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Project Aim

Development of a methodology for estimating the environmental impacts of
the space industry:

* Integrated systems engineering and parametric LCA framework

* Projection of impacts for dynamic future scenarios via scalability

Motivation

« Simplification enables assessments that look industry wide
* Proactive consideration of how impacts change in different space futures
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SOAR CubeSat

« 3U CubeSat

« 9-month mission in VLEO

« Studying residual atmosphere \,m’\}'f
» Falcon 9 rideshare o

Disposed via re-entry

[1] Crisp et al. ‘Experimental Results from the Satellite for Orbital Aerodynamics Research (SOAR) Mission’. 2022.
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Results

Key takeaways

« Office work activity contributes
average of 77% across categories
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Key takeaways

« Office work activity contributes
average of 77% across categories

 Minor contributions from satellite
manufacture - average of 6.4%
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Results

Key takeaways

« Office work activity contributes
average of 77% across categories

 Minor contributions from satellite
manufacture - average of 6.4%

« Electricity usage is a significant
driver of impact - average of 40%
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Results

Key takeaways

\_

Office work activity contributes

average of 77% across categories

Minor contributions from satellite

manufacture - average of 6.4%

Electricity usage is a significant

driver of impact - average of 40%

Launch contributes 12.3%

)
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Lessons Learned

\
J

Next steps

e
\

« Sensitivity analysis to highlight
Important parameters

* Uncertainty analysis via Monte Carlo

simulation
\_ J
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Next steps
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« Sensitivity analysis to highlight
Important parameters
* Uncertainty analysis via Monte Carlo

simulation
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4 . . T N
Remaining limitations y

* Underlying assumptions from database
 Data intensive

* Inconsistent level of detail

 Limited comparability
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Lessons Learned

4 N D
N M2l y Why simplification
A v
« Sensitivity analysis to highlight
important parameters « Balancing out precision versus accuracy problem

 Uncertainty analysis via Monte Carlo . . .
" Nty ahatysis vi 4  Reducing user input needed for inventory

simulation .
N ) construction
- ... R « Easier to generalise for industry-wide estimates
. Remaining limitations y
« Scalability easier without need to create new

* Underlying assumptions from database models, exploring more scenarios more quickly

 Data intensive

 Inconsistent level of detail  Reduced computational times

« Limited comparability
\_ 2NN y,
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Proposed Framework
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[4] Sacchi, R. et al. 2022. projected results
[5] : Jolivet, R. et al. 2021.
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Proposed Framework
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ESA Clean Space Days 2026 8



Proposed Framework
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Proposed Framework

A
I
I
| +
| | Method to be developed |
| | Definition of assessment LCIA M
| | Existing pipeline | 'L
| | Resulis :
[4] Sacchi, R. et al. 2022. - = 7 pﬂ;ﬂgf;ﬁg N
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Intended Outcomes

Mitigation of barriers Case study opportunities
« Systems model reduces the data intensive * Easy variability of parameters allows a wide
requirements of building an inventory manually range of missions to be explored
« Transparency of assumptions and uncertainty for « Whole industry perspective can be used for
decision-makers planetary boundary assessments
* Integration of prospective dimension improves * Support space sustainability policy and

real-world applicability governance

Improved accessibility of LCA for the space sector
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Next Steps

Framework Development: Model sensitivity Validation
» Systems modelling » Determining the level  OpenLCA modelling
 |nitial scenario of detail needed comparisons

definition

T T

External data External data

ESA Clean Space Days 2026




DISCOVERER, University of Manchester, https://discoverer.space/

Thank you

Questions?

[1] Nicholas H. Crisp, Alejandro Macario Rojas, Peter C.E. Roberts, et al. ‘Experimental Results from the Satellite for Orbital
Aerodynamics Research (SOAR) Mission’. Paper presented at International Astronautical Congress. 2022.
[2] ESA LCA Working Group. ‘Space System Life Cycle Assessment (LCA) Guidelines - Issue 1’. 2016.
The University of Manchester [3] Wilson, Andrew. ‘Advanced Methods of Life Cycle Assessment for Space Systems’. PhD Thesis, 2019.
[4] Sacchi, R., T. Terlouw, K. Siala, et al. ‘PRospective EnvironMental Impact asSEment (Premise): A Streamlined Approach

. . . « e to Producing Databases for Prospective Life Cycle Assessment Using Integrated Assessment Models’. Renewable and
www.linkedin.com/in/mairi-johnston Sustainable Energy Reviews 160 (May 2022): 112311.
[5] Jolivet, Raphaél, Julie Clavreul, Raphaél Briere, et al. ‘Lca_algebraic: A Library Bringing Symbolic Calculus to LCA for
Comprehensive Sensivity Analysis’. The International Journal of Life Cycle Assessment 26, no. 12 (2021): 2457-71.
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