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TATA MOTO_RS Regulatory Updates and Dissemination for Light duty vehicles ¥ TATA
Connecting Aspirations

B 202 ) 200 ) 2021 ) 2022 ) 2023 ) 2024 ) 2025 4

BS6 BS6
. Emission 1st Apr’20 1st Apr’23
India | MIDC + IRDE MIDC + IRDE
IRDE Monitoring, OBD | & CF: TBD
T Inservice Compliance OBD Il & IUPR

April 2022
CAFE Il

CO2/FC

April 2017
CAFE |

Euro 6¢ Euro 6d Temp Euro 6d
Europe E— Euro 6b 1st Sept’18 1st Sept’19 1st Jan’21
NEDC WLTP + RDE WLTP + RDE WLTP + RDE
SO 1st Sept’15 Monitoring || Temp CF NOx: 2.1 Final CF NOx: 1.5

(PN + NOx) Temp CF PN: 1.5 i .
p Final CF PN: 1.5
15% reduction

CO2/FC
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Vehicle <t LN O ~ 0 (o)} o — ~ o < LN Co} N 00 (o)} o — o~ o
(@] o o o o (@) i i i i i i i i i i oN [\l (@\l N
Class o o o o o o o o o o o o o o o o o o o o
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
| UNR 83 (NEDC) > EU 2017/1151 (WLTP) >
Switch from the NEDC to Sept 2014 NEDC [R50/ 3015 0)
the WLTP test procedure April 2016 RDE Monitoring Period | =0;{0)¢s . J:;:?:No o
. + + X
TA without change of the Sept 2017 WLTC + RDE (PN + NOx) [T RR e R
EU6 emission limits. EURO 6d (Fina 5)
(Temp. CF NOx 2.1 & Temp. CF PN 1.5)
Vit
April 2010 BS IV f& e
N1 _.E&.° LRl 2 E o . April 2017 BS IV MIDC + RDE
a (ref. Euro 4) (ref. Euro 6)
A5 Sept 2011 (Nationwide) (Nationwide)
1. For All Models MoRTH / CMVR / TAP - 115/116 > AlS 137 >
2. Particle number limit introduced
| EURO 6b I
Sept 2015 NEDC 010X s WLTC + RDE (PN + NOX)
AM Sept 2018 WLTC + RDE (PN limits applied + NOx monitoring) =0l X¢Te (Final CF 1.5)

TA — Type Approval Sept 2019 WLTC + RDE (PN + NOXx) SV {0X=Ye EuI=194]o) EURO 6d

AM — All Models (Temp. CF NOx 2.1 & Temp. CF PN 1.5)

NEDC — New European Driving Cycle
WLTC — Worldwide Harmonized for Light Vehicle Test Cycle
RDE — Real Driving Emission CF — Conformity Factor

PN — Particulate Number NOx — Nitrogen Oxides
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Timeline 2017 2018 2019 2020 2021 2022 2023 2024 2025

Emission Norms BS-IV - Across Country

BS-VI - Across Country

Corporate Average

Fuel Economy (CAFE) CAFE Phase-1 CAFE Phase-2
OBD Norms BS-IV OBD-2 BS-VI OBD-1 BS-VIOBD-2
In- rf
n=use PE ormance IUPH

ratio (IUPR)

In-Service

i In-Service Compliance
Compliance

Real World Drivi
e e Data Collection Conformity

Emission (RDE) Norms
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TATA MOTORS o Waate): for Light duty vehicles standard in Europe ¥ TATA
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Euro 5/6 Amendment Amendment
EC 715/2007 EC 692/2008 EU 2016/427
(Procedure) (Limits) Euro 6 RDE Act 1
% Euro
6C
s N ( Amendment of
EU 2018/1832
"DE Act 4 EU 2017/1154 EC 632
ct RDE Act 3 EU 2016/646
WLTP 2
(Package 4) | (Package 3) Euro 6 RDE Act 2 India is following
\ )\/E\u?o L (Package 1 & 2) ) the same series of
64 standards for BS VI
- ,
EU 2017/1151 é This regulation will mainly affect
Euro 6d- TEMP, WLTP, v’ Diesel engine calibration and after treatment,
Consolidated version of 1 Jan 2019 v PN emission reduction technology and NOx

(Contain amendments 2017/1154 emissions for gasoline vehicles, especially GDI

2018/1832, 2017/1347) engines.
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¥ TATA

Euro 6d-

Temp

e Euro 6b

¢ OBD Euro 6-2

¢ E10 and B7 reference fuel : Assessed on regulatory lab test cycle (WLTC cycle)
¢ Final PN standard for Pl vehicles

* RDE PN (NTE emission limits applied) + RDE NOx testing for monitoring only.

e Euro 6b

¢ OBD Euro 6-2

¢ E10 and B7 reference fuel, assessed on regulatory lab test cycle (WLTC cycle)
e Final PN standard for Pl vehicles

* RDE testing against temporary Conformity Factors.

* Euro 6b

¢ OBD Euro 6-2

¢ E10 and B7 reference fuel, assessed on regulatory lab test cycle (WLTC cycle)
¢ Final PN standard for Pl vehicles

* RDE testing against final Conformity Factors.

WLTC — Worldwide Harmonized for Light Vehicle Test Cycle
RDE — Real Driving Emission CF — Conformity Factor
PN — Particulate Number NOx — Nitrogen Oxides
Pl — Positive Ignition Engines ( Petrol/SI Engines)

NTE — Not To Exceed

Lab test cycle is NEDC, it shall be replaced by WLTC with the introduction of Euro 6d-Temp

The Real Driving Emission (RDE) test procedure is introduced in 3 phases.

¢ First a monitoring period starting in April 2016 on new type vehicles.

¢ Followed by a period with application of temporary conformity factors (Euro 6d-Temp).
¢ Then with application of final conformity factors (Euro 6d).

@ Copyright, Confidential, Tata Motors Limited




TATA MOTORS
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Emissions & RDE Packages - Europe

RDE Act 3
EU 1154/2017

N

RDE Act 2
EU 646/2016

2nd package (on 20t Apr’16)
Key highlights:
Temp & Final CF for pollutants,
Verification of Trip validity, Trip
dynamics
O (Smoothened by Hanning filter).
15t Package (on 10t Mar’16)

Key highlights:

Boundary condition, Trip
requirements, RDE test procedure,
PEMS installation and validation
procedure.

@ Copyright, Confidential, Tata Motors Limited

RDE Act 4
EU 1832/2018

\

4th package (TBD)
Key highlights:

In-service conformity control
based on RDE,
Post processing methodology.

Hybrid Vehicle: Revised EVAP
procedure and

Provisions for the on-board
fuel and electrical energy
consumption metering
(OBFCM).

The phase-in is scheduled in
several steps for passenger
cars and LCV between
September 2017 and January
2022.

3 package (on 7t" Jun’17)
Key highlights:

Test procedure and CF for
PN, Cold start provisions,

Hybrid vehicle test
procedure.

¥ TATA



LLALLALASLISLSI RDE - Indian Real Driving Emissions @ TATA
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y

Future course of actions include
work on :
‘ - PEMS uncertainty.
Final IRDE TAP document has - Low and pulsated Exhaust Flow
been released on August 2019. Rate.

- Effect of Temperature on
Analyser Accuracy.

- PEMS Make variation.

March 2017- June 2019:
- Basic Study.

- Data Collection & Evaluation.

- Analysis & Test Procedures

- Validation.

- Trip Dynamics.

- Post Processing.

- Final Test procedure.

@ Copyright, Confidential, Tata Motors Limited
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Exhaust Pollutants for Compression Ignition Engines -
Reduction from BS IV to BS VI

¥ TATA

Compression Ignition Vehicles

-68%
-82%

mg/km

No Change
from BS IV

mg/km mg/km

mg/km

PM
WPCM,LCVN1ICL1BSIV

CcO HC + NOx NOx

BmPCM,LCVNICL1BSVI

in BS VI

Deterioration Factor - Cl vehicles

12
11 1.1
I | I | | I 1
HC + NOx NOx PM PN

15
I 11
co

WPCM,LCVNICL1D.FBSVI ®EPCM,LCVN1CL1D.FBSIV

Nb/km (10711)

PN

= BS6 for Cl Engines mainly
focus on stringency of NOx
and PM pollutants.
= The pollutants which has
reduction from BS4 to BS6
are as follows:
= HC+NOx: 43%
= NOx: 68%
= PM:82%
= Addition of Particulate
Number, PN in BS6.
= CO remains unchanged in
BS4 and BS6 standard.
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Exhaust Pollutants for Spark Ignition Engines -
Reduction from BS IV to BS VI

¥ TATA

Spark Ignition Vehicles

Addition
in BS VI

No Change from BS IV Addition in BS VI

= BS6 for SI Engines mainly
focus on stringency of NOx
pollutants.

= The pollutants which has
reduction from BS4 to BS6
are as follows:

= NOx:25%
= Addition of Non-Methane
Hydrocarbon, NMHC

Particular Matter, PM &
Particulate Number, PN in

BS6.

= CO & THC remains
unchanged in BS4 and BS6
standard.

mg/km mg/km mg/km mg/km mg/km Nb/km
(10nr11)
CO THC NMHC NOx PM/ ' PN\/ '

mPCM,LCVN1ICL1BSVI WPCM,LCVN1ICL1IBSIV

v’ For positive ignition, particulate mass and number of particles limit shall apply only to vehicles with direct injection engines.
v’ Until three years after date of implementation for new type approvals and new vehicles, particle number emission limit of
6.0 X 10%2 /km shall apply to BS VI gasoline direct injection vehicles upon choice of the manufacturer.

@ Copyright, Confidential, Tata Motors Limited

Deterioration Factor - S| Vehicles

16
15
13 13
12 1.2 1.2
I I I I I | I | |
co THC NMHC NOx PM PN
®WPCM,LCVNICL1D.FBSVI

WPCM,LCVN1CL1D.FBS IV
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OBD Emission Standards - Compression Ignition Engines @ TATA
Reduction from BS IV to BS VI

mg/km

Cco
mPCM,LCVN1CL1

Removed
from BS VI

mg/km

HC
BSVIOBDII

OBD - Cl Vehicles

Addition
in BS VI

mg/km

NMHC
mPCM,LCVNI1ICL1 BSVIOBDI

mg/km mg/km
NOx PM

~PCM,LCVN1CL1 BSIVOBD
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7.\ 7,9 [eafe): I OBD Emission Standards - Spark Ignition Engines @9 TATA
NI IPLlC M Reduction from BS IV to BS VI

OBD - Sl Vehicles

)
from BS VI in BS VI

Addition
in BS VI

3200
600
400
mg/km mg/km mg/km mg/km mg/km
v,
CcO THC NMHC NOx PM
BMPCM,LCVN1CL1BSVIOBDII WPCM,LCVN1CL1BSVIOBDI PCM,LCVN1CL1BSIVOBD

O CopyTTgnt, COMTaentar, Tata IVIotors LIMItea

v’ For positive
ignition,
particulate mass
limits apply only
to vehicles with
direct injection
engines.
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Agreement of
cooperation and

United

Nations reporting, installation
Framewc_)rk of regular
Convention conferences.
on Climate .. .

Change Decision making

through Conference of
the Parties (COP)

1992

India ratifies

Phase 1: Kyoto h "
2008 - 2012 Protocol phase 2 on
1998 08th Aug 2017

Phase 2:
2013 - 2020

COP 3

Target: 2021 — 2030

The Paris Agreement
replaces the approach
taken under the 1997
Kyoto Protocol.

Objective: Global
temperature increase
well below to 2°C to
keep it to 1.5°C above
pre-industrial levels.

Paris
Agreement
2015

The evolution of the CO2 regulation remains the main driver for changes in vehicle technology.

@ Copyright, Confidential, Tata Motors Limited

¥ TATA

Greenhouse Gas Emission reductions.

As per the Kyoto protocol: European Union

Phase 1 (2008 — 2012): 8% reduction target
compared to 1990

Phase 2 (2013 —2020): 20% reduction target
compared to 1990

Paris Agreement to a GHG reduction target (2021 —
2030): 40% reduction target compared to 1990

For 2050 the European Union set itself a target of
Net-Zero Greenhouse Gas Emissions
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[ CAFE — Corporate Average Fuel Economy ]

CAFE
(Fuel Economy or GHG
emission standards for

LDVs.)
| | | | | : | | | | 1
USA Canada  Mexico Brazil European Saudi Japan South China India
‘ l l Union Arabia ‘ Korea l
v v v v v l
_ . _ P.C. ( P.C. Max. Seats 10 | [ P.C. Max. Seats 9 |
Passenger car & Light truck/commercial vehicle Max
- The maximum GVW is 3,856 kg - '9 Passenger car & Light truck/commercial vehicle

l P.C. Maximum Seats 12 ) edts - The maximum GVW is 3,500 kg

ICCT: LDV GREENHOUSE GAS AND FUEL ECONOMY STANDARDS: 2017 GLOBAL UPDATE
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y \
/" PCiEU \

333/2014

/’/f_\\\

Target: 95 \
gCo2/km | NEDC test ‘-‘ WLTP EU "\‘
procedure 12017/1151

LCV: EU
253/2014

Target: 147
gC02/km

>

The CO2 emissions measured using the WLTP must be CO2 emission
converted to a NEDC basis until 2020 to be compared to targets for 2025
the CO2 emission target values defined for the NEDC (130 and 2030
gC0O2/km until 2019 and 95 gCO2/km starting 2020).

-

European CO2
emissions target
for 2020/2021

I%I

P
Ministry of ——
Power . -
Notification ' y G S.R. G.S. R\\
/ 954(E) 0 1461(E)on
4th 27th ‘
ol October, November,
Indian  CO2  emissions SR B 2016 201/
target for 2022 to '
Passenger Cars — GVW not A
exceeding  3500Kg issued MoRTH has adopted this procedure
notification on 237 April

under CMVR, 1989 vide notification
2015 number as stated.
@ Copyright, Confidential, Tata Motors Limited

CO2 emission targets
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Overview of regulation specifications for passenger cars

¥ TATA

EU 2021
PV
Standard

India 2022
PV CAFE
Standard

NEDC
Equivalent
-95
gm/km

WLTC
Equivalent
—108.8
gm/km

JCO8
Equivalent
-87.3
gm/km

MIDC —
113
gm/km

@ Copyright, Confidential, Tata Motors Lim

Source: ICCT 2016

CO, emission values (g/km), normalized to NEDC

Passenger car CO, emission and fuel consumption values, normalized to NEDC

220 A
-9
200 A
-8
180 A
160 - -7
140 - -6
Lea T =<Tasingia 2022113 Mo
100 - gt es Do USRS R0 g
S. Korea 2020: 97~ ~==<_ 7 ~-China 202593 4
80 - “‘\\"
“~~._Japan 2030: 74 [ 3
60 -
EU2030:59 | )
40 1 — historical performance
20 ---- enacted target -1
0 I I 1 I 1 1 I O
2000 2005 2010 2015 2020 2025 2030

Updated June 2019
Details at www.theicct.org/info-tools/global-passenger-vehicle-standards

Fuel consumption (/100 km gasoline equivalent)
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) MoP & MoRTH notified fuel efficiency norms

j Norms applicable to M1 category vehicles <3.5T GVW

) Compliance to norms on basis of manufacturers weighted avg. performance

) Implementation to be done by MoRTH through iCAT as a nodal agency

= CAFE

Corporate Average Fuel Economy ) FE TAP Document for CAFE implementation has been released

| FY2017-18 | FY 2022-23 |
| |
Phasel | | Phasell |
130 gCO2/km @ 113 gCO2/km @
1037 kg average 1145 kg average

kerb mass kerb mass

\gJ Lopyrignt, Lontiaential, Tata Motors Limited
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P | FY2017-18 |BEE Fy 2022-23
| Phasel | Phase Il |

L — ” 2017-18
g 0.0024 x (W- 0.002 x (W- we Phase-| Line
8 8- 1037) +5.4922 1145) +4.7694 = __.-==""
Pl
Tl
o
LLl
N —__
£, b
= B
b
(L)

2 -

G T T T T

500 900 1300 1700 2100
Kerb Mass (kg)

\gJ Lopyrignt, Lontiaential, Tata Motors Limited
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Weight

Direction
of travel

ACTIVE VALVE DEACTIVATED VALVE

\g %

LB

N B

Engine oil
pushes
locking pin
N back = T~
- Engine
‘ oil
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Passive Ventilation Active Ventilation
Thermal management

B/ |
X —
+ -\ -
”‘.\&/‘\\ ,}Ké T(::crk ;: H _j@/&

@ Solar Control Glazings Solar Control Films
Credit (g CO,/mi) Credit (g CO,/mi)

7 Car Upto29 Car 04
Weight Ao
Truck 0.5

Reduction )
Data Source: US EPA & DoT @ N
L Thermal Off-Cycle

Credit (g CO,/mi)

Car

2.1

Truck 2.8

[ Thermal

~—

. Management

Truck Upto3.9

4

furbo ps

Gear-Shift Hybrid & Electric Hydrogen
Indicator Powertrains Fuel Cell

efficiency A/C
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TATA MOTORS :
ey pytemedes Type Approval Europe and India

@ TATA

* * o

Test - Europe ® India
P —
Type | Tailpipe Emissions Tailpipe Emissions
CO emission test at idling speed for Gasoline CO emission test at idling speed for Gasoline

Type Il . . . .

Free acceleration smoke for Diesel Free acceleration smoke for Diesel
Type I Crankcase gases emissions Crankcase gases emissions
Type IV Evaporative emissions Evaporative emissions
Type V Durability of anti-pollution devices Durability of anti-pollution devices
Type VI Low temperature test -
Type VI On-board diagnostics On-board diagnostics

RDE — Real Driving Emissions

RDE — Real Driving Emissions

» ECE regulations are similar to EU regulations. A base regulation

is updated with a consecutive series of amendments.

» The series of ECE-R-83 regulations reflects the Euro 1-6
regulations.

@ Copyright, Confidential, Tata Motors Limited

INDIA follows the same strategy as per ECE regulations for TA
test.

TAP 115/116 regulations reflects the BS | - IV regulations.
(Euro 1-5)

AIS 137 regulations reflects the BS VI regulations. (Euro 6)

As India comes under Tropical region, where average
temperature falls around 24c C, the Type VI test of Low
temperature is not performed.




TATA MOTO_RS Emission Certification Cycles - Global Scenario ¥ TATA
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California US Federal EUZ8 Russia
LEV I Teer 3 harmonized with Euro 6d limits with | Euro 5
CARB LEV I _— RDE and WLTP Euro 6 (tbd)
e China
& China 5
{ 7 China 6a (2020)
- China 6b (2023)
7 Beijing*
China 6a (2019) without RDE
China 6b (2021)
A Japan
New target with WLTP (2018)
South Korea
1/ ! : : , Gasoline based
Brazil . ol I - Bharat Stage IV il Diesel based
L6 \ _,L\;"-C. 7 €F Bharat Stage VI on Euro 6
L7 (2020) W (2020) ] with RDE (2018)
L8 (2025) -
Euro 6c/d — China 6a/b Tier 3 - LEVIII P Proconve L6
= Challenge PN < Challenge HC/NOx s postPNLT
B Euro 5 -China 5 China 6b
- Euro 4 — Bharat Stage IV -» Combined Challenge

@ Copyright, Confidential, Tata Motors Limited

Source: Continental Emission Booklet



TATA MOTORS Likely Way Forward ¥ TATA
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» Introduce fuel- and technology-neutral emission limits
* Tighten the emission limits to harmonize with other markets
* Introduce application-neutral emission limits

» Lower the size cutoff for particle counting from 23 nm to at least 10 nm
 Develop a methodology to measure volatile and semi-volatile particles
* |Include emissions that occur during filter regeneration

» Make particulate number (PN) standards fuel- and technology-neutral

» Investigate the feasibility of PN tailpipe measurements

Ultrafine
particles

» Set limits for ammonia emissions

» Set limits for CH, and N,O emissions and account for them in the CO, standards
» Set limits for aldehyde emissions

Regulate all VOCs and not just HC.

Set emission limits for brake wear particles

Consider limits for NO, emissions

-
“H
L
-
o 3
23
S o
=

Source: ICCT
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Thank You!!!

@ Copyright, Confidential, Tata Motors Limited
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Type Approval Europe and India

@ TATA

¢ Vehicle Scope.

-

e M1&M2 Defined in Directive 2018/858 and
<
N1 & N2 EU 715/2007 Reference Mass £ 2610 kg
* Extension possible at the manufacturer’s request to M1,M2,N1 & N2. Reference Mass < 2840 kg
. Number of .
Category Description Sub - Category persons Mass limit
Carriage of M1 Upto9
M passengers, min 4 M2 GVW < 5000 kg
wheels >9
Passenger Cars M3 GVW > 5000 kg
N1CL1 RM < 1305 kg
N1CL2 GVW <3500 kg | 1305 kg <RM <1760 kg
Carriage of goods, N.A.
<
N min 4 wheels, LCV N1CL3 1760 kg < RM < 3500 kg
N2 3500 kg < GVW < 12000 kg
N3 GVW > 12000 kg

+* Until Euro4 & BS IV

: Two subgroups: M1 w/ GVW < 2500 kg and M1 with 2500 kg < GVW < 3500 kg.
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