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1) Vehicle industry - the driver of the V4 economies

2) Vehicle development process

3) ,Virtual development” as the source of competitiveness
4) Current and upcoming challenges

5) What's next?
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Global production numbers
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S — a flagship of the EU and V4 economy
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WORLD CAR PRODUCTION
In million units, % change, 2014 - 2023
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WORLD CAR PRODUCTION

% share / 2011 - 2022
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V4 Aspects
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EU VEHICLE PRODUCTION
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EU DIRECT AUTOMOTIVE EMPLOYMENT

Share of total manufacturing by country, 2022
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What Nation Produces the Most Cars per Capita?
Production of Cars Per 1,000 People (vehicles), 2023
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Economic Aspects
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MAIN COUNTRIES OF ORIGIN OF EU VEHICLE {MPORTS-
EXPORTS
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MAIN DESTINATIONS FOR EU VEHICLE EXPORTS
Value market share, 2023

M Central and South America, 1.8% M Asia and Oceania, 29.2% Africa, 4%
M EFTA, UK, and Eastern Europe (non-EU), 35.7% Middle East, 5.2% [ North America, 24.1%
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MAIN DESTINATIONS FOR EU VEHICLE EXPORTS
In million €, 2079 - 2023
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MAIN COUNTRIES OF ORIGIN OF EU VEHICLE IMPORTS
In units
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EU VEHICLE TRADE
By type, in units, 2023
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EU VEHICLE TRADE
By type, in million €, 2023
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B 2022 @ 2023
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Research and Development Aspects
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R&D INVESTMENT BY INDUSTRY AND WORLD REGION
In billion £ / 2021

@ EU @ Japan @ US China Rest of the world
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Software & computer services
Technology hardware & equipment
Other industries
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Construction & materials
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EU R&D INVESTMENT IN THE TOP 10 INDUSTRIAL SECTORS

In million € / 2022

Automobiles and parts _ €72,812 million
Pharmaceuticals and biotechnology _ £36,981 million

Technology hardware and equipment £€20,150 million
Software and Computer Services £13,823 million
Electronic and Electrical Equipment . £11,748 million
Aerospace and Defence I €8,687 million
Industrial Engineering I €7,137 million
Healthcare equipment and services €7,069 million
Banks £6,455 million
Chemicals €5,541 million
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AUTOMOTIVE R&D INVESTMENT BY REGION
In billion £, % change

W 2021 @ 2022

EU Japan us China Rest of the world
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NUMBER OF PATENTS, %SHARE / 2009 - 2018
@ Europe @ US @ Japan South Korea China m@ Rest of the World
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Societal
Return of Investment
from Research and Development
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CAR PRODUCTION: ENERGY CONSUMPTION

2005 - 2023
Energy total (million MWh/year) Energy per car produced (MWh/car)
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CAR PRODUCTION: WATER CONSUMPTION

2005 - 2023
Water total (million m3/year) Water per car produced (m*/car) @
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CAR PRODUCTION: CO2 EMISSIONS

2005 - 2023
€02 total emissions (million t/year) C02 emissions per car produced (t/car) @
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NUMBER OF EU VEHICLES AND ROAD FATALITIES

2011 -2022

B EU road fatalities (in thousands) Vehicles on EU roads (in millions) m
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ROAD FATALITIES PER MILLION INHABITANTS
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By region, 2021, 2022
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I

Vehicle properties: Those properties, which a non-expert customer would say about the car.

Examples: ,S0 quiet” — means good acoustics
I need to fill it up only once a month” — means long range, low consumption

,environmentally friendly” — means low CO2 emmissions, etc.

Vehicle acoustics

Complience with and vibrations

regulations
9 . Ground clearance

Thermo- K "
management i (impact analyses)
¥ R
Agility .. Vehicle
""""""""""""" ] weight
start-stop e PI— Dirt and droplet
functions e deposition
....... >
Range .., , N\ e" N LA Durability / Robustness
Customer .........cooesemmees »
usage .. Functionality of

electronics/software

Driving cycle

analyis / fuel ;

consumption :
Sound design Electric

Watertightness energy .
consumption

Recyclability
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INPUT: INPUT: INPUT: INPUT:
- envisioned final vehicle - Preliminary CAD model - Final CAD model with - Production
characteristics *' = from Conceptual Design *' = modifications from *_ ~ technology.
i . Vehicle Development steps
1 1
Conceptual design> : Whole Vehicle Development !> Production preparation Mass prod.
~1yr : ~3yrs X ~lyr | ACTIVITY:
1 1 I Mass.
ACTIVITY: : ACTIVITY: : ACTIVITY: : production of
- Selection of concept I - Determination of the vehicle characteristics | - Determination of the 1 vehicles
- Design and Styling | via.... ! production stepsto. |
- CAD modelling X . ... Actual testing (prototype-based testing) " ensure quality products
1 - .. Virtual testing (simulation-based testing) 1 on a mass scale 1
| : | OUTPUT:
1 I I - 100 000’s of
OUTPUT: 1 | outpuT: 1| QUTPUT: ! the same
- Preliminary CAD Model _ ' | - Quantitative vehicle characteristics _»'| - Production technology- =  guality vehicles
of the vehicle - Suggestions for modifications in the design to steps per year
achieve desired final vehicle characteristics
l SOP = Start of Production

e I TERATION(S)
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START OF PRODUCTION

|

: "~ SQP

Whole Vehicle Development !> Production preparation Mass prod. >
1
1

Conceptual design>

lej;

~3yrs ~lyr :
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)Y
Mass-produced vehicle
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Vehicle mass?

Electrical cabling mass?

ECU’s (Electronic Control Units)?
Lines of codes?

BdiRSE.
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Development Electrics/Electronics

or Koraeptentwicklungzprozess, Dr. Matiaz Xarman, 014 Audl,:ﬁﬁﬁ;\
s Der Xorooptentwicklungsprazess, Dr. Matiaz Xorman, 01.03.2016 A T Caenle
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What does HiL/SiL based development mean?

Simulation

7 AN
Vehicle ECU (Hardware) Vehicle

) A}
{ Lolop ( Locl>p

Reality
(i.e. existing prototype of...)

Program (Software) Program (Software) ECU (Hardware)
Software-in-the-Loop (SiL) Hardware-in-the-Loop (HiL)
simulations simulations
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Vehicle Hardware to be tested Real-time computer results

What is vehicle HiL/SiL?
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What is vehicle HiL/SiL?

Real-time computers with ECU Software Vehicle Hardware to be tested

HiL (Hardware-in-the:Loop) test bench from ddpace.
(Source: dscpace.com)

42 | ET IS ET QUIA DOLENT ES ALICID QUASPED




= SZECHENYI

The Automotive Enaineer of the future

23% Automotive 33% Electrics/Electronics

33% IT / Software

INTERNAL



= SZECHENYI
4; GYETEM Agenda

UNIVERSITY OF GYOR s

1) Vehicle industry - the driver of the V4 economies

2) Vehicle development process

3) ,Virtual development” as the source of competitiveness
4) Current and upcoming challenges

5) What's next?

44 | ET IS ET QUIA DOLENT ES ALICID QUASPED



szécHeNyl Vehicle industry
EGYETEM

J
—_— UNIVERSITY OF GYOR Current and upcomlng Cha”enges

Manufacturer Green technologies

competitiveness ~ Development times synthetic fuels

Batterie raw materails availability

Production efficiency + production exposure

Virtual development . .
Emmissions regulations

Software/Hardware complexity < Noise regulations
New infotaintment New competitors
opportunities U.S. Tariffs
New social experience China Megatrends
opportunities

Last mile solutions

Localization of other vehicles:
Centralized or Localized?
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New Concepts "
Audi Sky Sphere, Grand Sphere, Urban Sphere =
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== wwereooi—  What does the EU automotive sector needs?
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Thank you for your attention
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