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EXAMPLE: VW GOLF - VEHICLE WEIGHT INCREASE ACROSS GENERATIONS
kg, standard equipment, basic performance engine ﬁ
1.400 — H
4300 > Increase of vehicle size
1.200 i i
o sy cpvik Passive safety (NU‘!\P rating, ...)
1100 Vo Y Golf V > New comfort functions
2000 | » s e (HVAC, power sealts, ...)
g«‘ o > Higher requirements on
900 Golf Il . .
« Ride & handling (controls, ...)
800 + NVH (glass, insulations, ...)
700
600
1970 1980 1990 2000 2010

EX : Volkswagen, Berylls Strategy Advisors
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Combined Cars & Trucks : 15.6km/L
2016
Combined Cars & Trucks : 15.1km/L
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dined Cars & Trucks : 19.0km/L

lbined Cars & Trucks : 21.0km/L

2025

mbined Cars & Trucks : 23.2km/L.
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225}
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CHEEL: 7 km/L
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Phase 1. AR & ¢H| 1 10.2km/L
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Additional powertrain weight in kg — exemplary

Start/Stop 20

Mild Hybrid 75
>
Full Hybrid 100
PHEV 250
BEV 300

EXAMPLE: ADDITIONAL WEIGHT BY ALTERNATIVE POWERTRAIN

Vehicle weight examples in kg

£X : Volkswagen, Berylls Strategy Advisors
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Today lightweight materials are costly but offer significant weight
advantages

|EXAMPLE AUTOMOTIVE FENDER

Part cost’

Percentage of steel

Part weight

Percentage of steel Part applications in automotive
Structural parts requiring strength and
formability needed, e.g., side intrusion
beams

Steel 100 100

Structural parts, but additional strength
115 comes with increased difficulties in
molding, e.g., B-pillar

HSS

Exterior and interior parts with no require-
100 ments for structural strength, e.g., fascias
or covers

Plastics

Structural or functional parts, e.g., sub-
frames or beams

130

‘ 570

£X : Lightweight, heavy impact, McKinsey, 2012

Aluminum

Structural parts requiring high strength,
e.g., frame, hood, or tailgates

Carbon
fiber
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the 25

® DP(Dual Phase) Steel m FB(Ferrite—bainite) Steel

® TRIP(Transformation—included Plasticity) Steel

gtltrantEhStea 1000 OJA} = TWIP(Twining—including Plasticity) Steel
g = MART(Martensite) Steel m PH(Phase Hardening) Steel
80
Conventional .
" Steels Austenitic AHSS Grades
G 60 ~ Stainless
o
e 50
)
® 40
g 30
]
w20
10
0 200 500 800 1100 1400 1700 2000 d
Tensile Strength (MPa)
- Source: WorldAutoSteel
=% : World Auto Steel
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Lightweight packages apply different lightweight material mixes with

different weight and cost impact
|EXAMPLE MEDIUM-SIZED CAR

Conventional lightweight Moderate lightweight Extreme lightweight
o,
Aluminum e < 100% hC:thn flber — «100% - 100%
. agnesium
Plastics 8NN Carbon fiber
Steel - Aluminum
Magnesium -,
; Aluminum
Plastics )
HSS Plastics
Steel —F Steel =8
HSS - HSS I
Replacement of steel with high- Usage of light metals and Extensive usage of carbon fiber
strength steel sandwich structures materials for maximum weight
savings
250 kg (18%) 420 kg (30%) 490 kg (35%)
at ~ 3' EUR/kg saved at ~ 4' EUR/kg saved at ~ 8 -10'2 EUR/kg saved

£X : Lightweight, Heavy Impact, McKinsey, 2012
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EXAMPLE: CO, TARGETS EUROPE AND LEVERAGE OF LIGHTWEIGHT DESIGN
Fleet target in g CO,/km Attractiveness of alternative CO,-measures
ICE optimi- i i
140 zation —_ 30 :ﬁ;;:ghm'ght
5 BEV incl. Range
’g = / Extender
PHEV/ A 3 1507 HEV
Multi-material- =)
BEV
) E‘ ICE optimi- -
% | zation |
8
B
S 5o
2 Multi-material-
] design
0 =1 Neuver
0 Stahlleichtbau 100 150
2015 2020 2025 €0, Reduction (g/km)

£X% : Volkswagen, Berylls Strategy Advisors

Automotive's shift towards lightweight will result in significant changes
in the base materials industry

Volume =
Metric tons (millions) B Aviation and wind B Automotive &% CAGR
Steel Aluminum

High- Carbon fiber
steel
0.5
0.4
0
2010 20 2030 2010 20 30

Lightweight market will increase from a EUR 70 bn to a EUR 300 bn market (CAGR 8%)
£X : Lightweight, heavy impact, McKinsey, 2012
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The top 10 emerging technologies for 2019

. Bioplastics
fora
Circular
Economy

. Social
Robots

. Tiny Lenses
for Miniature
Devices

. Disordered
Proteins
as Drug
Targets

. Smarter
Fertilizers
Can Reduce
Environmental
Contamination

(a2 20) WEF 201910t | 71&

. Collaborative

Telepresence

. Advanced

Food
Tracking and
Packaging

. Safer

Nuclear
Reactors

. DNA Data

Storage

. Utility-Scale
Storage of
Renewable
Energy

£X : www,weforum.org/agenda/2019/07/these—are—the—top—10—emerging—technologies—of—2019
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