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1) Forecast ICRA 2) World Bank 2016 3) Correlation of GDP growth 2009-2016 in India: CV: R?=0.84 , PC,LCV: R?=0. 3)Bosch internal Powertrain Scenarios 09/2017
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Immissions
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Air Pollution 10

> Navigation
. .. . . 1) +200% km = | - viation
in 40 large Cities in India g 0% cootin 4l 9S8 .
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Gt CO,lyr, tank to wheel
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NO2 PM ol P =

. s traffic increase*
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196019701980 1990 2000 2010 2020 2030 2040 2050 2060
1) CPCB Annual Report 2015/2016 Air Quality for 40 cities >1 Mio inhabitants in 2015. Immission valus in ug/m3 NO, : low (0-20), moderate (21-
40), high (41-60), critical (>60), PM: low (0-30), moderate (31-60), high (61-90), critical (>90)
3 Powertrain Solutions | PS/NE-IN3 | 04.10.2018 2) Source: Shell Mountains Scenarios 2013; *ExxonMobile 2014, BP 2014 @ BOSCH
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Example: Air Quality Stuttgart: PMy,
Solved PM/PN emissions, but where are the particles coming from?

10 1,0
literature

traenverkehr
,% /m?
range PC ig;;&senverkehr /
8 0,8
! 6 %, 2,2 ug/m3
‘ i - :- g us(n'he,
onstige niveau e
0,6 e e pghs
§ . u. Mittlere Femla.v'unisaer;jB
O eulierun sanl. 6.0 u07 o
7 ngrm?
4 @) 0,4 .
N StraRen- traBenverkehr
it #
2 I
Engine out PM emissions from traffic

0 E— 0 negligible compared to other sources
tire brake salt particle EU6 engine 0
wear abrasion winter - tailpipe - 6 A) of 41 ug/m?

PM [mg/km]
PM [mg/km]

O 2 Source: LUBW, year 2013
)

PM-Imissions was attributed to
on-road mobility in 2013 in Stuttgart

With Introduction of DPF Tailpipe out PM emissions from traffic negligible compared to other sources.

Source:
StraBenverkehrsemissionen in Europa - Emissionsbetrachtung und Bewertung von MinderungsmafRnahmen, Ulrike Kugler, 2012

Powertrain Solutions | C/AIP | 04.10.2018 Ermittlung des Beitrages von Reifen-, Kupplunga- und Bremsabrieb an den PM10-Emissionen von Straen, 2008
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Air quality — RDE
Overview of Diesel Powertrain Applications

CO, emissions / fuel consumption
» Current Diesel engines with excellent fuel economy
» Further improvements — with and without electrification — possible

Particle emissions (PN/PM)

» With introduction of closed particle filter (= EU5) no longer an issue
» Typical filtration efficiency > 95 %

CO/HC emissions
» Due to lean combustion extremely low cold start emissions
» With introduction of oxidation catalyst no longer an issue

NO, emissions

» RDE setup will reduce NO, engine out emissions to fulfil air quality immission targets
» CO, benefit of Diesel RDE applications will remain

Potential }

» Combination of engine-related measures and exhaust-gas aftertreatment mandatory

Target: Fulfilment of air quality immission targets with
no significant cost increase and w/o deterioration of general Diesel CO, advantages

Powertrain Solutions | PS/ECP | PS/CV-NE | PS/MBC | 20.07.2018 s BOSCH
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Bosch new Diesel technology
Trend of NO, values @Stuttgart “Am Neckartor”

140
=z 120 Ambient air quality: NO, shares 2015
I=3
= 100
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Despite progress, NO, immissions are still above legal limits. Diesel is a major contributor.

Powertrain Solutions | PS/MBE || R81GW08HEF PS/MBC | 20.07.2018
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Bosch EU6-RDE Testing Conditions
Test Cases on Roller Dyno and Public Road

WLTC Transport for London Bosch

= 150 =1
I= I E 75
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Powertrain Solutions | PS/ECP | PS/CV-NE | PS/MBC | 20.07.2018 2N
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Bosch new Diesel technology
A combination of various measures

Optimized NO, Efficient temperature
raw emissions management
T - —\/ Extended software

functions
Improved

fuel-injection -~ = S I : — V

High-dynamic — 7 ) 7 .

turgbocr{ar in 7 N Optimized exhaust-
ging Enhanced exhaust- gas treatment

gas recirculation

A customer-independent development: Existing technologies, substantially modified, reduce emissions.

Powertrain Solutions | PS/MBE || R81GW08HEF PS/MBC | 20.07.2018
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Bosch Test Vehicle / Demonstrator
Details: Combination of Measures

8
. .‘gj 7
& P""/ - 6
z w g 5
H ’
2 —_ 35
g =
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£ ) 25
> £
0 —— 77— — 710 ° 5 2
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400 T 1 120

U

Torque Power — —— - 05
3[:0111] [kw] ‘ / 75 4l 4 L ‘l ‘_ 025
250 8 : et 1000 1400 1800 2200 2600 3000 3400 3800 4200
200 60 B) engine speed [rpm]
150 m
1 " AdBlue®

/] L]

500

A\~ : Power 110 kW
— Wik -5

- 1 Base g Torque 340 Nm

s N e e o .

AUAER Fuel injection equipment  CRS2

:. WATAVA Pressure 2200 bar

g JY VYN

g Exhaust gas recirculation  LP + HP-EGR

. X Charge air cooler Water cooled

Optimization in a system approach

9 Powertrain Solutions | PS/ECP | PS/CV-NE | PS/MBC | 20.07.2018 @ BOSCH
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Bosch EU6-RDE Testing Conditions
Bosch Stuttgart Urban Track, Impr. Warm-up Management

Status March 2017 - - - Status August 2017 - - -
NO, Warm-up Acceleration @ High load @ Fouarbach
9] | dominates not optimal not optimal EGT
50 4 €missions EGT temperature temperature
1.5 1 : : :
10 4 A o EEe T T e T T T ]
J-—’—_—— ___———--========:::::::::: _________
[ L T e et
Al mmmmem e T eSS S S S S SRR R RS S — T A
05 {2 —————————" " T T e ———m— ==~ O S =]
/ '}7:’;-2-— —— e e e e e ":::_:'_-_*_'_'_'-_"::: ==
W e —————————~ - - ... . e ————————— ] Test track: Stuttgart urban track
g7 = Distance: 16 km
0.0 J , | , | , | , Altitude gain: = 1200 m/100 km
0 2 4 6 8 10 12 14 16 Test mass: 1550 - 1850 kg
distance (km) EGT: aged
Test cond.: cold start only
:’;’(‘;" :’:r:‘rr:s(zlrﬁz?;nl :ass/i(e?:nlppr:;/)(;\rggl Enldpj'/c:\f/ﬁ:izc: fzoorA?erAozr(r;laiional purposes only and strictly on a non-reliance basis. @ BOSCH




Bosch Stuttgart Track
How measurements were made

Covering of normal traffic situations:

Bosch internal test:
“Stuttgart Track”

Urban <60 km/h Rural 60-90 km/h Motorway 90-145 km/h

Stuttgart

Each part must cover about 1/3 of total distance and more than 16 km, total duration: 90 — 120 min.
Separate evaluation of total trip and urban part

Cold start Incline Pay load Driving dynamics

% = g A7

B Motorway

l Powertrain Solutions | PS/ECP | PS/CV-NE | PS/MBC | 20.07.2018 @ BoscH
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EU6-RDE On-Road Measurements
Bosch Stuttgart Track

200 cf = conformity factor RDE Urban sStart/ambient| -
total only temperature '
NOX q of = ‘ 77 6 — 24°C el
mg/km| EUrO 6d-temp; cf = 2.1 / | _
160 - ® B4 -2-4cC
‘ Stuttgart
Euro 6d; cf=1.0+ 0.5 |
120 - Degerloch
Magstadt Sindelfingen
80 A ~S—
NO, RDE total trip, average: 13 mg/km A ED
NO, urban part only, average: 26 mg/km y
40 H 7
: ” i
”~ .
'S Y o*% ¢ »
0 . . ’ . . . . . . Test track: Bosch Stuttgart Track
6 8 10 12 14 16 18 20 22 v *ay,, 95  Distance: 86 km
Altitude gain: 840 m /100 km
_— . Test mass: 1550 - 1850 kg
smooth, calm driving style (senseless) dynamic EGT: aged
Test cond.: cold start only
z:(‘;v ?I'r::l ipnressc.)tlal:\tti:tri:nl :iizepnl ;2;2\;: Er!dp:r/:\iijz:l f:r‘(i)r;:ron?:tional purposes only and strictly on a non-reliance basis. @ BOSCH




EU6-RDE On-Road Measurements
Focus Bosch ,,Stuttgart Urban® Track

City <60km/h Stuttgart Urban Track

9 S,

L[ il
LTI o
"”'u& L M =l o e Gate7 Bosc
=l

' S y Most relevant for air quality is urban part

", Inclusive
' cold start

Wilhelma

Killesberg
park
cold road vehicle driving
start gradient pay|0ad dynamiCS Killesberg
%Té / \ J /
@ @ @ measuring Station
“am Neckartor”
all 1200 m / 100 km up to max. whole
temperatures (upper limit) SEVA[CE:Te! range
Bosch Test: ,Stuttgart Urban®, very challenging boundary conditions
:,:(‘;v e?f::“;z:t‘:;:‘;i :iE;:le: zzg;:;NdEaLz ?J/r’:\‘/gigeldzfg}oizi?riztional purposes only and strictly on a non-reliance basis. @ BOSCH
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EU6-RDE On-Road Measurements
Focus Bosch ,,Stuttgart Urban® Track

- of = conformity factor Start-/ambient temperature B -
O M 15 > 23°C Feusrbach
[mg,kr:](] Euro 6d-temp: cf = 2.1 (current) H 5 > 11°C | |
160 B 1 > 4°C
‘ -6 -> 0°C Wikheima
120 Euro 6d: cf = 1.0 + 0.5 (from 2020) park
Killesberg
80 A
. ] D g s s "= e
[ ‘f m N m = *
40 - o a = .‘ g = ] =
. . . Dynamic index > regulation limits
| > Test track: Stuttgart urban track
0 | Distance: 16 km
' ' ' ' ' ' ' ' Altitude gain: = 1200 m/100 k
6 8 10 12 14 16 18 20 22 v *a,, 95 e gam mim
Test mass: 1550 - 1850 kg
Smooth, calm driving style (senseless) dynamic EGT: aged
Test cond.: cold start only
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Transfer of Emission Results to Air Quality
Emission situation of demo vehicle @ “Am Neckartor”

Emissions Air quality calculation Immissions

Total EU6-RDE trip: g 13 mg/km " 100 BPC Diesel
At section Neckartor: g 12 mg/km 5 s 87 PC Gasoline
o 2 801 — — HLCV +HCV
_g *E' Urban traffic background
= ] O r—
o = &) °°E 601 — | IUrban NON traffic background
20 = c o g, |
16 £ Z = EU Limit 40 pug/m3
+— O S\
12 S £ =
< 0 < 2 22
j L = 8' 201 =
O H H |_| |_| m! ! 1 | | | | === L < O .j_-—
o .
2989928998 838218 = : Scenario
WoUVINSBILIBIBRE 1 Status “Close to Zero”
-~ 2015 10 mg/km

ONOx [mg/km]
The reduction of NO, emissions will result in negligible NO, contribution of Diesel pass. cars to air quality.

Powertrain Solutions | PS/HIBE | 281Bv08H S PS/MBC | 20.07.2018 N
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Smart approaches that helps to improve Emissions and CO,

ECMA 2018 | Future of Diesel | Pune | 25.10.2018
Potential of Diesel FIE: Digital Rate Shaping (DRS)

ECMA 2018 | Future of Diesel | Pune | 25.10.2018 k
Improves fuel co e - a9
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002 benefit='1°/0 '2.0 0/0 '2-6 % '0.8 0/0 +0.4 %
— Al based Predictive Emission Control can help to improve emission robustness AND reduce fuel consumption

1) 1% Results with Bosch 3 Gen Platform Demonstrator. Transfer to mass production to be validated. Results depend on individual PEC calibration !
2) Cycle Abbreviations: TfL: Transport for London; “Challenge Cycle” - Cycle defined by Bosch that is designed to be challenging achieving high NOx
Powenrain Solutions | PS/NE-IN3 | 04.10.2018 conversion In Exhaust Gas Treatment Systems
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Latest results from EU

Benchmarking EU6 Gasoline vs. Diesel

250 :
121 110 96 141 140 kW Gasoline
£
=
=
2 150
S
(7]
2
€ 100 l
o
9 A29gCO,/km
50 l
0 | | : A 18,6 %
Mazda 6 Kombi VW Golf Renault Kadjar BMW X1 Audi A4 Avant

m Gasoline Diesel

Diesel Powertrain remains the more fuel efficient powertrain also after introduction of EU6 emission norms
1)Source: German Press - Auto Motor Sport dt. 15 06.07.2017 (@) BOSCH
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Affordable measures to reduce ICE CO, emissions

reduction
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ICE’s in India have a huge CO, reduction potential @ affordable costs.
Diesel will play a key role to meet CAFE targets
2 l Powertrain Solutions | PS/MBL-IN | 04.10.2018
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Wrap up

Air quality - RDE
0

« Strong increase in mobility demand especially in India.

* Mobility comes @ cost of emissions.

* With introduction of BS6 in 2020 vehicular emissions of new vehicles
expected to reduce significantly (introduction of DPF, active NOx

o
.,“E/ after treatment).

« Bosch with it’s 3"9 Gen Diesel Platform demonstrator showcased?,
that Diesel Powertrain has the potential to achieve low emissions,
low fuel consumption @ affordable costs.

« Latest Real drive emission and fuel consumption results in EU
confirm the competitive potential of Diesel powertrain?.

1) Presentation A. Kufferath / Bosch during 39" Vienna Engine Symposia dt. 26.4.2018 “The Path to a Negligible NO, Immission Contribution from the Diesel Powertrain”
Powertrain Solutions | PS/NE-IN3 | 04.10.2018 2) German Press: Auto Motor Sport dt. 15 06.07.2017 and ADAC ECO Test 09/2018 "EU6d-Temp Diesel sind sehr sauber" N
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General Remarks

The presentation has been prepared and provided for informational purposes only and strictly on a
non-reliance basis.

The presentation does not include any legal advice. Information regarding legislative and other
regulatory requirements should be checked carefully on an independent basis.
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