Freiburg 4.3

to Seoul (12h flight/direction)

—> In particular, cross-continental flights contribute significantly
- CO, compensation for flights possible to indicate in Kyf calculator

universitatfreiburg
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Benchmark researcher

Putting everything together

« Benchmark for early-career researcher in Germany:
Doctoral student

» Working on one of the large LHC experiments
« Employed by university with conventional electricity
* Medium computing level with conventional electricity

» Annual travel: Two 1-week trips by train in Germany,
one 1-week flight travel in Europe, 1 2-week cross-
continental travel (e.g. for summer school)

—> Professional footprint exceeds private footprint by
factor of ~2

- Both by far exceed targets for mitigating climate crisis
to only 2.0°C or 1.5°C warming

- HEP research urgently needs to address this

- Become part of the solution of the climate crisis!

Emissions [tCO.e]

25

20

15

10

B Experiment
yHEP Know your footprint ® Travel

® Computing
Institue

Professional Personal  Target (2.0° C) Target (1.5° C)
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Summary

Climate crisis in progress and intensifying every year

« Mechanism of CO, concentration and ground temperature increase known since more than 100 years

« Currently heading towards 3.2°C temperature increase - Will cause in some areas ~100% biodiversity
loss, and makes large regions on the planet deadly for human life

» Targeted action for mitigation urgently needed!

« High Energy Physics (HEP) and related areas contribute to global emissions - Reductions urgent
» Know your footprint (Kyf) calculator for individual researcher emissions
« Evaluation for early-career benchmark researcher: Professional and private footprint together factor of ~6
(~18) larger than needed for 2.0°C (1.5°C) temperature increase mitigation

- Every gram of CO, not emitted counts!

- Know your footprint to know where to start! - If large contributions from:
« Experiment and institute: Send e-mail to your experiment and institute responsibles asking for details
« Computing: Send e-mail to your computing center about using renewables, think about efficient coding
» Travel: Think about which travel is needed and which means is possible
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Take-away from today

What is your most important take-away from this seminar today? (1-2 words max.)

PSI, start firing .........

professional footprint close...
Next generation

Will not help if corporgejgnjmgugn.g.r__,

Tracl<2 Q%t Otr,lly '?frsﬁ,’?na but .. o CO2 footprlnt
Very usefull, important, ple... -
o0
Global effo rts HE_J More efficient code Too much cooling
Act NnOW * collective effort.
What about PSI?? The only solution is to brea...
Large professional emissions

| didn't know that wewcugmgw d |

Nuclear power plants are the... _
Hypothermia scary O I I l e Detector Cooling

Shut down CERN to stop CO2é..

SAD

Hopeless

36 Posts / Poll closed

ID = valerie.lang@physik.uni-freiburg.de
Reset Vote

Valerie Lang - Colloquium at PSI 24 October 2024
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Know your footprint! — Questions?

Thanks for your attention

|
- If possible, please submit your data = I "
(anonymously) so that we can get E
an overview of the averages Rl

université_t‘freiburg Valerie Lang - Colloquium at PSI 24 October 2024
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Sustainability at PSI

and

« Environmental performance based on the following indicators

» Efficient energy use in infrastructure and research (see PS| Energy Mission Statement)
* Reduction of the emissions caused directly and indirectly

» Optimised use of resources (water, paper, chemicals etc.)

» Advanced waste management with a high proportion of recycling

« Also annual reports

» PSl submits a comprehensive and transparent annual report to the ETH Board on key figures,
measures and the achievement of objectives

- Two very important steps for emission reductions (already):

¢ Since 2020, PSI has been obtaining all its electricity with hydropower certificates and
implements the targets for increased electricity generation with photovoltaics.

« Core objectives

e Increasing energy efficiency » PSl specifically advocates the operation of the new comprehensive heat recovery system and
e Expansion of green power generation its expansion.
» Reduction of direct and indirect emissions
o e.g|reduction of 50% of greenhouse gas emissions from 2006 to 2030 - More numbers in ETH and VKE
» Efficient use of resources (water, paper, chemicals, etc.) reports (see next slides)

Progressive waste management with a high proportion of material recycling
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https://www.psi.ch/en/about/psi-environmental-concept
https://www.psi.ch/en/about/psi-energy-concept

Sustainability at PSI (I1)

In

 Page 108

« Extracted PSI
information only

- Due to temporarily
increased energy
prices for hydro
power (electricity
shortage), nuclear
power had to be
used temporarily,
listed under
uncertified electricity

BASIC DATA

Energy reference area (ERAP m? 172,571
Full-time equivalent® FTE pAEY]
ENERGY*

Final energy, net™ KWhia 14 800,906

Electricity, net (not ind. self-produced) kWhia 139,575,028
I Consumption of uncertified elactricity KW 3,024,546 I
Consumption of certified electricity KW 135,296,356

Electricity (without naturemade star] kWhia 135,000,000
Photovoltaic naturemade star EWhI 206,350
Hydro power naturemade star KW o
Wind naturemade star EWhI o
Sale of electricity kWhi' o
Heat KW 5,300,430
Fuel il kWh D k30
Natural gas, biogas kWhi'
District heating KW 5,150,000
Woodchip kWhi' o
Sale of heat KW 0
Fuel {own vehicles) KWh 189,476
Energy: additional information
Energy costs, electricity and heat® (HFla 15,786,345
Self-generated renewable electricity kWhia 356,028
Total zale to third parties kWhia o
WATER (DRINKING WATER) m? 63,865
MATERIALS
Paper kg 13,106
Paper, new fibra kg 10,32
Paper, recycled kg T.78L
ENVIRNMENTAL IMPACT
Primary energy® KWhia 181,673,226
Proportion of renewable energies % a0
0; emissions® t0Ja 595

1 Provisional figures for the year under review (trend), as of: start of March 2024.

! The energy reference area is the sum of all gross floor areas, above and below ground, that must be heated or air-conditioned in order to be used.
> The FTE (full-time equivalent) value listed here was supplemented by the number of students with an FTE value of 0.68 to produce the consumption
per person.

The key figures indicated for electricity and heat show the total consumption of both for buildings, as well as for teaching and research activities.

*  The key indicator “energy costs” shows all expenditure (cash out) for the provision of energy (heat and electricity).

In energy economics, one refers to primary energy as the energy that is available using the original forms or resources of energy, such as fuel

(e. g. coal or natural gas), as well as energy carriers such as sun, wind or nuclear fuels.

Final energy is the portion of the primary energy that is left after losses due to energy conversion and transmission after it is supplied via the consumer's
domestic connection. The final energy basically corresponds to the energy that is purchased.

C0: emission factors according to Ecoinvent version 3.71.

—> Total of 595 tCO,elyear - With 2132 FTE (assume here = number of
people — not fully true — see above) > ~0.3 tCO.e/year/person

- = However, only “Paper” seems included for procurement —

procurement at CERN or University of Freiburg significant contribution

Also interesting related to PSI
» Swiss Center for Excellence on Net zero Emissions ( )

* More information available for PSI employees

universitatfreiburg
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https://ethrat.ch/wp-content/uploads/2024/04/ETHR_Geschaeftsbericht_2023_EN_WEB.pdf
https://www.scene-project.ch/
https://intranet.psi.ch/de/uem
https://intranet.psi.ch/de/dir/news/neujahrsinformation-fuer-mitarbeitende-vom-16-januar-2024
https://intranet.psi.ch/de/dir/news/neujahrsinformation-fuer-mitarbeitende-vom-16-januar-2024

Sustainability at PSI (lll)

Schweizerische Eidgenossenschaft

* |n

» Final energy usage in 2023
BLS - 28BGWh

Tt - ___> - Includes PSI
Flughafen Zirich AG | vecwn
Genéve Aéropart B oo
Post [ ] 536GWh
PostAuto | 511GWh
PostFinance | 216wm

RUAG MRO Holding AG I 90 GWh

SIG - 167 GWh

SRGSSR I 54GWh

SUVA I 30GWh

Skyguide | 13GWh

Swisscom _ 547 GWh

Unispitiler - 418 GWh

VBS - 931GWh

Zivile Bundesverwaltung l F2GWh

@ Erneuerbare Energien Nicht erneuerbare Enargian

(VEK) = Incl. PSI

Treibhausgasemissionen

For ETH-area (incl. PSI)

Increase from flight [~ oo

i3 emissions in Scope 3 | om0

I g5 after Covid-19 -
g 0 | pandemic inspite of

° measures to reduce | o

these emissions 20000

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

® Scope 1&2 Scope 3 (nur Kat. 6&7)

—> Individual institute measures (PSI and all ETH)

5. CO,-Emissionen aus Geschiftsfliigen reduzieren
. -30% (2030)

7. Synchrotron Lichtquelle Schweiz (SLS) 2.0 (PSI)
B -2GWh/a (2025)

universitatfreiburg
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https://www.vorbild-energie-klima.admin.ch/vbe/de/home.html
https://www.vorbild-energie-klima.admin.ch/dam/vbe/de/dokumente/energie-und-klimabericht-2023.pdf.download.pdf/energie-und-klimabericht-2023-de.pdf

Carbon footprint Switzerland

Per capita CO, emissions

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

7t
6t

5t

Our World
inData

4t Switzerland

3t

2t

1t

O t r T T T T T T T 1
1858 1880 1900 1920 1940 1960 1980 2000 2022

Data source: Global Carbon Budget (2023); Population based on various sources (2023)
OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO,) emitted from the burning of fossil fuels, and directly from
industrial processes such as cement and steel production. Fossil CO, includes emissions from coal, oil, gas, flaring, cement, steel, and other
industrial processes. Fossil emissions do not include land use change, deforestation, soils, or vegetation.

universitatfreiburg
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The basics: Green house effect

Black body radiation of the sun and Earth

e Sun at 6000°C, Earth at 15°C = Sun radiates in the visible, Earth radiates in the infra-red

8E+11

6E+11

AE+11

Spectral energy density / kJ/m3 nm

2E+11

0

Credit: By 4C - Own work based on JPG version Curva Planck TT.jpg, CC

BY-SA 3.0,

5500K

l

0 500

1000 1500 2000

Wavelength / nm - If atmosphere did not re-absorb Earth’s emissions,
surface temperature on Earth around -18°C!

universitatfreiburg
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https://commons.wikimedia.org/w/index.php?curid=1017820

The basics: Green house effect

Re-absorption done by greenhouse gases

Main greenhouse gases
—> Historic concentrations in last ~800k years

3.0% . .
HFCs, PFCs, SFe and NF3 Water vapour (strongly varying)

« Carbon dioxide (CO,) = ~240ppm

* Methane (CH,) = ~500ppb

 Nitrous oxide (N,O) > ~250ppb

* Fluorinated gases: Hydrofluorocarbons,
perfluorocarbons, sulfur hexaflouride,
nitrogen trifluoride - Historically not
existing

Historic contributions (pre-industrial age) read off from figures from:

universitatfreiburg
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https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases
https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases

Improving the predictions of Earth‘s surface temperature

Nobel prize 2021 - "for groundbreaking contributions to our understanding of

complex physical systems”

« 1967: Syukuro Manabe: Adding convection and latent heat

With higher CO, levels ...

40 =
% Manabe’s climate model é o upper atmosphere
’ Syukuro Manabe was the first researcher to
Tireifai el Siati
S eE S e e rainepere BT lF gets co lder
masses due to convection, also taking account
of the heat contributed by the water cycle. 30
150 ppm CO,
N EW 300 ppm CO,
ATMOSPHERE HEis\iEmammnennnn s e e e — 600 ppm CO,
E Temperature at the surface
o i fell by 2.28°C when the level
9 If the Cause for 2 % of carbon dioxide halved.
. =] It increased by 2.36°C when
Warm I n g Was Stratosphere the level of carbon dioxide

iIncreased solar

Infrared heat radiation from the
ground is partially absorbed in the
atmosphere, warming the air and
the ground, while some radiates
out into space.

Hot air is lighter than cold air, so it rises
rough convection. It also carries water
vapour, which is a powerful greenhouse
gas. The warmer the air, the higher the
concentration of water vapour. Further up,
where the atmosphere is colder, cloud
drops form, releasing the latent heat

atmosphere should
have warmed up

radiation, the entire -

doubled.

... lower

- Hence, cause Is

0

stored in the water vapour.

increased CO, levels

-80 -70 -60 -50 -40 -30 -20 -10

Temperature (°C)

atmosphere
gets warmer
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https://www.nobelprize.org/prizes/physics/2021/popular-information/

Improving the predictions of Earth‘s surface temperature

Nobel prize 2021 - "for groundbreaking contributions to our understanding of
complex physical systems”

« Around 1980: Klaus Hasselmann: Building a stochastic climate model

* How to make reliable climate predictions,
while weather forecasts are notoriously
imprecise in the long-term?

« Treatment of weather as rapidly changing
noise

 Human impact separated out by properties
of noise and signals - Unique fingerprints
—> Solar radiation
—> Volcanic particles

——  (bservations

we  Calculations that show
the effect of only natural
sources, such as volcanic
eruptions.

== (Calculations of the effect
of both natural and
hurman sources.

Volcanic eruptions

Observations of changes in temperature (°C)

05 !

Pm:afubo

> Levels of greenhouse gases 1 Santa Maria Agung  El Chichon

T T T I T T T T I T T T I - T l- T I T T
1900 1920 1940 1960 1980 2000

- Human impact 10

Year
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https://www.nobelprize.org/prizes/physics/2021/popular-information/

Climate simulation

In 2007

Surface Air Temperature (C)

universitatfreiburg
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https://data.giss.nasa.gov/modelE/sc07/
https://data.giss.nasa.gov/modelE/sc07/

Impacts attributed to human influence

Driven by changes in multiple physical climate conditions

Attribution of observed physical climate changes to human influence:
Medium confidence Likely Very likely Virtually certain
2 2, N = &
Savaw itk [
Increase in  Increase  Increasein  Increase Glacier Global sea Upper Increase
agricultural in fire compound in heavy retreat  level rise ocean in hot
& ecological  weather flooding  precipitation acidification extremes
drought
(&) Hot extremes ¢~ including heatwaves Dimension of Risk: @>— Hazard
North Key
America )

Europe
\\

Type of observed change since the 1950s

O OO Increase
‘ Decrease

O Limited data and/or literature
O Low agreement in the type of change

Small
Islands Confidence in human contribution
to the observed change

1
|
. .

//!\///

Small
Islands

- Increase in hot extremes well _—
established almost America
everywhere in the world to
result from human influence

South

Krades | Africa— see High
Hilis SSA | . oo [Vedium
ko/‘ : o Low due to limited agreement

o Low due to limited evidence
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https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_SPM.pdf
https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_LongerReport.pdf

Generations affected by climate change

Considering the different scenarios

¢) The extent to which current and future generations will experience a
hotter and different world depends on choices now and in the near-term

A

2011-2020 was
around 1.1°C warmer-
than 1850-1900

1900 | 1940 1980

future experiences depend on
how we address climate change

Future emissions Q/
scenarios: 2060 2100

very high

intermediate 21

warming
continues
beyond

- Majority of today's
audience will live to
see the consequences
of our actions

| very low < ~1.5°C increase only
§°C Global temperature change above 1850-1900 levels orn around 6 6 i 70
[ T —— b years
0o 05 1 15 2 25 3 35 4 990 2000 025% st } E ?l old in 2090
2 [)
born l ﬂ a i=70year( ) _70 years old
A\ % odin20p | in 2060-2070
N4
born ‘ ‘ ' | 70 years
in 1950 ) K 4 || Jold in 2020
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https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_SPM.pdf

Risk of species losses

https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_LongerReport.pdf

. » D ]
Risk of [ = 0% 0.1 1 5 10 20 40 60 80 100%

species losses

Percentage of animal

species and seagrasses
exposed to potentially
dangerous temperature ks
conditions':? 3

'Projected temperature conditions above
the estimated historical (1850-2005)
maximum mean annual temperature
experienced by each species, assuming
no species relocation.

1:5°C

2Includes 30,652 species of birds, SR R g
mammals, reptiles, amphibians, marine - }’ Ty
fish, benthic marine invertebrates, krill, _ , B St s
cephalopods, corals, and seagrasses. O e A, oA
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https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_LongerReport.pdf

Study of remaining carbon budget newer than IPPC report

For 1.5°C increase max For 2.0°C increase max
700 4 .. 1,600 § -omcmm oo
3 600! it udate, 3" 1,400 - 11,347 o7 o
8 500 | | Df3l1t4g‘tjcto;§ & 1200 _5 . E — T o =
g oo ! . . gj 1,000 43
3 12 o 59 ! g 800 | !
-g %007 i . -E o Wm __ 24 £ 600 !
.E 200 | i =117 : -37 -1 -1 . g e | !
* 100 | - For 50% chance at 1.5°C (2.0°C) global warming, only ~250GtCO,
0 — (~1220GtCO,) remaining budget, as of January 2023! v
5 ?‘0\00 & | > With 40GtCO2 emissions in 2022: net zero CO2 emissions needed 05\@?} &
TR & by 2029 (2054)! &
N & S & & & > @ &S & F S
° Q&i@@” & & & < &
Modification Modification
Reduced complexity climate model Additional simple climate model calibrated
for non-CO, emissions for use in the latest IPCC report

universitét-freiburg Valerie Lang - Colloquium at PSI 24 October 2024

42


https://www.nature.com/articles/s41558-023-01848-5

IPCC report: Mitigation potentials

Cost estimates of different mitigation options

options costing 100 USD tCO.-eq or
/‘v less could reduce global emissions b
at least half of the 2019 level by 2030
Mitigation options  potential contribution to
net emission reduction, 2030 & GtCO:-eqlyr
4

5

Solar -
Wind
Reduce methane from coal, oil and gas ;.
Bioelectricity (includes BECCS)
Geothermal and hydropower
Nuclear —
Fossil Carbon Capture and Storage (CCS)

ENERGY SUPPLY

Reduce conversion of natural ecosystems

Carbon sequestration in agriculture

|
Ecosystem restoration, _
afforestation, reforestation  FEEEEEEG_—_
-

(=]
o
o
L
3
w
[
<
=
=)
=
<
-

Shift to sustainable healthy diets
Improved sustainable forest management
Reduce methane and N,0 in agriculture S

Reduce food loss and food waste

- Energy and food production with large impacts
- Take a closer look at these two next

0w
Z e
=
2y
=22
w e
En:
ke
b 2
vy

INDUSTRY AND WASTE

L

Mitigation options

o

Efficient buildings
Fuel efficient vehicles

Electric vehicles

Efficient lighting, appliances
and equipment

Public transport and bicycling
Biofuels for transport

Efficient shipping and aviation
Avoid demand for energy services
Onsite renewables

Fuel switching

Reduce emission of fluorinated gas
Energy efficiency

Material efficiency

Reduce methane from
waste/wastewater

Construction materials substitution

Enhanced recycling

Carbon capture with
utilisation (CCU) and CCS

options costing 100 USD tCO.-eq or
less could reduce global emissions b
at least half of the 2019 level by 2030

Potential contribution to
net emission reduction, 2030

1 2 3 4

Net lifetime cost of options:

&® GtCOz-eqlyr

5

Il Costs are lower than the reference ] 50-100 (USD per tCO2-eq)

0-20 (USD per tC0:-eq)
I 20-50 (USD per tCOx-eq)

I 100-200 (USD per tCOzeq)

Cost not allocated due to high
variability or lack of data
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https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_LongerReport.pdf

Greenhouse gases

CO2 Methane

804,000 BCE to 2021 CE 1950 to 2021 CE 800,000 BCE to 2021 CE 1950 to 2021 CE

E 450 2,000

g o

o =

5 350 s 1,500

(1]

5 300 2

: e

v 250 -

< ¢ 1,000

v 200 c

3 S

= 150 @

o

< 100 S 500

e v

8 50 =

B

g o 0

-800,000 -600,000 -400,000 -200,000 0 1950 1960 1970 1980 1990 2000 2010 2020 -800,000 -600,000 -400,000 -200,000 0 1950 1960 1970 1980 1990 2000 2010 2020
Year (negative values = BCE) Year Year (negative values = BCE) Year
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https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases

Nitrous oxide concentration (ppb)

Greenhouse gases

Nitrous Oxide

800,000 BCE to 2021 CE

1950 to 2021 CE

Halogenated Gases

Ozone-depleting substances

Other halogenated gases

1,000 1,000
350 | T CFC-12
| — 1 HCFC-22
300 ' ———— g
PFC-14

— 100 100 v
250 = A

oy Methyl —

: chloroform
200 S

E 10 10 HF$-23
150 g

3 A Sulfur » A

e Halon-1211 hexafluoride PFC-116
100 S

1 1 HFC-152
50 HCFC-141b >
Nitrogen trifluoride »
0
-800,000 -600,000 -400,000 -200,000 0 1950 1960 1970 1980 1990 2000 2010 2020 01 0.1
1975 1985 1995 2005 2015 2025 1975 1985 1995 2005 2015 2025
Year (negative values = BCE) Year Year
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https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases

Gas emissions as main driver of CO, footprint

Global warming potential (GWP) of gas

« How much energy will be absorbed by 1t of the gas in 100 (500) years compared to 1t of CO,?

Gases used at CERN
« Have significant GWPs > 1000 or even 10000

Other halogenated gases
1,000

GWPs (100 years)

CFM CZFB! cSFSD 4F103 cBFM 43277 45678

CHF; (HFC-23), C,H.F, (HFC-134a),
HFC HFC-404a, HFC-407c, HFC-410a, 17540 34899
HFC R-422D, HFC-507

Other F-gases | SFs|NOVEC, R1234ze 3840 5377
(HI} CO, 13512 13046
TOTAL

SCOPE 1 78169 98997

Note: C,H;, = Butane: GWP(100years) = 4.0 (*)

- Already very small leaks have a major impact
®

G*WPS (500 years) PFC—14
*) 100

7390, 12200, 8830,

8860, 9300

14800, 1430

22800

1

=
o
11200, 18200, k=
12500, 12500, 13300 s
2
c 10
12000, 435 = 4
* :
g hexafluoride PFC-116
32600 vy HEC-1525 7/ <HFG125

Nitrogen trifluoride >

0.1
1975 1985 1995 2005 2015 2025

Year

- Circled gases are also used at CERN
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https://www.ipcc.ch/site/assets/uploads/2018/02/ar4-wg1-chapter2-1.pdf
https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases
https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases

Hands-on: Fixing leaks in ATLAS

X%

Gas leaks in the ATLAS muon system

 Plastic connectors of the gas flow lines to the Resistive Plate Chambers
(RPCs) - Tend to develop leaks

« 8000 potentially leaky connection points in ATLAS RPCs - Often
difficult to reach - Break faster than can be repaired

« Gas mixture in RPCs: C,H,F,+iso-C,H,,+SF; 2> GWP ~ 1400 - Studies
with replacing gas mixture not triviall

1l of RPC mixture ~ 5-6kg CO,-eq. (*) = Loss of ~1000l/h
-> If constant throughout the year: ~44k-53k tCO,-eq./year emissions
- ~20-23% of 2018 emissions by CERN (own estimate)

« Campaign in ATLAS with new repair technique and teams of
volunteers to fix leaks during end-of-year shutdowns
 First test campaign early 2023: Reduction of RPC losses by 23%!

* Needs follow-up in further shutdowns
(*) Based on main component: C,F,F, => - Convert to CO2-eq. by multiplying with for HFC-134(a)
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https://planetcalc.com/7923/
https://unfccc.int/process/transparency-and-reporting/greenhouse-gas-data/greenhouse-gas-data-unfccc/global-warming-potentials
http://cds.cern.ch/record/2850856
http://cds.cern.ch/record/2850856
http://cds.cern.ch/record/2850856

Relation to SDGs
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Coastal defence and hardening
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Forest-based adaptation?
Sustainable aquaculture and fisheries

Agroforestry
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Water use efficiency and water resource management

Improved cropland management
Efficient livestock systems
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Improve water use efficiency
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Planned relocation and resettlement
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Climate services, including Early Warning Systems
Social safety nets
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Footnotes: ' The term response is used here instead of adaptation because some responses, such as retreat, may or may not be considered to be
conservation and restoration, reforestation and afforestation. 3 Migration, when voluntary, safe and orderly, allows reduction of risks to climatic and non-climatic stressors. 4 The Sustainable Development Goals

(SDGs) are integrated and indivisible, and efforts to achieve any goal in isolation may trigger synergies or trade-offs with other SDGs. ® Relevant in the near-term, at global scale and up to 1.5°C of global warming.
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(b) Climate responses and adaptation options have benefits for ecosystems, ethnic groups, gender equity, low-income groups and the Sustainable Development Goals
Relations of sectors and groups at risk (as observed) and the SDGs (relevant in the near-term, at global scale and up to 1.5°C of global warming) with climate responses and adaptation options

Types of relation

+  With benefits

—  With dis-benefits
®  Not clear or mixed

| Insufficient evidence

Confidence level
in type of relation with
sectors and groups at risk

. High

. Medium

Low

. Related
Sustainable Development Goals

No Poverty

Zero Hunger

Good Health and Well-being

Quality Education

Gender Equality

Clean Water and Sanitation
Affordable and Clean Energy

Decent Work and Economic Growth
Industry, Innovation and Infrastructure
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10: Reducing Inequality

11: Sustainable Cities and Communities

12: Responsible Consumption and Production
13: Climate Action

14: Life Below Water

15: Life On Land

16: Peace, Justice, and Strong Institutions
17: Partnerships for the Goals

ble forest management, forest
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What barriers exist for getting involved?

Pyschological barriers to climate action

Example: Moral barrier
—> Broad categories of morality

Perceptual barriers Action barriers

Climate change is Sheer size or difficulty
perceived as abstract of the task can lead to
and removed from our disengagement

direct experience

Self-interest barriers Social barriers
Climate action has Perceived lack of
very few immediate action by others

benefits for the can inhibit one’s
individual own action

Source: at
workshop, Oct 2022
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Avoiding Fairness Loyalty Respecting Purity
harm authority

J
|
- Most often addressed by climate crisis communication
- Leaves out a huge part of the population

Left- _ Right-

L

leaning Political spectrum leaning

- Need to adjust messaging to include entire population!
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https://indico.cern.ch/event/1193771/contributions/5027435/attachments/2523766/4349216/Brosch_CERN_2022.pdf
https://indico.cern.ch/event/1193771/
https://indico.cern.ch/event/1193771/

HL-LHC operation schedule

Start of HL-LHC with Run 4

2021 2022 2023 2024 2025 2026 2027 2028 2029

J|FIMAM| ]| J|A|S|O|IN|DY | FIMIAIM| I [J|A|S FIMAM| ]| J|A|S|O|N|D AM[J]|][A|S|O[N|D} ] [FIMIAM| ]| ] [A|S|O[N|D} J |F|MIA[M| ]| J[A|S|O[N|Dy J |FIMIA[M] J| J[A|S|O|N|D} J | FIMIA[M] J| J|A]S|O|N|D} J | FIMIA[M| ][ J|A|S|O|N|D)
Run t Long Shutdown 3 (LS3)

2030 2031 2032 2033 2034 2035 2036 2037 2038

J[FIMIAM|J|J|A[S|O[N[D} 1 FIMIAIM| ]| J[A[S FMAM|]|J|A|S|OIN|D AM|J|J|A[S|O[N[Dy I |FIMIAIM| ][ J[A[S|O[NIDy I | FIMIAM[ I [ [A[S|ON|Dy I | FIM|A[M[ ][] [A|S|O|N|D{ J|F[M[A[M[ ][] |A|S|O|N|D{ J | F[M[A[M[ 1| J|A|S|O|N|D
Ru 54 | | Run5

2039 2040 2041

J[FIMAM|J|J|AIS|O[N|DYI|FIMIAM| I [J[A[S FIM|AIM| ]| J[A[S|O|N|D}

EYETS

Shutdown/Technical stop

Protons physics

Ions (tbc after LS4)

Commissioning with beam

Hardware commissioning

Last update: September 24
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Detalls on travel

Long-distance buses vs. Long-distance trains

Source of Emission Emission Factor

Long-distance Buses 0.031  kgCOse/km .
Long-distance Trains 0.031 kgCOze/km K Why the same emission factor?
Personal Car 0.17  kgCOse/km

Flights within Europe 130  kgCOse/h

Transcontinental Flights 170  kgCOse/h

Hotel room 12 kgCOse/night

Event venue 0.19 kgCOse/day

* By chance! - For UBA numbers from 2022
( )

» Tank-to-wheel (TTW) for buses much higher than for trains, i.e. running a bus has higher emissions than a
train

« Compensated by well-to-tank (WTT) for trains and infrastructure, i.e. the extraction of the fuel (using

German conventional electricity mix) + the building of the infrastructure (rails, etc.) more costly for trains
than for buses
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https://www.umweltbundesamt.de/themen/verkehr/emissionsdaten
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