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CO; emissions trigger tipping points (irreversible)
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A Global Challenge for Climate Protection

¢ Today, around 80 percent of
mankind's primary energy needs
are met by fossil fuels’.

Climate protection requires a halt
to net CO2 emissions by 20502,

Climate change doesn't wait: The
pace of change to a non-fossil
energy world must be
accelerated with all possible
speed.

As early as 1987, the German Physical
Society, together with the German
Meteorological Society DMG, published
the call "Warning of impending global
climate change due to human activity "3.

Rapid changes in the climate with an
average increase in the earth's
temperature of more than 1.5°C will
have risks for life, world food and
biodiversity that are difficult to
assess*®. To avoid this, science
therefore calls for a rapid reduction of
net CO2 emissions down to zero. The
situation is aggravated by so-called
climate tipping points®, at which
warming due to additional effects, such
as the melting of the Arctic ice,
continues and is difficult to predict
whether itis accelerated.

Recent calculations show that some of
them could already be exceeded at an

average warming of less than 2°C or are
already exceeded today.

Nevertheless, the share of fossil fuels in
meeting the world's total energy
demand has remained almost constant
to date at around 80%'. Modern solar
and wind power plants — just like
nuclear energy — each contribute only
about 4%"'.

The use of fossil fuels must be ended
worldwide by 2050 at the latest? to limit
global warming to 1.5°C with a certain
degree of confidence. To achieve this,
around 140 million gigawatt hours
(GWh) per year must be replaced by
non-fossil energy forms; this
corresponds theoretically to the energy
output of 16,000 conventional power
plants.

The challenge is huge, and it is global.
Germany contributes about 2% and
Europe about 14 % to the total CO:
emission. Nevertheless, the efforts to
reduce emissions in Europe are
important and pioneering, especially
regarding the responsib and role
model function of the industrialized
countries. These have a duty to develop
the path to transform society while
maintaining the competitiveness of
business and industry in the global
marketplace and, in addition, to help
financially weak countries so that they
too can achieve net zero emissions by
mid-century.

Global primary energy consumption per second

Wind, solar, biofuels, etc.
Hydro
Nuclear

Coal, oil and gas

20 000 GW
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Drastic reduction of fossil fuels
The drastic ion in g| gas.

deemed necessary by the Intergovernmental Panel on

Climate Change to achieve the goals of the Paris Agreement is here schematically applied to fossil energy

production’®.

"Climate change
threatens humanity -
with science and
technology,

we can stop him.”

Joachim Ullrich, President of the
German Physical Society

However, solar and wind energy are
volatile. Storage and transport of the
energy generated from these sources
require a massive expansion of
electrochemical and chemical storage
systems (batteries, hydrogen, methane,
ammonia, etc.) as well as heat and
pump storage systems. For the latter,
there are innovative concepts that use
old mines and opencast mines.”

Saving energy is particularly important
and must be pursued consistently. This
includes efficient thermal insulation of
buildings, heating with heat pumps®,
lighting with LEDs and much more, right
up to a fundamental redesign of mobility
and its forms of propulsion.

Climate change will not wait: The figures
make it clear that the pace of the energy
turnaround must be accelerated with all
our might. This requires, in particular, a
political framework such as emissions
trading and realistic CO: pricing, as well
as the removal of obstacles to the
development of a climate-friendly
energy and transport system.

3) Net global greenhouse
gas (GHG) emissions

Tationaly Determined
| Contrbtans (NDCH, |
L ange in 2030

s
=

CO; emissions must be drastically
reduced to prevent with some certainty
an irreversible climate catastrophe (blue
curve)®.

English Versio

courage and determination,

Netto CO; Emissionen/Jahr

"Climate change

threatens humanity -

with science and
technology,

courage and determination,
we can stop him.”

Joachim Ullrich, President of the
German Physical Society
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CO; emissions trigger tipping points (irreversible)
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CO; emissions trigger tipping points (irreversible)
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Global Netto - CO2> Emissions/Year

CO; emissions trigger tipping points (irreversible)

North Atlantic Sea Surface Temperature Anomaly: 1982 - 2023
(Difference from 1991-2020 Mean)
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CO; emissions trigger tipping points (irreversible)
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The global energy gap
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The global energy gap

- . Global Primary Energy Consumption ENERGY/SECOND
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The global energy gap

Options:

1. Expand CO2-free energies (excluding hydro)
factor ~12 in 7 years required;
>11000 new power plants with 1 GW

= 27 per week

Increase energy efficiency

factor ~2 in 7 years

. Save energy

factor ~2 in 7 years
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Option 1: green energy

Expand CO2-free energies (excluding hydro)
(Factor ~12in 7 years)

System change: fossil & renewable
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Option 1: green energy

Expand CO--free energies (excluding hydro

(Factor ~12 in 7 years)

DESERTEC: wind in deserts

Gobi desert, China: Wind power
Plan: additional 450 GW

Lo vl e a2 e o renewables mainly in deserts
2. Wind power offshore + import (Scotland, Patagonia, Morocco, ...)

System change: fossil & renewable
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Option 1: green energy

Expand CO2>-free energies (excluding hydro)

(Factor ~12 in 7 years)

System change: fossil = renewable

l’ A ’l.

1. Wind power and PV locally

2. Wind power offshore + import (Scotland, Patagonia, Morocco,
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Option 1: green energy

Expand CO2>-free energies (excluding hydro)
(Factor ~12 in 7 years)

System change: fossil = renewable

l’ A ’l.

1. Wind power and PV locally
2. Wind power offshore + import (Scotland, Patagonia, Morocco, ...)

3. PV + solar thermal energy (CSP) in the sunbelt of the earth (DESERTEC)

Storage:
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Optlon 1 green energy

i‘f e

Expand COz-free energies (excluding hydro)

(Factor ~12 in 7 years)

System change: fossil & renewable

; 1. Wind power and PV locally o T T e g S R =
% 2. Wind power offshore + import (Scotland, Patagonia, Morocco, ...) T g —— == e - e |
E 3. PV + solar thermal energy (CSP) in the sunbelt of the earth (DESERTEC) e L WU R T “%_.. —— i

~ 4. Storage:

E - Trams with batteries and overhead line » Iram on >

= ) autobahn

a - CSP with heat storage in desert regions s

r
1
4
“A‘" }
_ 'f
'
4‘
v
4
y

DESERTEC power tower in deserts

=5 Atacama desert/Chile 210 MW, 16 h heat storage

power day and mght




Option 1: green energy

Expand CO.-free energies
(Factor ~12 in 7 years)

tailings dump

Laahaa U -

1. Wind power and PV locally ’

2. Wind power offshore + import (Scotland] —
3. PV + solar thermal energy (CSP) in the sl

4. Storage:

- Trams with batteries and overhead line

- CSP with heat storage in desert region
,anti-lake”

- Ring water storage power plants

in abandoned open pit mines,

reservoir
lakes, ocean

Hydro pump storage .pump turbine

Graphics:: Michael Diren, GieBen

Michael Duren, Univ. Giessen



Option 1: green energy

Expand CO2-free energies (excluding hydro)
(Factor ~12in 7 years)

System change: fossil & renewable

1. Wind power and PV locally
2. Wind power offshore + import (Scotland, Patagonia, Morocco, ...)

3. PV + solar thermal energy (CSP) in the sunbelt of the earth (DESERTEC)

4. Storage: — s |
HE . ,Tramon

- Trams with batteries and overhead line .
. autobahn

- CSP with heat storage in desert regions

- Ring water storage power plants in lakes and in the sea

- Chemical energy carriers (e.g. Hz) as long-term storage ?

y,anti-lake*

Michael Duren, Univ. Giessen 26



Option 2: efficiency

o ENERGY/SECOND
Increase energy efficiency J28000 GW
(Factor ~2in7years) T o
O
290" -24000 GW
System change of technology COP27 o efi
Wind, , Biofuels, etc. e e -22000 GW
Hydro «\_  ¢.." aving
Nuclear 3 20000 GW
1. LEDs for lighting (factor 10 vs. light bulb) )
-18000 GW
2. Electrification of engines (factor 3-5 vs. combustion engine) The Energy Gap
. -16000 GW
3. Heat pumps for heating (factor 3-5 vs. gas heating)
-14000 GW
‘ CO--free 00
.. Production :

-10000 GW

- 8000 GW

- 6000 GW

- 4000 GW

- 2000 GW

TraditionalEBiomass o
2021 20B0 2040 2050 Jahr

Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy 500/0 u nt|| 2030 (7 Jah re)
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Option 2: efficiency

ENERGY/SECOND
Increase energy efficiency 28000 GW
(Factor ~2in7years) T o
’«‘399‘\??9?‘ """ -24000 GW
System change of technology COP27 &R

Wind, , Biofuels, etc. e e -22000 GW

Hydro «\ = wv.." 9
Nuclear 3 20000 GW

1. LEDs for lighting (factor 10 vs. light bulb) )
-18000 GW
2. Electrification of engines (factor 3-5 vs. combustion engine) The Energy Gap
. -16000 GW
3. Heat pumps for heating (factor 3-5 vs. gas heating) '
-14000 GW
4. Rail traffic on motorways (factor 10 vs. cars/trucks) CO--free
i -12000 GW
(Speed trams on autobahn) .. Production
‘ 10000 GW

- 8000 GW

Aﬂ_ﬂ_ﬁé_,élﬂ ~

[ ]
emergenc
Ia?\e ¥ e trams @@ rail L guard railing ——

- 6000 GW

\supply route (HVDC power, optical fibers)

- 4000 GW

- 2000 GW

Traditional:Biomass

| = O
Michael Diiren, Univ. Giessen 2021 20B0 2040 2050 Jahr
Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy 50 0/0 u ntll 2030 (7 Jah re) DS
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ogy change is key to sustainability

L[ || g

Battery charging at tram stop (Australia) Autonomous driving along dashed lines

(no rails on this road, China)

Michael Diren, Univ. Giessen




Speed-Tram on the Auto-Bahn

Energy for transport reduced by factor 10 Enabling the energy transition

Put rails on roads and highways - supply route for HVDC at various HV levels across
 without additional land use & expropriations the country (no new overhead HV lines needed)
 speed up approvals and construction - batteries of Speed-Trams are connected to the grid

(double use; stabilisation of the national grid)

) Ga

“ =

+ \supply route (HVDC power, optical fibers)

PR
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Option 3: saving

What to do and what to avoid?

ENERGY/SECOND
Save energy 28000 Gw
(Factor ~2in7years) e 26000 GW
\'\0?' ““““

: COP 27 2P 24000 GW

System change of behaviour we
Wind, , Biofuels, etc. e Savi -22000 GW

: ] Hydro «\ = ¢.." aving

1. Less travel: online conferences, holidays nearby Niclear o 0000 Gy

Less commuting: home office, local co-working spaces

Eat little fish and meat; no beef

Fewer consumer items, more repair options

Less globalisation (local food, local factories)

Use public transport and light vehicles (bicycles, scooters, small cars, ...)

No flights (if possible)

© N O O bk~ 0D

Energy priority for essential things (agriculture, fertilisers, clean water, education,

internet: social contacts, remote work, remote construction ...)

Michael Duren, Univ. Giessen

| = O
2021 20B0 2040 2050 Jahr
Our World in Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy 50 0/0 unt" 2030 (7 Jah re) 2

. The Energy Gap """
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-10000 GW
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Conclusion: Sorry, we're f*cked
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HECAP+ paper: Environmental sustainability in basic research

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

Environmental sustainability in 155 pages June 2023
basic research Ch apters

A perspective from HECAP+

* Introduction
 Energy

* Mobility

* Food

« Computing

Abstract
The climate crisis and the degradation of the world’s ecosystems require

humanity to take immediate action. The international scientific community has ® Resea rc h I nfra Stru ctu re a n d Tec h n O I 0 gy
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 o Reso u rces a n d Wa Ste
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

. . .y u u |
e g 705 1t suh changes https://sustainable-hecap.github.io

Version 1.9, 5 June 2023
Please read this document in electronic format where possible and refrain
from printing it unless absolutely necessary. Thank you.

arXiv:2306.02837v1 [physics.soc-ph] 5 Jun 2023

Michael Duiren, Univ. Giessen 40
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HECAP+ paper: Environmental sustainability in basic research

Environmental sustainability in Recommendations — Impelling Positive Change

basic research
A perspective from HECAP+

Individual actions: ,You and me*

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:2306.02837v1 [physics.soc-ph] 5 Jun 2023

Version 1.9, 5 June 2023
Please read this document in electronic format where possible and refrain
from printing it unless absolutely necessary. Thank you.

Michael Duren, Univ. Giessen 41
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arXiv:2306.02837v1 [physics.soc-ph] 5 Jun 2023

Environmental sustainability in
basic research
A perspective from HECAP+

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 1.9, 5 June 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 42
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Environmental sustainability in
basic research
A perspective from HECAP+

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 1.9, 5 June 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 targets in 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 43
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Environmental sustainability in
basic research
A perspective from HECAP+

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 1.9, 5 June 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 plans for monitoring,
reporting and minimising adverse environmental impacts,
and for ensuring that research is undertaken in line with
principles of social justice.

Allow flexibility in policies and procedures e.g., budget
allocation, that enable environmentally sustainable choices to
be made.

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

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

Encourage, support and incentivise individual and
group actions, e.g., by considering them in professional
development and appraisal processes. 44
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Share of global Share of cumulative emissions 1990-2015

population ,,Our“ emiSSionS
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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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Environmental sustainability in
basic research
A perspective from HECAP+

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 1.9, 5 June 2023
Please read this document in electronic format where possible and refrain
from printing it unless absolutely necessary. Thank you.

tCO2e
200000 —
Heating (fuel+gas)
150000 Cooling (gas)
100000

Particle detection (gas)

50000

Electricity (mostly nuclear)

Scope 1 2
LHC 2017
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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
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W Gas Emissions mElectricity mTravel

Travel
23%

Gas Emissions
51%

Electricity
26%

LHCb: Run 3 emissions

1400

1200

RICH1 radiator (C4F10)

RICH2 radiator (CF4)

leaking gases ...

Muon MWPC (CF4)

Michael Duren, Univ. Giessen
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Name Chemical Lifetime Global warming potential (GWP)
Formula [years] [100-yr time horizon] Global warming potential
Carbon dioxide CO, . of greenhouse gases
1

Dimethylether CH30CH3 0.015

Methane CHy4 12 25

Sulphur hexafluoride SFg 3,200 22,800
Hydrofluorocarbons (HFCs)

HFC-23 CHF3 270 14,800

HFC-134a CoHsF4 14 1,430

Perfluorocarbons (PFCs)

PFC-14 CF,4 50,000 7,390

PFC-116 C,oFg 10,000 12,200

PFC-218 CsFg 2,600 8,830

PFC-3-1-10 C4F1g 2,600 8,860

PFC-5-1-14 CsF14 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 50



Personal Emissions (Plot deleted from HECAP+ paper)

120 ......................................................................................................................................................................................................................................
o 100 R L PR ARTPIRES

O.ne..les.s..tr.an satlantlcfllght ...................................................................

Become vegetarian

Replace light
2 Bt o AUS S A, bulbs by LEDs

Emissions savings (tCO,e per year)

0
Have one Live car Avoid one Buy green Buy more Switch Plant-based Replace Wash Recycle Hangdry Upgrade
fewer child free transatlantic energy efficient electric car diet gasoline clothes in clothes light bulbs
flight car  to carfree with hybrid cold water
BN High-Impact (>0.8 tCOqe) Moderate-Impact (0.2-0.8 tCO.e) Low-Impact (<0.2 tCO,e) = Mean regional value 51

Michael Daren, Univ. Giessen Figure from https://doi.org/10.1088/1748-9326/aa7541
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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 52
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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 ..

Open Infrastructure Map

SWltzerIand
5 ).
’’’’’ /. ,1.4 L
ltaly
Tunisia
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HVDC Connector Tunesien - Italy (Sicilia)
entso@

European Network of Transmission System Operators for Electricity

EU Project history:

TYNDP TYNDP TYNDP TYNDP TYNDP TYNDP
2012 2014 2016 2018 2020 2022
TUNL.ITA.
SUBMARINE INTERCONNECTION
200 km 400 kv 600 MW

600 M€
Funding EBRD, EU Grant, KfW

Application deadline: June 30, 2023

®

Commissioning 2028
Tunisia

Michael Duren, Univ. Giessen https://www.ebrd.com/work-with-us/procurement/p-pn---9656a-pre-54389-steg---elmed-power-interconnector.html 55



Option 3: 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 Duiren, Univ. Giessen 56
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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S ICHEP Valencia 1588 ICHEP Seoul
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ICHEP attendees by human development index
B Very High I High BN Medium B Low

Seoul 2012

Valencia 2014

Chicago 2016

Melbourne 2018

Prague 2020 (virtual)

) 20 40 60 80 100
share in attendees [%]
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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 60




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
2t No more steaks and hamburgers?
.7 kg

1.98 kg
1.23 kg
0.84 kg
Peas § 0.44 kg
Nuts § 0.26 kg

O kg 10 kg 20 kg 30 kg 40 kg

Eggs

Grains

Tofu (soybeans)
Groundnuts

Other Pulses
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= gr.rg)irgtof mercury from unaccounted $10 billion USD
tential value that
flows of e-waste as‘_e Gene "'Q 58[33 };l)i r\éc;fereg
¢ Tkt Q;*X‘ (3 Y% amt
amount of Brominated Flame Retardants \ %‘ estimated amount of raw materials
(BFR) from unaccounted flows of e-waste ¢ that could be available for recycling

% €% -15 Mt of CO, equivalents
\J their reuse as secondary products

has helped save up to 15 Mt of CO,

equivalents emissions

€% +98 Mt of CO, equivalents
potentially released from the
t: inferior recycling of undocumented
= fridges and air-conditioners

g 60 [~ T

E_ 40 .

) - -

‘8‘ } ﬁ § iron

S yrERERREREREREREEEY uminiim ;per .

Importance of Manufacturers:

Re-use Build devices from standardised modules that can be repaired easily
Re-pair Research institutions:

Re-cycle Have a pool of devices that can be used by many groups

Michael Duren, Univ. Giessen 62



The global energy gap

ENERGY/SECOND
Options for computing: _}28000 GW
1. Expand CO2-free energies o -26000 GW
: : NoO
Renewable power for computing: processors and cooling; cop o7 ?}@99 ,,,, -24000 GW
: . : : . oG

Consider dls_trlct heaterg and site selectl_on,_ _ Wind, Biofuels, etc. “a\ Savin 55000 GV

Job scheduling according to energy availability; ... Hydro «\ = wy." g
Nuclear , -20000 GW

2. Increase energy efficiency The Energy Gap -18000 GW
Optimised processors (clocks, GPUs), 16000 GW
architecture, cooling system, 000 G
software, quantum computing?, ... CO,-free

‘ -12000 GW

“.. Production

3. Save energy -10000 GW

Prioritise research questions &;

Optimise debugging, statistics and precision;
Modular and reusable software;

Modular and repairable hardware, reduce purchases;

TraditionaIEBiomass o
2021 20B0 2040 2050 Jahr

Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy 50 0/0 u nt|| 2030 (7 Jah re) 53
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FROM CLIMATE CHANGE DENIAL
TO CLIMATE CHANGE DELAY

Companies, politicians & lobbyists use these 12 methods to justify
inaction, by focusing on the possible negative social effects of
climate policies and raise doubt that mitigation is possible.

Whataboutism Appeal to
approach Social justice

If we act on
the crisis, not

It doesn’t matter
what we do in

this country everyone can go
on vacation
Individualization Perfectionism
approach approach
The consumer must We cannot
take on the entire implement polecies
responsibility. because we don't
12 methods have the perfect
[ to justify 07 model.
The“free rider” g2 o8 Business
excuse as usual
{Fwe redios \8 8/ our current system
emissions, we has created a
lose business perfect society
CLIMATE
INACTION
04 10 o
Techno- Fossil
optlmlsm /O O\ °pt|m|sm
Technology 05 n The fossil industry
will save us 06 will adapt and solve
all problems
used by
Companies, politicians 5
All talk, Slobeets Doomism
little action approach
We have set We can't do
ambitious goals but anything, no
don’t take action matter what
we do
No stick, Changeis
just carrot impossible
People will only Another society is not
participate if it is possible; we cannot
advantageous change behavior.

Source: Lamb, W., Mattioli, G., Levi, S., Roberts, J., Capstick, S., Creutzig, F,, . . . Steinberger, J\(2\02\0)
Discourses of climate delay. Global Sustainability, 3, E17. doi:10.1017/sus.2020.13

Michael Diren, Univ. Giessen
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Management unseres Planeten: Verkehr

SchnellstraBenbahn auf der Auto-Bahn

- mehr Komfort als Autos: fahrt ,,on Demand“ von Stadtteil zu Stadtteil und Dorf zu Dorf
- 130 km/h ohne Zwischenhalt auf Autobahnen

- kein neuer Flachenverbrauch

- stabilisiert das nationale Stromnetz N|/L

— | | ‘

\
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Global direct primary energy consumption

https://ourworldindata.org/grapher/global-primary-energy

Input from Our World in Data

Input fiir 2021
bio

other
solar
wind
hydro
nuclear
gas

oil

coal
traditional
Sum

same as above but grouped:

fossil

CO2-free w/o hydro

rest + hydro

Sum 2021

Extrapolated to 2030:
Sum 1965 (input)

slope TWh/y or GW/y
Sum 2030 (extrapolated)

Missing Energy
Saving factor needed
Kraftwerke pro Woche

2,5 GeV Kraftwerke/Woche

convert TWh/Jahrin GW 0,11416

TWh/a
1140
763
1033
1862
4274
2800
40375
51170
44473
11111
159001

136018
7598
15385
159001

50571
1936,25
176427

17426
10%
1,11

GW
130
87
118
213
488
320
4609
5841
5077
1268
18151

15527
867
1756
18151

5773
221
20140

1989
10%
1,11

Factor
0,5
1
1

50% CO2

2030
68009
7598
15385
90992

85435
48%
1,94

GW
7764
867
1756
10387

9753
48%
1,94

0,0

0,0
0,40

Direkt

50% CO2, 12x CO2-free

Factor
0,5
12,2
1

2030
68009
93033
15385

176427

0%
1,00

GW
7764
10620
1756
20140

0%
1,00

26,8

10,7
0,40

50% CO2, 3x CO2-free

Factor
0,5
3
1

2030
68009
22794
15385

106188

70239
40%
1,66

GW
7764
2602
1756

12122

8018
40%
1,66

4,8

1,9
0,60
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4 steps towards the speed tram

1. Bus:
(on demand)

2. O-Bus:
(Oberleitung)_} '

L

¢ W —

3. Autonorﬁdﬁs Rail Rapid Transit ART) '
(virtuelle Schienen)

4. SchnellstraBenbahn | G e o L T ——

(beste Energieeffizienz ‘“mamarigg | —\ | SchnellstraB3enbahn = ;
NS e . /' dL .- = ¥Schienen + Batterie + Oberleitung +

Michael Diren, Univ. Giessen — - : 0 + Autonom + ,,0N Demand“ %S5g32
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SPRINGER BRIEFS IN ENERGY

@ Prof. Diiren, Univ. Giessen
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Vielen Dank fur Ihre Geduld

1: Reduktion des Gutertransports
2: Reduktion des Personenverkehrs
3: Kurze Strecken zu FuB + leichte Fahrzeuge
4: U-Bahnen in GroBstadten
5: SchnellstraBenbahn in Dorf, Stadt
und auf der Auto-Bahn

PR :|/é_
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CO; emissions trigger tipping points (irreversible)

Global primary energy consumption per second Scenario:
aoo\?f?}?g ““““““ 50% CO:2 reduction will not be donein 7 y
Wind, solar, biofuels, etc. sa\«?ff&f """"" (strict energy saving would be required)
Hyd N N e( Q\J savih ] ] ] _ ]
Nuclear 57 €O g2 t20000GW  Tipping points will enforce climate change

Agriculture will fail to feed the world
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2 Escalation of wars and pandemics

Cascades of tipping points

. Traditional biomass ) .
1970 1980 1990 2000 2010 2021 2030 2040 2050 Year
Sources: energy demand: Our World in Data based on Vaclav Emil (2017) and BP Statistical Review of World Energy / COz-saving requirement from IPCC; Graphics: M. Diiren Ou r Ch i Id ren Wi " have a Iife in des pai r
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Required reduction: 50% in ~7 years Prediction with confidence level = x
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