..9"

TN
R

N

Y

W)

?//Nv
W

\

z‘.
RAK
RN

AR

NS

European Conference for AeroSpace Sciences (EUCASS) 2025: Session SUSTAV 1 - Aircraft Design

1on

Aircraft Product

Joana Albano, Antonia Rahn, Janina Berroth, Maria Holler, Ahmad Ali Pohya & Gerko Wende

Introducing a Regression Model for Environmental

Assessment in

DLR

German Aerospace Center (DLR e.V.)




W

%

)

AR
ARIRRRONRRY
Y \‘!1' o % \,o X " \
TR
AR LIRS
AR
,%? N




Motivation
DLR

Air transport is
expected to
grow by 4.3%
annually over the
next 20 years'

Joana Albano, DLR Institute of Maintenance, Repair and Overhaul, 02.07.2025 [1] ICAQ. 2025. Future of Aviation. icao.int/Meetings/FutureOfAviation




Motivation
DLR

Y

&

Increasing
Air transport is awareness has
expected to been pressing
grow by 4.3% aviation sector’s
annually over the to improve its
next 20 years' environmental
footprint

Joana Albano, DLR Institute of Maintenance, Repair and Overhaul, 02.07.2025 [1] ICAQ. 2025. Future of Aviation. icao.int/Meetings/FutureOfAviation




Motivation

Y

&

Increasing
Air transport is awareness has
expected to been pressing
grow by 4.3% aviation sector’s
annually over the to improve its
next 20 years' environmental
footprint

Joana Albano, DLR Institute of Maintenance, Repair and Overhaul, 02.07.2025

LCAs assess the
environmental
impact of an
aircraft over its
whole lifetime

DLR

[1] ICAQ. 2025. Future of Aviation. icao.int/Meetings/FutureOfAviation



Motivation

Y

&

Increasing
Air transport is awareness has
expected to been pressing
grow by 4.3% aviation sector’s
annually over the to improve its
next 20 years' environmental
footprint

Joana Albano, DLR Institute of Maintenance, Repair and Overhaul, 02.07.2025

LCAs assess the
environmental
impact of an
aircraft over its
whole lifetime

DLR

Data collection
for LCAs is
highly time-
intensive

[1] ICAQ. 2025. Future of Aviation. icao.int/Meetings/FutureOfAviation



Motivation

Increasing
Air transport is awareness has
expected to been pressing
grow by 4.3% aviation sector’s
annually over the to improve its
next 20 years' environmental
footprint

Joana Albano, DLR Institute of Maintenance, Repair and Overhaul, 02.07.2025

LCAs assess the
environmental
impact of an
aircraft over its
whole lifetime

DLR

Data collection Faster LCAs

for LCASs is based on few
highly time- parameters are

intensive thus relevant

[1] ICAQ. 2025. Future of Aviation. icao.int/Meetings/FutureOfAviation
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“LCA is a tool for examining the total environmental impact of a product through every step of its life”
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“LCA is a tool for examining the total environmental impact of a product through every step of its life”

Goal and Scope Definition System boundaries

Define what should be measured | @
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what should be included/excluded
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Fundamentals DLR

“LCA is a tool for examining the total environmental impact of a product through every step of its life”

Goal and Scope Definition ' System boundaries
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Translate input data to impact data more...
. CLIMATE LAND USE RESOURCE USE WATER USE OZONE
(e.g., from material to kgCO2eq) CHANGE minerals & metals DEPLETION

Life Cycle Impact Assessment (LCIA):
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Raw Material Production

End-of-Life Production

Maintenance

Operation /

v Full impact assessment across life cycle stages
v Identifies hotspots and improvements

X Requires extensive data and analysis ‘,
X Difficult to apply to complex systems with limited data

/

Joana Albano, DLR Institute of Maintenance, Repair and Overhaul, 02.07.2025




Life Cycle Assessment (LCA)

Full LCA

Raw Material Production

End-of-Life Production

Maintenance

Operation /

v Full impact assessment across life cycle stages
v Identifies hotspots and improvements

X Requires extensive data and analysis
X Difficult to apply to complex systems with limited data
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DLR

Parametric LCA

Parametrisation

v LCl phase (input data, e.g., kg of material)
v" LCIA phase (impacts, e.g. kg of CO2eq > GWP)

GWP (t CO2eq)

' * L L]
g® fe ocn
L 3 ] .

OEW (tonnes) /

v Faster assessment based on relevant parameters
v Supports improvements during product design

X May oversimplify complex systems
X Accuracy depends on model quality and assumptions
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Detailed and High-level LCA

DLR

Detailed LCA (Full LCA)

Dependent variables (e.g., GWP....)

i@ = wi A&

CLIMATE CHANGE ECOTOXICITY RESOURCE USE RESOURCE USE
freshwater minerals & metals fossils

Independent variables (e.g., OEW, engine weight...)

GWP — Global Warming Potential; OEW — Operating Empty Weight
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GWP — Global Warming Potential; OEW — Operating Empty Weight
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Detailed and High-level LCA

Cradle-to-gate LCA for regional, narrow-

Detailed LCA (Full LCA) body and wide-body aircraft production

LCA Production':>|—CA Furnishing T LCA Operator Items

Dependent variables (e.g., GWP....) + LCA power unit + LCA structure + LCA systems
Co, ‘{7'!: . TE ATR42 ATR72 E190—E1
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Independent variables (e.g., OEW, engine weight...)

Narrow-body

X

GWP — Global Warming Potential; OEW — Operating Empty Weight
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Cradle-to-gate LCA for regional, narrow-
body and wide-body aircraft production
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Detailed LCA

DLR

Background data

ecoinvent 3.9.1

Upstream processes

Raw mat. extraction

Energy consumption

/N

Resources

O
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R-squared (R2): how well MAPE: difference
a model explains variance between predicted vs.
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