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๏ Motivation for the work: global warming
๏ Bilan Carbone© methodology: principles and practice
๏ Scope of the assessment
๏ Results
๏ Specific case of astronomical research infrastructures
๏ Avenues for reduction

Note:
GHG = greenhouse gases

CO2, CH4, N2O,…



Carbon accounting
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๏ Key principles
‣ Decision-making tool in view of low-carbon transition strategy
‣ Identify emissions an activity depends on/generates while running
‣ Determine maximum leverage for action (on input and output flows)

In practice:
GHG amount = activity data (AD) x emission factor (EF)

Example: 120 kg CO2eq = 2000 kWh x 0.06 kg CO2eq/kWh
 

Main difficulties: AD not always accessible or accurate 
                     major uncertainties on some EF 

Note:
CO2eq includes gases  

other than CO2:  
CH4, N2O,…

Can I still perform my activity according to current standards 
if a certain source of emissions is removed ? 



Scope
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๏ Reference year: activity period concerned
‣ 2019 (pre-covid)

๏ Organisation: facilities, staff, and activities concerned
‣ Sites: Belin, Roche, Tarbes
‣ People: 116 C/EC - 78 ITA/CDD - 69 PhD/Postdocs = 263 pers.
‣ Activities: all except most of teaching and some support services

๏ Operations: GHG-emitting operations concerned
‣ Direct emissions (ex: own vehicles) - Scope 1
‣ Indirect emissions from energy (ex: electricity) - Scope 2
‣ Other indirect emissions (ex: travels, purchases) - Scope 3



Results (restricted perimeter)
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Local infrastructure subdominant (~800 tCO2e)
Heating/Electricity emissions pretty low because low-carbon sources (wood,nuclear)

Typical uncertainties +/- 20-50% - Formally a lower limit



Results (full perimeter)
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The use of external research infrastructures dominates (see next part)



Astronomical research infrastructures
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๏ Astronomical Research Infrastructures 
‣ Space telescopes 
‣ Space probes (plasma, planetary) 
‣ Ground-based observatories 

๏ Why should astronomers consider their footprint? 
‣ Without astronomical research infrastructures astronomy would not 

be possible (astronomers depend on them) 
‣ Furthermore astronomers have some responsibility 

✤ Astronomers invent Research Infrastructures and contribute to 
building/operating them (share in responsibility) 

✤ Without astronomers there wouldn’t be any astronomical 
research infrastructures



Emission factors
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Activity Emission factor 

Space missions (based on payload wet mass) 50 t CO2e / kg

Space missions (based on mission cost) 140 t CO2e / M€

Construction of  ground-based observatories 240 t CO2e / M€

Operations of  ground-based observatories 250 t CO2e / M€

Activity Emission factor

Insurance, banking and advisory services, 110 t CO2e / M€

Architecture and engineering, building maintenance 170 t CO2e / M€

Installation and repair of  machines and equipment 390 t CO2e / M€

Metal products (aluminium, cupper, steel, ...) 1700 t CO2e / M€

Mineral products (concrete, glass, ...) 1800 t CO2e / M€

Selected other activities for comparison

Our emission factors are on the low side of  other sector-based values.  
Will make decarbonisation challenging.



Their carbon footprint
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We computed the lifecycle and annual carbon footprint 
of 85 astronomical research infrastructures used by IRAP 
researchers for refereed publications in 2019

Category Lifecycle footprint  
(Mt CO2e) 

Annual footprint  
(kt CO2e / yr)

Space missions 4.8 ± 0.6 338 ± 49

Ground-based 3.0 ± 0.8 194 ± 64

Total 7.8 ± 1.4 532 ± 106

Uncertainty in carbon footprint of individual facility assumed to be 80%.  
For total carbon footprints, uncertainties are summed in quadrature. 



Footprint attribution to IRAP
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We attributed the footprint of each facility based on the fraction 
of IRAP authors that co-signed papers using a given facility in 
2019 (fraction typically ~ 1%). Summing over the attributions 
gives the IRAP share of the carbon footprint.

Category IRAP carbon footprint  
(t CO2e)

Space missions 2 663 ± 388
Ground-based 1 289 ± 490
Total 3 953 ± 689

Per IRAP staff  (263) 15.0 ± 2.6



Avenues for reduction
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Computers:  
up to -1-2%

Heating+Electricity: up to -4% Supported by  
regular and easy 
GHG accounting

Note: gains on  
restricted perimeter !



Key messages
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๏ Carbon footprint assessment for IRAP in 2019 is now over
‣ Extended scope including almost all facets of research activity
‣ Final paper nearly ready (and one published on infrastructures)
‣ Will be made available to all of you

๏ Operating IRAP requires 7400 tCO2e/yr or 28 tCO2e/yr/staff member
‣ 4100 tCO2e from use of external research infrastructures
‣ 1300 tCO2e from purchase of goods and services (for instrument development)
‣ 1200 tCO2e from professional travels (mostly air)
‣ 800 tCO2e only from local infrastructure

๏ Avenues for reduction: we need to use all levers !
‣ Local/shorter-term perimeter: travels, commuting, computers
‣ Intermediate: purchases/low-carbon technologies
‣ Community-scale/longer-term: rethinking infrastructures

Now entering reduction phase.
Please contribute to design/implementation ! 
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Purchase of goods and services
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Avenue for local reductions
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Professional travels
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Add plots from Philippe once reformatted



What’s our target?

18

2022 2050

Research 
Infrastructures

Other items  
of  astronomy  

related footprint

Lifestyle  
footprint

2 t CO2e /  
human

Factor 5 – 10  
reduction

Based on  
responsibility 

in climate  
breakdown

– Astronomy has without any doubt a societal impact  
– How this impact translates into a target for astronomy 

is a political question 
– Should be defined collectively by the society 
– Other issues to be considered include, but are not 

limited to, necessities, equity and responsibility 
– Whatever target is to be adopted, it will 

fundamentally change how we do astronomy in 
the future

Hickel, J., Lancet Planet Health, 4, 399 (2020)

~ 60 t CO2e /  
astronomer



Generic Method

Carbon footprint =   Σ       Ai   x  EFi  
i = 1

Boundaries 
Infrastructures used by IRAP in 
2019; cover construction, 
launch and operations

Activity data 
e.g. mission cost, payload 
weight, operation costs

N

Emission factors 
e.g. tonnes of CO2e 
per M€ spent

19



• Space missions 

– Full mission cost or payload launch mass as activity data 
– Aggregate construction and operations (operations footprint being 

generally small compared to construction) 

• Ground-based observatories 

– Treat construction and operations separately (long lifetime of 
ground-based observatories) 

– Estimate dedicated emission factors

Method of  calculation
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Greenhouse gas emissions versus cost

Carbon footprint reports of  19 French companies of  the construction sector 
versus their turnovers (source: Base Carbone ADEME). The blue line 
corresponds to a monetary emission factor of  250 t CO2e / M€, the light blue 
area indicates an uncertainty of  80%.
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Activity Data
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– Collection of payload mass data was 
easy 

– Collection of cost data was the most 
time consuming part of this work 

– Cost data not always include mission 
extensions and never include 
upgrades (our results are lower 
limits to the truth!) 

– Use of parametric model for 1-2 m 
optical telescopes 

– If no data were found then we skip 
contribution (even more lower limits) 

– Cost data are often as confidential as 
carbon footprint data 

– E-mail inquiries to get cost data were 
not often successful 

– Sometimes needed to infer cost data 
by extrapolating from national 
contributions 

– All cost data were inflation corrected 
to 2019 economic conditions



Results
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– Order of magnitude estimates 
of lifecycle carbon footprints for 
85 astronomical research 
infrastructures 

– Annual footprints by dividing the 
lifecycle footprint by the mission 
or observatory lifetime (or ten 
years, whatever is longer) 

– Results of individual 
infrastructures are uncertain by 
80% (carbon footprint of 
specific facility could be five 
times lower or almost two 
times larger!)



Footprint attribution
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• How much of  the research infrastructure footprint is to be 
attributed to IRAP? 

• Two methods 
– On the basis of the number of refereed papers co-authored by IRAP 

scientists 
• Compliant with metrics that are often used in evaluations 
• Adding-up attributions for different labs will exceed total carbon footprint of 

astronomical research infrastructures due to double counting 
– On the basis of the number of IRAP scientists that co-authored 

refereed papers 
• Provides the share of the footprint among the laboratories 
• Double counting only occurs for individuals with multiple affiliations


