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The begining: an industry request

3

Reknown expertise in space
sustainability

▪ Past and continued focus on in-
space sustainability

▪ Strong knowledge of space life 
cycle assessment

Involved in both educational and 
industry calls

EPFL HANDBOOK ON SUSTAINABLE SPACE MISSION DESIGN

Marnix Verkammen



The begining: an industry request

4

Mid-2024 
onward

Reknown expertise in space
sustainability

▪ Past and continued focus on in-
space sustainability

▪ Strong knowledge of space life 
cycle assessment

Involved in both educational and 
industry calls

Industrial player(s) approached
EPFL Space Center

Need: help and guidelines in 
sustainable space mission 
design

Proposal: development of 
Handbook for engineers

EPFL HANDBOOK ON SUSTAINABLE SPACE MISSION DESIGN

Marnix Verkammen



Following three pillars of space sustainabilty
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“ Protecting the 

terrestrial environment 

from the impacts of 

space activities. ”

• Assessing the 

impacts using Life 

Cycle (Sustainability) 

Assessment

• Mitigating impacts 

using ecodesign

“ Viewing space as a 
natural resource for 
preservation, 
exploitation and 
exploration. ”

• Risk mitigation and 
management of 
space debris,

• Preservation of 
Dark & Quiet Skies

Sustainability 
from space

“ Using space as a 
platform to directly or 
indirectly address 
global problems. ”

• Getting space data 
from earth 
observation (EO) 
satellites

• Using space assets 
for problems on 
Earth (GNSS)

Sustainability in 
space

Sustainability 
for space

Cited from: Wilson, A. R., & Vasile, M. (2023). The space sustainability paradox. Journal of Cleaner Production. DOI: 10.1016/j.jclepro.2023.138869

https://doi.org/10.1016/j.jclepro.2023.138869
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“ Protecting the 

terrestrial environment 

from the impacts of 

space activities. ”

• Assessing the 

impacts using Life 

Cycle (Sustainability) 

Assessment

• Mitigating impacts 

using ecodesign

“ Viewing space as a 
natural resource for 
preservation, 
exploitation and 
exploration. ”

• Risk mitigation and 
management of 
space debris,

• Preservation of 
Dark & Quiet Skies

Sustainability 
from space

“ Using space as a 
platform to directly or 
indirectly address 
global problems. ”

• Getting space data 
from earth 
observation (EO) 
satellites

• Using space assets 
for problems on 
Earth (GNSS)

Sustainability in 
space

Sustainability 
for space

Cited from: Wilson, A. R., & Vasile, M. (2023). The space sustainability paradox. Journal of Cleaner Production. DOI: 10.1016/j.jclepro.2023.138869

Two pillars 
addressed in the 

Handbook

https://doi.org/10.1016/j.jclepro.2023.138869


Aim: Inform and summarise guidelines
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Target Adience

▪ students

▪ (system) engineers

▪ managers

▪ decision makers 

Goal

▪ Inform on choices for more 
sustainable design practice 

▪ Provide combined 
guidelines from different 
sources
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Target Adience

▪ students

▪ (system) engineers

▪ managers

▪ decision makers 

Goal

▪ Inform on choices for more 
sustainable design practice 

▪ Provide combined 
guidelines from different 
sources

EPFL 
Handbook on 
Sustainable 
practices of 

space mission 
design

Zero Debris Technical 
Booklet

Guidelines for the Long-
Term Sustainability of 
Outer Space Activities

ISO 14040 & ISO 14044

ESA’ s Space System’s 
lifecycle guidelines

Other resources and 
literature
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Life Cycle Assessment basics
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Launch

Resource Use: fossil 
fuels

Resource use: 
metals and minerals

Energy consumption

Consumption of non-

energy natural

resources 

Emissions to air

Emissions to soil

Emissions to water

Waste

Photochemical 
ozone formation: 

human health Land use

Water Use
Climate Change

Ozone Depletion

Human toxicity

Acidification

Eutrophication

Particulate matter

Ionising radiation: 
human health

Ecotoxicity -
freshwater



General ecodesign considerations
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Design, testing and 
qualification

Testing and 
manufacturing

Operations End-of-Life

▪ Favour COTS

▪ Limit travels (e.g. for 
meetings)

▪ At office work

▪ Choices of tests to be
done

▪ Wise choice of tests

▪ Optimise 
transportation

▪ Limit travels, energy
consumption

▪ Optimise data 
processing

▪ Dark & Quiet skies 
operatioms

▪ Design for demise vs 
re-entry

▪ Graveyard

▪ Passivation

▪ IOS hardware

COTS: Commercially off the shelves

IOS: In-Orbit Servicing
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Planned in-orbit-
servicing (IOS)?

Yes

Recommendation:
• Markers for close-

proximity 
operations

• Mechanical 
interface

2D markers
• For far to close rendezvous (50.5m)

• Planar distribution needed

• Can be 2D patterns and/or Laser Ranging 

Retroreflector (LRR)

• Size of LRR above: 60x60mm

• Mass of LRR above: approx. 0.036kg

3D markers
• For capture (less than 5m)

• Only a single 3D marker is needed for pose 

estimation

• Size of unit above: 150x150mm

• Mass of unit above: approx. 0.25kg

Source: L. Szegedi et.al., Markers Supporting Navigation Development and Qualification, Clean Space Industry Days 2023, 

ESTEC, Noordwijk, the Netherlands, 19 October 2023. Available: https://indico.esa.int/event/450/contributions/8886/

Markers for close-proximity

https://indico.esa.int/event/450/contributions/8886/
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Planned in-orbit-
servicing (IOS)?

Yes

Recommendation:
• Markers for close-

proximity 
operations

• Mechanical 
interface

Mechanical Interface
• ESA is working towards a standard: MICE (Mechanical Interface for Capture at End-of-Life)

• Goal: Enable non-cooperative capture of satellite after EOL (End-Of-Life)

• Mice specs: mass 0.719kg, diameter 98mm, height 50mm

• ESA is working towards a lighter version of MICE: MICE-LITE

Sources:

• C. Carnañes et.al., CAT-IOD: MICE (Mechanical Interface for Capture at End-of-Life): Qualification results and future use, 2023 Clean Space Industry 

Days, ESTEC, Noordwijk, the Netherlands, 19 October 2023. Available: https://indico.esa.int/event/450/contributions/8878/

• L. Valencia Restrepo et.al, MICE-LITE: Reducing mass of the Mechanical Interface for Capturing at End-of-Life to facilitate its integration with small 

satellites, Clean Space Days 2024, ESTEC, Noordwijk, the Netherlands, 10 October 2024. Available: https://indico.esa.int/event/516/contributions/10011/

https://indico.esa.int/event/450/contributions/8878/
https://indico.esa.int/event/516/contributions/10011/
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Planned in-orbit-
servicing (IOS)?

Yes

Recommendation:
• Markers for close-

proximity 
operations

• Mechanical 
interface

LUR-1, assembled with MICE and 

the navigation aids
Source: A. Cortese et.al., CAT-IOD: CAT in-orbit demonstration mission for a prepared active debris removal scenario, Clean 

Space Days, ESTEC, Noordwijk, the Netherlands, 8 October 2024. Available: https://indico.esa.int/event/516/contributions/9965/

Interesting Linkedin post by ESA Space Safety: Post | LinkedIn

Ongoing: MICE and 2D markers have been launch on the LUR-1 satellite in 2023.

Next steps:

• The DOG platform will be launched around 2027-28, towards the EOL (End-Of-Life) of LUR-1

• It will host the CAT (Capture Bay for Active Debris Removal, ADR) payload

• Goal: demonstrate the Capture mechanism

• The CONOPS is still work in progress (see figure below)

There is a real traction of D4R hardware: The Copernicus Sentinel Expansion missions (more 

info here) will adopted D4R (Design for Removal) interfaces

https://indico.esa.int/event/516/contributions/9965/
https://www.linkedin.com/posts/esa-space-safety_debrisremoval-mice-spacedebris-activity-7231964917946294272-gNdr/?utm_source=share&utm_medium=member_desktop
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Copernicus_Sentinel_Expansion_missions
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Planned in-orbit-
servicing (IOS)?

Yes

What type of IOS 
is planned?

Life extension
Active debris 

removal at EOL

Recommendation:
• Passive detumbling 

devices

Recommendation:
• Markers for close-

proximity 
operations

• Mechanical 
interface

Passive detumblers

• Passive Magnetic Detumblers

• Use the interaction between Earth magnetic field and the spacecraft

• Effective if the magnetic torquers are shortcircuited

• But, solar radiation pressure may diminish the efficiency (or counteract it).

• Internal kinetic and electromagnetic device (such as Airbus’s DETUMBLER, 

shown in pictures)

• Works by having a freely rotating rotor with magnets

• Differential rotation rates between the satellite and the rotor causes 

electromagnetic forces

• Effect: satellite reaches a constant spin rate, instead of spinning up.

Sources:

• A. Benoit et.al., The puzzling dynamic evolution of defunct satellites: a challenge for Active Debris Removal missions, 2023 Clean Space Industry Days, 

ESTEC, Noordwijk, the Netherlands, 19 October 2023. Available: https://indico.esa.int/event/450/contributions/8894/

• M. Senes et.al, A passive device for postmortem detumbling/antitumbling of LEO satellites, to facilitate active removal, 2023 Clean Space Industry Days 

ESTEC, Noordwijk, the Netherlands, 10 October 2024. Available: https://indico.esa.int/event/450/contributions/8879/

https://indico.esa.int/event/450/contributions/8894/
https://indico.esa.int/event/450/contributions/8879/
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Planned in-orbit-
servicing (IOS)?

Yes

What type of IOS 
is planned?

Life extension

What type of life 
extension?

Active debris 
removal at EOL

RepairRefuelling

Recommendation:
• Passive detumbling 

devices

Recommendation:
• Passive detumbling 

devices

Recommendation:
• Refuelling interface

Recommendation:
• Mechanically 

accessible
components

Assisted GNC

Recommendation:
• Markers for close-

proximity 
operations

• Mechanical 
interface

Dawn Aerospace’s Docking 

and Fluid Transfer Port

Sources:

• S. Hill, Orbit Fab Refuelling Interface and Service Mission Development Progress in 

Europe, Clean Space Days 2024, ESTEC, Noordwijk, the Netherlands, 9 October 2024. 

Available: https://indico.esa.int/event/516/contributions/9986/

• D. Werner, Dawn unveils docking and refuelling port, Space News, Las Vegas, USA, 1 

August 2024, Available: https://spacenews.com/dawn-unveils-docking-and-refueling-port/

• NASA, Missions to Hubble. Available: Missions to Hubble - NASA Science

Orbit Fab’s refuelling 

interface

Growing number of refuelling interfaces and services. See examples below:

etc

An example of a spacecraft with 

“mechanically accessible components” is 

the Hubble Space telescope. It was 

designed to be serviced in orbit.

https://indico.esa.int/event/516/contributions/9986/
https://spacenews.com/dawn-unveils-docking-and-refueling-port/
https://science.nasa.gov/mission/hubble/observatory/missions-to-hubble/
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Planned in-orbit-
servicing (IOS)?

Yes No

What type of IOS 
is planned?

Life extension

What type of life 
extension?

What is the 
planned EOL?

Do re-entry 
predictions satisfy 
current guidelines

Active debris 
removal at EOL

RepairRefuelling

Recommendation:
• Passive detumbling 

devices

Recommendation:
• Passive detumbling 

devices

Recommendation:
• Refuelling interface

Recommendation:
• Mechanically 

accessible
components

Assisted GNC

Recommendation:
• Markers for close-

proximity 
operations

• Mechanical 
interface

Heliocentric orbit
Impact with celestial 

body
Earth re-entry Graveyard orbitSame orbit as during 

operation phase

Does the S/C cross 
crowded orbits?

Yes No

Yes No

Recommendation:
• No need for specific 

additional hardware

Recommendation:
• Hardware for assisted 

IOS

Recommendation:
• Hardware for assisted 

IOS

Recommendation:
• Check 

interplanetary 
protection 
guidelines & 
regulations

Recommendation:
• Hardware for 

assisted IOS

Recommendation:
• Hardware for 

assisted IOS
• Check 

interplanetary 
protection 
guidelines & 
regulations
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Documentation best 
practices

In-Space best practices End-of-life best 
practices

▪ EoL strategies (re-entry 
vs graveyard)

▪ Re-entry casualty
mitigation

▪ Coordination and data 
sharing

▪ Debris mitigation 
objectives

▪ Integration of SSA

▪ Passivation

▪ LCA & Ecodesign

▪ Debris mitigation

▪ Dark & Quiet Skies 
considerations

▪ Post-mission 
documentation

SSA: Space Situational Awareness
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Sustainability for space

LCA & Ecodesign
Hotspot Identification: Have the primary environmental 
impact categories (Climate Change, Resource Use, 
Human Toxicity) been identified for the specific mission 
architecture? 

…

Manufacturing & Materials
Material Selection: Are materials selected with their end-
of-life demisability in mind (favouring 
aluminium/magnesium over titanium/tungsten)? 

…

End-of-Life
Casualty Risk Assessment: Has the re-entry casualty risk 
been calculated using approved tools (e.g., DRAMA, 
DEBRISK)? 

…

… And more…
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This checklist 
provides a quick initial 
verification tool on 
their actions taken or 
to be taken for a 
sustainable mission 
design. 

As with the whole 
document, this is a 
living checklist, which 
can be made more 
comprehensive

Sustainability for space

LCA & Ecodesign
Hotspot Identification: Have the primary environmental 
impact categories (Climate Change, Resource Use, 
Human Toxicity) been identified for the specific mission 
architecture? 

…

Manufacturing & Materials
Material Selection: Are materials selected with their end-
of-life demisability in mind (favouring 
aluminium/magnesium over titanium/tungsten)? 

…

End-of-Life
Casualty Risk Assessment: Has the re-entry casualty risk 
been calculated using approved tools (e.g., DRAMA, 
DEBRISK)? 

…

… And more…
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Used in University lectures

Example: the EPFL Space Minor

Uses of the Handbook
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Used in University lectures

Example: the EPFL Space Minor

Uses of the Handbook
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Future uses: in industry

→To inform decision
makers and engineers

→To instill sustainability
in the company culture

→As part of a new 
space mission design

Example: Used by 
EcoDeltaV



Access the handbook through the 
QR code below

DOI Link: To be published soon

Where to find the Handbook & Future steps
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The Handbook is aimed to be
industry-driven and to follow 
latest developments

EPFL Space Center will
continue to maintain the 
Handbook

Any recommendations for 
improvements can be sent to 
Emmanuelle David:
emmanuelle.david@epfl.ch

mailto:emmanuelle.david@epfl.ch


Thank you 
for your 
attention !

E V E N T

P R E S E N T E D  B Y

Marnix Verkammen
marnix.verkammen@ecodeltav.com
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Sustainability for space

LCA & Ecodesign
Hotspot Identification: Have the primary environmental 
impact categories (Climate Change, Resource Use, 
Human Toxicity) been identified for the specific mission 
architecture? 

…

Manufacturing & Materials
Material Selection: Are materials selected with their end-
of-life demisability in mind (favouring 
aluminium/magnesium over titanium/tungsten)? 

…

End-of-Life
Casualty Risk Assessment: Has the re-entry casualty risk 
been calculated using approved tools (e.g., DRAMA, 
DEBRISK)? 

…

Sustainability in space

Debris Mitigation & Orbital Safety
Debris Release Prevention: Are all separation 
mechanisms designed to minimize fragment release (e.g., 
non-pyrotechnic or contained pyrotechnics)? 

…

In-Orbit Servicing & Longevity 
Mechanical Interface: Is a standardized mechanical 
capture interface (e.g., MICE) installed to allow for life-
extension or debris removal? 

…

Dark & Quiet Skies
Operational Orientation: Are operational procedures 
defined to orient large surfaces (solar panels) away from 
Earth during specific passes to reduce glare? 

…

Data sharing & Coordination
Operator Contact: Are contact details for collision 
avoidance coordination made publicly accessible? 

…
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Sustainability from space

Mission Justification
Comparative Analysis: Has a study been performed 
comparing the space-based solution to terrestrial 
alternatives (e.g., airborne, ground-based) to verify 
necessity? 

Data Utility Plan: Is there a clear plan for how the data will 
be used to address global challenges (climate monitoring, 
disaster response, SDGs)? 

…

Documentation & Verification
Debris Mitigation Report: Is a final report scheduled for 
completion prior to launch and before re-entry? 

LCA Report: Is a comprehensive LCA report maintained 
with transparent assumptions and limitations?

Lessons Learned: Is a process in place to document post-
mission sustainability performance for future mission 
improvement? 

…

This checklist 
provides a quick initial 
verification tool on 
their actions taken or 
to be taken for a 
sustainable mission 
design. 

As with the whole 
document, this is a 
living checklist, which 
can be made more 
comprehensive


