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RATIONALE: 
Environmental context 
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Scope

Is necessary to understand how 
much space activities pollute on 
Earth and to identify alternatives to 
reduce the environmental impacts

EcoDesign 
branch

LCA (Life Cycle Assessment)
Assessing the environmental impact of the space 
missions during the whole life cycle

Eco-design
Identifying alternative processes or technologies 
that can be used to reduce these impacts

Environmental regulation
Find alternatives to avoid costly disruptions and 
reply to legislations
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Context: European Level
Environmental protection is of main concern for 
European citizens

Most European countries adopted environmental laws 
and practices

EC published European Green Deal published in 2019

European Directives:

Broader sense: 
Sustainability of the Space European value chains

‘Obsolescence risk’

Informative list (to support policies):
Critical Raw Materials

En
vi

ro
nm

en
ta

l c
on

te
xt

94% of the European 
Citizens think that 

protecting environment is 
very or fairly important 
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Context: Space sector at international level

UN Sustainable Development Goals (SDGs)

27.3 States and international intergovernmental organizations should promote the 

development of technologies that minimize the environmental impact of 

manufacturing and launching space assets and that maximize the use of renewable 

resources and the reusability or repurposing of space assets to enhance the long-term 

sustainability of those activities.

En
vi

ro
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en
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ISO 26000 – Our standard approach for Corporate Social 
Responsibility

Context and internal 
knowledge

Stakeholders 
dialogue

Main stakes of ESA

Action plan

Measurement 
and reporting

Improvement

En
vi

ro
nm

en
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ESA CSR stakes & challenges
En

vi
ro

nm
en

ta
l c

on
te

xt

Environmental matters
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Overview: 
LCA & Ecodesign 

ESA context 
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Assessment of the environmental performance
ES

A 
co

nt
ex

t

GREEN
Propellants

GREEN
Tech

GREEN 
Design

GREEN 
Materials GREEN

Initiatives

It also works with ‘Eco-friendly’… J

Toxicity ? (impact on Human health)

Eco-toxicity ? (impact on Ecosystems)

Carbon Footprint ? (impact on Climate Change)

Bio-based ? (Impact on resource depletion)

Only compliant with the European legislation?
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Life Cycle Assessment

Consumption of
non-energy natural 

resources

Energy 
consumption

Emissions to air

Emissions to water

Emissions to soil

Waste

Mineral resource
depletion

Global 
Warming

Ozone 
DepletionAir acidification

M
ul

ti-
st

ep
s

M
ul

tic
rit

er
ia

…

Fossil resource
depletion

To quantitatively assess the potential environmental impacts of a product or service

ES
A 

co
nt

ex
t



ESA UNCLASSIFIED - For Official Use Clean Space | 24/06/2020 | Slide  13

ESA LCA approach

ESA has performed LCA of the 3 different segments: 

Applying LCA to space is not straightforward: 

ES
A 

co
nt

ex
t
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Specificities of LCA applied to space

LC
A

 L
au

n
ch

 
S

eg
m

en
t

- Direct impacts in all layers of 
the atmosphere

LC
A

 S
p

ac
e 

S
eg

m
en

t
- Low Production rates
- Specific and power consuming tests
- Long development cycles and R&D
- Specific materials, propellants & 

components

LC
A

 G
ro

u
n

d
 

S
eg

m
en

t - High energy consuming data 
centers

- Big dedicated/specific 
infrastructures

ES
A 

co
nt

ex
t
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LCA 
Database

ESA LCA 
Handbook

EcoDesign – building a framework

Available 
under 
request 

Available 
under ESA 
contract*

ES
A 

co
nt

ex
t
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Ecodesign aims to:

Improve the environmental performance of products and services via the assessment 
of their environmental impact at the design stage, without reducing their quality or 

performance. 

Ecodesign definition 
ES

A 
co

nt
ex

t
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Description of the activities: Implementation

Ex: Efficient use of Ge

• Ariane 6

• Earth Explorer

• Copernicus

• Galileo

Ex: Replacement of 
pyrotechnic powders

Environmental 
Footprint

Environmental 
Regulation

ES
A 

co
nt

ex
t
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New activities 

à Green Electronics: ITT in EMITS open until 4th September
Objective: Analyse the different possibilities and to demonstrate 
the
effectiveness of mitigation actions through LCA of space 
electronics.

ES
A 

co
nt

ex
t

Program: TDE Budget: 350 k€ Duration: 12 months
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THE VISION FOR 
ECODESIGN 

Clean Space | 26/05/2020 | Slide
19
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Creating Awareness:

Training on LCA and eco-design for space (2 day course)
• Opened to all European Industry and Academia

• 3 sessions performed (2016, 2018, 2019)

Main Aspects covered:
• Main principles of LCA and life-cycle thinking

• Specificities of LCA applied to the space sector

• How can sustainability be implemented in space missions, and what has been done on the topic of sustainability in the 
European space sector

• Theory and practical exercises

Furthermore: ESA visited 8 Universities & run a LCA board game in 

every Concurrent Session hosted by ESA Academy 

Vi
sio

n
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The vision

Assess
Support European Space sector to assess 
and report environmental impacts.
- Handbook
- DataBase

Mitigate
Eco-design and development 
of “green” technologies.

Integrate
- Contribution to Sustainable 
Space missions
- In space recycling

Short term

Medium term

Long term

Creating awareness
- Training
- LCA game

Corporate Social ResponsibilityVi
sio

n
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Summary

1. LCA is an ISO standardized methodology which prevents burden shifting (multistep and 

multi-criteria process)

2. LCA & eco-design can be applied to space after adaptation

3. Europe and ESA are world leader & reference for LCA and Ecodesign applied to space by 

creating framework thanks to the first LCA Database and Handbook for space systems

4. EcoDesign needs to be applied from early phases of the mission development

5. Opportunity for product development and innovation 

• Reduced costs due to lower material and energy consumption and avoidance of waste and 
harmful substances

6. Awareness is also necessary
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Q&A
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Life Cycle Assessment 
& eco-design concepts

Clean Space | 26/05/2020 | Slide
24
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Definitions

Ref: ISO 14040 - 14044

Goal of study

Compare the environmental impacts between reusable and disposable coffee cups.

Functional Unit

To drink 2 cups of coffee per day for 500 days (1000 coffees)

…   vs 

LC
A

System boundaries

Raw material 
extraction Production Distribution Use Waste 

treatment
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Definitions

Ref: ISO 14040 - 14044

LC
A

Climate 
change

Ozone 
depletion

Human 
toxicity

Freshwater 
ecotoxicity

Fossil 
depletion

Environmental 
results

Porcelain cup

Paper cup

Category Inputs Quantity

Materials Paper

Processes Production process

Recycling of paper

Municipal waste collection by truck

Treatment of municipal solid waste

Category Inputs Quantity

Materials Raw materials

Processes Production process

Washing cycle (with detergent)

Treatment of municipal solid waste

Inventory
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LCA applied to space
LC
A

Goal of study

One space mission in fulfilment of 
its requirements

Functional Unit

To assess the environmental 
impacts of the space mission

System boundaries

Space 
segment

Launch 
segment

Ground 
segment
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Global Warming Ozone Depletion FreshWater ecotoxicity Human toxicity Mineral ressources
depletion

Environmental results of a space mission (without infrastructure and 
launcher)

Phase A Phase B Phase CD Phase E1 Phase E2

LCA applied to space

Solar cells production 
> Germanium 
consumption

Ground station 
> Server > 
Electronics

02

LC
A

Environmental results Interpretation

Source: GreenSat
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Global Warming Ozone Depletion FreshWater ecotoxicity Human toxicity Mineral ressources
depletion

Comparison of the environmental results before and after ecodesign

Baseline mission (without infrastructure and launcher)
Mission including eco-design with 3 options (without infrastructure and launcher)

GreenSat: Eco-design solutions and reduction

Efficient Ge

Optimised data 
processing

Ec
oD

es
ig
n

Source: GreenSat
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Database: Overview 
and validation process
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Introduction to the ESA LCA DataBase

LCA 
Database

Space Specific Materials & 
Processes LCA

Space specific Propellants LCA

Projects: space missions LCA & 
GreenSat

Da
ta
Ba

se Database creation:
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ProcessesMaterial

Energy TransportWaste
treatment

Database structure:

Chemicals

Propulsion 
comparison

Electronics

Launch 
segment

Materials

Metals

Propellants

S/C 
equipment

AOCS, Communication, 
EPS, Harness, 

Mechanisms, OBDH, 
Payload, Propulsion, 

Robotics, Sat adapter, 
Structure, Tanks, 

Thermal 

Manufacturing processes

Metals processing

Propellant handling

Testing and inspection

Waste

Da
ta
Ba

se

Introduction to the ESA LCA DataBase
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Main objectives of the DB validation:

• Crosscheck the data with experts

• Improve data quality
• Analyze how granularity of a dataset 
affects the environmental impacts

à Reliable ESA LCA DataBase

Database usage and validation process

S/C equipment

equipment model

Satellite/mission 
model

Environmental 
results

Materials
Processes

Tests

software

Combination

Calculated by the 
software

Dataset

Satellite/mission

Materials
Processes

Tests
Materials
Processes

Tests
Materials
Processes

Tests

Da
ta
Ba

se
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Methodology for validation

1. Mapping of the DB

Identify potential gaps

Map duplications

2. Characterize the 
DB

Group per systems

Evaluate dataset 
quality

3. Validation of the ESA 
LCA DB

Selection of 1 dataset

Quick literature review

Inputs from expert(s)

Implementation in the 
DB

ESA 
current 
LCA DB ESA 

upgraded 
LCA DB

Da
ta
Ba

se
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Poor quality vs good quality dataset

What is the difference between the validation process depending on the dataset quality?

Good quality

Medium quality

Poor quality

High level verification, gap identification, validation of the model

Gap identification, reuse of some inputs from the old dataset(s) to create a 
generic model.

Start from scratch and build the model with the expert, creation of a generic 
dataset to be used in future activities

Da
ta
Ba

se
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Example of equipment - PCDU
1) Literature review

PCDU assembly – new model X kg
category Inputs total unit

Materials
PCDU housing g
Modules frames kg
Screws, Washers and nuts g
Assembly screws g
Bus bar g
Eyelet and solder lugs g
Mother board g
Modules PCBs kg
Solder bar g
Solder paste g
Mapsil coating g
Connectors p
PCB flexible interconnection g

Processes
Screws, Washers and nuts passivation m2
Drilling g
Sheet rolling kg
Machining of aluminium kg
…

Tests
Electrical test
Formal Test
Conformity control
Technological control

Module frame in 
Aluminum

Mother board

Enclosure in 
Aluminum

Modules

Da
ta
Ba

se

2) Meeting with expert

3) Inputs from expert (documentation, excel filling)

4) Modification of dataset

PCDU assembly – current model X kg
category Inputs total unit

Materials
Aluminium (housing and frames) kg
PCB kg
Connectors kg
PCB flexible interconnection kg

Processes Sheet rolling kg

Inventory
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The influence of granularity on LCA results

PCDU impacts before and after validation and modification.

Da
ta
Ba

se
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Global Warming Ozone depletion Freshwater
ecotoxicity

Human toxicity Mineral ressources
depletion

Comparison of environmental results of PCDU models 
before and after validation process

PCDU current model PCDU new model

Conclusion:
• The results are not predictable, it depends on the impact category
• Need to have reliable models
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Confidentiality of information

2 versions of the ESA LCA DataBase:

Note: when low quality or not fully transparent datasets, penalties on environmental footprint are applied 

Internal DB External DB

Unit processes
• Full visibility
• Pros: Possibility to modify the inputs to 

adapt it to their technology

System Processes
• No visibility on confidential information: Black boxes (no 

details of material, processes or energy consumption)
• Cons: No possible modification

Da
ta
Ba

se
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Data flow – Dealing with Confidential Information 

LCA 
Requirement LCA Model 

OPTION 1

Inventory for 
Dataset

“Black Box” 
Dataset

Fully transparent
Dataset

OPTION 2

Supplier

Prime

Equipment
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New activities 

à ESA LCA Database: ITT to be published in July 
Objective: Continued operational activities and updates of the 
existing ESA Environmental Life Cycle Assessment (LCA) Database. 

Da
ta
ba
se

Program: S2P Budget: 800 k€ Duration: 3 years
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Clean Space Webinar Series

Next webinar: 
Cleanspace & Art & 
Education
23rd July
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Follow us

• Clean Space Blog blogs.esa.int/cleanspace

• Twitter @ESAcleanspace

Please give us your feedback by filling in 
our survey!

To answer our survey, scan the QR code
or 
click here       the Clean Space webinar survey

☞☞

https://freeonlinesurveys.com/s/UnhMUirc
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Q&A

Clean Space | 26/05/2020 | Slide
43
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THANK YOU FOR YOUR 
ATTENTION


