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1. Introduction

Sustainability can no longer be assumed as negligible and have to be quantified

▪ Overview

▪ Sustainable development is a development that meets the needs of the present without compromising the ability of
future generations to meet their own needs (Brundtland Report, 1987)

▪ Encompasses social, environmental, and economic dimensions

▪ The challenge

▪ Significant growth in the number of objects launched in the last 20 years 
▪ Growing concerns regarding environmental impact, space debris and sustainability of future space activities 



1. Introduction

Space Sustainability and Sustainable Development (S3D)

Interdependence of the three dimensions of 
sustainability, makes the assessment overly 

complex

The goal is to develop a comprehensive methodology for
conducting integrated sustainability assessments throughout the
whole mission lifecycle

Fields of research:

1. Method Definition
2. Understanding atmospheric impacts
3. Process Implementation 
4. Technology Research & Evaluation 



2. Field of research: Method definition 

Building a robust LCSA framework to assess sustainability impacts of DLR activities

▪ Goal

✓ Quantify impacts of DLR missions
✓ Technology evaluation
✓ Support decision making & tradeoffs
✓ Identify hotspots and drivers

Environmental

Social

EconomicMetrics require not only indicators but also properly collected
data, which can then be used through case studies to identify
trends, hot spots and drivers



2. Field of research: Understanding atmospheric impacts

Unique environmental impact: space transportation affects
every atmosphere layer, influencing radiative fluxes and
ozone depletion

Challenges in quantifying the effects:

▪ Limited data on emissions, mixing and post
combustion process and particle properties

▪ High complex chemistry-climate models

S3D goal:
▪ Develop yearly emission and exhaust inventories for

relevant current launchers
▪ EMAC: chemistry-climate model developed within

the project
▪ DLR institutes: launcher system analysis, rocket

propulsion, aerothermodynamics and earth system
modelling

▪ Combination of theoretical and experimental research

EMAC simulation for exhaust inventory of
hydrogen fueled launch vehicle. Colour coding
shows H2O mixing ratio change (in ppb) at 40 km
by log scale for 12 hours (top) and six days
(bottom) after emission



3. Field of research: Process Implementation
CASE STUDY: LCSA FOR EARLY PHASES

LCA @ DLR Concurrent Engineering Facility (CEF)
Objective: Run sustainability assessment in parallel with engineering design

Subsystem level E-LCA results comparison

▪ Covers 5 impact categories: GWP, ADEPLf, ADEPLmr, FWTOX, ODEPL
▪ OpenLCA, Ecoinvent, ESA LCA DB

Phase 1: E-LCA

Approach:
▪ Dynamic elements (spacecraft components) based on CE model data from

VirSat (DLR in house developed MBSE tool)
▪ Non-dynamic elements based on typical values for mission type (literature +

engineering assumptions)

Results:
▪ Trade-offs involving the propulsion system and payload design enabled

environmentally favorable design modifications.
▪ Key environmental hotspots were identified, including the use of germanium

in solar cells and energy requirements during manufacturing



3. Field of research: Technology Research & Evaluation
CASE STUDY: SANDWICH PANEL TRADEOFF 

▪ Environmental impacts of wood-based composite (WALP) and
carbon fiber-reinforced plastic panels (AHCP)

▪ OpenLCA, Ecoinvent, ESA LCA DB
▪ Result: Lower impact of WALP for nearly all categories

8

E-LCA

S-LCA

Approach:
▪ 9 social indicators assessed across 12 key processes
▪ Country-level risk data sourced from ILOSTAT, State Dept., NGOs, 

global indices, …
▪ Results modeled in OpenLCA, process and mass weighting tested.

Results:
▪ WALP has higher social risk when looking at country level. 
▪ Main driver is global aluminium production
▪ Aluminium and wood production usually in less developed 

countries than CFRP production
▪ Magnitude of difference depends on scaling and weighting

Indicators Processes
Risk 

Assessment
OpenLCA 
Modeling

Weighting

Workflow



4. Discussion and Conclusion

COMPLEXITY OF SPACE 

SUSTAINABILITY ASSESSMENT

▪ Lack of comprehensive metric across
environmental, social and economic dimensions

▪ Industry specific challenges and opportunities
→ S3D DLR – Industry Space Sustainability
Workshop Initiative

▪ Uncertainties concerning exhaust gases:
uncertainty regarding their impact (e.g., on
GWP). S3D is addressing this through theoretical
work (modeling, data collection) and on-ground
measurements

WAY FORWARD

▪ Software tool for LCI data collection 
for custom processes

▪ S-LCA for Early Phases

▪ Technology evaluation & tradeoffs: 
▪ Investigation and LCA for hemp 

based materials



4. Discussion and Conclusion

STAKEHOLDER ENGAGEMENT

Exchange
Collaborate 

For a more responsible, resilient and 
sustainable European space ecosystem
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