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Research project: Structural study on BWe mobile 2019
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// Powertrain concepts on electric mobility

DLR

Conventional Mikro-Hybrid/
Vehicle (ICE) ICE efficient

Mild-Hybrid/ Plug-in-
Full-Hybrid Hybrid
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Electric Vehicle

Battery Electric
Vehicle (BEV)

Fuel Cell,
Hydrogene

Fuel Tank

m Combustion engine

+ =  Battery “

- Electrically optimized

EEXX) combustion engine
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Electric Motor/
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Power requirement for different drive concepts per 100 km

DLR
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BEV, powered by
electric current

@ Agora Verkehrswenda, 2017

Fuel Cell vehicle
powered by hydrogene

ICE powered by
“Power-to-Gas”

ICE powered by

“Power-to-Liquid”
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/// Calculation of Scenarios by DLR

DLR

External influences

i & B

Politics & legislation Energy & commodity prices  Availability of infrastructure Manufacturing Capacities

Product offer Discrete Purchasing Product demand
Decision

Vehicles Customers choice: Customers

with differing « Maximization of utility with differing

characteristics function * socio-economic

* Cost based decision characteristics

following the TCO- 1 * practices
Approach » preferences
. 0.9.0,
E VECTOR 21 m’
scenario analysis software
Results

Sy € T Q@ min P|

Market share Cost development  Technology diffusion Energy consumptioniVehicIe'coni‘iguration 'CO2 emissions
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General Parameters

i DLR

2010 2015 2020 2030 Source
Oil price €/bbl 595 67.2 74.9 90.3 [5]
Gasoline price €1 141 1.46 1.52 1.63 Own calculation
Energy price _ _ .
development Diesel price €1 124 1.30 1.37 1.50 Own calculation
(for both CNG price €keg 094 111 2.06 2.17 [6]
scenarios) - _
Electricity price.  €kWh 0.25 0.26 0.27 0.26 [7]
H> price €kg 198 118 7.9 6.0 [8]
Availability of Fuel stations % 100 100 100 100 Model assumption
infrastructure : .
(for both CNG stations % 7 8 10 17 Model assumption
scenarios) H, stations % 0 0 3 20 Model assumption
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Parameters on scenarios

i DLR

2010 2015 2020 2030 Source
Charging stations % 0 5 31 58 Model assumption
Specifics Maximum of
for business-as- : pcs/a 0 12,000 115,000 550,000 Model assumption
: BEV production
usual scenario
CO2 limit g/km  — 130 95 67 [9]
Charging stations % 0 5 35 75 Model assumption
Specifics for Maximum of
progressive BEV production pcs/a 0 12,000 120,000 2,200,000 Model assumption
scenario
CO2 limit g/km  — 130 95 50 Model assumption
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/ Business as usual scenario

DLR

100 %

90 %

80 %

70%

60 %

50 %

40 %

30 %

20 %

10 %

2010
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/// Progressive scenario
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In progressive scenario BEV 2030 more favorable than ICE

7

DLR

~

40,549 > 32,619

Total L ]

Remaining vehicle
Traction battery [l

3,847 > 2,430

3,643 > 1,984

Efficiency technologies [ 0 > 2,361

1 20,565 > 20,565
12,420 > 5,278

Power electronics incl. charging unit [

Electric machine [

BEV

ICE powertrain 0=>0

PHEV

Total

Remaining vehicle

Traction battery

Power electronics incl. charging unit
Electric machine

Efficiency technologies

ICE powertrain

| 39,044 > 37,019

1 20,565 > 20,565

— 4,698 > 1,996
1 2,956 > 1,944

O 2531 1,417

1 552 53,354
1 77415 7,741

~~ N

ICE/ICE efficient

Total

Remaining vehicle

Traction battery

Power electronics incl. charging unit
Electric machine

Efficiency technologies

ICE powertrain

] 29,374 > 33,627

1 20,565 > 20,565

020
0->0
0->0

O 1,067 > 5,320
1 7741 > 7,741

O 2030

2015

© Authors' own calculations
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CO,-Emissionen of PC fleet Europe, EU28, Tank-to-Wheel 2050
(PC only, EU28) DLR

W

o 600
S The EU 2050 CO2 targets can be
S e 8.319 Mt CO, . achieved with the progressive
@ | wapes | SCeNario only, given that ...
% E&go@ M Diesel
g % E PHEV (Petrol)
R niey e m Strong CO2 reductions on ICE
m v} W Petrol .
2 = HP per PC remains unchanged
02015 2020 2025 2030 2035 2040 2045 2050 [ Mileage per PC remains
I
a0 unchanged £
: b
§ m Other transport sector show an £
o | Hiw 7.2713 Mt CO;, - equal positive development. >
> n.l'_r lese =
(7) ‘gggw W Diesel ©
g % I; PHEV (Petrol) . . .
5) uﬁgzm BHEV (Petrol) That IS hlghly Unllkely! g
E § 100 B Petrol S
02015 2020 2025 2030 2035 2040 2045 2050 1 4
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Stopp climate change through a new culture of mobility

Electric mobility alone will not be able to stop climate change.
But without electro mobility the climate catastrophe will not be preventable!

The CO2 targets from the Paris Climate Agreement can only be achieved
through a major change in the mobility culture. l.e. expansion of public
transport and reduction of private transport!

m Strong expansion of e-mobility (progressive scenario).
Car-Sharing und neue mobility services.

Massive expansion of railways (passengers and cargo)!
Expansion of public transport in cities.

New public transport concepts for rural areas.
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Market penetration scenarios for electro mobility

Effects on value added and employment using the example of Baden-
Wirttemberg

Regional economic policy in the transformation process to electro mobility
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Effects on value creation

EaC h en g | n e ty p e h aS Components Changes to the systems by 2030

different: o ) ) . .
Internal combustion engine modified modified modified modified n.a.
Starter and generator modified modified modified modified _

m components

. Exhaust/ventilation system modified modified modified modified _ modified
m Vvalue creation
. Fuel supply modified modified modified modified _ modified
m labor impact
Gears modified modified modified L2l L modified/ modified/ 5
n.a. n.a. n.a. [=
o
Electric drive n.a. new new new new new 2
2
Battery system n.a. new new new new new g
©
Power electronics n.a. new new new new new o~
o
g{ o
Internal charging system n.a. n.a. new new new n.a. 4 B
g
g ©
Fuel cell system n.a. n.a. n.a. n.a. n.a. new & o
©

Overview of new, modified and no longer needed components, broken down by engine type 17
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Findings from the ELAB 2 study
show the labor impact for each

type of power train (Petril ICE =
100%):

m Diesel 127 %
m Hybrid 121 %
m BEV 26 %

Gesamt-Netto-Personal-
bedarfe in 2016 fur die

Analys. Anteil der
Beschaftigung in der

Beschaftigte bei

Herstellung von jeweils betr. WSK [250.000 Stiick/a|1.000.000 Stlck/a
ICE Benzin (4 zylinder, 100 kW) 60% ~1.140 ~3.990
ICE Diesel (4 Zylinder, 100 kW) 60% ~ 1.150 ~4.030
ICE-Peripherie Benzin (4 zylinder, 100 kW) 25% ~ 630 ~ 2.100
ICE-Peripherie Diesel (4 zylinder, 100 kw) 25% ~1.030 ~ 3.380
Automatikgetriebe (Doppelkupplung, 6 Gange) | 75% ~ 940 ~ 3.360
Hybridgetriebe (Doppelkupplung, 6 Gange) ein- o - -
schlieBlich Elektrischer Maschine (synchron, 75 kW) 5% 1.230 4.420
Elektrische Maschine (synchron, 100 kW) einschl.
Getriebe, ohne Magnete (nicht in betrachteter WSK) 85% ~ 330 ~1.840
Traktionsbatterie (60 kwh) 0 5 5
ohne Zellen (nicht in betrachteter WSK) 70% 350 1.320
Leistungselektronik 55% ~ 120 ~ 420
ICE ~ 270 ~ 900
Fahrzeugeinbau bei PHEV ~ 430 ~ 1.450
BEV ~ 210 ~ 680

Abbildung 4: Personalbedarfe fur die Komponentenherstellung bei analysiertem Antei
der Beschaftigung in der jeweils betrachteten WSK sowie fur den Fahr-

zeugeinbau im Jahr 2016 (netto)
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IMU Institut GmbH Automobile cluster Core value creation
468.500 employees 311.500 employees

Trade and vehicle-related skilled trades OEM

&@&&c@w&i@c@)& 86.000 employees 121.000 employees
HELELALLEHE

HELEESLE58 Of whom 26,000

in components

HELEHLELHE
&HEL

Of whom 22,500
in R+D

Components and parts suppliers

151.500 employees

Value cluster
382.500 employees

Of whom 115,000

Mechanical engineering o in components

30.000 employees Of whom 36,500

in R+D
T
Qo
=
O]
=
Other services ) 2
Development services £
c@:&@@@:&c@: 15.000 employees [P g
i i b b b db alh 15.500 employees (:)
4+ Of whom 15,000
Materials suppliers n R+D %
SALLLASLLA | 26.000 employees Works services + personnel leasing g:
N
&(@r@:@’} BRI BRIBIBRER | 24.000 employees
s
dib dis

© Authors’ own calculations and presentation
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Labor impact of fade-out of ICE related components

1 Worldwide market AN 4 Powertrain-dependent {:C,)}
growth by 2030 | ||| employees

+48 L848484884848

5 Employees affected

) ) by 2030
Employees in the automobile

branch in Baden-Wiirttemberg Business as usual scenario:

1888888888 L84844045 4

Progressive scenario:
4813434524 La181s5esa
44488884848

2 Erwieemsin - R QlEmploymesnat Ry
-84 848 2P ¥°9 99 §-9 §-9 §-}

48888848848
4848488

© Authors’ own presentation

Procedure used to identify the number of employees affected by electric mobility in 2030

Overall effect fade out ICE
componentes until 2030:

= BAU scenario
+ 1.200 employees

» Progressive scenario
- 45.000 employees
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Overall effect of new
components until 2030

Electric machine

Lé&ad

=
- (@)
®
E)
[ 4

Employees per

electric r:nachines electric machine ASS um ptl on th at 8% Of al I new

Traction battery

components will be
E— ® 4844 manufactured in Baden-
tracti:)qr?.b(;];teries tErr:crft:gﬁeb?:tt%iry Wu rttem b erg

Power electronics -
» O E . Qo
E— © & = BAU scenario £
l l power'lgl.e(c)zrunics pims:tggstsrgsi;s + 8000 employees %
= = 3
== =
== T = = progressives scenario ©
= Manufacture outside + 15.000 employees o
—— .=———  Baden-Wirttemberg §

Procedure used to identify the number of employees potentially affected by new components in 2030

N
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// Effects for the entire sector

tatic

Workforce in Overall effects in 2030 Overall effects in 2030

2016 (Business as usual) (Progressive)

Ors’ own presen

Total for automobile cluster as a whole (including vehicle trade) 468,500 8,900 19% -30.800

Impacts on employment of electric mobility in vehicle trade

No threat to the industry as a whole with a successful transformation:
The transformation will only be successful if:

= the innovation leadeership is maintained

= A share of 8% of all new components will indeed be built in the
region of Baden-Wirttemberg

© IMU Institut GmbH
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Most concerned employees

However, each value-added segment is affected quite differently.

Two groups of employees are particularly affected :

|. Huge challenges for R&D:

= Employee levels will stay more or less the same but ...

= 10-15 % of the 70,000 R&D employees have to be retrained for new
assignments/technologies!

© IMU Institut GmbH
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///% Betroffene Beschaftigte

ll. Powertrain related manufacturing plants will be hit hard!

Powertrain Powertrain workforce Powertrain workforce
workforce in in 2030 in 2030
2016 (Business as usual) (Progressive)
Fade-out of powertrain-dependent manufacture 69,600 -7,100 -10.2% -32,300 -46.4 %
Productivity and low-cost-country strategy -11,600 -6,800
S
Development without fade-in -18,700 -26.9% -39,100 -56.2 % 3
$
Fade-in potentials in manufacturing 5,000 7900 %
Overall balance of impacts 69,600 -13,700 -19.7% -31,200 -44.8 % E;
@

Impacts of electric mobility on employment in powertrain-dependent production plants
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Baden-Wirttemberg as a cluster of industrial innovations

Baden-Wiurttemberg's economic strength lies in its highly developed industrial innovation

cluster, which is based on the close coupling of production knowledge and top performance in
R&D.

The state's industrial innovation cluster is based on the development of a new technology for
the production of innovative products. The transformation to electro mobility offers
opportunities and challenges for this industrial innovation cluster.

Opportunities:

= The reinvention of the passenger car requires precisely this innovation network!
Challenges:
= There are new requirements for R&D excellence (Al, e-mobility, digitization, etc.)

= |n order to maintain the innovation cluster, production plants for all e-components in
Baden-Wirttemberg are required.

An important success factor for the transformation of the industrial innovation cluster of

the industry lies in the transformation of the manufacturing plants!

© IMU Institut GmbH
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Structural study on BW® mobile 2019
Conclusions

If it is possible to prepare the specific industrial innovation cluster for the new tasks,

the transformation to electromobility will strengthen the economic region of Baden-
Wdrttemberg.

This requires joint efforts on the part of industry, politics and employees. The following
IS required:

A qualification offensive also in the field of R&D.

Maintaining and expanding the link between R&D and manufacturing plants.
The expansion of added value of all e-components in the region.

Concrete transformation plans for the powertrain plants in Baden-Wdurttemberg.
Labor market policy support for the structural change.

© IMU Institut GmbH
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Market penetration scenarios for electro mobility

Effects on value added and employment using the example of Baden-
Wdarttemberg

Regional economic policy in the transformation process to electro mobility
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Employment security in the e-mobility transformation process

|. A good corporate strategy is an important prerequisite for maintaining employment
in the e-mobility transformation process!

lI. Not every good corporate strategy is a good location strategy!
> If all internal combustion engine sites are used until the end and then closed down.

» When the new competencies are acquired through international company acquisitions
and are not used at the existing locations.

lll. Safeguarding employment in Germany always also means sustainable development
of the existing ( manufacturing ) locations!

IV. Therefore, the corporate strategy must be supplemented by intelligent location
strategies!

» This will not be possible without the active involvement of the works councils (and
committed plant managers).

© IMU Institut GmbH
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Example

>

Automotive supplier:

m 80,000 employees worldwide, approx.
12,000 in Germany

20 sites in Germany

More than 80% of the sites in Germany
depend on combustion engines

Company strategy:

m Transformation of portfolio through the
acquisition of competences in the area of
e-mobility

m Acquisition of an e-motor manufacturer
with 2,000 employees and of an
electronics manufacturer

|G Metall strategy:

The existing collective agreement on
employment security states that all sites
have to adapted to change

At the supervisory board the demand was
tabled to prepare also the German sites for
the new era of e-mobility

The management was instructed to develop
future-oriented concepts or all German
sites together with the employee reps (IMU-
Institute as advisor)

© IMU Institut GmbH
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How to elaborate the future concepts <automotive supplier>

ShEE R

Allocation of powertrain types
(ICE, Hybrid, Electric, Fuel Cell)

¥ [T PaMY
Interviews Business

Workshops on Unit Experts

fostering potential

Working Group
‘technology*

Interviews
external experts

I. Impact Analysis 2030

Product portfolio

DLR-scenarios

lI. Profile of expertise of site

Self-assessment

External assess.

lll. Development of future
concept for site

Future potential of
existing product
portfolio

New products and
applicability in e-
mobility

Future trends
manufacturing
technology

Requirements on
innovation
leadership

V. Derivation of concrete

actions

Product volumes by 2030

Volume by Product 81
2017
in Mio. Se.
i# I Modules & Components & Actuators
Alr Cleaner Modules & Components
Ventiacion Modules (4

Innovation
leadership

Manufact.
Technology

U Institut GmbH

Qualification
and

Flexibility

Profitability
Factors

Product
Knowledge

Production
system
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