The carbon footprint of astrophysical
research
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Richardson et al. (2023), Science Advances, 9, eahd2458

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



Environmental impacts: an ethical responsibility

COMETS COMETS - CNRS ethics committee

Comité d’éthique du CNRS

SHlSljacazity Integrating environmental issues into the conduct of

« Intégrer les enjeux environnementaux a la research - An ethical responsibility

conduite de la recherche — Une responsabilité
éthique » 5 December 2022

Approbation en séance pléniere le 5 décembre 2022

“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.”



The carbon footprint of astronomy
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Assessing environmental impacts

Example: Environmental Lifecycle Analysis of Space Activities (ESA Clean Space)
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Example of a ground-based telescope

One CTA MST operating on La Palma for 30 years (including one camera upgrade and spare parts)
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Example of a space instrument

Construction of X-IFU instrument aboard Athena mission (excluding cryostat)
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Adapted from Barret et al. (2023), in preparation



Reducing the impact by eco-design

Example of the Proba-V satellite mission (assuming no financial constraints)

Option level | A | B [ c | D | & | F | SO
(%)
1 | Not using PTFE but e.g. PE instead il 5 5 5] 3 5 4 92,1
) Promote teleworking, use of 4 5 5 45 3 4 5 88,0
teleconferencing
3 m:::::::;:t on-ground data 2 4 3 5 4 5 4 86,9
4 | Use of long-heritage components 4 5 5 4 2 5 4 86,4
5 | Use recycled Germanium 3 4 4 4 3 5 5 86,3
6 | More efforts in early phases 5 4 4 4 3 5 5 86,3
7 |Green propellants 1 4 4 4 4 5) 4 85,6
3 sct—’::tue(;e copper surface to be Ag 1 5 2 2 5 3 5 83,5
9 |Flexible design 4 4 4 4 2,75 5 4 82,6
10 | Renewable energy 4 4 3 4 3 5 4 81,2
11 | Reduce documentation 5 5 4 4 3 4 4 81,2
12 | Improve the efficiency of buildings 4 4 4 5 3 4 4 81,0
13 | System-level testing 4 4,5 5 355 3 4 4 79,8
14 ;Jtzt—;gzznodular buildings for ground 4 4 5 4 3 4 4 79,6
15 | Recurrent platforms 4 4 3 4 3 5 3,5 79,6
16 | Use of modular components 2 4 3 5 3 4 4 78,9
17 | i instead of Ge 1 4 5 5 1 4 4 78,2
18 | Prolong electronics lifetime 2 3 4 4 3 5 3,5 78,1
s o bttt | 5 |5 4 |5 |3 |3 |35 ] e
20 | Laser/plasma surface treatment 3 4 5 5 3 3 4 77,4
21 2?2;;’:5“”1 ehdienEotnd 4 3 | 3| 4 |35]5 [35]| 773
2 :Z:;l::z;zr:tzonents qualification ) 5 3 ) 35 4 5 76,8
23 | Optimize electronics 2 4 4 3 4 4 4 76,7
24 | Reduce number of design iterations 5 5 4 3 2,5 4 4 76,7
25 | Heat pipes 2 3 4 |35 3 s |35 | 764
26 | Virtual thermal testing 2 35 3 3 3 5 4 76,1

Comparison environmental impact baseline and ecodesign
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Reducing the impact of power consumption

Example of ESO Paranal site (Chile)

Credits: ESO



Reducing the impact - really?

Past and predicted annual carbon footprint of electricity consumption at the ESO
observatory sites in La Silla, Paranal and Armazones
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The history of astronomical growth
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Lessons learned

+ 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)

I Beyond the boundary
Boundary not quantified

 The achievable impact reductions can
not compensate for the growing number PP QG

water fooy

and dimensions of new research infra-

structures

« there is no evidence for “green growth”
* aslow-down is imperative to fit into the

planetary boundaries
+ exit competition, enter collaboration

Kate Raworth (2018), Doughnut economics



