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The mathematics of climate protection, derived from its physics, is presented on the next slide.

Climate change is a phenomenon of natural physics.

Francis Bacon: “Nature, to be commanded, must be obeyed".

Those who want to control climate change must consider physical laws. 

Physical laws are not politically negotiable!

Mathematics of climate protection
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Global CO2 emission budget (1.5-degree target) at the end of 2021: 260 Gt CO2
Current global level of CO2 emissions:             40 Gt CO2 per year

Source: IPCC (2018) Special Report on Global Warming of 1.5° C, October 2018
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Mathematics of climate protection
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No delay
 Immediate effect of GHG reduction measures when implemented. (see “correct-action” scenario)

No GHG export
 Entire value chain: No upstream or downstream GHG emissions in other countries or sectors.

Fast roll-out (of successful technologies)
 Climate protection is a global task (EU accounts for only 9 % of global GHG emissions) and can only 

succeed in international cooperation.

GHG = Greenhouse gas

3 criteria that climate protection measures must generally fulfil

Derived criteria for climate protection measures

Source: Willner (2020)
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No delay
 Alternative fuels: Immediate effect in the large existing vehicle fleet (1.4 billion cars).

 E-mobility: 5 to 15 years delay and no effect in the existing fleet (Exchange takes too long).

No GHG export
 Alternative fuels: Great performance (Germany: 83% GHG reduction1).

 E-mobility: Huge GHG export to other countries or sectors.
(e.g. for battery production and recycling, for new infrastructure, for fossil power production2-6)

Fast roll-out (of successful technologies)

 International cooperation is key for climate protection!

 Export of RE technology to countries with surplus of RE + production of green fuels (e-fuels).

 Import of e-fuels for Germany and Europe (high energy import: Germany 70 %7, EU28 58 %8).
E-mobility = electric mobility; RE = renewable energy, e-fuels = fuels based on electric power

Significance of the 3 criteria for road transport

Sources: 1BLE (2020), 2 Koch, Böhlke (2021), 3 Böhmeke, Koch (2021), 4 FVV (2021), 5 Schmidt (2020), 6 Stahl et al. (2020), 
7BMWi (2020), 8Euroststat (2021) 
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Scientific analysis (see below for relevant literature) clearly shows:
 Sustainable alternative fuels fulfil all 3 criteria for effective climate 

protection. Therefore, they must be promoted as a matter of priority.

 Electric mobility does not fulfil any of the 3 criteria for effective climate 
protection and is therefore ruled out as a medium-term climate protection measure.

 The excessive one-sided promotion of electric mobility at national and European level must be 
stopped immediately.
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Alternative fuels (liquids and gases) are manifold

We need not only biodiversity, but also technology diversity

1. 1G biofuels as a by-product of animal feed production (biodiesel and 
bioethanol) and bio-methane from agricultural crops

2. 2G biofuels including hydrogen and bio-methane from waste and 
residues from agriculture, forestry, wood processing and food industry

3. Recycled carbon fuels (RCF) from non-biogenic waste such as plastic 
waste

4. Renewable electricity-based fuels (PtX fuels, e-fuels) including hydrogen, 
synthetic methane and ammonia from countries with a surplus of RE

5. Efficient combinations (hybrids) (e.g. biomass or waste based PtX fuels)

1G = 1st generation, 2G = 2nd generation, RE = renewable energy, PtX = Power to X
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The EU should be interested in real climate protection       
by real global physical CO2 reduction!

 Transfer of the financial support from e-mobility to alternative fuel 
technology and production (all kinds of alternative fuels)

 Technology export for alternative fuels production = 
 Start of the urgently needed international cooperation
Many new jobs

 Import of green molecules (from countries with a surplus of 
renewable energy) instead of fossil resources (high energy import: 
Germany 70 %1, EU28 58 %2).

7

EU Strategy

Sources: 1BMWi (2020), 2Euroststat (2021) 
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The EU should be interested in the import of green molecules 
to meet the huge demand of energy import (58%)!

Most efficient use of imported green molecules in non-electricity 
combustion systems such as ICEs, oil and gas heating systems.

 A ban on ICEs would be a major strategic mistake.

8

EU Strategy

ICE = internal combustion engine
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The EU should be interested in supporting its automotive 
industry!

 China, the largest automotive market, is relying on ICEs in the long term
because China has recognized that 

 e-mobility does nothing for the climate and 
 the focus on e-mobility would require a huge amount of raw 

materials.

 Large territorial states and poorer countries (e.g. Africa) stick to the ICE. 

 Again, a ban on ICEs in the EU would be a major strategic mistake.

9

EU Strategy

ICE = internal combustion engine
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The EU should be interested in minimizing its dependency on 
China for raw materials!

 Thus, the focus on all-electric concepts would be a major strategic 
mistake as it would maximize this dependency

10

EU Strategy

Processing of critical raw materials for all-electric scenarios, status 2019 Source: IEA (2021) 
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The EU should be interested in minimizing the risk of blackouts!

 Again, the focus on all-electric concepts would be a major strategic mistake
due to the risk of extremely high peaks in power consumption

11

EU Strategy

One example:
The U.K. will ban private charging of e-cars during the hours of 8 a.m. - 11 a.m. 
and 4 p.m. - 10 p.m. starting in March 2022 due to increasing risk of blackout.
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Messages for the EU

• The focus on e-mobility and a ban of ICEs would be a major strategic 

mistake.

• Alternative fuels must be promoted as a matter of priority.

• We need all kinds of sustainable alternative fuels including 1G biofuels.

• Legal hurdles that deter investors must be abolished:                 

The fleet CO2 regulation system is the biggest obstacle for investments in 

alternative fuels and for climate protection in the transport sector:
• It contradicts physical laws, as battery electric vehicles count with zero 

emission, but renewable fuels do not count at all.

• This regulation and the tailpipe emission approach needs urgent correction 

considering at least well-to-wheel (WtW) emissions.
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 All 5 process groups of alternative fuels are equally important!

 We need all effective options for the energy transition and transport 

transition! E-Mobility is definitely no effective option for climate 

protection.

 All stakeholders for alternative fuels should work together and fight at 

EU level 

 for the immediate stop of the excessive one-sided promotion of 

electric mobility and

 for the overdue correction of the fleet CO2 regulation and the tail-

pipe emission approach.

Call to action



Faculty of Life Sciences, Department of Process Engineering
Prof. Dr.-Ing. Thomas Willner

14

Thank you
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• ADAC (2018): Renault Zoe im ADAC Dauertest. https://www.adac.de/rund-ums-
fahrzeug/autokatalog/marken-modelle/renault/renault-zoe-dauertest/

• AGEB (2020): Primärenergieverbrauch in Deutschland 2019/2020
• Atzler et al. (2015): Fuel consumption and emissions effects in passenger car 

Diesel engines through the use of a belt starter generator. SAE Technical Paper 
2015-01-1162

• BAnz (2020): Bundesanzeiger BAnz AT 19.10.2020 B7
• BDI (2019): „Analyse Klimapfade Verkehr 2030“. Study of BCG (Boston 

Consulting Group) and Prognos for the BDI (Bundesverband der Deutschen
Industrie). Presented by BDI in Febr. 2019 in Berlin. Viewed on 03 Jan. 2020 from 
https://bdi.eu/publikation/news/analyse-der-klimapfade-verkehr-2030/
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• BLE (2020): Bundesanstalt für Landwirtschaft und Ernährung: Evaluations- und 
Erfahrungsberich für das Jahr 2019 (Federal Office for Agriculture and Food: 
„Evaluation and Progress Report 2019“). Bonn 2020.

• BLE (2020-2): Bundesanstalt für Landwirtschaft und Ernährung: Bericht zur 
Markt- und Versorgungslage Getreide 2020 (Federal Office for Agriculture and 
Food). Bonn 2020

• BMWi (2019): Energiedaten: Gesamtausgabe. Stand Okt. 2019
• BMWi (2020): Zahlen und Fakten: Energiedaten
• BMWi (2020-2): Erneuerbare Energien in Zahlen
• Böhmeke, Koch (2021): „The remaining CO2-budget – a comparison of CO2 

emissions of Diesel and BEV drivetrain technology. 
https://doi.org/10.1007/s41104-021-00081-6

• Buchspies, Kaltschmitt (2018): „A consequential assessment of changes in 
greenhouse gas emissions due to the introduction of wheat straw ethanol in the 
context of European legislation“.  Applied Energy 211, pp 368-381.

16

SOURCES

https://doi.org/10.1007/s41104-021-00081-6


Faculty of Life Sciences, Department of Process Engineering
Prof. Dr.-Ing. Thomas Willner

• DBFZ (2019): „Untersuchungen zur Ausgestaltung der 
Biokraftstoffgesetzgebung“. Study of the DBFZ (Deutsches
Biomasseforschungszentrum). Presented by F. Müller-Langer at the International 
Congress „Fuels of the Future“ on 21 Jan. 2019 in Berlin.

• DBFZ (2020): Meisel et al.: Future Renewable Fuel Mixes in Transport in 
Germany under REDII and Climate Protection Targets. Energies 2020, 13, 1712; 
doi:10.3390/en13071712

• EBB = European Biodiesel Board: Data for 2017 http://www.ebb-eu.org/
• Emissions Analytics (2019): https://www.emissionsanalytics.com/; 

https://www.auto-motor-und-sport.de/news/dieselabgase-partikelmessungen-im-
realbetrieb/

• FAO (2021): Crop Prospects and Food Situation. Quarterly Global Report, March 
2021

• Fasihi, Breyer (2020): Baseload electricity and hydrogen supply based on hybrid 
PV-wind power plants. Journal of Cleaner Production 243 (2020) 118466 
https://doi.org/10.1016/j.jclepro.2019.118466
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• Fraunhofer-ISE (2019): Fraunhofer Institute for Solar Energy Systems ISE: 
„Treibhausgas-Emissionen für Batterie- und Brennstoffzellenfahrzeuge mit 
Reichweiten über 300 km“. Study on behalf of H2 Mobility. Viewed on 03 Jan. 
2020 from 
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/news/2019/ISE_Erge
bnisse_Studie_Treibhausgasemissionen.pdf

• FVV Final Report (2021): CO2-Neutral mobil mit grünem Strom? So reagiert der 
Stromsektor auf die alternativen Antriebslösungen. https://www.fvv-
net.de/fileadmin/user_upload/FVV_1430_R598_CO2-
neutral_mobil_mit_gr%C3%BCnem_Strom_Frontier_IfW_2021-04-15.pdf

• Frontier-Economics (2020): „Cradle-to-Grave Lebenszyklusanalyse im 
Mobilitätssektor. Metastudie zur CO2-Bilanz alternativer Fahrzeugantriebe.“ 
Studie im Auftrag von FVV. Abgerufen am 10.11.2020 von https://www.fvv-
net.de/fileadmin/user_upload/medien/materialien/FVV_LCA_Lebenszyklusanalyse
_Frontier_Economics_R595_final_2020-06_DE.pdf
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• Handelsblatt (2020): “Autoindustrie Umstellung auf E-Mobilität gefährdet 410 000 
Arbeitsplätze“. Handelsblatt 13.01.2020. Viewed on 25 Jan. 2020 from 
https://www.handelsblatt.com/politik/deutschland/autoindustrie-umstellung-auf-e-
mobilitaet-gefaehrdet-410-000-arbeitsplaetze/25405230.html?ticket=ST-1893331-
EF0dAeWlEbXbLnqMqeJj-ap6

• IEA (2021): The Role of Critical Minerals in Clean Energy Transitions. 
https://iea.blob.core.windows.net/assets/24d5dfbb-a77a-4647-abcc-
667867207f74/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf

• IPCC (2018): IPCC Special Report on Global Warming of 1.5° C. 8 Oct. 2018.
• ITAD (2015): Interessengemeinschaft Abfallbehandlungsanlagen in Deutschland: 

Endbericht: Analyse/ Beschreibung der derzeitigen Situation der stofflichen und 
energetischen Verwertung von Kunststoffabfällen in Deutschland, April 2015
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• Joanneum Research (2019): „Geschätzte Treibhausgasemissionen und 
Primärenergieverbrauch in der Lebenszyklusanalyse von Pkw-basierten 
Verkehrssystemen“. Study on behalf of the ÖAMTC (Österreichischer Automobil-, 
Motorad- und Touring Club), FiA (Fédération Internationale de l‘Automobile) and 
ADAC (Allgemeiner Deutscher Automobil-Club), Graz, Sept. 2019.

• Koch, Böhlke (2021):The averaging bias - a standard miscalculation, which 
extensively underestimates real CO2 emissions. http://www.iastec.org/publications

• MWV (2018) = Mineralölwirtschaftsverband: “Jahresbericht 2018”.
• MWV (2020) = Mineralölwirtschaftsverband: “Market Entry Conditions of PtX

Fuels – Recent Developments”. Presented by C. Küchen at the International 
Congress „Fuels of the Future“ on 21 Jan. 2020 in Berlin. 

• MVaK = Mittelstandsverband abfallbasierter Kraftstoffe: https://www.mvak.eu/
• OECD (2020): Non-exhaust Particulate Emissions from Road Transport – An 

Ignored Environmental Policy Challenge. https://doi.org/10.1787/4a4dc6ca-en
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• Posdziech (2021): Production of renewable hydrogen and syngas via high-
temperature electrolysis. Presentation on the Heat-to-Fuel Workshop, Güssing
(online) 8 March 2021

• ProcessNet (2018): “Advanced alternative liquid fuels: For climate protection in 
the global raw materials change”. Position paper of the working group “Alternative 
Liquid and Gaseous Fuels” of the ProcessNet, a joint initiative of DECHEMA 
and VDI-GVC. Viewed on 03 Jan. 2020 from 
https://dechema.de/dechema_media/Downloads/Positionspapiere/2018_alternativ
eBrennstoffe_en-p-20005513.pdf

• Prussi et al. (2020): JEC Well-to-Tank report v5. EUR 30269 EN, Publications 
Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-19926-7, 
doi:10.2760/959137, JRC119036.

• Rauch (2021): BtL and PtL, differences and similarities at technical level. 
Presentation on the Heat-to-Fuel Workshop, Güssing (online) 8 March 2021

• S2Biom (2016): “Vision for one billion dry tonnes lignocellulosic biomass as a 
contribution to biobased economy by 2030 in Europe”. Report D8.2, Nov. 2016.
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• Schmidt (2020): Elektromobilität und Klimaschutz: Die große Fehlkalkulation. 
https://www.ifw-kiel.de/fileadmin/Dateiverwaltung/IfW-Publications/-
ifw/Kiel_Policy_Brief/2020/KPB_143.pdf

• SGAB (2017): EU Commission Sub Group on Advanced Biofuels (SGAB): “Final 
Report”. March 2017.

• Stahl et al. (2020): Der Weg hin zu einer CO2-armen Mobilität. https://www.sac-
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content/uploads/2020/07/Stahl_Automotive_Consulting_Whitepaper.pdf

• UBA (2019): “National Trend Tables for the German Atmospheric Emission 
Reporting 1990 – 2017”. Final version of the Umweltbundesamt (UBA) for the 
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• UBA (2019-2): “Kunststoffabfälle” und “Verpackungen”, abgerufen Febr. 2019 von 
https://www.umweltbundesamt.de
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• Willner (2019): „The Key Role of Liquid Alternative Fuels for Climate Protection: 
Time is Running Out”. In: Bioenergy No 7, 2019, pp 475–495.

• Willner (2020): Climate Protection in the Transport Sector – The Key Role of 
Alternative Fuels. In: J. Werner, N. Biethahn, R. Kolke, E. Sucky and W. 
Honekamp (Eds.): Mobility in a Globalised World 2019. University of Bamberg 
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https://fis.uni-bamberg.de/bitstream/uniba/47670/3/fisba47670_A3a.pdf

• Willner (2020-2): Die verblüffend einfache Mathematik des Klimaschutzes. 
Hydrogen Mission Webinar am 10. Juni 2020
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