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EUROPEAN UNION. Regulation (EU) 2019/631 of the European Parliament and of the Council of 17 April 2019 setting CO2 emission performance
standards for new passenger cars and for new light commercial vehicles, and repealing Regulations (EC) No 443/2009 and (EU) No 510/2011.
Regulation (EU) 2019/631, 2019.

. EUROPEAN ENVIRONMENT AGENCY (EEA). CO2 performance of new passenger cars in Europe [online]. 18 November 2021, 12:00 [viewed
. Re S e a rC h O bJ e Ct " 22 April 2022]. Available from: https://www.eea.europa.eu/ims/co2-perfor-mance-of-new-passenger.
.

EUROPEAN COMMISSION. Communication from the Commission to the European Parliament, the Euro-pean Council, the Council, the European
Economic and Social Committee and the Committee of the Regions. The European Green Deal. 11 December 2019, 12:00 [viewed 9 September 2022).

i n te rd e pe n d e n Cy Of Available from: https://eur-lex.europa.eu/resource.html?uri=cellar:b828d165-1c22-11ea-8c1f-01aa75ed71a1.0002.02/DOC_1&format=PDF.
powertrain development
a nd e nVi ronme ntal I m paCt GHG = greenhouse gas, TTW = tank-to-wheel,

LCA = life cycle assessment, PC = passenger car
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® Are we really sustainable?
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Der Anteil der erneuerbaren Energietriger am Primarenergieverbrauch liegt bei 15,7 %.
Abweichungen in den Summen sind rundungsbedingt.
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® How to get sustainable Exemplaric 2021 Energy Chart for Germany
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Life Cycle Assessment as Engineering Tool
Toolchain overview ﬂ(IT

Preprocessing
® Vehicles topology, technologies

® Production place and time
® Usage (region, time, energy carrier)
® Application (scenarios)
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Energy demand (+ pollutants)
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Life Cycle Assessment as Engineering Tool ﬂ(l'l'
Life cycle assessment — [SO 14040/14044

® Environmental
evaluation of product e

LCA framework

Ilfe CyC|e |m paCtS Interpretation
1
. . Goal and scope definition Evaluation by:
] Sta n d d rd |Zed IN Parameter . Completeness check

Sensitivity check

I SO 1 40 4 O / 1 40 4 4 > identification : g?r?:risgﬁggzscheck

Inventory analysis

® 4 phases, iterative S
procedure

- Challenges: comparability (assumptions, methods, metrics),
data availability, transparency
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Life Cycle Assessment as Engineering Tool
System Boundaries illustrate the Risc to shift A Task instead of solving it ﬂ(IT
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® Holistic physical View
Exemplaric System Boundaries of a Vehicle- LCA
Production Use End-ofLife
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Conclusions, imitations.

4' Biofuels
A\ 4

e

L g P L
L FEE

. . . Institut fir Kolbenmaschinen
Dr.-Ing. Olaf Toedter - Life Cycle Assessment as Engineering Tool Prof. Dr. sc. techn. Thomas Koch B




Life Cycle Assessment as Engineering Tool == __ ﬂ(".
LCA modeling — Modeling approach —t = E=
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® Multilevel top-down bottom-up modeling
m Vehicle = powertrain + glider (,rest)
a Mciider = Myehicle — Mpowertrain — Mpriver — MTank

8

'Data from a manufacturer of belt integrated starter generators
2NORDELOF et al., 2018. A scalable life cycle inventory of an electrical automotive traction machine—Part |: design and composition [online].

The International Journal of Life Cycle Assessment, 23(1), 55-69. ISSN 0948-3349. Available from: doi:10.1007/s11367-017-1308-9 Electronic throttle body ]7
3SNORDELOF et al., 2018. A scalable life cycle inventory of an electrical automotive traction machine—Part Il: manufacturing processes [online].

The International Journal of Life Cycle Assessment, 23(2), 295-313. ISSN 0948-3349. Verfligbar unter: doi:10.1007/s11367-017-1309-8
4ELLINGSEN et al., 2013. Life Cycle Assessment of a Lithium-lon Battery Vehicle Pack [online]. Journal of Industrial Ecology, 18(1), 113-124. v ‘

ISSN 10881980. Verfugbar unter: doi:10.1111/jiec.12072
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5 _’[ Internal combustion ] g
® Vehicles with three hybridization degrees s endine 3
- g —>[ Transmission ] g
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Reference vehicle Ford Focus =L, 3
Transmission 6-speed MT 7-speed DCT .8 8
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O .
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Life Cycle Assessment as Engineering Tool ﬂ(IT

Production and use emissions of a gasoline and a diesel vehicle

® LCA of combustion vehicles using fossile fuels for 150. OOOkm: ,
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0 Em|SS|ons of

. production and use of
upplung

= Getriebe ® Compact Car Vehicles:
Sehmiersystern ® ICEV-d = Diesel-car

Motor

m Luftsystem ® |CEV-g = gasoline-car
wiissem @ Use = Well-to-Tank +

Kraftstoffsystem

Elektronik Tank-to-Wheel

m Abgassystem

# Neither vehicle production nor the energy carrier can be ignored
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Life Cycle Assessment as Engineering Tool ﬂ(l'l'

Life CyCIe GWP1 OO - Brea kdown Karlsruher Institut far Technologie
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Life Cycle Assessment as Engineering Tool
Life cycle GWP100 — Breakdown
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Conclusions, limitations
and recommendations

- Full hybridization = twice as much CO,., as conventional powertrain
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Life Cycle Assessment as Engineering Tool
Fuel consumption using [&f] with no modification

socstz,m/socemI in %
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m|CEV-g MT ®mMHEV-g P1-MT FHEV-g P2-DCT
- Strongest hybridization improved consumption by up to ca. 8 %
without specific system optimization
- Here vehicle models just as engineering example
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Life Cycle Assessment as Engineering Tool ﬂ(l'l'
Life Cycle GWP100 — Mileage as fuctional Unit s Tk

50.000 7417 _oa=?

40.000

30.000 8.444

Fuel: E5

N
o
o
S
S

7.801 __ o=

Global warming potential
over 100 years in CO,,

10.000 WLTC, 200,000 km

7.481

0
0 20.000 40.000 60.000 80.000 100.000 120.000 140.000 160.000 180.000 200.000

Mileage in km

WLTC — —
RDE ICEV-g MT MHEV-g P1-MT FHEV-g P2-DCT

- Strongest hybridization not necessarily CO,.,-optimal over life
- Depending on application, MHEV-g slightly better
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Life Cycle Assessment as Engineering Tool ﬂ(l'l'
Life cycle GWP100 — Breakdown
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- Usage = dominant phase (77 % to 80 %)
- Glider = main production share (up to 85 %) 2 segment important
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Life Cycle Assessment as Englneerlng T---L;;,m;,;, ----------- ; ﬂ(l'l'

Ove ra I I I m pa Ct Categ O rl eS , - eﬁm"ﬂﬂ .;?.’.Tﬁﬂ::f;,. ch:ck : iKarIsruher Institut fur Technologie
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-> Despite beneficial GWP100, hybridization might cause harm in other
impact categories, e.g., mineral resource scarcity (+ 30 %)
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Life Cycle Assessment as Engineering Tool
Vehicle-LCA using reFuels als E10 gasoline replacement A\‘(IT

® Variation of gasoline fuel
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MtG-gasoline baed on biogenic waste stores CO, from air, is energetic self-supplying and
delivers additional waste heat (CO,-negative insides of system limits).
EN 228-Blend G40 using 30% biowaste-MtG-gasoline shows significant CO,-reduction in

use phase.
EN 228- kompatible G85 Blend as significant step in direction CO,-nutrality.

. . . Institut fir Kolbenmaschinen
16.11.2022 Dr.-Ing. Olaf Toedter - Life Cycle Assessment as Engineering Tool Prof. Dr. sc. techn. Thomas Koch ﬂ




Life Cycle Assessment as Engineering Tool
Vehicle LCA using reFuels als Diesel replacement A\‘(IT
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® Diesel Fuel Variation
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Even as drop-in component (R33) a 22% CO,-reduction in use phase
~82 % CO,-reduction by E-Fuel —Diesel in existing fleet using offshore wind electricity.

CO,-reductions potential increases w availability of enrgy by regen. sources - pref. locations
Import of intermediates (Fischer-Tropsch-crude and methanol) in existing refinaries
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Life Cycle Assessment as Engineering Tool ﬂ (IT

Life Cycle Assessment of Fuel Synthesis — Global Warming Potential
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| Thank you for your attention
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