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emissions – when emissions are measured and reported in terms of GWP100 – results in a gradual 1 
decline in temperature (high confidence). (Box TS.6) {3.3} 2 

 3 

 4 

 5 
Figure TS.10: Mitigation pathways that limit warming to 1.5°C, or 2°C, involve deep, rapid and sustained 6 
emissions reductions. Net zero CO2 and net zero GHG emissions are possible through different mitigation 7 
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SPM

Summary for Policymakers

This pre-final-publication version of the AR6 WGIII SPM approved text is subject to error correction.

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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SPM

Summary for Policymakers

This pre-final-publication version of the AR6 WGIII SPM approved text is subject to error correction.

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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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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emissions – when emissions are measured and reported in terms of GWP100 – results in a gradual 1 
decline in temperature (high confidence). (Box TS.6) {3.3} 2 

 3 
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Figure TS.10: Mitigation pathways that limit warming to 1.5°C, or 2°C, involve deep, rapid and sustained 6 
emissions reductions. Net zero CO2 and net zero GHG emissions are possible through different mitigation 7 
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SPM

Summary for Policymakers

This pre-final-publication version of the AR6 WGIII SPM approved text is subject to error correction.

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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SPM

Summary for Policymakers

This pre-final-publication version of the AR6 WGIII SPM approved text is subject to error correction.

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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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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emissions – when emissions are measured and reported in terms of GWP100 – results in a gradual 1 
decline in temperature (high confidence). (Box TS.6) {3.3} 2 
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Figure TS.10: Mitigation pathways that limit warming to 1.5°C, or 2°C, involve deep, rapid and sustained 6 
emissions reductions. Net zero CO2 and net zero GHG emissions are possible through different mitigation 7 

portfolios  8 

ACCEPTED VERSION 

SUBJE
CT TO FINAL EDITSCurrent Trend

19

SPM

Summary for Policymakers

This pre-final-publication version of the AR6 WGIII SPM approved text is subject to error correction.

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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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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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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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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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.
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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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Alternativen: 

1. CO2-freie Energien ausbauen (ohne Hydro) 

(Faktor ~12 in 7 Jahren; >11000 neue Kraftwerke a 1 GW = 27 pro Woche) 

2. Energieeffizienz steigern 

(Faktor ~2 in 7 Jahren) 

3. Energie einsparen 

(Faktor ~2 in 7 Jahren)
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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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CO2-freie Energien ausbauen (excl. Hydro)  
(Faktor ~12 in 7 Jahren; >11000 neue Kraftwerke a 1 GW = 27 pro Woche) 

Systemwechsel: Fossil → Erneuerbar 

1. Wind- und PV lokal 

2. Wind Offshore, Schottland, Patagonien, Marokko,… 

3. PV+Solarthermie (CSP) im Sonnengürtel der Erde (DESERTEC) 

4. Speicher:  

- Straßenbahnen mit Batterien und Oberleitung 

- CSP mit Wärmespeichern in Wüstenregionen 

- Ringwasserspeicherkraftwerke in Seen und im Meer  

- Chemische Energieträger in Langzeitspeichern

Michael Düren, Univ. Giessen

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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Energieeffizienz steigern 
(Faktor >2 in 7 Jahren)  

Systemwechsel (technisch): 

1. LEDs für Beleuchtung (Faktor 10 zur Glühbirne) 

2. Elektrifizierung der Motoren (Faktor 3-5 zum Verbrenner) 

3. Wärmepumpen zum Heizen (Faktor 3-5 zur Gasheizung) 

4. Schienenverkehr auf Autobahnen (Faktor 10 zu PKW/LKW)

Michael Düren, Univ. Giessen

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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Energie einsparen: 
(Faktor 2 in 7 Jahren) 

Systemwechsel (Verhalten): 

1. Weniger Reisen:  Online Konferenzen, Urlaub in der Nähe 

2. Weniger Pendeln:  Homeoffice, lokale Co-working-spaces 

3. Wenig Fisch & Fleisch essen 

4. Weniger Konsumartikel, mehr Reparaturmöglichkeiten 

5. Weniger Globalisierung (lokale Lebensmittel, lokale Fabriken) 

6. Leichte Fahrzeuge nutzen (Fahrrad, Scooter, Kleinwagen, …) 

7. Priorität für lebenswichtige Dinge (Landwirtschaft, 

Düngemittel, Trinkwasser, Bildung, Sozialkontakte, …)

Michael Düren, Univ. Giessen

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 Zukunft der Großforschung…

27Michael Düren, Univ. Giessen

Wie können Teilchen-, Hadronen-, Kern-  
und Astroteilchenphysik und Kosmologie 
nachhaltig werden? 

1. Entwurf von Empfehlungen unter  
https://sustainable-hecap.github.io 

Erweitertes Update wird bald veröffentlicht 

Wir suchen noch weitere Ideen und Mitarbeiter/innen

Striving towards Environmental Sustainability 
in High Energy Physics, Cosmology and 

Astroparticle Physics (HECAP)

https://sustainable-hecap.github.io
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Absolute Priorität:
• energiearme effiziente Technologie  

Wärmepumpe etc.
• Technik für energiearme Verhaltensweisen 

Schnellstraßenbahnen etc.

Zweite Priorität:
• zeitnah CO2-freie Energie bereitstellen  

Sonne, Wind, Netze, Speicher etc

Alles andere ist Luxus



ENDE
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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



Michael Düren, Univ. Giessen

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

38

Versorgungskanal (Strom/HGÜ, Internet/Glasfaser)
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9 aktive Kipp-Elemente

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



Alternativ: Mobilität nur für wenige

44

200 private jets took off immediately after the Super Bowl 2023. Wasserstoff-Auto

Die globale Energielücke
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1. Verkehr vermeiden wo möglich 

2. Verkehr energieeffizient gestalten



Von Lunon92 - Selbst fotografiert, CC BY-SA 3.0, https://
commons.wikimedia.org/w/index.php?curid=14970987 Michael Düren, Univ. Giessen

Technologiewechsel ist Schlüssel zur Nachhaltigkeit

45

Zurück zur Vernunft!



By 来⽄⼩仓⿏吧 - Own work, CC BY-SA 4.0, https://
commons.wikimedia.org/w/index.php?curid=79705932
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(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 Schri]e auf dem Weg zur Schnellstraßenbahn …



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

Videos: YouTube Channel: Michael Dueren

Ein nachhaltiges Zukunftsmodell für Energie und Mobilität

47

Physik Journal August/Sept.  2021

47

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  
    und auf der Auto-Bahn

Faktor 10 Energieeinsparung!

Blackout Problem gelöst!

Umwidmung der  
Auto-Infrastruktur  

für Züge und Kabel

Vielen Dank für Ihre Geduld

Versorgungskanal (Strom/HGÜ, Internet/Glasfaser)


