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Motivation & Requirements ﬂ(IT

Common passenger car LCA studies vs. vehicle variety

® Comparison of vehicles different powertrains regarding GWP100
@ Life cycle stages vehicle production, energy provision, usage and disposal
® Possible further subdivision

Vehicles

Focus in this work]

Only valid for one specifc vehicle
=) y P

Powertrain 2 . .
with numerous boundary conditions

GWP100
mm) What about vehicles with different dimensions, components, materials, etc.?
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Motivation & Requirements ﬂ(IT

Requirements for passenger car LCl and LCA
; Usability with limited
Scalability | data availability
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mm) Parametrizable multi-level mass, material and energy information required
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Approach ﬂ(l'l'

Glider definition and bottom-up modeling

® Breakdown of vehicle into powertrain and glider [ Vehlide J

|
‘ [Powertrain]

@ Further subsystem levels

down to component level p S 2
Wheels ) <
s ) o
® Connection with background _ Brake system | S
database at the bottom ( ) ;
. ) £
. o)
® Bottom-up joining of . ( Tires @

components up to top level eczlinvent — |

Rims

=) How do we model the components?
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Approach A\‘(IT

Component modeling through concept engineering

@ Concept engineering = component dimensioning with basic design parameters
[Vehicle dimensions] ‘ [ Component mass ]

Body type: SUV

4 — 8.
Part Diameter -  Mass oo @ Measured data /‘ _ 9
Segment: C — ~ — — — Regression _
£ 6 /!/ - ]
E _
£ - '
@4 !/
(2] -
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£ * [mrim = 13.06 kg + 141 (—g) Drim,mch]
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Rim diameter Dy, inc hin

I
NICOLETTI, L., 2022. Parametric Modeling of Battery Electric Vehicles in the Early Development Phase. Dissertation. Minchen. Available: https://mediatum.ub.tum.de/doc/1647238/1647238.pdf

® Combination of mass with material information from literature

mm) Application of formulas/fixed values for over 50 components = Automation
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Approach ﬂ(l'l'

Automatized implementation in Python and openLCA
Preprocessing Calculation Postprocessing
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Results ﬂ(l'l'

Exemplaric GWP100 ,,result cloud*

Greenhouse gas emission of glider production for different vehicles

® Environmental impacts for large
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Results ﬂ(l'l'

Exemplaric GWP100 ,,result cloud“ — per FU

Greenhouse gas emission for glider production per kg

® Environmental impacts for large

. 7 ecoinvent dataset based on Habermacher 2011
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Habermacher, F., 2011. Modeling Material Inventories and Environmental
Impacts of Electric Passenger Cars. Comparison of LCA results between
electric and conventional vehicle scenarios [online]. Masterarbeit. Zirich
https://www.empa.ch/documents/56122/458579/MasterThesis_Habermacher.pd 5
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Results
Exemplaric GWP100 waterfall diagram ﬂ(IT

Karlsruhe Institute of Technology

B Subsystem and Component GWP100 contributions of glider subsystems of VW Golf 1.5 TSI (07/24)

contribution analysis thanks to: paint (car)
® Model level of detalil heels
® Upstream tree evaluation
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Conclusion
Summary
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REQUIREMENTS

® Increased
level of detall
of passenger car
models

® Large variability
through
parameters

® Connection with
large ADAC
database

April 16 2024

CHALLENGES

® Modeling and
parametrization
effort in openLCA

@ Correlation
between input
data and results

® Analysis at
different system
levels
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SOLUTIONS

® Use of Python

libraries olca-ipc
and olca-schema
to automize

- Model creation
- Parametrization
- Calculation

- Result
breakdown and
export to HDF5




Conclusion A\‘(IT
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® Further evaluation and analysis:
® Plausibility checks of intermediate results, such as calculated masses
® Validation at different system levels
u Correlations of meta with result data

@ Extension of methodology towards powertrains

® Variations regarding materials and production network

12 Aoril 16 2024 Automatized LCA of Parametrizable Passenger Car Glider Models Institute of Internal Combustion Engines
P Philipp Weber, M.Sc. Prof. Dr. sc. techn. Thomas Koch




KIT

Karlsruhe Institute of Technology

Thank you for attention!
Feel free to ask questions ©
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Approach

Component modeling through concept engineering

Body type: SUV

Segment: C
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Results ﬂ(l'l'

Exemplaric GWP100 ,,result cloud*

Greenhouse gas emission of glider production for different vehicles

® Environmental impacts for large
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Literature — ,,Rule of three® approach
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Buberger, J., Kersten, A., Kuder, M. et al. (2022) Total CO2-equivalent life-cycle emissions from commercially available
passenger cars. Renewable and Sustainable Energy Reviews 159:112158. https://doi.org/10.1016/j.rser.2022.112158.
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Ecoinvent representation for input and output flows
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