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Agenda

❖ Intro – 10 min

❖ Handbook presentation (Part 1) – 35 min

❖ Q/A part 1 – 10 min

❖ Break – 10 min

❖ Handbook presentation (Part 2) – 30 min

❖ Q/A part 2 – 20 min

❖ Conclusion – 5 min
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LCA pilots

Today2012 2016

ESA LCA Handbook and Database

2024

Ecodesign Pilot

2030

E
S

A
 G

re
e
n

 A
g

e
n

d
a
 O

b
je

c
ti

v
e
s

2019

ESA Green Agenda

Ecodesign approach 

implementation

Towards a greener space future!

2021

LCA Implementation

Ecodesign 

Implementation

Ariane 5 Cop. Exp

GreenSat EcoStar

Ariane 6



5

What is the ESA Green Agenda (EGA) ?

Maximise 
Sustainability Benefits

Minimise Environmental 
Impacts

“Ensure that ESA and European 

space programmes contribute to the 

Paris Agreement and the European 

Green Deal.” 

“By 2030, reduce emissions by 46% 

for its operational activities and 28% 

for the activities executed by its 

suppliers.”

The ESA Green Agenda

Five key areas of action

ESA - The ESA Green Agenda

https://www.esa.int/About_Us/Climate_and_Sustainability/The_ESA_Green_Agenda
https://www.esa.int/About_Us/Climate_and_Sustainability/The_ESA_Green_Agenda
https://www.esa.int/About_Us/Climate_and_Sustainability/The_ESA_Green_Agenda
https://www.esa.int/About_Us/Climate_and_Sustainability/The_ESA_Green_Agenda
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From goal setting to action plan: ESA Green Agenda

• Industrial activities 

accounted for 85% of the 

ESA GHG assessment in 

2019

• ESA has pledged to reduce it 

by 28% by 2030

• Understanding key environmental impacts along programmes 

life cycle

• Implementing – early in design – optimised mitigation solutions 

to reduce space programmes' environmental impacts

Make the European space sector a role model for ecodesign 

implementation in space projects

APPROACH

GOAL

LEARNINGS & COMMITMENTS Systematic implementation of 

Life Cycle Thinking and Ecodesign 

in space programs
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ESA Ecodesign Policy for space systems | Principles

Early phases: Simplified LCA

➢ Optimize data collection for later phases

➢ Estimate environmental hotspots 

➢ Identify ecodesign measures
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/D
/E Advanced phases: LCA

➢ Minimize environmental impact of the project 

➢ Report on environmental performance

➢ Enhance Ecodesign Technology Roadmap and ESA LCA 

Database for future programs

From 

measuring 

impacts to 

acting on them 

through 

ecodesign 

solution 

identification 

and 

implementation

Before Intention To Tender  for phases B2/C/D/E release
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ESA-EC Cooperation on PEFCR

ESA and EU active cooperation to harmonise practices and reduce burden on space industry. ESA 

involvement in all phases of PEFCR for space development.

Example: ESA - EC harmonised data collection questionnaire. 

Note: even when ESA, EC requirements are different the questionnaire will be common and tailored for the scope of the different activities 
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The ESA LCA 

Handbook 2.0
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The LCA HB feedback process
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The LCA/Ecodesign View
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0/A

Phase 
B1

Phase 
C

Phase 
D

Phase 
E

Phase 
F

Simplified LCA

Ecodesign

Full LCA



13

Specificities of 

Space LCA
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Challenges and Functional Unit

Unique Space Sector Challenges

Space LCA faces challenges like:

• low production volumes with long R&D

• specialized materials

• emissions during launches and re-entry.

Importance of Functional Unit

Functional Unit selection must align with mission goals due to varied 

space mission purposes and complexities.

Data Accuracy Recommendations

Primary data is preferred, however not always accessible 

(confidentiality). Secondary and economic data may underestimate or 

distort environmental impacts.
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Testing, R&D, and Cut-off Criteria

Environmental Impact of Testing

Testing in energy-intensive cleanrooms significantly contributes to environmental impacts 

in the space sector.

Inclusion of R&D Phases

R&D phases should be included in environmental assessments due to their substantial 

resource consumption in space missions.

Strict Cut-off Criteria

Cut-off criteria must include critical raw materials and hazardous substances regardless of 

quantity to ensure accurate impact assessment.

Modeling Infrastructure Impacts

Accurate modeling of infrastructure and cleanroom usage is necessary to avoid 

underestimating environmental impacts.

…
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Space Sector 

LCA 

Methodology
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Overview of Methodology

Two-Level LCA Structure

ESA LCA methodology includes Level 1 for system-level and Level 2 

for component or process-level assessments.

Mission-Level Assessment Segments

Mission-level LCA integrates space, space transportation, and ground 

segments for comprehensive evaluation.

Service-Oriented Functional Units

Functional units in service-oriented projects are defined by services 

rather than physical deliverables.

ISO Standards and ECSS Adaptations

Methodology aligns with ISO 14040/14044 but adapts for space-

specific challenges like emissions and manufacturing. Alignment to 

ECSS standards and glossary for product management.
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Overview of Methodology

Space 
segment LCA

Space 
Transportation 

LCA

Ground 
Segment LCA

Background 
infrastructure

Mission (or 
space service) 

LCA

Foreground 

infrastructure

(100% 

dedicated)
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Overview of Methodology

Space 
segment 

LCA

Product Tree
Represents the activity of the 

life cycle corresponding to the 

MAIT. It includes also non-

flight hardware (e.g. testing 

models)

Operations
Represents the service 

provision or the operational 

phase of the product.

Support
Represents the maintenance 

phase of a space system. For 

the space segment it is 

represented by ISAM 

activities.

Disposal
Represents the disposal 

phase (Phase F) of a space 

mission. For the space 

segment it accounts for 

atmospheric re-entry if 

planned.

Foreground 

infrastructure
Space infrastructure 100% 

dedicated to the mission (e.g. 

a satellite relay)
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Goal and Scope 

Definition

Defining Goal in LCA

The goal in space mission LCA quantifies 
environmental impacts to identify 
hotspots and aid ecodesign decisions.

Establishing System Boundaries

System boundaries include 
manufacturing to end-of-life but exclude 
operations outside Earth's biosphere and 
space debris impacts.

Selecting Functional Units

Functional units reflect mission 
objectives, such as completing one 
mission or providing service over time.
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Functional Unit and 

System Boundaries
Functional Unit Variability

Functional units differ by mission type, such as area 

observation for Earth missions or data capacity for telecom 

missions.

Functional comparative approach

Missions providing a similar service could be compared for 

ecodesign purposes. 

System Boundaries Components

System boundaries include space, transportation, and ground 

segments, essential to define the mission scope clearly.

Foreground and Background Infrastructures

Foreground infrastructures include testing and cleanrooms, 

while background infrastructures use average models for 

material production.
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Life Cycle 

Inventory
Iterative Inventory Approach

ESA recommends starting with a preliminary inventory and 

refining through multiple iterations for accuracy.

Comprehensive Data Collection

Data includes energy, water, materials, waste, staff hours, 

cleanroom occupancy, and transportation distances. Now 

aligned with PEFCR.

Testing and Energy Demand

Testing activities like vibration and thermal vacuum tests 

are included due to high energy consumption.

Allocation of Shared Resources

Allocation rules distribute impacts fairly using time-based 

or surface-area-based methods for shared resources.

Annex G

EC-ESA Template for LCI (issue 1)
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The Elementary Building block – Generic Example

…



25

Testing
ESTEC Facilities data available as a 

proxy
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Data Quality and Cut-

off Criteria

Data Quality Rating Importance

DQR is crucial for ensuring the reliability and accuracy of 

life cycle inventory data evaluation.

Annex B Guidelines

Guidelines evaluate technological, geographical, temporal 

representativeness, and data completeness.

Cut-off Criteria Role

Cut-off criteria exclude negligible flows to manage 

complexity, ensuring focus on significant data. Either one 

of the two options presented could be arbitrarily chosen.

Mandatory Inclusions

Critical raw materials, REACH substances, and toxic 

chemicals must be included despite mass or cost.
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Allocation Rules and Uncertainty 

Analysis

Multi-functionality and Reuse

Allocation rules distribute environmental impacts across multiple uses to prevent 

overburdening initial missions.

End-of-Life Process Allocation

A cut-off at recycling approach excludes recycling benefits from the system under 

study's impact allocation.

Uncertainty Analysis Method

Monte Carlo simulations with 5000 iterations quantify confidence intervals for robust 

impact decision-making.
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Reporting 

Requirements
Comprehensive Report Structure

LCA reports consist of a standalone summary, 

detailed main report, annexes, and optional 

confidential sections for proprietary information.

Essential Report Elements

Reports must cover goal and scope, system 

boundaries, inventory and impact results, data quality, 

uncertainty, and recommendations.

Use of Visual Aids

Charts and breakdown diagrams are used to enhance 

clarity and help stakeholders understand complex 

data effectively.
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Space 

Segment
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Space Segment - Modelling Example
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Space 

Transportation 

Segment
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Space Transportation - Modelling Example
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Ground 

Segment



34

Ground Segment- Modelling Example
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Example: 

LCA of a 

Battery 

Module
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Goal and Scope
Assessment Focus

The LCA examines the cradle-to-gate environmental 

impact of "1 kg of battery module".

System Boundaries

Includes material procurement, manufacturing, 

assembly, and testing; excludes use and disposal 

phases.
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Life Cycle Inventory 

Analysis (LCIA)

Material Breakdown

Inventory data details materials like Li-ion 

cells, aluminum casings, and electronic units 

essential to product composition.

Energy Consumption & Transport

Energy (electricity and gas) use and 

transport distances are tracked to assess 

environmental impact during production and 

distribution.

Testing Process Hotspots

Battery cell production and energy-intensive 

tests like thermal vacuum and cleanroom 

usage represent key environmental 

hotspots.
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Life Cycle Impact 

Assessment and 

reporting

Environmental impact results

Graph showing the environmental 

indicators and the breakdown of the 

impacts across the categories.

Reporting and Ecodesign 

Opportunities

Results interpretation identifies areas 

where ecodesign improvements can 

reduce environmental impacts effectively.
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Q & A
Download the ESA LCA 

Handbook here:
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Break (10 min)

Download the ESA LCA Handbook here:
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Ecodesign 

for Space 

Systems
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Definition and 

Principles
Ecodesign Approach

Ecodesign integrates environmental considerations 

throughout all product development stages to prevent 

negative impacts.

Key Principles

Principles include multi-criteria analysis, life cycle thinking, 

system-level perspective, and iterative improvement.

Objective of Ecodesign and LCA

Aim to reduce environmental impact without sacrificing 

performance, quality, or cost-effectiveness. 

Role of LCA

Life Cycle Assessment quantifies environmental impacts 

and helps compare design alternatives effectively.
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Implementation 

and Reporting
Seven Steps of Ecodesign

The ecodesign process includes defining goals, assessing 

impacts, identifying hotspots, researching mitigation, 

comparing LCAs, and implementing solutions.

Reporting Documents

Reporting entails creating an Ecodesign Implementation 

Plan and an Ecodesign Implementation Report 

documenting objectives, trade-offs, timelines, resources, 

and risks.

Example of Evaluation

Identification of objectives and assessment of 

environmental baseline.



44

Implementation 

and Reporting
Example of Evaluation – iteration 1

Research on ecodesign strategy to reach the 

environmental reduction target. Compare options with 

LCA.

Example of Evaluation – iteration 2

Research on ecodesign strategy to reach the 

environmental reduction target. Compare options with 

LCA.

Examples of Evaluation

Prepare the Ecodesign Implementation plan with trade-

offs. Select the Ecodesign alternative and implement. 

Prepare Ecodesign Implementation Report. 
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Communication of 

Results
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Standards and Best 

Practices
ISO 14044 Compliance

LCA results communication must adhere to ISO 14044 standards to 

maintain transparency and credibility.

Independent Critical Review

Public comparative assertions require review by an independent expert 

panel for credibility and validation.

Audience Tailoring

LCA results should be customized to suit internal stakeholders, external 

partners, or the public appropriately.

Avoid Simplified Results Externally

Simplified LCA results carry high uncertainty and should not be used for 

external communication until a full LCA is performed to confirm findings.
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Dos and Don’ts
Clear Communication Methodology

Clearly describe methodology, goals, scope, functional 

unit, system boundaries and indicators with units to 

ensure accurate understanding.

Use of Relative and Absolute Values

Combine relative values with absolute figures for better 

clarity and comprehensive data interpretation.

Avoid Vague Claims

Do not use unsubstantiated terms like 'green' or 

'sustainable' without clear evidence or data support.

Transparency to Prevent Greenwashing

Disclose limitations, exclusions, data quality, hotspots, 

and uncertainties to maintain transparency and credibility.
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Annexes 

A–G
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Annex A- Impact 

Categories and 

Methods

Environmental Impact Indicators and flow indicators

Key indicators include Global Warming Potential, Ozone 

Depletion, human toxicity, resource depletion, and water 

usage.

Characterization Methods

Methods like IPCC, CML, USEtox, and AWARE are used 

to assess each impact category scientifically. Alignment 

with PEF.

Normalization and Weighting

PEF Single score normalization and weighting aggregate 

multiple indicators into a composite environmental impact 

measure.
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Annex B - Data 

Quality Rating (DQR)

Assessment Criteria

DQR methodology evaluates data based on technological, 

geographical, and temporal representativeness plus 

completeness. 

Pedigree Matrices and Aggregation

Pedigree matrices and aggregation rules enable 

calculation of DQR at equipment, subsystem, and system 

levels. To simplify the method and the process, a single 

DQR indicator has been introduced.

Importance of High-Quality Data

High-quality data ensures credible Life Cycle Assessment 

results and helps prioritize data collection efforts. 
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Completeness

LCI at each level needs to include all known macro 

activities (raw materials, processes, office work, travels, 

transport, testing and clean room) shared by data owner. 

Document any data gaps agreed with ESA.

Assessment through pedigree matrix

For each macro-activity a single DQR is needed, based on 

the proportion and quality of the process flows contributing 

to it. 

Aggregation method

The aggregation is using only the most relevant impact 

categories and it is done for each level of the product tree. 

It consist in an arithmetic average to consider data gaps.

Annex B - Data 

Quality Rating 

(DQR)
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Data Quality Rating (DQR) Assessment Template
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Data Quality Rating (DQR) Aggregation Template
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Annex C - Prime 

Inputs for LCA
Mission-Specific Datasets

Annex C details essential mission datasets including 

product trees and mass budgets for LCA accuracy.

Logistics and Schedules

Logistics and test campaign schedules are key inputs 

to model life cycle inventories effectively.

Resource Consumption Data

Resource consumption data supports integration into 

ESA's LCA framework for comprehensive analysis.
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Annex D - 

Simplified LCA
Streamlined LCA Approach

Simplified LCA method emphasizing key indicators and 

minimal data for early design phases, valuable for 

decision making without compromising credibility of 

outcomes.

Life Cycle Inventory

Data availability is limited. Existing databases adapted, 

generic datasets, proxies. Acknowledge the data gaps 

and assumptions.

Key Impact Categories 

Recommended impact categories include global warming 

potential, ozone depletion, human toxicity, resource use, 

water and energy consumption.
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Interpretation and reporting

Due to uncertainty, results are not meant to be 

presented publicly, but a simplified LCA study is a 

mandatory output. Comparing two simplified LCAs can 

facilitate the pursue of an ecodesign solution.

Limited data availability

At early stage available documents and data are 

limited. Several modelling approaches and 

assumptions are provided for space, launch and 

ground segments.

Annex D - 

Simplified LCA
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Annex E - 

Atmospheric Impact

Tracking Key Atmospheric Pollutants

Emissions from launches include CO2, H2O, NOx, soot, 

and Al2O3, significantly affecting atmospheric chemistry.

Awareness on Ozone Depletion and Radiative Forcing

Certain emitted species contribute to ozone layer 

depletion and influence radiative forcing, impacting 

climate.

LCA Integration Recommendations

Recommendations promote integrating these atmospheric 

impacts into life cycle assessments with new flows and 

factors.
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Annex F - LCA 

Database and 

Modelling Guidelines

Space-Specific LCA Datasets

The ESA LCA Database includes datasets for 

materials, energy, transport, processing, use, and 

waste specific to space applications.

Modelling Guidelines

Guidelines provide product tree templates and 

assembly structures to standardize lifecycle 

assessment across projects. Importance is given to 

macro activities at each level.
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Annex G - 

Templates
Data Collection Questionnaires

Annex G provides standardized 
questionnaires to ensure comprehensive 
and consistent data gathering for life 
cycle assessments.

DQR Aggregation Tables

Templates for DQR aggregation tables 
help aggregate data quality ratings to 
maintain inventory accuracy and 
reliability.

Support for LCA Practitioners

These templates assist LCA practitioners 
and suppliers in harmonizing reporting 
and ensuring compliance with ESA 
guidelines.
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Q & A
Download the ESA LCA 

Handbook here:
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QR CODE + conclusions

• The new methodology is flexible to meet the new trend of 

industry (reusability, ISAM, service provisions) 

• To meet green agenda objective of -28% GHG in projects 

by 2030 we need ecodesign

• Ecodesign will be based on simplified LCA

• Improved communication of results

• New and simplified DQR

• Impact categories are aligned with PEF

• There is a common ESA-EC data collection template

For further questions: cleanspace@esa.int 

Download the ESA LCA Handbook here:

mailto:cleanspace@esa.int
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Thank you for your 

attendance
Download the ESA LCA 

Handbook here:
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