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Ten years ago, 195 countries signed the so-called Paris Agreement that aims at limiting global
warming within 2 degrees compared to pre-industrial time. According to the International Panel on
Climate Change (IPCC), this objective can be only reached if anthropocentric greenhouse gas
(GHG) emissions decrease to net zero by 2050 [1]. To achieve this challenge, all human activities,
including scientific research, must become sustainable. In France, awareness on this topic is shared
by a large fraction of the academic community [2]. One third of the French research laboratories
already started evaluating their GHG emissions, using the public tool developed by Laboslpoint5
[3,4]. In 2022, the ethics committee of the French national scientific research center (CNRS)
stressed that “the environmental impact of research should be considered as part of research ethics, in

the same way as respect of human beings and experimental animals”.

In this context, research performed thanks to space-based instrumentations is facing formidable
challenges. They make an unequivocal contribution to society by benefiting from the unique
conditions of space. However, space missions have a large carbon footprint [5,6,7], notably because
they need to be launched by rockets that are difficult to decarbonise. Rocket’s debris and satellite re-
entries are also impacting the stratosphere [8] and the ozone layer [9]. Nevertheless, in January 2024,
CNES (the French space agency), together with 15 other French national research organisations,
committed to “contribute, through their research activities and changes in their operations, to meet the

challenges of the ecological transition for sustainability”. In particular, they decided to be “an example
in the application of the objectives of [France’s] ecological plan”. The European Space Agency (ESA)
also committed to “reducing [their] greenbouse gas emissions by 46% by 2030 compared to the 2019

baseline”.

As part of CNES 2024’s quinquennial scientific roadmap, a focus was placed on the sustainability
of scientific research from space. For the first time, a specific group was mandated to make
recommendations on how to “decrease the envivonmental footprint of space science activities”. An
assessment of the environmental footprint of a dozen typical space missions has yielded a set of
recommendations. They address the various aspects of space science, from the funding of research
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teams to the French participation in international projects. These recommendations can be
summarised as follow:

- quantify the carbon footprint of the national activities in space science on an annual basis;

- adopt a trajectory to decrease the overall GHG emissions of these activities, with an objective of -7
% per year;

- set a carbon budget for the GHG emissions of all stakeholders (researchers, industries, partners,
etc...);

- define and select the space missions, as well as research and development activities, within those
limits ;

And more generally one should:

- raise awareness of the environmental transition among all the actors of the national space sciences,
including industrial partners and users of space data ;

- optimise the existing facilities, by increasing their lifetime, maximise the scientific use of data, share
the ground equipments, as well as re-use, recycle, and eco-design whenever possible;

- promote cooperation, sharing of data and reduce competition at the international level;

- consider environmental impacts among the top criteria for scientific space policy, and anticipate
the need for resilience.

These recommendations fully align with a white paper to CNES co-signed by more than 260 French
scientists from both astrophysics and Earth sciences. To follow a -7% / year decrease of GHG
emissions, space science should rely on two complementary methods: decarbonisation and frugality
[10]. The former relies on developing and massively deploying new techniques of eco-design while
reducing the GHG emissions of existing facilities, including the launch segment. Yet, there is no
guarantee that decarbonisation will be sufficient in view of the urgency of the situation. The first
actions are straightforward to implement [11] but it will likely take a lot of time to develop low-
carbon technologies in the space industry to decrease GHG emissions by ~83%, such as to reach net-
zero emissions by 2050. Moreover, the optimisation of space missions to decrease their carbon
footprint will likely be associated with a rebound effect [12] that could even increase the overall
GHG emissions of space research.

On the other hand, frugality consists in either decreasing the number or reducing the scope of new
space missions. The former will be efficient to meet with the trajectory but comes with the risk of
losing the unique know-how needed to develop space instruments. The next generations might also
need new instruments and not only capitalise on the unexploited data from missions developed by
previous generation researchers. One straightforward way to proceed would be to avoid competition
while increasing the cooperation between countries. The study performed for the CNES roadmap
found that small satellites have a larger footprint, relative to their weight or cost, than big ones. It is
therefore better to prioritise a few large new space missions that will revolutionise scientific
knowledge rather than developing many small and incremental projects. In view of these factors, the
trajectory consistent with the Paris Agreement is likely to be achieved by combining both
decarbonisation and frugality.

The report from the CNES roadmap also discusses the longer term strategies. Since these activities
rely on public funds, they are deeply dependent on political decisions and the evolution of society,
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which are severely impacted by the climate crisis [13]. The report thus recommends anticipating
these major societal changes, all the more so as space projects span several decades. We collectively
need to make sure that the decisions taken now are compatible with the inevitable changes that will
occur in society. This adaptation needs to consider all possible scenarios, whether global warming is
kept within +2°C or continues to rise in a business-as-usual scenario.

The space sector used to have a culture of risk management to avoid failure. It should now include
the risks associated with the climate crisis and environmental effects. The space sector is a major
innovation provider and should now focus it towards sustainable scientific space activities, using a
combination of decarbonisation and frugality. This appears to be the most efficient method for
pursuing space science over time, preserving it to the next generations. With the recommendations
of this roadmap, CNES has the potential to move towards sustainable space research in France.
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