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Significance of Launch Emissions

Global impact of space flight:

▪ Total amount of propellant burned by launchers 

more than quadrupled since 2019 

▪ Even larger growth can be expected 
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Typical Rocket Propellants:

LOX/RP-1: Liquid oxygen with highly refined kerosene; simple and reliable

LOX/CH₄ : Liquid oxygen with liquid methane; intermediate between kerosene and hydrogen

LOX/LH₂: Liquid oxygen with liquid hydrogen; very high efficiency, requires very low temperature

N₂O₄/UDMH: Nitrogen tetroxide with hydrazine-based fuel; highly toxic, self-igniting

Solids: Pre-mixed solid propellant; simple design, but less controllable and low efficiency

Infobox:



Global impact of space flight:

▪ Total amount of propellant burned by launchers 

more than quadrupled since 2019 

▪ Even larger growth can be expected 

▪ Direct emission into all atmospheric layers of 

potentially relevant gases and particles (CO2, 

H2O, BC, Al2O3,Cl2 NOx…) 

▪ Early studies show potential increased effects of 

high altitude emissions, especially BC up to 500 

times more potent  [1-5]
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Focus for today:

DLR Inventory of Global Emissions by 

Launchers in 2024

➢What, where, and how much is being emitted?

➢Detailed inventory based on DLR launcher design 

tools
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Modelling: 1. Launcher

Why is the launcher important?

▪ Foundation for all models

▪ Determines propellant type, propellant mass, 

engines, flight performance, …
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Modelling: 1. Launcher

Picture by: Spaceflight Archive [6]

Why is the launcher important?

▪ Foundation for all models

▪ Determines propellant type, propellant mass, 

engines, flight performance, …

Problem:

▪ Large variety 

▪ Limited data
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Modelling: 1. Launcher

Picture by: Spaceflight Archive [6]

Why is the launcher important?

▪ Foundation for all models

▪ Determines propellant type, propellant mass, 

engines, flight performance, …

Problem:

▪ Large variety 

▪ Limited data

Solution:

▪ One by one remodelling with DLR launcher 

design tools

▪ Validation with available public data

▪ Focus on most relevant systems

➢ Represent 95% of propellant used in 2024

➢ 25 of 48 launchers
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Modelling: 2. Trajectory

Why is the trajectory important?

▪ Determines emission distribution
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Modelling: 2. Trajectory

Why is the trajectory important?

▪ Determines emission distribution

Problem:

▪ Depends on launcher and target orbit

▪ Telemetry often not available

Rocket sketches by: Spaceflight Archive [6] 
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Modelling: 2. Trajectory

Why is the trajectory important?

▪ Determines emission distribution

Problem:

▪ Depends on launcher and target orbit

▪ Telemetry often not available

Solution:

▪ Target orbits from TLE-catalog [11,12] and 

Jonathan McDowells space report [13]

▪ Automatic remodelling of each individual launch

▪ Representation of booster landings, target 

orbits, and dogleg maneuvers

▪ 223 of 258 launches

Rocket sketches by: Spaceflight Archive [6] 

[7-10] 

Clean Space Days 2026, DLR Global Launch Emission Inventory 2024, Moritz Herberhold, 01.07.2026



Modelling: 3. Emissions

Why are the emissions important?

▪ Determines environmental impact

▪ Central input for our climate model
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Modelling: 3. Emissions

Why are the emissions important?

▪ Determines environmental impact

▪ Central input for our climate model

Problem:

▪ Large variety of propellants, engine cycles, 

mixture ratios, chemical products

▪ Secondary exhaust sources, like gas 

generators or auxiliary engines

[14] [15] 
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Modelling: 3. Emissions

Why are the emissions important?

▪ Determines environmental impact

▪ Central input for our climate model

Problem:

▪ Large variety of propellants, engine cycles, 

mixture ratios, chemical products

▪ Secondary exhaust sources, like gas 

generators or auxiliary engines

Solution:

▪ Remodelling of 37 engines in RPA (CEA2)

▪ Representation of all propellant flows and 

different engine cycles

Vulcain Gas 

Generator

Vulcain Main 

Engine

P120

Merlin 1D 

Gas Generator

Merlin 1D 

Main Engine
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Modelling: 3. Emissions

Why are the emissions important?

▪ Determines environmental impact

▪ Central input for our climate model

Problem:

▪ Large variety of propellants, engine cycles, 

mixture ratios, chemical products

▪ Secondary exhaust sources, like gas 

generators or auxiliary engines

Solution:

▪ Remodelling of 37 engines in RPA (CEA2)

▪ Representation of all propellant flows and 

different engine cycles

▪ Currently only to the nozzle exit plane

▪ Barker 2024 [16] relations for post combustion

Vulcain Gas 

Generator

Vulcain Main 

Engine

P120

Merlin 1D 

Main Engine

Nozzle exit plane

Merlin 1D 

Gas Generator
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Results: One Launch

Results:

▪ Launch trajectory 

and propellant 

mass flow along 

trajectory

▪ Exhaust 

distribution in 

altitude, latitude, 

and longitude

▪ Exhaust 

composition at 

the nozzle plane 

for each engine 

type 
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Global Emissions in 2024:

▪ Total mass about ~40.000 times 

smaller than aviation

▪ Dominated by H20, CO, and CO2

▪ 10% smaller products

▪ Black carbon exhaust at 15g per kg 

propellant ~200 times higher than 

aviation

▪ Total black carbon emissions 

between 5%-20% of yearly aviation 

emissions in 2000s [17-22]

Results: Global Inventory
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Future of IGEL:

EMAC simulations for exhaust inventory of hydrogen fueled 
launch vehicle. Contours show H2O concentration change 
(in ppbv) at 40 km by log scale for 6 days after emission.

Picture from Hiroshi Yamashita DLR PA-ESM

1. Publication:

▪ Publication of the dataset with an inventory 

generator for custom resolutions, timeframes, 

and domains

2. Climate Modelling:

▪ Use of yearly inventories for climate modelling in 

S3D project

▪ Use by others is highly encouraged

3. Improve Inventory:

▪ Additional years

▪ Post-Combustion and Plume modelling
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Discussion & Questions

Thank you for listening! Any Questions? 

Want to get notified once
IGEL 2024 is published?

Write us under igel@dlr.de

Interactive visualization:

https://dlr-igel.github.io/IGEL-2024/ World Imagery provided by Esri
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Summary

DLR Global Launch Emission 

Inventory 2024: 
▪ Inventory uses detailed launcher 

remodelling to calculate emissions

▪ Inventory is under review and will be 

published later this year

▪ Overall H₂O, CO₂, CO emission mass is 

small, but black carbon emissions might 

already be significant

▪ Inventory will be foundation for DLR 

climate calculations in S3D project and 

will be open access

World Imagery provided by Esri
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Results: Global Inventory

Global input:

▪ Launchers: 25 of 48 

▪ Launches: 223 of 258 

▪ Propellant: 95% 

Global distribution:

▪ Distinct peaks at launch 

sites with trailing 

concentration in launch 

direction

▪ Largest peaks: Cape 

Canaveral, Vandenberg 

and Boca Chica

▪ Latitude concentration 

around 30°N
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Open Questions and Unknowns

Uncertainties:

▪ Limited public data about launchers and 

trajectories

▪ Emission dispersion, especially in the upper 

atmosphere

▪ Post Combustion central phase for, NOx 

formation, Black Carbon creation and 

oxidization, and further combustion of fuel rich 

exhaust

▪ Largest uncertainties for most relevant 

emissions like NOx and Black Carbon

▪ Almost no experimental data

[14] 
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