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ABSTRACT 

Of the 50 essential variables used to assess Earth's climate, 26 are monitored from satellite observations. 
Though, regarding environmental legislation, the industrial stakeholders of the space sector are not 
targeted by specific international binding commitments. Nevertheless, the environmental performance has 
become a criterion in purchasing decisions. For the first time in 2016, the UN COPUOS reached an 
agreement, adopting a set of guidelines for the long-term sustainability of space activities. Going further, 
the French Space Operations Act has provided a national legislative framework concerning all the space 
operations launched from the French territory (i.e. Guiana Space Centre). With a full entry into force in 
2020, the act aims to make operators responsible for the prevention of risks to people, property, public 
health and the environment. 

Considering guidelines for the evaluation of environmental impacts of space activities, several actors of or 
related to the European space industry, such as the European Space Agency (ESA) and its associated  
‘Clean Space initiative’ or ArianeGroup, have identified environmental Life Cycle Assessment (according 
to ISO14040/44) as the most appropriate methodology to measure and minimise their environmental 
impact. 

Hence, contractual requirements have been placed in ESA’s funded projects to take into account their 
environmental impacts and promote the development of ‘green’ technologies through the implementation 
of the Life Cycle Assessment (LCA) methodology.  In particular, an LCA study of the new Ariane 6 
launcher in exploitation phase is currently performed. A requirement to perform such assessment from 
early phases of the project has been also included for two competing Earth Explorer 9 concepts (i.e. 
FORUM and SKIM) as well as for the standard platform for all future Sentinel missions in the frame of the 
Copernicus program. 

However, space systems deal with a strong particularity related to the use of LCA: space missions are the 
only human activity that crosses all stages of the atmosphere and stays “out” of the natural environment 
and ecosystems. LCA can be applied in a holistic way to tackle a set of environmental concerns occurring 
on the Earth as well as on the orbital environment. In this way, the so-called “burden shifting”, which 
consists of transferring environmental impact from one category to another, could be considered 
regarding both the Earth and orbital environments. 

Strong efforts still have to be done in order to characterize the complete life cycle of space systems, from 
the extraction of raw materials to the post-mission disposal. A priority has been given to the integration of 
space debris within the LCA framework because it has been identified as the main stressor of the orbital 
resource. Thus, environmental impact assessment of space missions should indicate trade-offs not only 
between typical impact categories, e.g. toxicity and climate change but also with regard to the potential 
impact of space debris as a particular challenge for the long-term sustainability of outer space activities. A 
specific LCA indicator was developed by us considering ‘characterisation factors’ to assess the potential 
impact of a space mission on the orbital environment. This methodology is applied to a case study to 
prove its consistency: the potential impact of a theoretical space mission is addressed through the 
comparison of three disposal scenarios. 

The presentation will highlight the relevance of applying holistically LCA during the design phase of space 
systems. We will focus on how to consider space debris in LCA as a way of measuring the resource 
security for orbits and potential environmental impacts occurring in case of collision. 
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