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Planetary Boundaries	
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Science-based analysis of  the risk 
that human activities will destabilise 
the Earth system at the planetary 
scale 
  
We are no longer in the safe 
operating zone for  
6* out of  9 planetary boundaries 
 
*novel entities, climate change, biosphere 
integrity, land-system change, freshwater 
change, biogeochemical flows 

Richardson et al. (2023), Science Advances, 9, eahd2458 
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Environmental impacts: an ethical responsibility	

“A very broad agreement is emerging on the need for research, like any activity, to contribute to the 
effort to reduce greenhouse gas emissions.” 
 
“Taking the environment into account is an integral part of  research ethics” 
 

It is “the responsibility of  scientists to think about their activity with regard to environmental issues” 
 

“This responsibility concerns not only the impact of  research practices but more generally the 
negative or positive environmental impact that the choice of  the research subject and the path to 
treat it can generate for the environment in the broad sense, short, medium or long term.” 

COMETS – CNRS ethics committee 
 
Integrating environmental issues into the conduct of  
research - An ethical responsibility 
 
5 December 2022 
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Knödlseder (2023), in: Climate Change for Astronomers (IOP) 
 
Based on data from: 
Van der Tak et al. (2021) – Netherlands 
Jahnke et al. (2020) – MPIA 
Simcoe et al. (2022) – MIT Kavli  
Martin et al. (2022) – IRAP 
Stevens et al. (2020) – Australia 

The carbon footprint of  astronomy	
Important differences 
among assessments 
 
Most assessments 
excluded some sources 
of  emissions (purchase, 
observatories) 

Astronomical observatories (ground- and space-based) 
make the single largest contribution to the carbon 
footprint of  an astronomer (36.6 ± 14.0 tCO2e yr-1) 
Knödlseder et al. (2022), Nature Astronomy, 6, 503  
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Chanoine (2017), Clean Space industrial Days 

Example: Environmental Lifecycle Analysis of  Space Activities (ESA Clean Space)  

Assessing environmental impacts	
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Adapted from Dos Santhos Ilha et al. (2023), in preparation 

Example of  a ground-based telescope	
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Adapted from Barret et al. (2023), in preparation 

Example of  a space instrument	
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Reducing the impact by eco-design	
Example of  the Proba-V satellite mission (assuming no financial constraints)  

An Vercalsteren et al. (2018), Clean Industry Days 
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Reducing the impact of  power consumption	
Example of  ESO Paranal site (Chile) 

Credits: ESO 
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Reducing the impact – really? 
Past and predicted annual carbon footprint of  electricity consumption at the ESO 

observatory sites in La Silla, Paranal and Armazones 

Data from Filippi et al. (2022), SPIE, 12182, 3 

Reducing carbon footprint by 
using renewable energies 
works! 
 

Reductions are annihilated by 
additional carbon footprint of  
new research infrastructures 
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The history of  astronomical growth 

Knödlseder et al. (2023), in preparation 

space 

ground 
Space facilities  
dominate carbon 
footprint 



•  Eco-design may lead to typical impact reductions of  about 20-30%, yet it’s 
difficult to win on all impact categories (burden shifting) 

•  Reducing power use and using renewable power are important lever arms for 
footprint reductions (satellite construction & (ground) operations) 

•  watch out for burden shifting if  energy storage solutions are envisioned  
(e.g. Viole et al. 2023, preprint) 

•  The achievable impact reductions can  
not compensate for the growing number  
and dimensions of  new research infra- 
structures 

•  there is no evidence for “green growth” 
•  a slow-down is imperative to fit into the 

planetary boundaries 
•  exit competition, enter collaboration 
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Lessons learned	

Kate Raworth (2018), Doughnut economics 


