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PhD candidate in rocket emissions and LCA

Experienced Project Manager <— —> Recognised academic expert
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(jointly) Executive Director at EPFL Space Center
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Co-founder & Lead of Business Strategy
(past) LCA Research engineer at EPFL Space Center

Simplified space LCA expert <— —> International industry experience
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Problem

Today: By 2030:
The European Space Agency (ESA) and the The European Space Act will mandate
French Space Agency (CNES) require all companies to perform life cycle assessments
environmental impact assessments (LCA)
But

The space industry lacks the expertise and does not have any complete and intuitive tool that
simplifies and speeds up the process'

Therefore

The industry — particularly SMEs — relies heavily on expensive external services or spend a lot
of time in learning basic LCA principles and complicated tools

" Validated through market research, interviews and literature
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Our Solution

Assessment and Comparison Tool

The LCA and ecodesign tool built by
space engineers, for space engineers

Current Technical .
Problem : Conclusion
Solution roadmap

We offer
SaaS

For space companies with some
in-house expertise

Sustainability
consultancy

For space companies with limited
expertise and/or resources
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Current

Technical
roadmap

ACT is made for the space sector

Generic LCA tools

SimaPro
openLca 7
Qsphera ~_  grightway

Current space-specific
LCA tools

CNES’s

FDASIS

Ad-hoc solutions

Our solution

Conclusion

LCT

Designed for the space sector

Intuitive for LCA practitioners

Easy integration in design
cycles

Complete LCA results

Space-specific impacts (e.g.
launch exhaust or re-entry)
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The development roadmap for the
Assessment and Comparison T ool

from stakeholders and regulatory analysis to
implemented software features

ECQODELTZV
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Stakeholders Value Network
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Problem Currgnt Conclusion
Solution roadmap
[
Roadmap inputs
* Current ACT version L\CT

» Existing LCA software tools (inspiration)

« ECSS -E-ST-40C Software
+ ECSS -Q-ST-80C Software Assurance

+ 1SO 27001

» Beta test/ early adopters feedback (industry)

» LCA progress in the space sector (other tools, newest ESA s | T f
handbook, etc.)
Market and F—*—»— — -
busingss
* Research evolutions, parallel activities tendencies | M —
— ¥ = I =
* ESA’s needs and roadmap : FLPP and others e | | + =
— 4 —
EeateA ALDriven Technologies = ‘
- Electronics Me'{‘.iii in (Features of ACT)
il Toaox
_| Time

. « . ” O. L. de Weck, “Technology Roadmapping and Development”,
L\ \/ ESA Ecodesign Days 2025 "The Ecodesign Roadmap https://doi.org/10.1007/978-3-030-88346-1_8

+ 2026 updates ? + Open source needs ? 8



Problem Currgnt Conclusion
Solution

Figures of Merit (FoMs)

Based on de Weck et al. (2022), four e —

prospective LCA tool (ACT)

types of figures of merit (FOMs) —> 7

Transforming
Information

|
« . ! ! ! !
O U r te C h n O I Og y S ACT Cost Productivity Efficiency Information

L . | | | |
Transforming information ¥

Associated metrics

|
v v v v

H "y ; data in model / space-
« FOMs to benchmark and prioritise
(min) min max max
{foran LCA'} at CDR
1. practitioner | at EOL

Weights first assigned internally L enainee
0.25 0.5 0.15 0.1

Adapted from M. Lemaire, R. Svoboda (2024)



Current

Problem X
Solution
 Where we are
 Where others are
Initial weights
Competition
Weights |FOM class FOM unit X_min |X_max| Objective | ACT (now) | Brightway OASIS SimaPro Excel Open LCA
0.250 |Productivity [time to create a model for an LCA practitioner time [h]/model 0 40 min 0.75 0.85 0.98 0.85 0.50 0.85
0.500 |Information |space-specific information (discrete, qualitative) - 0 9 max 0.72 0.17 0.28 0.11 0.00 0.11
0.150 |Efficiency fraction of LCA data that can be used in the model at PDR |data / data 0 1 max 0.90 0.90 0.50 0.90 0.80 0.90
0.100 |Cost use licence cost euro/yr 0 [10000 min 0.45 1.00 1.00 0.40 0.95 1.00
SiibaiEos ACT (now) | Brightway OASIS SimaPro Excel Open LCA
0.729 0.531 0.558 0.443 0.340 0.503
Updated welig htS Siobai EGKi ACT (now) | Brightway OASIS SimaPro Excel Open LCA
oba
0.708 0.659 0.683 0.532 0.458 0.640
(0.35, 0.33, 0.14, 0.18)

LV
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Problem Currgnt Conclusion
Solution

The benchmark

 Where we are
o To improve our global FOM score (top-down)
W nere others are 1) increase information (and keep SOTA)

° W here we gO 2) reduce time per model

3) make sure one can use as much data as
possible across different phases
4) (adapt license cost)

Initial weights

Competition ACT's FOMs evolutions
Weights |FOM class FOM unit X_min |X_max| Objective | ACT (now) | Brightway OASIS SimaPro Excel Open LCA All (ideal) | Information | Productivity | Efficiency
0.250 |Productivity |time to create a model for an LCA practitioner time [h]/model 0 40 min 0.75 0.85 0.98 0.85 0.50 0.85 0.88 0.75 0.88 0.75
0.500 |Information |space-specific information (discrete, qualitative) 0 9 max 0.72 0.17 0.28 0.11 0.00 0.11 1.00 1.00 0.72 0.72
0.150 |Efficiency fraction of LCA data that can be used in the model at PDR |data / data 0 1 max 0.90 0.90 0.50 0.90 0.80 0.90 1.00 1.00 1.00 1.00
0.100 |Cost use licence cost euro/yr 0 [10000 min 0.45 1.00 1.00 0.40 0.95 1.00 0.45 0.45 0.45 0.45
SiibaiEos ACT (now) | Brightway OASIS SimaPro Excel Open LCA All (ideal) | Information | Productivity | Efficiency
0.729 0.531 0.558 0.443 0.340 0.503 0.914 0.883 0.775 0.744
Updated welig htS Siobai EGKi ACT (now) | Brightway OASIS SimaPro Excel Open LCA | All(ideal) |Information | Productivity | Efficiency
oba
(035, 033, 0.1 4, 0.1 8) 0.708 0.659 0.683 0.532 0.458 0.640 0.857 0.814 0.766 0.722
z\\/ —> Similar trends 11
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. Conclusion
Solution

Problem

The roadmap

2026 2027 2028 2029 2030

Events
Q,

Commercialization, EcoDeltaV I

SLICE [

PEFCR4space

InSpoC 4 by ESAFLPP ‘

Launch vehicle reusability I
|
|
|

= H H H

Space logistics (space stations, 10S, ISAM, from space)
EU Space label

EU Space Act

Other national space regulations

[Te0

Trends

[TeD

H I — HH — H

Other regulations that require LCA/ env. nent
ESA EcoDesign Policy
Zero Debris approach

[

[

[

{

Life Cycle Assessment (LCA) T
Space-specific LCA I
Prospective LCA T
I

T

T

T

I

I

T

T

T

Simplified LCA

Atmospheric impacts of launch

Atmospheric impacts of reentry

Space debris risk estimation

Other synergetic risks (REACH, CRM, supply, ESG, ...)
Ecodesign support

CSRD compliance / ESG reporting

Data collection (LCI) to create new datasets

Capabilities

A
T

R&D projects, features, technologies feed into the capabilities
12
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Projects, features, technologies
into the roadmap

« Each contributes to improving 1 or more FOM
« Some are more or less directly linked to ACT

Fundamental > L
Science o

LCA tool features

& compatibilit

)

LCA
results

>

-

Estimate TRL, budget / effort needs, funding sources

Examples of activities

Compatibility with MBSE software

Improved atmospheric impacts’ understanding
Space-specific parametric LCI| databases
PEFCR4space adaptations to the tool

13



Current
RICEISH Solution

Roadmap maintenance and use

* Track figures of merit (top-down)

» Assign priorities depending on stakeholders’
expectations® and available fundings (bottom-up)

» Update / refresh the roadmap at least once a year

A\/ *See early adopters on next slide 14



Early Adopter Program
= continuous inputs

i

Early Adopter Program
launch in mid-2026

LV

$ T & @10

What do Early

Problem

Adopters get?

Private access to ACT and all its
(space-specific) functionalities

Access to the ecoinvent database
within ACT

Discounted license price for the
duration of the program
(25 - 50% off)

Personalised and rapid support

Privileged feature request
consideration

o0ol

E

Current
Solution

What can Early
Adopters do?

Perform space-specific LCA:
simplified or detailed, prospective or
current

Speed up the LCA process and
integrate it efficiently within the
mission design process

Reports of any issues / missing
functionality when using ACT

Exchange of ideas and needs from
the industry

Conclusion

15
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Problem Curre_znt Technical

Conclusion

A technical roadmap to guarantee the continued
relevance of /CT

 Currently, the information and productivity
FOMs have most improvement potential

« Ongoing projects and beta tests shall confirm
users needs too (bottom-up)



Other presentations by EcoDeltaV
members

“Development of space transportation launch and re-entry
Wed f emission inventories for 2019-2025 and analysis of the chemical
2:30pm interaction with the atmosphere”
with Jan-Steffen
“A bridge between space sustainability goals and engineering
Thu decisions: the EPFL Handbook on Sustainable Practices of Space
10:15am Mission Design”

by Marnix

And Martin will present a poster on “A High-Level LCA Framework
for Early Space Systems Engineering”

N 17



Let’s bring life cycle insights into
pace mission designs

ECQODELTZV



ECODELT.V

Our purpose

To empower capital-intensive
sectors with data-driven
environmental assessments,
starting with the space
iIndustry to tackle the global
climate crisis before
expanding to adjacent sectors

LV

Our Objectives:

Equip the booming space industry with essential LCA tools

Champion ecodesign principles in space mission planning

Establish EcoDeltaV as Europe’s leading developer of
space LCA and ecodesign tools by 2030

19



Problem

University of Stuttgart
WY Institute of Space Systems

1§38 ~~
Institut Supérieur de I'Aéronauti

tt rieur de |'Aéronautique et de I'Espace

% Ways Ehead
Towards Sustainable Actions

LV
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Complete results

— Classic & visual LCA results — —— Space-specific results —

Normaized 20205k 1
190-195 km [ 2530 km
gl P
: +0kg
e H20:9.05¢+3 kg
120 105k | N2 20543 kg
Lachadug HCL: 5.34e+3 kg
1RENS o CL:0.00e+0 kg
120135 km
as f AL203: 8950+3 kg
120125k § OH:0.006+0 kg
10115k § NO: 0.006+0 kg
100105k | NOZ:000e+0 kg
080 9095 1m | 0:000640 kg
085km . — H:0.000+0 kg
7075 km = H2: 000e40 kg
b 0.65km = BC:1.150+2 kg
s055km ——% Cly: 000e40 kg
045k — NOx:0.00e+0kg
. 3035 km ——
2025km br———— .
-
1045 km -
—_
05km —
7y e & & & rea— rem— O 000640 200004 600er4 900e+4 120005 150005
z & g g @ & E & =2 5 & : 5 o 2
D i T3 Fings B Therssoner g P M. B Thrss ppr st hesis vy by, 0 CSC B ek 13 G Thrs i 5 O Uk 8 oz 8 co 9 120 W N 8 HCL D L AL203 @ O+ 8 NO N No2 W O 58 + 2 B 5C @ O Nox
10-145km 50:25lkin
135-140km BC:000e+0 kg
130135k Al203: 885041 kg
125130 km
e Ag20: 161e-1 kg
eetrtnc i 15120k €02:0.00e+0 kg
P Norrskm CHA: 0.00e+0 kg
105110k €r203: 000640 kg
e 100-105 kam
e — 35-100km Cu0: 206040 kg
st 50-95 km H20: 0.00e+0 kg
- S085km MgO: 5.75¢-1 kg
P 7500km MnO2: 39501 kg
e [ 075km 5102 0.008+0 kg
o S 6570km S — R — 07 0,00c +
pE s e - 0.65km e L A TR
R o S 55-60km — V205:000e+0 kg
= N, o Trierie
I e 45-50km NO: 1.28+0 kg
—— e — w0askm
g e -
— b st 30-35km
T, s gy T 2
et g = 1 - i v
B i P 1520k
o = ] g
S 5-10
i e
000640 10002 200042 200002 400002 500012 600042 700042

. 5C W A203 B Ag20 @ CO2 (D CHe @ Cr203 W CuO WD H20 (B Moo (B Mr02 B $r02 @B T02 (B V205 W 20O W NO
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Note: these results serve as examples and should not be considered real LCA results



FOM - information

Discrete, qualitative scale for space-specific information FOM

* None: 0

» Space-specific database can be imported : +1
» Atmospheric impacts of launch : +1
» Atmospheric impacts of reentry : +1
» Space debris risk estimation : +1
« ESA REACH info: +1
* ESA handbook compliant : +1
« PEFCR4space compliant : +1
» Space-specific Ul / model structure : +1

» Extra specific database : +1



Class

tivity

Inform
ation

Efficien
cy

Cost

FOM - inputs assumptions

ACT ACT
ACT Brightw Open ACT ACT (product (efficien

Figure of merit unit X _min X_maxObj (now) ay OASIS SimaPro Excel LCA (ideal) (info) ivity) cy)
inverted: time to create a model for an LCA
practitioner, and get results (from GH&S to

Produc|LCIA, interpretation excluded) h/ 40 min 10 6 1 6 20 6 5 10 5 10
inverted: time to create a model for a new |model

ystems engineer, and get results (from
GH&S to LCIA, interpretation excluded) 40 min 12 16 1 16 20 16 6 12 6 12
space-specific information (discrete,
qualitative) - 9 max* | 6.5 1.5 2.5 1 0 1 9 9 6.5 6.5
amount of LCA data that can be used in the
tool/model at PDR divided by amount of 1 max
available data and info at PDR 1 1 1 1 0.8 1 1 1 1 1
amount of LCA data that can be used in the data /
tool/model at CDR divided by amount of data 1 max
available data and info at CDR 1 1 0.5 1 0.7 1 1 1 1 1
amount of LCA data that can be used in the
tool/model at EOL divided by amount of 1 max
available data and info at EOL (reporting) 0.8 1 0.1 1 0.6 1 1 0.8 0.8 1
use licence euro/yr 10000 min | 5500 0 0 6000 | 500 0 5500 | 5500 | 5500 | 5500
We had to make assumptions -

LV




FOMs’ weights

Sum of columns

Normalized

Figures of merit [unit]

Productivity [hour / model]

Information [-] (qualitative*)

~1E

Cost

Efficiency [data in model / dat

Cost [euro / year]
Total (average) B
Figures of merit [unit] Productivitylnformation [Efficiency |Cost Check | | |
Productivity [hour / »
model] 1.000 Weights (average per row of normalized score)
Information [-] Figures of merit [unit] Computed Rounded
A qualitative*) 0.664 1.000 Productivity [hour / model] 0.35
Efficiency [data in Information [-] (qualitative*) 0.33
model / data available] 0.439 0.309  1.000 ERIE(EHEyAH E ek =l el D
Cost [euro / year 0.18
Cost [euro / year] 0.664 0532 1.056  1.000 Iethotiven]
Updated weights —> scores
Competition ACT's FOMs evolutions
Weights |FOM class FOM unit X_min [X_max| Objective | ACT (now) Brightway OASIS SimaPro Excel Open LCA All (ideal) | Information | Productivity | Efficiency
0.35|Productivity [time to create a model for an LCA practitioner time [h]/model 0 40 min 0.75 0.85 0.98 0.85 0.50 0.85 0.88 0.75 0.88 0.75
0.33|Information |[space-specific information (discrete, qualitative) 0 9 max 0.72 0.17 0.28 0.11 0.00 0.11 1.00 1.00 0.72 0.72
0.14|Efficiency fraction of LCA data that can be used in the model at PDR]data / data 0 1 max 0.90 0.90 0.50 0.90 0.80 0.90 1.00 1.00 1.00 1.00
0.18|Cost use licence cost Ieuro/yr 0 10000 min 0.45 1.00 1.00 0.40 0.95 1.00 0.45 0.45 0.45 0.45
Global FOM ACT (now) | Brightway OASIS SimaPro Excel Open LCA All (ideal) [ Information | Productivity | Efficiency
| 1.000] i 0.708 0.659 0.683 0.532 0458 | o0.640 0.857 0.814 0.766 0.722
AV 24




TRL for SW

TRL

Definition

Software Description

[Technology Research - Basic principles observed and reported

Scientific knowledge generated underpinning basic properties
of software architecture and mathematical formulation.

Technology concept - Concept and/or application formulated Invention begins.

Practical application is identified but is speculative; no

experimental proof or detailed analysis is available to support

the conjecture. Basic properties of algorithms, representations,

and concepts defined. Basic principles coded. Experiments
erformed with synthetic data.

Proof-of-Concept - Analytical and experimental critical function and/or
characteristic proof-of- concept

Development of limited functionality to validate critical
properties and predictions using non-integrated software
components.

Technology Demonstration - Generic design demonstrating concept- enabling
performance consistent with potential applications - Low-fidelity validation of
critical functions using breadboards/brassboards with non-flight-like parts and
packaging in a laboratory environment at room temperature or environment
required for functional validation

Key, functionality critical software components are integrated
and functionally validated to establish interoperability and begin
architecture development. Relevant environments defined and
performance in the environment predicted.

Conceptual Design and Prototype Demonstration - Flight performance
requirements, definition of critical environments, preliminary interfaces, and
conceptual design complete - Components characterized - Performance,
ifetime, and “robustness” in critical environments validated by analysis -
Components and subassemblies with new technology or moderate to
significant engineering development validated in newly developed areas using
stand-alone subassembly- level prototypes of approximate size, mass, and
power and built with anticipated “flight-like” parts and materials tested in a
aboratory environment at extremes of temperature and radiation (if relevant)

End-to-end software elements implemented and interfaced with
existing systems/simulations conforming to target environment.
End-to-end software system tested in relevant environment,
meeting predicted performance. Operational environment
performance predicted. Prototype implementations developed.

LV
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TRL for SW

Preliminary Design and Prototype Validation - Preliminary assembly,
subsystem, and system hardware and software design complete - Multiple
assemblies or subassemblies incorporating new technology or moderate to  |Prototype implementations of the software demonstrated on full-

6 significant engineering development validated in newly developed areas scale, realistic problems. Partially integrated with existing
using engineering models (integrated form, fit, function prototypes) of the hardware/software systems. Limited documentation available.
correct size, mass, and power, built with flight-like parts, materials, and Engineering feasibility fully demonstrated.
processing and packaging, tested in a flight-like environment over the range
of critical flight-like conditions
Detailed Design and Assembly Level Build

* Final assembly, subsystem, and system hardware and software design,

interfaces, performance, and constraints documented

* Production capability and/or parts availability, discrepancy paper, Prototype software exists having all key functionality available for
drawings, CAD/CAM files, and vendor's current capability validated demonstration and test. Well integrated with operational

* Near flight-like assemblies pass stress and life tests that demonstrate hardware/software systems demonstrating operational feasibility.
significant margins operating at extremes of input and output over a rangeMost software bugs removed. Limited documentation available.
of driving environments

* Flight-like assemblies or subsystems successfully pass

function/performance validation tests

All software has been thoroughly debugged and fully integrated
Subsystem Build and Test - Flight assemblies fabricated, integrated, and with all operational hardware and software systems. All user
8 functionally tested - Build and test procedures qualified in subsystem documentation, training documentation, and maintenance
assembly facility - Flight subsystems built and functionally tested - documentation completed. All functionality successfully
Identical/actual flight subsystem environmentally tested demonstrated in simulated operational scenarios. Verification and
validation completed.
System Operational - Flight system build and test procedures qualified in Al.l software h?s been thoroughly debugged and fully integrated
; . . o . ; . with all operational hardware and software systems. All
flight system integration facility - Flight system integrated and functionally . 2
9 . : . . . documentation has been completed. Sustaining software support
tested against requirements and operating scenarios - Flight system : :
: s in place. System has been successfully operated in the
environmentally tested ; .
pperational environment.




