FORUM Life Cycle Assessment - it.2
ESA Clean Space Days 2026
July, 1st 2026

DEFENCE AND SPACE

Lucie Lemarquand, Laura Costa Lopez (ADS)
Xavier Loizillon, Anh-Minh Navarre, Adam Le Gal (SCALIAN)

AIRBUS



DEFENCE AND SPACE

FORUM (Far-infrared-Outgoing-Radiation Understanding and Monitoring)

ESA’s 9th Earth Explorer mission (EE9)
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LCA requirement in

Scope : A+B/ C+D / E1 phases
ESA FORUM SoW

requirements

2 iterations
— Standards : 1ISO 14040/14044 + ESA LCA Handbook

EU : Development, production, assembly, integration, testing and
preparation for launching of the FORUM satellite to fulfil its mission
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LCA focus - summary of work completed and achievements
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New outcomes

and comparison with previous Prime LCA

DQR new methodology - April 2026

- Data collection and modelling granularity enhanced with less data gaps

- Identification of new hotspots — liquid nitrogen

(DVT coupon testing for the solar array)
Descoped in previous projects

-  Two LCA were conducted in :
— phase A-B1 — 2019

} based on different methodologies
— phase B2-E1 (it.1 — 2024, it.2 — 2026)
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Data Quality Rating - feedback

Feb. 2026  collaborative work on the draft methodology currently being implemented

— several meetings to share feedback and lessons learnt
e.g.: - trade-off between better modelling (inclusion of additional information) and good DQR
- request for clarifications on subsystem-level rules expectations

April 2026  new methodology released in the final handbook

— adaptation based on feedback provided

e.g.: - addition of a general list of expected inputs/flows (section 6.3.2.1)
- addition of clarifications on how to handle the BtF ratio (section 6.3.2.1.1)

Key benefits
- Easy to implement if done progressively during the data collection and LCI creation
- Allow to cross-check both data source and LCI filling
- Good tool for model validation to be used in parallel
- Compared to previous one : avoid subjective criteria
- Calculation file : clear and useful

SCALIAN feedback

- Anh-Minh Navarre
- Adam Le Gal
- Xavier Loizillon
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*Towards Greener Manufacturing,
DEFENCE AND SPACE Assembly, Integration and Test processes

Data collection focus

Equipment X GMAIT* Key
MesSages

specific LCA at sub-system level

Supplier 1st data 1st batch of Feedback to
awareness collection data analysis supplier - >
2 L]
I S~
2nd data 2nd batch of Feedback to H
collection data analysis supplier D?ta CO”eCt_Ion .
.......................................... z /3 global tlmellne
Background study (reusable) —
3rd data 3rd batch of i I
collection data analysis RaISI ng su ppl ler
awareness
—— Clarification with experts Adaptation to the new study neceSSIty

Search for the
best DQR
possible

Back-and-forth
process due to
inconsistencies

Suppliers dependent : — easier data collection
possible freeze — better DQR — necessity to have
— save time projects like GMAIT

Time reduction = 10-30 %
on each equipment
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Main results - FORUM global results (midpoint)

———> Single score[Pt]

Primary energy consumption [MJ]
Ecotoxicity marine aquatic [kg 1,4-DB eq]

Resource use, mineral and metals - ADEPLmr [kg Sb eq]

Acidification - ACIDcml [kg SO2 eq]

Resource use, mineral and metals - ADEPLmu [kg Sb eq]

Impact categories

Resource use, energy carriers - ADEPLf [MJ]
Water use [m3 depriv.]

Land Use [Pt]

Ecotoxicity freshwater [CTUe]
Eutrophication terrestrial [mol N eq]
Eutrophication marine [kg N eq]
Eutrophication freshwater [kg P eq]
Acidification [mol H+ eq]

Human toxicity, cancer [CTUh]

Human toxicity, non-cancer [CTUh]
Particulate matter [disease inc.]
Photochemical ozone formation [kg NMVOC eq]
lonising radiation [kBq U-235 eq]

Ozone depletion potential [kg CFC11 eq]
Climate change [kg CO2 eq]

B Satellite assembly

W Staff travel
at satellite level

M Platform

= Environmental testing

FORUM environmentalimpacts
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H SCALIAN

~ Satellite Assembly : 27,5%
(time in clean rooms)

GSE : 24,6%
(high amount of materials)

Platform : 15,8%

Payload : 13,5%
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DEFENCE AND SPACE I—» 15,8% of the overall single score

Main results - Platform focus

Single score breakdown (by subsystems):

Platform environmental impacts - Breakdown by subsystems

——————) Single score [Pt]
Mass [kg]

Primary energy consumption [MJ]

Ecotoxicity marine aquatic [kg 1,4-DB eq]

Resource use, mineral and metals - ADEPLmr [kg Sb eq]
Acidification - ACIDcml [kg SO2 eq]

Resource use, mineral and metals - ADEPLmu [kg Sb eq]
Resource use, energy carriers - ADEPLf [MJ]
Water use [m3 depriv.]

Land Use [Pt]

Ecotoxicity freshwater [CTUe]
Eutrophication terrestrial [mol N eq]
Eutrophication marine [kg N eq]
Eutrophication freshwater [kg P eq]
Acidification [mol H+ eq]

Human toxicity, cancer [CTUh]

Impact categories

Human toxicity, non-cancer [CTUh]

Particulate matter [disease inc.]
Photochemical ozone formation [kg NMVOC eq]
lonising radiation [kBq U-235 eq]

Ozone depletion potential [kg CFC11 eq]
Climate change [kg CO2 eq]
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m Power subsystem M Propulsion subsystem

B Thermal control subsystem M Telemetry tracking and command &

Payload data transmission

Power subsystem :

80% 90% 100

- 25,4% of the Platform single score
- 4% of the overall single score

—»  Power sub-system
: BAT

Solar array :
- 3,3% of the overall single score

Testing :
- 2,7% of the overall single score

Liquid nitrogen used for DVT testing :
- 2,4% of the overall single score
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Recommendations and way forward

Technical recommendations

Test operation optimization :
- DVT coupon testing LN2 consumption reduction

Optimisation of industrial operations
- clean rooms operations (energy consumption, consumables, etc.)
- time spent in clean rooms

Mass optimization of electronic components.

Reuse of GSE, GSE mass reduction and use of recycled materials

Office work means optimisation
- buildings, devices, electricity mix

Transport optimisation
- number of plane travels for subsystems and for staff

Strategic methodological recommendations

Ecodesign at subsystem level (GMAIT example) :

- specific analysis to compare technologies and include
the environmental aspect in the decision matrix of a
system design

- Specific data collection — good datasets for future LCA
reuse

New modelling structure (based on the new ESA Handbook)

New DQR methodology
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Thank you
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