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Drivers for sustainability in the automotive industry

Financial markets:
Sustainability ratings and
rankings influence cost-of-
capital and equity price

Increased customer
expectations of sustainability,
especially in B2B business

Drivers for
Sustainability

Competitive advantages
through innovative products
Regulation (CO, pricing, ELV (CO,-free products, energy
directive, CSRD, EU taxonomy) efficiency,...)

\
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Companies with high sustainability performance can realize competitive
advantages on finance markets and sustainability ratings

BlackROCK  1iERMES

Regulations and Frameworks Financial Markets

Increasing importance of sustainability 40% of assets under ESG management criteria

EU taxonomy, CSRD, non-financial reporting, Performange measurement based on
focus on climate change science based KPIs
impact on cost of capital
A 4 A 4
Assessment based on Assessment based on
life-cycle based KPIs life-cycle based KPIs
(e.g. PCF/ CCF) (e.g. PCF/ CCF)
v A 4
Impact on share price & market Impact on the cost of capital

capitalization

Quelle: https:/Awww.fsb-tcfd.org/
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Climate and resource scarcity are KEY-topics of sustainability

tagesschau

il Copernicus-Klimareport

s . “1.5 degree mark exceeded for the first
1,5-Grad-Marke 2024 erstmals uberschritten time in 2024"

Stand:10.01.2025 17:25 Uhr

Automobilwoche.de

“Jaguar Land Rover hit by Aluminiummangel: JLR muss Produktion drosseln
aluminium supply shortage and NICK GIBBS

rep Orts revenue S/ump Eine Uberschwemmung bei einem Zulieferer fiihrt dazu, dass Jaguar Land Rover bis Jahresende
weniger Autos bauen wird als geplant. Porsche hat das gleiche Problem.

itag, 2. August 2024, 17,34 Uhr
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The political relevance of climate protection is declining...

tagesschau

Trump unterzeichnet den Ausstieg aus dem
Pariser Klimaschutzabkommen

Stand: 21.01.2025 06:05 Uhr

Climate protection plays a subordinate role in

German policy
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...but the cost of climate damage will keep rising in coming years

According to recent research findings, annual climate damage
worldwide is likely to grow to trillions of euros by 2050, measured
against a scenario without climate change

The damage cfromed by the emission of one ton of CO, is estimated
at 1000 euros or more in the medium and long term.

Source of info: Edenhofer et al. 2024 (Potsdam-Institute for Climate Impact Research, KfW Research)

Source of graphics: Spiegel, tagesschau
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Many countries are already putting a price on CO,
Monitoring CO,-Prices worldwide (Status 2024)

INSTRUMENT TYPE AND STATUS
B Carbon tax implemented

B ETS implemented

M Both implemented

| Carbon tax under consideration/development
Il ETS under consideration/development

Both or undecided under consideration/development

Quelle: Carbon pricing dashboard by World Bank Group
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Decarbonization encompasses the entire value chain
98% of emissions from the automotive sector are Scope 3 emissions

Effective decarbonization must include Scopes 1-3.

Scope 1-2 is managed directly by the organisation.
Scope 1 Scope 2 |} Scope 3

0% 10% 20% 30% 40% 50% 60%

Scope 3 can only be managed indirectly.

0% 80% 0% 100%

Finangial Services

Capital Goods I

f ) ) s 2 1
{ ) \ O | [P | SF¢ 2
- 4 L g - - - Transport OEMS I
Real Estate m
Scope 2 Scope 1 e
INDIRECT DIRECT Consruction GEI
Metals & Mining {EI
Agricultural Commodities 2;5'
Scope 3 Scope 3 —
INDIRECT - I
0il & Gas . |

L
a INDIRECT
Food, Beverage, & Tobacco 753@

purchased
goods and transportation - e
and distribution Chemicals m

I

services
Investments

ads an
d: purchased electricity, steam,
heating & cooling for own use
& leased assets: company & ==
m Facilities Coal JJ70
capital ."5 = H
[ franchises = =
Paper & Forestry m m

goods
employee processing of

: =
fuel and w commuting = sold products ? @
'-Q [y - —
‘ Electric Utilities ml

energy related =
activities ‘ﬂ_ Bisinese
= travel company \Seorsold leased assets
transportation ¥ehldes products ) ;
and distribution waste end-of-life Transport Services
generated in treatment of
operations sold products -
Steel
Upstream activities Reporting company Downstream activities
Cement

Source: World Resources Institute, https:/Awww.wri.org/
Z Fraunhofer
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Most OEMs have committed to CO, Life Cycle Target

Selected examples of automotive manufacturers

SCIENCE
. BASED
TARGETS VOLKSWAGEN STELLEANTIS
-50% -30% -50%
reduction by 2030 by 2030 by 2030
(Scope 1-3 (vs. 2020) (vs. 2018) (vs. 2021)
m 2039 2050 2038

Quelle: Firmeneigene Ankiindigungen and Nachhaltigkeitsberichte
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Vehicle electrification increases the relevance of the automotive supply chain

Life-Cycle Engineering is the tool to steer decarbonization

,Carbon Footprint Carbon Footprint

Schem y
ICE BEV
Conv. electricity Renewable Decarbonized Decarbomzatl.on Requires: .
charging supply chain & = Supply-chain meaTsures for batteries,
circular economy green steel, aluminum, and polymers.
o
C‘)\‘ Success factors:
@) = B2B cooperation along the value
= chain
= Comparable Product Carbon
Footprints (PCF) according ISO
= Sourcing KPI: €/t CO,,,
—— = Long-term: Modification of fleet
-_ legislation to a life-cycle approach
s,
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Deep dive in automotive supply chain - focus battery electric vehicles
Car body has the 2nd highest carbon footprint after the battery cells

18
N 16 m Battery cells
3
© 14
@) m Car Body (Steel)
Example: VW ID.4 S
4+
3 12 m Battery Housing (Alu)
©
© 10 .
) W Electronics
N8
O Wheels/Tyres
— 6
§ m Production and Logistics
O 4
B m Others (>1000 parts &
2 materials)
0

Quelle: Volkswagen
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Leading topics for today

Environment
» What are the relevant indicators to manage environment during the product development ?
» What are the hot-spots materials and processes ?

Today we will
fOCUS on the Cost efficient optimization of the environmental performance
» Which measures have the highest impact ?

» What are the most cost-efficient measures ?

following
aspects

Life cycle engineering platform to support sustainable product development
» Combining ecology and economy

—
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The developed life cycle engineering platform can be applied for all
automotive components and covers the entire value chain

Life Cycle phases

Supply chain

cradle-to-gate

Production
gate-to-gate

[
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The method was tested on a reference component

Reference component

Page 17 14.03.2025 © Fraunhofer IST

Gesamtgewicht 49,9 kg
(38% Alu - 62% Stahl)

Langstrager
(Alu) Schweller

21% ' 22%
Federdom A-5aule
(Alu) ! 18%
17%

S-Schlag
7%

Langstrager-
Seite (5t)
15%

The business-as-usual (BAU) describes the production and use of
the component ander the circumstances of today

L
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A broad range of different environmental aspects were analyzed

Reference component
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Environmental
Aspect

Climate change

Primary energy consumption

Smog creation

Acidification of soils and
water

Resource depletion for
minerals and metals

Water consumption

Impact Indicator

Global Warming Potential
(GWP)

Primary Energy Demand
(PED)

Photochemical Ozone
Creation Potential (POCP)

Acidification Potential (AP)

Abiotic Resource Depletion
Potential (ADP)

Water Footprint (WF)

Unit

kg CO,-eq.

MJ

kg NMVOC eq.

mol H* eq.

kg Sb eq.

m3 world eq.

Applied Life Cycle Impact Assessment methodology. Environmental Footprint 3.1

Public information
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Climate Change (GWP)
Material supply chain dominate the CO,-eq profile
| credit |

— Credit

Global Warming Potential (GWP)

600
°00 - The GWP over the entire life cycle is dominated
m Supply chain - steel by the material supply chain (87 %)
4 I . . ..
00 m Supply chain — aluminium Production and logistics account for a total of
m Production — steel 13%
= 300 m Production — aluminium _ _ _
g = Joining technology « The use phase is the 2nd most important life
S Logistics cycle phase and accounts for approx. 19%
2 200 . .
- m Use phase * Approx. 19% of the total impact is deducted by
® Credit — post prod. aluminium the credits from steel and aluminium scrap
100 m Credit - post prod. steel (post-production waste)
0
-100

Total GWP = 436 kg COz-eq. GWP: Global Warming Potential

[
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Primary Energy Demand (PED)

Supply chain dominate the category Primary Energy Demand (fossil-based)

Page 20
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14.03.2025

Primary Energy Demand (PED)

210
224

425

1138

-549
-233

Total PED = 5456 MJ

© Fraunhofer IST

m Supply chain - steel
B Supply chain — aluminium
B Production — steel
B Production — aluminium
® Joining technology
Logistics
H Use phase
B Credit — post prod. aluminium

H Credit — post prod. steel

Public information

Supply chain

Production

Credit

The primary energy demand over the entire
life cycle is dominated by the material
supply chain (76 %).

Production and logistics are accounted for a
total of 17% of PED

The use phase accounts for 21%

Approx. 14% of the impact is deducted by
the credits from steel and aluminium scrap
(post-production waste)

Z Fraunhofer



Supply chain

Other Environmental Impact Categories Production
Overall life cycle of the reference component

Acidification Potential (AP)

1,60

1,40

1,20

1,00

— 0,80

+eq

T 0,60

[mol
o
iy
o
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1.18

Photochemical Ozone
Creation Potential (POCP)

0.84

1,00

0,80

0,60

0,40

[kg NMVOC eq.]

0,20

0,00

-0,20

m Production - steel
® Supply chain - steel ®m Production — aluminium
® Supply chain — aluminium 4 Joining technology

Logistics

© Fraunhofer IST

Credit
Abiotic Depletion Potential — Water Footprint (WF)
minerals and metals (ADP)
4E-3 50,00
1.2e-3 39
1,2E-3
40,00
1,0E-3
30,00
8,0E-4 —
— (on
U‘ ()
o o
26,0E-4 520,00
2 z
4,0E-4 E
10,00
2,0E-4
0,00
0,0E+0
-2,0E-4 -10,00
w Use phase
» Credit — post prod. aluminium
" Credit — post prod. steel
=
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Decarbonization measures s
Differentiate relevant against nb]_')..re levant fac -:;;;;3'
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Decarbonization measures cover the entire value=.cl:gam'::.':.:'::':::.:.::
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Supply Chain: Commodity supplies ::: "

Production: Production countries and energy: supphes ma‘eefral effloenoes logistics
Use-phase: Charging electricity, lightweight, durablhty of the component

End-of-life: post-consumer recycling

L
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Investigated measures

Leading question: What is the impact of each measure ?

:7:\VE 0 % Sec. Alu; BF-Steel; DE supply chain

Beije 23

58 % Secondary Aluminium

89 % Secondary-Aluminium

Steel & Aluminium from Europe

Steel & Aluminium from Asia/China

Steel EAF-Route and renewable

electricity

14.03.2025

Production DE; Logistic 1500 km truck

Production in China
Production in Poland
Production in France

Production in DE with renewables

100 % Sek. Alu with 10 wt.-%
increased part weight

steel-part with 20 % increased
material efficiency (51 % 2> 71 %)

@ Logistic: 3000 km Diesel-train

B Logistic: 3000 km Elektro-train

Logistic: 19600 km ship (Shanghai
- Rotterdam) + 500 km truck

Charging mix DE; lifespan 200.000 km

|E| Charging with renew. electricity

Decreased lifetime — 100.000 km

Increased lifetime — 400.000 km

. lightweight with 15 wt.-% red.
7 (steelsheet with higher strength)

. I|ghtwe|ght with 15 wt.-% red.
(Subst. steel - alu)

Public information

Post consumer waste for recycling

Post consumer waste to landfill
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Cost Analysis -
How much do the efforts cost to reduce the carbon

footprint ?

’(10 //4/ 0
Y —

Page 25 14.03.2025 © Fraunhofer IST Public information

Z Fraunhofer



Page 26

14.03.2025

to reduce the Carbon Footprlnt of ‘l;he
reference component to |

an absolute value which is conform to a
Science based target ?

© Fraunhofer IST

Z Fraunhofer




Analysed Measures

Impact Impact Impact techn.
Measures .
Environment Cost Performance
Regenerative energy for component production (cradle-to-gate) ‘ ‘ O

Regenerative energy for vehicle use (use phase)

Green aluminium (material supply)

Green steel (material supply)

Increased material efficiency of component production

® 6 6 o o
® 6 6 o o
O O @ @ O

Logistics

\
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Combining environmental & cost aspects
The Marginal Abatement Cost Curve (MACC) enables targeted control of measures in the company

CO,: LCA Value
Costs:

Delta-cost compared to BAU for an upper and
lower cost scenario

€/1CO5-eq.

t COZ'eq R
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Amount of CO, avoided
(LCA value)
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Combining environmental & cost aspects
The Marginal Abatement Cost Curve (MACC) enables targeted control of measures in the company

= Steering based on CO, reduction
costs (€/t CO,-eq.)

selected reduction measures

t COZ'eq R

= |dentification of the most cost-
effective decarbonisation measures

Science based target

CO,-eq. Reduction measures
with a positive business case

—
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Marginal Abatement Cost Curve (MACC)

Science-based Target OEM 2030 (1.5 - 1.75 °C)

Reference Component N IOWGI’ Cost scenario « Goal: Carbon reduction of 30% in Scope 1 — 3 compared to 2017
— + Based on reference component is determined as 145 kg CO,-eq.
» Achieving target with -2,xx €/component - Cost saving
200
[
100 !
wn o 0 I I
‘g‘ ki 20 30 40 50 60 70 8 90 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
T I
é % -100 Wy I
o 5%
5 f(,%@/&j,/o& |
20 -200 250 25, |
o~ = o/?(/OO
ou 7
W
Y= -300 I
I
[ .
400 | Supply Chain
Production & Logistics
| g
-500
I
[
-600 . .
CO, reduction potential per component [kg CO,]
B Material efficiency increased by 20% @ Green electricity in use phase
| Green electricity in production O Rail transport (w. green elec., 3000km)
O Truck transport (diesel vs. electric-driven, 1500 km) O Ship transport (heavy fuel oil vs. bio-fuel, 19600 km)
= Green aluminium (secondary / w. green elec.) @ Green steel (direct reduction iron & green elec.)

[
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Marginal Abatement Cost Curve (MACC)
; Science-based Target OEM 2030 (1.5 - 1.75 °C)
Reference Component N upper Cost scenario . cCeio;ﬁ C:rsbeon raedguition of 30% in Scope 1 — 3 compared to 2017

— + Based on reference component is determined as 145 kg CO,-eq.
» Achieving target with +1,xx €component - Additional cost

200
I
I
100 ‘
P 0 | |
‘g o 20 30 40 50 60 70 80 90 150 160 170 180 190 200 210 220 230 240 250 260 270 280 240
o8 [
o % -100 I '
2 %, Y [ %
o0 - 5
ERY) -200 2%, i %,
Q'S |
o X -300 |
I
[ .
400 | Supply Chain
I Production & Logistics
-500
I
I
-600 - -
CO, reduction potential per component [kg CO,]
B Material efficiency increased by 20% O Green electricity in use phase
m Green electricity in production @ Rail transport (w. green elec., 3000km)
O Truck transport (diesel vs. electric-driven, 1500 km) m Green aluminium (secondary / w. green elec.)
@ Green steel (direct reduction iron & green elec.) o Ship transport (heavy fuel oil vs. bio-fuel, 19600 km)

[
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Life Cycle Engineering Platform

/BEER

[
Page 32 14.03.2025 © Fraunhofer IST Public information % Frau nhOfer




Life Cycle Engineering Platform
A tool to support cost efficient decarbonization

Life Cycle Engineering Platform
Input variables: Today: Body-in-white | Future: Entire car Analysis of all environmental aspects
= Part weight l —
* Material corpposfuon | Visualisation and cost efficient optimum:
= Corresponding production Hotspots, comparison of measures, scenarios
processes _»._,._,._,._r> and future forcats
—E— -
S ' . Joo S
“.' ;] -"" l“ "
Modul Library o
?O?etriigases Sunol cha Production O 0 0 0 w0 10 . . —
u C a|n GWP [ CO 50/ k] 0 1000 2000 3000 4000 00 6000
Life cycle inventories of _ PRl tech nology VR
materials and processes
Energy mix Driving cycle £
User: Product . v
developers, Deflnlng )
Portfolio and r 3 Vehicle type End-of-Life :
SUStalﬂablhty - scenarios management I
managers

\
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Outlook - Life Cycle Engineering Platform

Dynamic LCE modelling to actively steer companies through
trends and changes

Models marketplace to combine models covering various
technologies and scenarios

‘ Database including scienctifically validated datasets
‘ Products covering vehicle parts and entire vehicles

Bildquelle: istock.com/gorodenkoff

[
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Conclusion

Environmental management
The product carbon footprint is a suitable leading indicator for managing the environment in an
early phase of the product development.

The Life Cycle Costs

Engineering platform The marginal cost abatement curve is a suitable tool to compare different decarbonisation
provides reliable measures and can be applied for components and product portfolio.

support for the early

phase of vehicle Life Cycle Engineering platform
design and identifies hots-spots and quantifies different measures for decarbonization to achieve a
construction cost-efficient decarbonization along the life cycle

Interested ?

Please contact: stephan.krinke@ist.fraunhofer.de

-
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IST

Thank you for your attention.

Contact

Prof. Dr. Stephan Krinke
Head of Sustainability Management and
Life Cycle Engineering

stephan.krinke@ist.fraunhofer.de




