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 Mechanical and environmental engineer
 my research focus:
 how can society operate within Earth system boundaries
 how to use this knowledge in product and service design

2

Background
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Vaccine severe adverse effect P
Hep A none 0
Hep B anaphylactic reactions 1.10E-06
HPV anaphylactic reactions 1.70E-06
MMR allergic reactions 3.50E-06
MMR thrombocytopenia 2.50E-05
Polio vaccine-associated paralytic poliomyelitis 1.45E-07
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Public health: probability of severe adverse effects from 
vaccinations

https://www.who.int/initiatives/the-global-vaccine-safety-initiative/tools-and-methods/reaction-rates-information-sheets
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https://www.who.int/initiatives/the-global-vaccine-safety-initiative/tools-and-methods/reaction-rates-information-sheets
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… and for climate?



 “… holding the increase in the global average temperature to well below 2°C, 
preferably to 1.5°C, above pre-industrial levels.”

 Translates into temperature targets for transition pathways (e.g. IPCC SR1.5), either 
aiming at limiting peak heating to 1.5°C or 2°C

 Growing evidence suggests, that even crossing 1.5°C peak heating can be existential 
to the biosphere and humanity.
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Paris agreement

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
IPCC SR1.5 2018
Hough-Guldberg et al. 2019; Lenton et al. 2019

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
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Historic and projected energy demand and carbon 
emissions 

Desing & Widmer (submitted)
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Historic and projected cumulative carbon emissions
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CO2 emissions vs. temperature change
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IPCC 2018 (SR1.5, figure 2.3)

~60 000 (!)

Burning all 
fossil 

resources

Burning all reserves
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Uncertainty of remaining CO2 budget

11
Based on IPCC 2018
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Probability to exceed 1.5°C and 2°C with IPCC pathways
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Probability to exceed 1.5°C and 2°C with IPCC pathways
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How much can the probability to exceed 1.5°C peak 
heating still be reduced?
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Current non-renewable energy 
system = fossil engine

Renewable energy system = 
solar engine
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Why solar?

Desing et al. 2019



2 machines model: fossil  solar
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Fossil investment factor

Solar oversize factor

Fossil replacement factor



Growth of the solar engine
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Is such fast growth of solar feasible?
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With data from BP (2020)



Comparison to IEA projections of RE growth
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With data from BP (2020) and 
IEA (2020)



Carbon emissions
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Results
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Sensitivity
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Conclusion

 Fast and complete energy transitions require temporarily increased fossil CO2 
emissions above current levels
 Fast transitions can reduce the probability to violate 1.5°C peak heating significantly 

below 50%, however not below 20%.
 To reduce atmospheric CO2 concentration and stabilize the climate in the long run, 

CCS (not CCU!) is necessary
 How to use CCS together with fast and complete energy transitions?
 3-machines transition model
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Thank you for your attention!
Picture credits: own work, as long as not otherwise mentioned

Questions?

mailto:Harald.desing@empa.ch
http://www.empa.ch/
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