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Nicht-fossile Energie: 
Eine Globale Herausforderung für den Klimaschutz

• Die Menschheit deckt ihren Primär-
energiebedarf heute zu rund 80 Pro-
zent durch fossile Brennstoffe1.

• Klimaschutz erfordert den Stopp der 
Netto-CO2-Emissionen bis zum Jahr 
20502.

• Der Klimawandel wartet nicht: Das 
Tempo der Wende zur nicht-fossilen 
Energiewelt muss mit aller Kraft be-
schleunigt werden.

Nr. 66

„Der Klimawandel 
bedroht die Mensch-
heit – mit Wissen-
schaft und Technik, 
Mut und Entschlossen-
heit können wir ihn 
aufhalten.“

Joachim Ullrich, Präsident der
Deutschen Physikalischen Gesellschaft

Schon im Jahr 1987 veröffentlichte die 
Deutsche Physikalische Gesellschaft 
zusammen mit der Deutschen Meteoro-
logischen Gesellschaft DMG den Aufruf 
„Warnung vor drohenden weltweiten Kli-
maänderungen durch den Menschen“3.

Rasche Veränderungen des Klimas mit 
einer mittleren Erhöhung der Temperatur 
auf der Erde von mehr als 1,5 °C werden 
schwer abschätzbare Risiken für das Le-
ben, die Welternährung und die Biodiversi-
tät haben4,5. Um dies zu vermeiden, fordert 
die Wissenschaft daher eine schnelle Re-
duktion der Netto-CO2-Emission herunter 
bis auf null. Verschärft wird die Situation 
durch sogenannte Klima-Kipppunkte6, an 
denen die Erwärmung durch zusätzliche 
Effekte, wie das Schmelzen des arktischen 
Eises, weiter und schwer voraussagbar 

beschleunigt wird. Jüngste Berechnungen 
zeigen, dass einige von ihnen bereits bei 
einer mittleren Erwärmung von weniger als 
2 °C überschritten werden könnten oder be-
reits heute überschritten sind.

Dennoch blieb mit etwa 80 Prozent der An-
teil fossiler Energieträger an der Deckung 
des weltweiten Gesamtenergiebedarfs bis 
heute fast konstant1. Moderne Solar- und 
Windanlagen haben – genau wie die Kern-
energie – einen Beitrag von jeweils nur 
etwa vier Prozent1.

Die Nutzung fossiler Energieträger muss 
weltweit bis spätestens 2050 beendet 
werden2, um mit einiger Sicherheit die Er-
derwärmung auf 1,5 °C zu begrenzen. Dazu 
sind jährlich rund 140 Mio. Gigawattstun-
den (GWh) durch nicht-fossile Energie-
formen zu ersetzen; das entspricht theo-
retisch dem Energie-Output von 16.000 
konventionellen Kraftwerken.

Die Herausforderung ist gewaltig und sie 
ist global. Deutschland trägt etwa 2 % und 
Europa etwa 14 % zur gesamten CO2-Emis-
sion bei. Dennoch sind die Anstrengungen 
zur Emissionsreduktion in Europa wichtig 
und wegweisend, insbesondere im Hinblick 
auf die Verantwortung und Vorbildfunktion 
der Industrieländer. Diese stehen in der 
Pflicht, den Pfad zur Transformation der 
Gesellschaft unter Beibehaltung der Kon-

kurrenzfähigkeit von Wirtschaft und Indus-
trie auf dem Weltmarkt zu entwickeln und 
darüber hinaus finanzschwachen Ländern 
zu helfen, damit auch diese Netto-Null-
Emissionen bis zur Mitte des Jahrhunderts 
erreichen können.

Solar- und Windenergie schwanken aller-
dings zeitlich und räumlich sehr; sie sind 
volatil. Speicherung und Transport der da-
raus gewonnen Energieformen erfordern 
einen massiven Ausbau insbesondere von 
elektrochemischen und chemischen Spei-
chern (Batterien, Wasserstoff, Methan, 
Ammoniak, etc.) sowie Wärme- und Pump-
speichern. Für letztere gibt es innovative 
Konzepte, die stillgelegte Berg- und Tage-
bau nutzen.7

Der Einsparung kommt eine besondere Be-
deutung zu und muss weiter konsequent 
verfolgt werden. Dazu gehört eine effizi-
ente Wärmedämmung von Gebäuden, das 
Heizen mit Wärmepumpen8, die Lichterzeu-
gung mit LEDs und vieles mehr bis hin zu 
einer grundlegenden Neukonzeption von 
Mobilität und ihren Antriebsformen.

Der Klimawandel wartet nicht: Die Zah-
len verdeutlichen, dass das Tempo der 
Energiewende mit aller Kraft beschleunigt 
werden muss. Das erfordert insbesondere 
auch politische Rahmenbedingungen wie 
den Emissionshandel und eine realistische 
CO2-Bepreisung sowie den Abbau von Hür-
den für den Aufbau eines klimafreundli-
chen Energie- und Transportsystems.

Der CO2-Ausstoß muss drastisch gesenkt 
werden, um mit einiger Sicherheit eine ir-
reversible Klimakatastrophe zu verhindern 
(blaue Kurve)9.

Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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die fossile Energieproduktion übertragen10.
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CO2 emissions trigger tipping points (irreversible)

„Courage and determination?“
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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 
assess4,5. 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 points6, at which 
warming due to additional effects, such 
as the melting of the Arctic ice, 
continues and is difficult to predict 
whether it is 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%1. Modern solar 
and wind power plants – just like 
nuclear energy – each contribute only 
about 4%1. 

The use of fossil fuels must be ended 
worldwide by 2050 at the latest2 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 CO2 
emission. Nevertheless, the efforts to 
reduce emissions in Europe are 
important and pioneering, especially 
regarding the responsibility 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. 

 

"Climate change 
threatens humanity - 
with science and 
technology, 
courage and determination, 
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.7 

Saving energy is particularly important 
and must be pursued consistently. This 
includes efficient thermal insulation of 
buildings, heating with heat pumps8, 
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 CO2 pricing, as well 
as the removal of obstacles to the 
development of a climate-friendly 
energy and transport system. 

 

 
 

 

 
 
 
 
 
 

 

• Today, around 80 percent of 
mankind's primary energy needs 
are met by fossil fuels1. 

• 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. 

 
 

CO2 emissions must be drastically 
reduced to prevent with some certainty 
an irreversible climate catastrophe (blue 
curve)9. 

Drastic reduction of fossil fuels 
The drastic reduction in greenhouse gas emissions deemed necessary by the Intergovernmental Panel on 
Climate Change to achieve the goals of the Paris Agreement is here schematically applied to fossil energy 
production10. 
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B.6.3  Modelled global emission pathways consistent with NDCs announced prior to COP26 that limit warming to 2°C (>67%) 
(category C3b in Table SPM.2) imply annual average global GHG emissions reduction rates of 0–0.7 GtCO2-eq yr–1 during the 
decade 2020–2030, with an unprecedented acceleration to 1.4–2.0 GtCO2-eq yr–1 during 2030–2050 (medium confidence). 
Continued investments in unabated high-emitting infrastructure and limited development and deployment of low-emitting 
alternatives prior to 2030 would act as barriers to this acceleration and increase feasibility risks (high confidence). {3.3, 3.5, 
3.8, Cross-Chapter Box 5 in Chapter 4}

B.6.4  Modelled global emission pathways consistent with NDCs announced prior to COP26 will likely exceed 1.5°C during the 21st 
century. Those pathways that then return warming to 1.5°C by 2100 with a likelihood of 50% or greater imply a temperature 
overshoot of 0.15°C–0.3°C (42 pathways in category C2 in Table SPM.2). In such pathways, global cumulative net-negative 
CO2 emissions are –380 [–860 to –200] GtCO2

30 in the second half of the century, and there is a rapid acceleration of other 
mitigation efforts across all sectors after 2030. Such overshoot pathways imply increased climate-related risk, and are subject to 
increased feasibility concerns,31 and greater social and environmental risks, compared to pathways that limit warming to 1.5°C 
(>50%) with no or limited overshoot. (high confidence) (Figure SPM.4, Table SPM.2) {3.3, 3.5, 3.8, 12.3; AR6 WGII SPM B.6}

a. Global GHG emissions b. 2030 c. 2050 d. 2100

Projected global GHG emissions from NDCs announced prior to COP26 would make it likely that 
warming will exceed 1.5°C and also make it harder after 2030 to limit warming to below 2°C.
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Figure SPM.4 | Global GHG emissions of modelled pathways (funnels in Panel a, and associated bars in Panels b, c, d) and projected emission 
outcomes from near-term policy assessments for 2030 (Panel b). 

30 Median and very likely range [5th to 95th percentile].
31 Returning to below 1.5°C in 2100 from GHG emissions levels in 2030 associated with the implementation of NDCs is infeasible for some models due to model-specific 

constraints on the deployment of mitigation technologies and the availability of net negative CO2 emissions.
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B.6.3  Modelled global emission pathways consistent with NDCs announced prior to COP26 that limit warming to 2°C (>67%) 
(category C3b in Table SPM.2) imply annual average global GHG emissions reduction rates of 0–0.7 GtCO2-eq yr–1 during the 
decade 2020–2030, with an unprecedented acceleration to 1.4–2.0 GtCO2-eq yr–1 during 2030–2050 (medium confidence). 
Continued investments in unabated high-emitting infrastructure and limited development and deployment of low-emitting 
alternatives prior to 2030 would act as barriers to this acceleration and increase feasibility risks (high confidence). {3.3, 3.5, 
3.8, Cross-Chapter Box 5 in Chapter 4}

B.6.4  Modelled global emission pathways consistent with NDCs announced prior to COP26 will likely exceed 1.5°C during the 21st 
century. Those pathways that then return warming to 1.5°C by 2100 with a likelihood of 50% or greater imply a temperature 
overshoot of 0.15°C–0.3°C (42 pathways in category C2 in Table SPM.2). In such pathways, global cumulative net-negative 
CO2 emissions are –380 [–860 to –200] GtCO2

30 in the second half of the century, and there is a rapid acceleration of other 
mitigation efforts across all sectors after 2030. Such overshoot pathways imply increased climate-related risk, and are subject to 
increased feasibility concerns,31 and greater social and environmental risks, compared to pathways that limit warming to 1.5°C 
(>50%) with no or limited overshoot. (high confidence) (Figure SPM.4, Table SPM.2) {3.3, 3.5, 3.8, 12.3; AR6 WGII SPM B.6}

a. Global GHG emissions b. 2030 c. 2050 d. 2100

Projected global GHG emissions from NDCs announced prior to COP26 would make it likely that 
warming will exceed 1.5°C and also make it harder after 2030 to limit warming to below 2°C.
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Figure SPM.4 | Global GHG emissions of modelled pathways (funnels in Panel a, and associated bars in Panels b, c, d) and projected emission 
outcomes from near-term policy assessments for 2030 (Panel b). 

30 Median and very likely range [5th to 95th percentile].
31 Returning to below 1.5°C in 2100 from GHG emissions levels in 2030 associated with the implementation of NDCs is infeasible for some models due to model-specific 

constraints on the deployment of mitigation technologies and the availability of net negative CO2 emissions.

S. 142 Fig. TS 10; TS-45; 
IPCC_AR6_WGIII_Full_Report

Required reduction: 50% in ~7 years

IPCC Report 2022

https://report.ipcc.ch/ar6/wg3/IPCC_AR6_WGIII_Full_Report.pdf 

8

2030

Michael Düren, Univ. Giessen

CO2 emissions trigger tipping points (irreversible)

https://report.ipcc.ch/ar6/wg3/IPCC_AR6_WGIII_Full_Report.pdf


ACCEPTED VERSION 

SUBJE
CT TO FINAL EDITSCurrent Trend1.5°C (>50%) after a high overshoot, NDCs until 2030

Limit warming to 1.5°C (>50%) with no or limited overshoot
Limit warming to 2°C (>67%)Limit warming to 2°C
Limit warming to 1,5°C

Global Netto - CO2  Emissions/Year  

Trend from implemented policies
Limit warming to 2°C (>67%) or return warming to 
1.5°C (>50%) after a high overshoot, NDCs until 2030

Required reduction: 50% in ~7 years

IPCC Report 2022

https://report.ipcc.ch/ar6/wg3/IPCC_AR6_WGIII_Full_Report.pdf 

9

2030

Michael Düren, Univ. Giessen

20.03.23

CO2 emissions trigger tipping points (irreversible)

Integrated 
value  

counts

https://report.ipcc.ch/ar6/wg3/IPCC_AR6_WGIII_Full_Report.pdf


10
Michael Düren, Univ. Giessen

CO2 emissions trigger tipping points (irreversible)

https://climatereanalyzer.org/clim/t2_daily/

July 2023



11
Michael Düren, Univ. Giessen

CO2 emissions trigger tipping points (irreversible)

https://climatereanalyzer.org/clim/t2_daily/

July 2023



12
Michael Düren, Univ. Giessen

CO2 emissions trigger tipping points (irreversible)

https://climatereanalyzer.org/clim/t2_daily/ July 2023



13

Energy transition for physicists

Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Primary energy consumption is measured in terawatt-hours (TWh). Here an inefficiency factor (the 'substitution' method) has been applied for fossil fuels, 
meaning the shares by each energy source give a better approximation of final energy consumption.
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Energy transition for physicists
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production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
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The global energy gap

Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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meaning the shares by each energy source give a better approximation of final energy consumption.

2050

The Energy Gap

neu neu

Coal 

Oil 

Gas

ENERGY /YEAR

ENERGY/SECOND

Traditional Biomass 

Global Primary Energy Consumption
Primary energy is calculated based on the 'substitution method' which takes account 
of the inefficiencies in fossil fuel production by converting non-fossil energy into the 
energy inputs required if they had the same conversion losses as fossil fuels.
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50% until 2030 (7 Jahre)

Nuclear power

* direct method counts  
all energies equally
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Options: 
1. Expand CO2-free energies (excluding hydro)  

factor ~12 in 7 years required;  

>11000 new power plants with 1 GW  

= 27 per week


2. Increase energy efficiency  

factor ~2 in 7 years

The global energy gap
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Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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fossil fuels.
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* direct method counts  
all energies equally
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Options: 
1. Expand CO2-free energies (excluding hydro)  

factor ~12 in 7 years required;  

>11000 new power plants with 1 GW  

= 27 per week


2. Increase energy efficiency  

factor ~2 in 7 years


3. Save energy  

factor ~2 in 7 years

The global energy gap
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Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Expand CO2-free energies (excluding hydro)  
(Factor ~12 in 7 years) 

System change: fossil → renewable 

1. Wind power and PV locally

Option 1: green energy
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Expand CO2-free energies (excluding hydro)  
(Factor ~12 in 7 years) 

System change: fossil → renewable 

1. Wind power and PV locally


2. Wind power offshore + import (Scotland, Patagonia, Morocco, …)

Option 1: green energy

DESERTEC: wind in deserts
Gobi desert, China: Wind power 

Plan: additional 450 GW 

renewables mainly in deserts
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Expand CO2-free energies (excluding hydro)  
(Factor ~12 in 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)

Option 1: green energy

DESERTEC: CSP+PV combination in deserts
Dubai, UAE: 700 MW (solar thermal) + 200 MW (PV)
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Expand CO2-free energies (excluding hydro)  
(Factor ~12 in 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)

Option 1: green energy

4. Storage:


- Trams with batteries and overhead line
 „Tram on 
autobahn“



Michael Düren, Univ. Giessen

Option 1: green energy

DESERTEC: power tower in deserts

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


- Trams with batteries and overhead line


- CSP with heat storage in desert regions


Atacama desert/Chile 210 MW, 16 h heat storage

power day and night

„Tram on 
autobahn“
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Option 1: green energy

25

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


- Trams with batteries and overhead line


- CSP with heat storage in desert regions


„Tram on 
autobahn“

„anti-lake“

recreational  
lake

PV-system 
(floating) 

wind park  

tailings dump

R I N G W A L L 

pump turbine
Graphics:: Michael Düren, Gießen

reservoir

rin
g 

w
al

l

electric cable  
Hydro pump storage

„anti-lake“- Ring water storage power plants 

in abandoned open pit mines, 

lakes, ocean
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Option 1: green energy
Expand CO2-free energies (excluding hydro)  
(Factor ~12 in 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:


- Trams with batteries and overhead line


- CSP with heat storage in desert regions


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


- Chemical energy carriers (e.g. H2) as long-term storage

„Tram on 
autobahn“

„anti-lake“
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Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Primary energy consumption is measured in terawatt-hours (TWh). Here an inefficiency factor (the 'substitution' method) has been applied for fossil fuels, 
meaning the shares by each energy source give a better approximation of final energy consumption.
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of the inefficiencies in fossil fuel production by converting non-fossil energy into the 
energy inputs required if they had the same conversion losses as fossil fuels.
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Option 2: efficiency
Increase energy efficiency  
(Factor ~2 in 7 years) 

System change of technology 

1. LEDs for lighting (factor 10 vs. light bulb)


2. Electrification of engines (factor 3-5 vs. combustion engine)


3. Heat pumps for heating (factor 3-5 vs. gas heating)
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Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.

1965 20211980 1990 2000 2010
0 TWh

20,000 TWh

40,000 TWh

60,000 TWh

80,000 TWh

100,000 TWh

120,000 TWh

140,000 TWh

160,000 TWh

Other
renewables
Modern biofuels
Solar
Wind
Hydropower
Nuclear
Natural gas

Oil

Coal

Traditional
biomass

Source: Our World in Data based on Vaclav Smil (2017) and BP Statistical Review of World Energy OurWorldInData.org/energy • CC BYCC by 4.0

Primary energy consumption is measured in terawatt-hours (TWh). Here an inefficiency factor (the 'substitution' method) has been applied for fossil fuels, 
meaning the shares by each energy source give a better approximation of final energy consumption.
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Primary energy is calculated based on the 'substitution method' which takes account 
of the inefficiencies in fossil fuel production by converting non-fossil energy into the 
energy inputs required if they had the same conversion losses as fossil fuels.
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Increase energy efficiency  
(Factor ~2 in 7 years) 

System change of technology 

1. LEDs for lighting (factor 10 vs. light bulb)


2. Electrification of engines (factor 3-5 vs. combustion engine)


3. Heat pumps for heating (factor 3-5 vs. gas heating)


4. Rail traffic on motorways (factor 10 vs. cars/trucks) 

(Speed trams on autobahn)

Option 2: efficiency
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Von Lunon92 - Selbst fotografiert, CC BY-SA 3.0, https://
commons.wikimedia.org/w/index.php?curid=14970987

Michael Düren, Univ. Giessen

Technology change is key to sustainability

29

Back to the future
„Overhead line“  
on the ground  

(France) 



30Michael Düren, Univ. Giessen

Technology change is key to sustainability

Battery charging at tram stop (Australia) Autonomous driving along dashed lines 
(no rails on this road, China)



Von Marco Präg, CC BY-SA 3.0, https://
commons.wikimedia.org/w/index.php?curid=515252

Michael Düren, Univ. Giessen

Energy for transport reduced by factor 10 
Put rails on roads and highways  
• without additional land use & expropriations 
• speed up approvals and construction

Speed-Tram on the Auto-Bahn

cars trams guard railingrailemergency 
lane

supply route (HVDC power, optical fibers)

31

Enabling the energy transition 

- supply route for HVDC at various HV levels across 
the country (no new overhead HV lines needed) 

- batteries of Speed-Trams are connected to the grid 
(double use; stabilisation of the national grid)



Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
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50% until 2030 (7 Jahre)

Option 3: saving      -     What to do and what to avoid?
Save energy 
(Factor ~2 in 7 years) 

System change of behaviour 
1. Less travel: online conferences, holidays nearby


2. Less commuting: home office, local co-working spaces


3. Eat little fish and meat; no beef


4. Fewer consumer items, more repair options


5. Less globalisation (local food, local factories)


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


7. No flights (if possible)


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

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

Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Australia, March 2023

Life → death

A few degrees make the difference

Thailand, June 2023

Texas, July 2023

Conclusion:  Sorry, we’re f*cked
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https://sustainable-hecap.github.io
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June 2023Environmental 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 1.0, 5 June 2023
Please read this document in electronic format where possible and refrain
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Version 1.0, 5 June 2023 Environmental sustainability in basic research

Recommendations — Impelling Positive Change

Individual actions:

• Consider the environmental impact of work practices.

• Be proactive in seeking best practice.

• Make and model positive change in research activities.

• Drive positive group and institutional actions.

Further group actions:

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

• Monitor, assess, report on and set targets in relation to the
environmental impacts of research activities.

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

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.

Version 1.0, 5 June 2023 29
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„Collaborations and projects“

„You and me“

„Universities, CERN, …“
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Version 1.0, 5 June 2023 Environmental sustainability in basic research
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10% richest people (>2800€/month)  

cause  

52% of emissions

„Our“ emissions

HECAP+ paper: Environmental sustainability in basic research

https://www.oxfam.org.uk/ 
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during LHC shut-down (2019)

„CERN“ emissions 

CO2-equivalence

„Gases“

Carbon footprint:  
Scope 1 = direct emission (e.g. fossil heating)

Scope 2 = indirect emission (electricity)

Scope 3 = purchase materials, services, … 
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Electricity (mostly nuclear)

Particle detection (gas)

Cooling (gas)

Heating (fuel+gas)

LHC 2017
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Physicist’s  emissions

Flights Buy 
equipment 

Electricity 

HECAP+ paper: Environmental sustainability in basic research
Climate  
limit p.P.
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LHCb: Run 3 emissions
leaking gases …
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Global warming potential  
of greenhouse gases

HECAP+ paper: Environmental sustainability in basic research



51
Michael Düren, Univ. Giessen

One less transatlantic flight

Live car free

Become vegetarian

Replace light  
bulbs by LEDs

Personal Emissions (Plot deleted from HECAP+ paper)

Figure from https://doi.org/10.1088/1748-9326/aa7541 



52Michael Düren, Univ. GiessenIPCC analysis

Lowest costs and  
highest potential
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Power consumption of  
CERN, LHC and future colliders

HECAP+ paper: Environmental sustainability in basic research

Michael Düren, Univ. Giessen
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CERN-Link
Proposal:  
Power line exclusively for  
international research: 

3.6 GW (day) 
2.2 GW (night) 

6-7 ct/kWh 
Stable & low costs! 

Power from hydrogen has  
2-3 x higher costs!

54

To be initiated by 

CERN, HGF, Universities, … ?

Michael Düren, Univ. Giessen

Low cost  
solution

Ref: Thesis J. Hampp

Open Infrastructure Map
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HVDC Connector Tunesien - Italy (Sicilia)

200 km 400 kV 600 MW

600 M€

Tunisia

Sicily

https://www.ebrd.com/work-with-us/procurement/p-pn---9656a-pre-54389-steg---elmed-power-interconnector.html

EU Project history:

Commissioning 2028

Funding EBRD, EU Grant, KfW

Application deadline: June 30, 2023 Which direction?

European Network of Transmission System Operators for Electricity
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How to travel?

Option 3:           What to do and what to avoid?

Tram

Car
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Where to make conferences?

HECAP+ paper: Environmental sustainability in basic research
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Where to make conferences?

HECAP+ paper: Environmental sustainability in basic research

Same scale as Seoul
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Conferences for rich institutions

HECAP+ paper: Environmental sustainability in basic research
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„Cosmology from Home“:  
  an online conference that includes all researchers

HECAP+ paper: Environmental sustainability in basic research

https://cosmologyfromhome.com/
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No more steaks and hamburgers?

HECAP+ paper: Environmental sustainability in basic research

Michael Düren, Univ. Giessen
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Importance of  
Re-use 
Re-pair 
Re-cycle

Research institutions:  
Have a pool of devices that can be used by many groups

Manufacturers:  
Build devices from standardised modules that can be repaired easily

HECAP+ paper: Environmental sustainability in basic research
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Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Primary energy consumption is measured in terawatt-hours (TWh). Here an inefficiency factor (the 'substitution' method) has been applied for fossil fuels, 
meaning the shares by each energy source give a better approximation of final energy consumption.

2050

The Energy Gap

neu neu
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Traditional Biomass 

Global Primary Energy Consumption
Primary energy is calculated based on the 'substitution method' which takes account 
of the inefficiencies in fossil fuel production by converting non-fossil energy into the 
energy inputs required if they had the same conversion losses as fossil fuels.

CO2-free 
Production

Nuclear 

Wind, Solar, Biofuels, etc.  
Hydro Saving 
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50% until 2030 (7 Jahre)

Options for computing: 
1. Expand CO2-free energies


2. Increase energy efficiency  

3. Save energy 

Renewable power for computing: processors and cooling; 
Consider district heating and site selection; 
Job scheduling according to energy availability; …

Prioritise research questions ☹ ; 
Optimise debugging, statistics and precision; 
Modular and reusable software; 
Modular and repairable hardware, reduce purchases; 
…

Optimised processors (clocks, GPUs), 
architecture, cooling system,  
software, quantum computing?, …

The global energy gap
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Source: Lamb, W., Mattioli, G., Levi, S., Roberts, J., Capstick, S., Creutzig, F., . . . Steinberger, J. (2020). 
Discourses of climate delay. Global Sustainability, 3, E17. doi:10.1017/sus.2020.13
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Schnellstraßenbahn auf der Auto-Bahn 

- mehr Komfort als Autos: fährt „on Demand“ von Stadtteil zu Stadtteil und Dorf zu Dorf 

- 130 km/h ohne Zwischenhalt auf Autobahnen 

- kein neuer Flächenverbrauch 

- stabilisiert das nationale Stromnetz 

Autospur Bahnspur LeitplankenSchienenStandstreifen

Management unseres Planeten: Verkehr

68

Versorgungskanal (Strom/HGÜ, Internet/Glasfaser)
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Global direct primary energy consumption
https://ourworldindata.org/grapher/global-primary-energy
Input from Our World in Data

convert TWh/Jahr in GW: 0,11416
Input für 2021 TWh/a GW
bio 1140 130
other 763 87
solar 1033 118
wind 1862 213
hydro 4274 488
nuclear 2800 320
gas 40375 4609
oil 51170 5841
coal 44473 5077
traditional 11111 1268
Sum 159001 18151
same as above but grouped: Factor 2030 GW Factor 2030 GW Factor 2030 GW
fossil 136018 15527 0,5 68009 7764 0,5 68009 7764 0,5 68009 7764
CO2-free w/o hydro 7598 867 1 7598 867 12,2 93033 10620 3 22794 2602
rest + hydro 15385 1756 1 15385 1756 1 15385 1756 1 15385 1756
Sum 2021 159001 18151 90992 10387 176427 20140 106188 12122
Extrapolated to 2030:
Sum 1965 (input) 50571 5773
slope TWh/y or GW/y 1936,25 221
Sum 2030 (extrapolated) 176427 20140

Missing Energy 17426 1989 85435 9753 0 0 70239 8018
Saving factor needed 10% 10% 48% 48% 0% 0% 40% 40%

1,11 1,11 1,94 1,94 1,00 1,00 1,66 1,66

Kraftwerke pro Woche 0,0 26,8 4,8

2,5 GeV Kraftwerke/Woche 0,0 10,7 1,9
0,40 0,40 0,40

50% CO2 50% CO2,  12x CO2-free 50% CO2,  3x CO2-free

Direkt
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9 aktive Kipp-Elemente

https://www.youtube.com/watch?v=j7_sI-DR5gQQuelle: Lenton et al



By 来⽄⼩仓⿏吧 - Own work, CC BY-SA 4.0, https://
commons.wikimedia.org/w/index.php?curid=79705932

71

71

(Oberleitung)

(virtuelle Schienen)

1. Bus:

(on demand)


2. O-Bus: 


3. Autonomous Rail Rapid Transit (ART) 

4. Schnellstraßenbahn
(beste Energieeffizienz 

+ Netzstabilisierung)

Michael Düren, Univ. Giessen

Schnellstraßenbahn =

Schienen + Batterie + Oberleitung + 
Cargo + Autonom + „on Demand“ 

4 steps towards the speed tram



Buch:  https://dx.doi.org/10.1007/978-3-319-57966-5


Videos: YouTube Channel: Michael Dueren

Publications

72

Physik Journal August/Sept.  2021

72

kostenlos!

https://www.pro-physik.de/restricted-files/155228 

https://dx.doi.org/10.1007/978-3-319-57966-5
https://www.youtube.com/channel/UCbTJM7A1IEmuvjZg_T3wBuA
https://www.pro-physik.de/restricted-files/155228


Michael Düren, Univ. Giessen By Source, Fair use, https://en.wikipedia.org/w/
index.php?curid=51646726
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Autospur Bahnspur LeitplankenSchienenStandstreifen

1: Reduktion des Gütertransports

2: Reduktion des Personenverkehrs 

3: Kurze Strecken zu Fuß + leichte Fahrzeuge

4: U-Bahnen in Großstädten 

5: Schnellstraßenbahn in Dorf, Stadt  


Faktor 10 Energieeinsparung!

Blackout Problem gelöst!

Umwidmung der 

Auto-Infrastruktur 


für Züge und Kabel

Vielen Dank für Ihre Geduld

Versorgungskanal (Strom/HGÜ, Internet/Glasfaser)
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https://www.tunur.tn/project/tunur-italy-transmission-line-2/
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CO2 emissions trigger tipping points (irreversible)

Life → death

205020402030

Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Naive extrapolation

The energy gap

hecap+

Gas, Oil and Coal 

Traditional biomass 

Global primary energy consumption per second

CO
2-free 

production

Nuclear 

Wind, solar, biofuels, etc.  
Hydro saving? 

50%

1970 1980 1990 2000 2010 Year2021

Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as
fossil fuels.
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Coal,  oil  and  gas

- 20 000 GW

- 10 000 GW

Sources: energy demand: Our World in Data based on Vaclav Emil (2017) and BP Statistical Review of World Energy / CO2-saving requirement from IPCC; Graphics: M. Düren 

Energy  

Required reduction: 50% in ~7 years

Scenario: 

50% CO2 reduction will not be done in 7 y 
(strict energy saving would be required) 

Tipping points will enforce climate change 

Agriculture will fail to feed the world 

Hunger, migration, wars of  
>10% of population (Billions) 

Escalation of wars and pandemics 

Cascades of tipping points 

Our children will have a life in despair 

Prediction with confidence level = x 

x=80%?


