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Motivation 

• About 200 states have committed to set stringent policies of greenhouse gas (GHG) emission 
reduction


• Defining a robust strategy of emissions reduction implies to accurately monitor GHG 
emissions. 


• Monitoring is insufficient to lead to in-depth changes of our professional behavior. 


• We need to not only alert but also change our professional practices. 


• In the context of climate change, digital serious games have been used for almost forty years. 


• Serious games create a sphere of thinking around a complex topic while maintaining a playful 
atmosphere. 


• As players, participants then embody positions or roles that are not necessarily their own, 
and relate more easily with issues that do not concern them directly or by which they did not 
think they were concerned. 



The serious game « My Earth in 180 minutes » 

Timeline of the MaTerre180’ Transition Support System 

Awareness 
Connection 

Climate-Research

Serious game

Open discussion without affect 
Simulation of carbon trajectory

To raise awareness on global warming and stress the importance of changing practices in research labs 

http://51.178.55.78/MT180/mt180.htm



Dissemination objectives
Geographical 
dissemination


Mostly the 
French-speaking 
communities

toward the governing bodies

- Presentation to the CNRS national sustainable 

development committee

- Presentation at the Universe Science institute at 

CNRS

- But also toward other Research organisations

to the rest of the society

- Sponsorship by professionals from all sectors

to the whole research and education domains

- Started with a game board focused on geophysical 

research

- Numerous scientific domains have been created and 

presented



A game board for « Astronomy & Planets »
History

• First version of the ASTRO game board proposed by J. Montillaud


• Project finalized at Institute for Planetology and Astrophysics in Grenoble (IPAG)  
by S. Douté, F. Malbet and J. Milli in April 2022


• Tests conducted at the IPAG lab days with 3 sessions (15 participants) in May 2022


•Another session was proposed at the higher level of Observatory of Grenoble (OSUG) on June 31, 2022


Features

•A virtual team of 10 persons in planetology / exoplanets

•With 3 domains: 1) space instrumentation, 2) laboratory work, and 3) simulations/observations/data analysis

•Astro-specific activities: 


• observation nights estimated at 10 t CO2eq/night or ~ the carbon cost of a night with a VLT UT,  
(Knoedlseder+2022) 

• instrumental equipment footprint.


• Initial GHG emission assessment of 97 t CO2eq for the team or 9.7 t CO2eq/persons

• There are 3 permanent positions, 2 postdocs, 2 students, 2 engineers and 1 administrative staff

• 50% women and 50% men



« Astrophysics and Planets » characters (1/3) 
-> space instrumentation / observation 

Senior Scientist

10.3t CO2eq

Senior Postdoc 
11.5t CO2eq

PhD student (3rd yr) 
29.4t CO2eq

Research Engineer 
5.9t CO2eq



Junior Astronomer

8.5t CO2eq

Engineer

10.1t CO2eq

PhD student (1st yr)

2.3t CO2eq

« Astrophysics and Planets » characters (2/3) 
-> laboratory work / planetology



Assistant Professor

4t CO2eq

Administrative staff

2.1t CO2eq

Junior postdoc

12.7t CO2eq

« Astrophysics and Planets » characters (3/3) 
-> simulations / observations / data analysis



An example of emission reduction trajectory

Initial Phase 1  
Free negotiation Grants obtained Phase 2  

Guided negotiation

Decrease (%) Kg CO2eq Decrease After % Gain After % Decrease After %
Travels
Field trip -8 160 -50,7 % 16085 -3860 12225 -24 % 500 12725 3,1 % -4800 7925 -50,7 %
Conference -7 765 -40,4 % 19243 -2236 17007 -11,6 % 500 17507 2,6 % -6029 11478 -40,4 %
Institutional mtg -3 359 -90,6 % 3709 0 3709 0 % 3709 0 % -3359 350 -90,6 %
Training -304 -31,7 % 959 0 959 0 % 959 0 % -304 655 -31,7 %
Jury (PhD,…) -34 -10,5 % 323 0 323 0 % 323 0 % -34 289 -10,5 %
Other experiments 0 0 % 542 0 542 0 % 542 0 % 0 542 0,0 %
Projects +1 372 34,6 % 3963 0 3963 0 % 3000 6963 75,7 % -1628 5335 34,6 %
Computing
Simulations +1 450 0 0 0 0 % 1000 1000 450 1450
Purchase
Telescope time -7 950 -50,00 % 15900 -7950 7950-50,00 % 7950 0 % 0 7950 -50,0 %
Consumables 0 0 % 3750 0 3750 0 % 3750 0 % 0 3750 0,0 %
Computers 0 0 % 1548 0 1548 0 % 1548 0 % 0 1548 0,0 %
Total -44 750 -46,1 % 97022 -14046 82976 -14,5 % 5000 87976 5,2 % -35704 52272 -46,1 %



Report of the first ASTRO session at IPAG
- Goal of -50% reduction of GHG emission difficult to 

reach without touching the core business. 
Effective suggestions:


- Systematic replacement of plane to train for 
missions < 2000 km


- Switch from face-to-face meetings to video for 
work meetings


- Use of archived data rather than new data 

- Extend the lifetime of equipment

- Mutualize of long-distance travels


- Cancellation of telescope nights is considered 
unrealistic as an individual initiative by 2 of the 3 
teams.


More globally: 

Feedback in front of the entire lab was interesting to 
stimulate debate on the carbon footprints and GHG 
emission reduction commitments.

Result of the 3 game tables

Ev
ol

ut
io

n 
(%

)

GHG emission decrease

Initial after free negotiation after ANR/ERC 
project calls

after guided negotiation

Table 1 Table 2 Table 3



At a larger scale: scenario analysis Gratiot et al. (submitted)

https://hal.archives-ouvertes.fr/hal-03563246 

A transition support system to build decarbonization 
scenarios in the academic community

Topics :

Earth dynamics

Air quality

Development and Environment

Ocean and Climate

Water resources

Technology and transition

Environment

Climatology

Informatics

International joint laboratory

Geophysics

Society and environment

Video conferencing = quasi-systematic 
and most rapidly proposed reflex 

Conferences = most 
powerful leverage in our 
simulations

https://hal.archives-ouvertes.fr/hal-03563246


Limits of the results: 

- 85 mixed tables, concerned audience (convinced in advance), 

- some important emission items missing (topic-dependent) 

Strong institutional support in France:

- CNRS, IRD, IGE, CIRAD, OSUG, 

- Universities (UGA Grenoble, UB Dijon, UFC Besançon)


Perspectives:

- Need to test the method on a larger scale, with a general public

- Willing to produce impact paths

- Multi-disciplinary analysis (cognitive sciences, human and social 

sciences, environmental studies, …)

- Adaptation of the tool to other cultures (Vietnam, USA, …)

- Visualization challenges

- …

Conclusion

More information on https://materre.osug.fr/ (mostly in French)

https://materre.osug.fr/

