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Climate Change for Physicists
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Climate Change for Physicists
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CO2 and Temperature over the last 450,000 years
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Temperature on Earth is controlled by a Stable Feedback System
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CO2 and Temperature over the last 450,000 years

Time reversal symmetry breaking

(Milankovic is time reversal symmetric)
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Short rise time, slow recovery (100 000 years)

Our climate is a stabilised feedback loop
(Physics + biology + planetary distortion)
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Anthropogenic Climate Change since ~100 Years

T —
CO2 and Temperature over the last 450,000 years

Use of coal, ail,
natural gas ; Projected CO,Concentration in 2050 —

with business as usual (A1FI)

Today’s CO2 Concentration ——3»

420 parts per million
Our climate Is a stabilised feedback loop

(Physics + biology + planetary distortion)
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Food production for 7.5 Billion People will decline drastically

Use of coal, all, &
natural gas
W\

Greenhouse effect

sun Milankovic
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Fusion rain forest and " No conservation
reactor clouds of biodiversity and
ecosystems
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We destroy the basis - Global Hunger: ‘\
of our food w 2019: 678 M people ‘
2021: 828 M people

hunger, migration, wars Michael Diiren, Univ. Giessen

https://www.who.int/news/item/06-07-20.-un-report--global—hunger—numb|' -rose=to-as-



CO; -Emissions will Trigger Tipping Points: Irreversible!
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Unexpected climate effects in 2023

Global Sea Surface Temperature

SST World (60S-60N)
Nature!s power is beyond the human scale: Data Source: NOAA OISST V2.1 | ClimateReanalyzer.org, Climate Change Institute, University of Maine

Heat stored in upper ocean since 2000: 21 Nov. 19, 2023
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Unexpected climate effects in 2023

2023: Global 2m Air Temperature
Many wildfires

and floods and droughts
all over the planet earth
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Global Netto - CO2> Emissions/Year
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The global energy gap
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Personally, | think:
The next 10 years will be a step by step breakdown of our civilisation

Forget about long-term funding ...




HECAP+ paper: Environmental sustainability in basic research

(High Energy Physics, Cosmology, Astroparticle Physics, and Hadron and Nuclear Physics)

Environmental sustainability in Moral reason to act:

basic research
A perspective from HECAP+

We have the responsibility to limit negative impacts

on climate and ecosystems

We have abilities to contribute to solutions

(e.g. by being a role model for a global transition)

Pragmatic reason to act:

Abstract

The climate crisis and the degradation of the world’s ecosystems require
humanity to take immediate action. The international scientific community has
a responsibility to limit the negative environmental impacts of basic research.
The HECAP+ communities (High Energy Physics, Cosmology, Astroparticle = mgm = = =
Physics, and Hadron and Nuclear Physics) make use of common and similar O u r resea rc h actIVItl es WI I I be u nder I n creaSI n g
experimental infrastructure, such as accelerators and observatories, and rely
similarly on the processing of big data. Our communities therefore face similar

arXiv:2306.02837v2 [physics.soc-ph] 18 Aug 2023

challenges to improving the sustainability of our research. This document aims

to reflect on the environmental impacts of our work practices and research sc ruti ny from the pu bl i c, g Overn ments and fu nders

infrastructure, to highlight best practice, to make recommendations for positive
changes, and to identify the opportunities and challenges that such changes
present for wider aspects of social responsibility.

Version 2.0, 18 August 2023

Please read this document in electronic format where possible and refrain
from printing it unless absolutely necessary. Thank you.

Michael Duiren, Univ. Giessen 12




HECAP+ paper: Environmental sustainability in basic research

(High Energy Physics, Cosmology, Astroparticle Physics, and Hadron and Nuclear Physics)

The HECAP+ paper is only one example

Environmental sustainability in of an increasing number of activities in HEP
basic research

A perspective from HECAP+ to improve the environmental sustainability.

Sustainable HECAP+ Initiative

Chapters

* Introduction
* Energy

* Mobility

* Food

e Computing

Abstract
The climate crisis. and th.e degra.dation of the wo.rld’s eco.sysjtt-?-ms requirg [ Resea rch Infrastru ctu re and Tech nology
humanity to take immediate action. The international scientific community has
a responsibility to limit the negative environmental impacts of basic research.
The HECAP+ communities (High Energy Physics, Cosmology, Astroparticle

Physics, and Hadron and Nuclear Physics) make use of common and similar ¢ Resources and WaSte
experimental infrastructure, such as accelerators and observatories, and rely
similarly on the processing of big data. Our communities therefore face similar
challenges to improving the sustainability of our research. This document aims
to reflect on the environmental impacts of our work practices and research
infrastructure, to highlight best practice, to make recommendations for positive
changes, and to identify the opportunities and challenges that such changes

present for wider aspects of social responsibility. 180 endOI’SGI‘S at httpS Z//SllStainable-hecap ogithUb .iO

Version 2.0, 18 August 2023
Please read this document in electronic format where possible and refrain
from printing it unless absolutely necessary. Thank you.

arXiv:2306.02837v2 [physics.soc-ph] 18 Aug 2023

Michael Diiren, Univ. Giessen v1i: June 2023 13
v2: Aug. 2023 198 pages



https://sustainable-hecap.github.io

HECAP+ paper: Environmental sustainability in basic research

Recommendations — Impelling Positive Change

Environmental sustainability in
basic research
A perspective from HECAP+

Individual actions: ,You and me*

Sustainable HECAP+ Initiative

Further group actions: Collaborations and projects*

Further institutional actions: ,Universities, CERN, ...

Abstract

The climate crisis and the degradation of the world’s ecosystems require
humanity to take immediate action. The international scientific community has
a responsibility to limit the negative environmental impacts of basic research.
The HECAP+ communities (High Energy Physics, Cosmology, Astroparticle
Physics, and Hadron and Nuclear Physics) make use of common and similar
experimental infrastructure, such as accelerators and observatories, and rely
similarly on the processing of big data. Our communities therefore face similar
challenges to improving the sustainability of our research. This document aims
to reflect on the environmental impacts of our work practices and research
infrastructure, to highlight best practice, to make recommendations for positive
changes, and to identify the opportunities and challenges that such changes
present for wider aspects of social responsibility.

arXiv:2306.02837v2 [physics.soc-ph] 18 Aug 2023

Version 2.0, 18 August 2023
Please read this document in electronic format where possible and refrain
from printing it unless absolutely necessary. Thank you.

Michael Duren, Univ. Giessen 14




HECAP+ paper: Environmental sustainability in basic research

arXiv:2306.02837v2 [physics.soc-ph] 18 Aug 2023

Environmental sustainability in
basic research
A perspective from HECAP+

Sustainable HECAP+ Initiative

Abstract

The climate crisis and the degradation of the world’s ecosystems require
humanity to take immediate action. The international scientific community has
a responsibility to limit the negative environmental impacts of basic research.
The HECAP+ communities (High Energy Physics, Cosmology, Astroparticle
Physics, and Hadron and Nuclear Physics) make use of common and similar
experimental infrastructure, such as accelerators and observatories, and rely
similarly on the processing of big data. Our communities therefore face similar
challenges to improving the sustainability of our research. This document aims
to reflect on the environmental impacts of our work practices and research
infrastructure, to highlight best practice, to make recommendations for positive
changes, and to identify the opportunities and challenges that such changes
present for wider aspects of social responsibility.

Version 2.0, 18 August 2023
Please read this document in electronic format where possible and refrain
from printing it unless absolutely necessary. Thank you.

Recommendations — Impelling Positive Change

Individual actions:
e Consider the environmental impact of work practices.
e Be proactive in seeking best practice.

e Make and model positive change in research activities.

e | Drive positive group and institutional actions.

Michael Duren, Univ. Giessen 15



HECAP+ paper: Environmental sustainability in basic research

arXiv:2306.02837v2 [physics.soc-ph] 18 Aug 2023

Environmental sustainability in
basic research
A perspective from HECAP+

Sustainable HECAP+ Initiative

Abstract

The climate crisis and the degradation of the world’s ecosystems require
humanity to take immediate action. The international scientific community has
a responsibility to limit the negative environmental impacts of basic research.
The HECAP+ communities (High Energy Physics, Cosmology, Astroparticle
Physics, and Hadron and Nuclear Physics) make use of common and similar
experimental infrastructure, such as accelerators and observatories, and rely
similarly on the processing of big data. Our communities therefore face similar
challenges to improving the sustainability of our research. This document aims
to reflect on the environmental impacts of our work practices and research
infrastructure, to highlight best practice, to make recommendations for positive
changes, and to identify the opportunities and challenges that such changes
present for wider aspects of social responsibility.

Version 2.0, 18 August 2023
Please read this document in electronic format where possible and refrain
from printing it unless absolutely necessary. Thank you.

Recommendations — Impelling Positive Change

Further group actions:

e Include critical assessment of the environmental impact of
all activities during planning stages.

e | Monitor, assess, report on and set targetsjin relation to the

environmental impacts of research activities.

e Drive institutional actions, and encourage, support and
incentivise individual actions, e.g., through training.

Michael Duren, Univ. Giessen 16



HECAP+ paper: Environmental sustainability in basic research

arXiv:2306.02837v2 [physics.soc-ph] 18 Aug 2023

Environmental sustainability in
basic research
A perspective from HECAP+

Sustainable HECAP+ Initiative

Abstract

The climate crisis and the degradation of the world’s ecosystems require
humanity to take immediate action. The international scientific community has
a responsibility to limit the negative environmental impacts of basic research.
The HECAP+ communities (High Energy Physics, Cosmology, Astroparticle
Physics, and Hadron and Nuclear Physics) make use of common and similar
experimental infrastructure, such as accelerators and observatories, and rely
similarly on the processing of big data. Our communities therefore face similar
challenges to improving the sustainability of our research. This document aims
to reflect on the environmental impacts of our work practices and research
infrastructure, to highlight best practice, to make recommendations for positive
changes, and to identify the opportunities and challenges that such changes
present for wider aspects of social responsibility.

Version 2.0, 18 August 2023
Please read this document in electronic format where possible and refrain
from printing it unless absolutely necessary. Thank you.

Recommendations — Impelling Positive Change

Further institutional actions:

Require funding applications to outline plansjfor monitoring,
minimising adverse environmental impacts,

and for ensuring that research is undertaken in line with

principles of social justice.

e Allow flexibility in policies and procedures e.g.

that enable environmentally sustainable choices to
be made.

e Ensure that degree programmes include a focus on global
citizenship, encompassing environmental sustainability and
associated social justice implications.

e Acknowledge focus on environmental sustainability and
social justice in the accreditation of degrees by governments
and professional bodies.

e Encourage, support and incentivise individual and
group actions, e.g., by considering them in professional
development and appraisal processes. 17



HECAP+ paper: Environmental sustainability in basic research

5 ,Gases”
ther
procurement

Fugitive
emissions
23.9%

'
Procurement 1 )
61.7% %%'e l

¥

Other
\ Scope 3
Civil + Mechanical

technical services + raw materials

CERN, 2019
0.27 MtCOge

15 tCO,e/capita

Electrical +
magnets

,CERN“ emissions

CO2-equivalence

during LHC shut-down (2019)

Carbon footprint:

Scope 1 = direct emission (e.g. fossil heating)
Scope 2 = indirect emission (electricity)
Scope 3 = purchase materials, services, ...

Michael Duren, Univ. Giessen
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HECAP+ paper: Environmental sustainability in basic research

W Gas Emissions mElectricity mTravel

Travel
23%

Gas Emissions
51%

Electricity
26%

LHCb: Run 3 emissions

leaking gases from RICHs and muon chambers, ...

Global warming potential of greenhouse gases

Name Chemical Lifetime Global warming potential (GWP)
Formula [years] [100-yr time horizon]
Carbon dioxide CO, -
Dimethylether CH30CH3 0.015 1
Methane CHy 12 25
Sulphur hexafluoride SFg 3,200 22,800
Hydrofluorocarbons (HFCs)
HFC-23 CHF3 270 14,800
HFC-134a CoH5F4 14 1,430
Perfluorocarbons (PFCs)
PFC-14 CF4 50,000 7,390
PFC-116 CsFg 10,000 12,200
PFC-218 CsFg 2,600 8,830
PFC-3-1-10 C4F1g 2,600 8,860
PFC-5-1-14 CeF14 3,200 9,300

Table 6.2: Environmental impact associated with GHGs, from Ref. [218], which also forms
the source for the calculations in the CERN environmental report and the EU regulations

described in Ref. [219].

Michael Duren, Univ. Giessen
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HECAP+ paper: Environmental sustainability in basic research

Climate
limit p.P. Self-reported annual workplace emissions, per researcher
Budget Global B Scope 1 (direct)
to 2050 average I Scope 2 (indirect, purchased)
. B Travel (business)
ETHZ DPHYS Flights Buy EEE Travel (commuting
. : B Food Scope
Nikhef /equment EE Procurement 3
B Waste treatment
MPIA BB Upstream energ
CERN
(LHC shut down) I —— —
FNAL - | [ooqf
) 7.5 10 12.5 15 17.5 20 35 40 45
GHG emissions (tCOye)
Electricity

Physicist’s emissions

Michael Duren, Univ. Giessen 20



Personal Emissions

Plot deleted from HECAP+ paper v2 as it can easily be misinterpreted
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HECAP+ paper: Environmental sustainability in basic research

Mitigation potential of energy-related options to 2030

Potential contribution to net emission reduction GtCOse/yr
0 1 2 3 4 5 6 7

Lowest costs and Wind energy

highest potential Solar energy

Nuclear energy

Bioelectricity

Hydropower .—
Geothermal energy -—

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH, emission from coal mining

Costs lower than reference
0-20 USD per tCOqe
20-50 USD per tCOze
50-100 USD per tCO,e
100-200 USD per tCO,e

Reduce CH4 emission from oil and gas

Costs calculated with respect to conventional power generation; mitigation potential assessed with respect to 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.

Michael Duren, Univ. Giessen 29
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HECAP+ paper: Environmental sustainability in basic research
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Proposal:

Power line exclusively for
international research:

3.6 GW (day)
2.2 GW (night)

6-7 ct/kWh
Stable & low costs!

Ref: Thesis J. Hampp

Power from hydrogen has
2-3 x higher costs!

To be initiated by
CERN, HGF, Universities, ... ?

Michael Duren, Univ. Giessen

“Morocco~

France
] LY. Low cost
- Spain solution
Algeria ..
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What to do and what to avoid?

Mobility emissions per passenger km, linear scale
France

Tram
Rail (>260 km) |29 /

Subway, tram 39
Bicycle 59
Bicycle (electric) 1g
Rail (<200 km) 189
Scooter (electric)

How to travel?

Coach

Car (electric) 103g

Bus 1299

Plane (long haul) 1529
Car (hybrid)

Motorbike
Car (diesel)

Car (petrol)

1839

191g Car
2129

2239

Plane (short haul) 2599

8 50 100 150 200 250 300 350 400 450
GHG emissions (gCOse/km)

Michael Diiren, Univ. Giessen 25
Source: Labos1.5 database. Estimates include production emissions, and may vary slightly based on occupancy of public transport, and between countries.




HECAP+ paper: Environmental sustainability in basic research

ICHEP Valencia ICHEP Seoul

, 1200 :
B Rail, bus or car 36% | 17% of EEM Rail, bus or car
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Where to make conferences?

Michael Duren, Univ. Giessen 26



HECAP+ paper: Environmental sustainability in basic research

Participants per country per year

20 40 60 80 100

Figure 5.4: Geographical distribution of Cosmology from Home participants for each of the
installments by year.

,Cosmology from Home*:
an online conference that includes all researchers

https://cosmologyfromhome.com/ Michael Diiren, Univ. Giessen 27




HECAP+ paper: Environmental sustainability in basic research

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.

Beef (beef herd)
Lamb & Mutton

49.89 kg
19.85 kg
18.19 kg
16.87 kg

Prawns (farmed)

Beef (dairy herd)

Cheese

Milk

Pig Meat
Fish (farmed)
Poultry Meat

10.82 kg
9.5 kg

7.61 kg

5.98 kg

5.7 kg

4,21 kg

2.7 kg
Groundnuts

1.98 kg
123 kg No more steaks and hamburgers?
Other Pulses | 0.84 kg

Peas j§§ 0.44 kg
Nuts § 0.26 kg

O kg 10 kg 20 kg 30 kg 40 kg

Beef

or
chicken?

Eggs
Grains

Tofu (soybeans)

Michael Diiren, Univ. Giessen 28



HECAP+ paper: Environmental sustainability in basic research

= gr.rg)irgtof mercury from unaccounted $10 billion USD
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R E D U c E amount of Brominated Flame Retardants \ 2 estimated amount of raw materials
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potentially released from the
t: inferior recycling of undocumented
= fridges and air-conditioners
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\J their reuse as secondary products

has helped save up to 15 Mt of CO,

equivalents emissions
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=]
T

o
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=
o
-
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20 ﬂ § iron
REPAIR

Importance of Manufacturers:

n Reduce Build devices from standardised modules that can be repaired easily

‘ Re-usg Research institutions:

Ee'pa"'l Have a pool of devices that can be used by many groups

e-cycle
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The HEP community has skills that
can help to solve the global crises
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Complex systems
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Detailed simulations -~ * ¢
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