®

ASHOK LEYLAND

An Overview on the Road Transportation

Sector €O, Emission Reduction Technologies

Samir S. Kale
Head- Pune PD Center
Engine R&D

M) HINDUJA GROUP



Need for CO, Reduction )

ASHOK LEYLAND

CO2 reduction initiatives not
only helps environment but
also reduces TCO
for end user and helps in
National energy security
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Greenhouse Gas Emission ASHOK LEYLAND

The principal emissions from motor
vehicles (by volume) are greenhouse
gases (CO2,N20) , which contribute
to climate change.

Not all vehicles have the same
Impact though.

The vehicle's level of CO, emissions
IS linked to the amount of fuel
consumed and the type of fuel used

Earlier California regulators finalized the first CO, regulations for passenger
cars in 2005, followed by Europe in 2009

Regulations governing vehicle CO, emissions are just now emerging, but are
poised to be a long term trend.
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Drivers for CO, Regulation 2,

ASHOK LEYLAND

= The United Nations Intergovernmental Panel on Climate Change (IPCC) is

proposing CO, targets for 2050 and beyond, which will likely drive CO,
regulations into other vehicle and equipment segments.

Light Commercial Vehicles Emission Targets.

The regulations are applicable to vehicles category N, with a reference mass not exceeding
2,610 kg (LCVs must meet the following emission targets (NEDC test):
» 2017: Afleet-average CO, emission target of 175 g/km has been fully phased-in by 2017 .

» 2020: The average CO, emissions of new LCVs registered from 2020 have to meet 1479
CO,/km.

» 2025: A CO, emission target equal to a 15% emission reduction from the 2021 target .
» 2030: A CO, emission target equal to a 31% emission reduction from the 2021 target.

Heavy Commercial Vehicles Emission Targets

» In 2025,15% lower than in 2019
» In 2030, at least 30% lower than in 2019
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https://www.dieselnet.com/standards/cycles/ece_eudc.php
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COZ RegUIationS World wide ASHOK LEYLAND
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In India Fuel efficiency Regulations for Light and Medium duty Vehicles has been mandated from

1st April 2020 ( As Per S.0. 2450 (E) dated 16™ Jul 2019.
HD Fuel efficiency regulation is still under discussion —Draft standard AIS 149.
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Technologies for CO, Reduction ASHOK LEYLAND

There are numerous technologies being considered to reduce CO, emissions.

_ Biofuels Today!
a. Low carbon fuels (e.g. biofuels);

Available

b. Advances in diesel engine technologies: a o
» Advanced combustion : Cost effective Low Carbon
» Advanced fuel injection system,

» Better Thermal management,

» Smart engine Controls & Sensors

» Waste Heat Recovery,

» High efficiency & low cost after-treatment system.

INVERTER

MOTOR/
GENERATO!

aeol
i) |

REDUCTION GEAR

c. Electrification of the drivetrain:
Hybrid electric vehicles (HEV),

Plug-in hybrid electric vehicles (PHEV),
Battery electric vehicles(BEV).

DRIVE
WHEELS

—' DRIVE POWER =w=| ELECTRIC POWER

CO2 reduction initiatives not only helps environment but also reduces TCO

for end user and helps in National energy security



Bio-Fuel @
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ASHOK LEYLAND

Governments are beginning to address energy diversity, energy security, and climate
change issues with biofuel mandates.

Current Bio Fuels are generally plant cellulose or waste products based.

It appears that the long term trend is towards integrating bio feed stocks into refinery
operations.

Biodiesel has about 5-10% lower energy content than diesel but a higher cetane value.

HC, CO, and PM emissions are aboutl10-20% less for B20 than for diesel fuel, but NOx
emissions are roughly similar.

Ethanol has about 30% lower energy content than gasoline, but higher octane levels.

11/22/2019 Ashok Leyland Presentation




®

Light Duty Powertrain Technologies ASHOK LEYLAND
ENERGY FLOW IN Due to control of fuel economy and
VEHICLE CO, Dby regulatory authority
e automotive companies to
Low idle Cosses 40% e eh Em" aggressively move to increase

Generator Electrical Energ effiCienCY-
Auxiliaries Management

Brakes Regenerative
Braking

' Effective Energy 16 -20% 7

Rolling
Resistance Losses

Aerodynamic
Losses

Power Train

Fuel Energy Losses

Exhaust Cooling System

Leading approaches for fuel efficiency involve:
v Improving the powertrain with improved engine performance
v" Hybridization
v" New transmissions

v Improving vehicle performance by reducing weight, reducing drag and reducing

rolling resistance.
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Improved Engine Performance @

ASHOK LEYLAND

The leading gasoline and diesel technology choices for meeting the tighter European
and US CO, standards include:

v" Direct injection gasoline, gasoline turbocharging, dual clutch transmissions, and stop-
start systems.

Enablers to these technologies are cooled-EGR (exhaust gas recirculation) for gasoline
engines, cylinder de-activation, and variable valve technology.

Overall, specific power will increase, enabling significant engine downsizing.

High Power Density and Higher BMEP

Engines is a trend to improve Fuel economy
and hence CO2 reduction
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Hybridization ACHOK & e VL AND

= Full hybrids have the low CO, emissions, with the best delivering >50%
reductions from conventional vehicles.

= However, despite incentives, their market penetration is low for BEV and
PHEV

Thus far passenger EV sales in
India have been very low

Number of vehicles (thousand)
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Electrification of transport would be more beneficial in City Cycle as

compared to Highway Cycles




HEAVY DUTY POWERTRAIN @)
TECHNOLOGIES AsHo bevEArRs

11

About 6-8% of GHG emissions come from the heavy-duty (HD) truck sectors
in the US, Europe, and Japan (1, 2, 3).

In the US, about 75% is emitted by the large Class 8 trucks.

As fuel costs represent 20 to 30% of the total life cycle cost of the truck, it
can be represented 2 to 2.5X the cost of the truck itself (4).

Hence HD truck sector is strongly driven to reduce the fuel consumption.
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Roadmaps and Scenarios ASHOK LEYLAND

How long-haul trucks consume energy

Energy usage by long-haul trucks fitted with conventional internal combustion engines
[% of fuel energy]
)

100 19
i Comments

> Vehicle improvements
tocus on reducing rolling
resistance (e.g. tires,
weight) and air drag
(e.g. side skins)

Further improvements
= can be achieved by
2 =62% reducing usage of the
ICE POWERTRAIN combustion engine
RELATED - (e.g. by using more
R ama electrnic components)
Air Rolling Driveline Engine Air Cooling Exhaust Other
drag resistance friction friction cooling

Typical heavy duty engines energy chart shows:
= 20 % of fuel energy can be saved from vehicle optimization
=  62% of fuel energy saving by powertrain optimization




Roadmaps and Scenarios ASHDK@YLAND

Selected powertrain improvements to reduce commercial vehicle CO, emissions in triad markets

Comments

> New emission
standards have a
negative impact
(e.g. Euro Vi)

> Automated trans-
<, City bus, ; V4 missions offer
18 meters ! E considerable
potential but have
already penetrated
certain segments

Long-haul

o s
——— _truck, 40 tons

1) E.g. Optimized turbochargers, injection systems with very high pressure

Segment wise possibilities of technologies

"= For a common technology incorporation to reduce CO, among all segments,
main concentration should be on ancillary units optimization and ICE
optimization

11/22/2019
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Roadmaps and Scenarios O

Indian Scenario ASHOK LEYLAND

Fuel economy gain in India

market
PV/ILCV § M&HCV § 2W/ 3W penetration

Non-powertrain
enhancement Description
technologies

4 Aerodynamics = Streamlined vehicle body design to minimize energy 1. 2% 3. 49 Very - Onaoin
optimization losses due to air drag limited going
Weight = Use of light-weight materials and structural redesign for

2 optimization weight reduction 3- 4% 1- 2% 1-2% = Ongoing

* New manufacturingtechnologies

3 Tyres * Reduction in tyre rolling resistance towards minimizing 1. 20 3. 49 1-2% = Ongoing

optimization rolling friction losses
* Reduction in power consumptionin ancillaries and load
systems based on

4 Ancillaries — Electrification of currently mechanical systems of _ag a0 50
optimization actuation and loads = i B O

— Optimization of electrical systems and use of
electronic control, where possible
1. FE impact numbers based on 100 kg reduction in weight :
2. Payload-to- kerb mass ratio in India is —1.5-2 vs. global benchmarks of <1; in practical situations, this factor is higher given heavy owerloading in Indian O Low . ngh
trucking conditions
Source: IEEP-TNO Study 2011, EFATSD 2011, AT. Kearney research Source: CII-ATK Cost Effective Green Mobility —Vision 2020 Joint A.T. Kearney & CIl Study March 2013

= Unlike in European scenario, here the aerodynamic and tyre optimization together shows
~8% reduction only .
= This is because in Europe the HCV average speed is 75 kmph whereas in India it is 35 kmph.




Roadmaps and Scenarios
Indian Scenario

ASHOK LEYLAND

Fuel Economy Benefit(% FE
Advanced IC engaine L8 improvement)
Technology'? 9 Description 273 N
Wheelers SN
- Roﬂuclot: engine friction through
multiple levers e.g. conversion to
1 Engine frictionreduction electrical drives, use of roller 2-3% 1-2% 2-3% Ongoing R&D by OEMSs, suppliers
bearings etc.
Start-stop systems * Reduced idie-stale fuel consumption
2 (micro-hybrid) through engine shut down 3-6% 2-3% 2-5% e O O
| Direct - Injection of fuel directly in
3a Injection — combustion chamber leading to more 2-3% 13-16%7 - " €3 —
| Gasoline efficient fuel utilization
i Port Fuel « Injection of fuel into an intake port for
3 IFI'\L;:::tlon 3b Injection— mixing with air followed by gg:g 5-10% - 0 O -
| Gasoline introduction in combustion chamber
| Common * A high pressure common fuel rall
3c Rail— injecting all engine cylinders allowing 4-5% 4-5% 4-5% O o @
| Diesel for better injection control
| Diesel + Use of new-gen variable geometry o
4a (New-gen turbos offering better control on air 3-5% - 4-6% (‘
turbos) intake and engine efficiency * An overall of ~30 %
% ?oimntsizll’n ‘ Replacing a larger engine with a
w urbo . i w
Ab‘ Gasoline smaller, more efficient engine while 4-15% - _ fuel economy can be
engines matching performance through .
} turbochargind benefited from IC
i i * Varled timing and lift of engine i imi i
5 Xﬁ;'ablo Valve Timing & valves depending on engine load to 3-7% 3-5% 1-2% ( engine optimization.
optimize air intake and exhaust
6 * Reduced engine losses through <
Cylinder deactivation partial deactivation of engine 4-5% - 1-2% .
cylinders depanding on load NOte' The percentage
7 Automated manual * Lower gear shift losses through 3.5% - 3-5% ( Showed dlﬁ:e rs fOI’
transmission electronic control of cluteh and shift i .
Seclective - High efficiency aftertreatment system dlﬂ:ere nt Veh|C|e
talvti that allows for optimized engine 4-6% _ 4-6% ( . -
NOx cataiytic combustion; Injection of a urea- appllcatlon SegmentS.
8 control reduction based compound removes Nox - __7
systems * Mixing of cooled exhaust gases with
Exhaust gas fresh air intake to reduce combustion 0% - 0% 0 O
recirculation temperature and hence NOx
1 Seversl aother technologies also exist o improvws fuel cconomy - Patrol Thermmodynamio eycleimprovements e g split oyole, PCCUHCCL CALL Tharmo O Low s . H'gh
wlocine wasto hast recovary, secondary heat recavery aycla, efficianay improvaments in auxiliary sysiams
2. hesal” Enginag aombuastion improvemants; Tharmo-alectric convarsion, secondary haat recovery cyclo; auxiiary asystems atfficiency impravemants; Tharmal
management systems
3 :3'&;5:’)":["‘0‘ V(Z:'r:'?'t“lmeuon 15 relevant for 4 stroke engines. For 2 stroke engines, alr-assisted direct injection |1s the next genaration technology and has 30-50%
Ty
Sourco TNO IEER Roaporl 2011 for Europosn Commmssion, ERPA TSD 2011 AT Kasinoy rosasrch

Source: CII-ATK Cost Effective Green Mobility —Vision 2020 Joint A.T. Kearney & CIl Study March 2013



Technology Impact S

ASHOK LEYLAND

Challenges and barrier to Commercialization

v

v
o
v

Product ¢ ¥ Industry Collaboration
DERIET GE . v University & Research lab
Technology maturity and complexity involvement
Supplier base readiness v Govermnment Funding
Product development time
Technology O
break through O
+ Technology @
Impact
Cost,$
>
eaa
== "FE Gain,%
s
i -
-

Time
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Developments to optimize CO2 &

ASHOK LEYLAND

 Engine friction — Variable compression ratio
— Hydrogen free DLC* — Variable valve timing/lift

« Air cooling — Start/Stop system
— Fan on request — Two stage turbocharging

« Exhaust — High injection pressure
— Waste heat recovery — Exact gear box ratio match
— Hybrid — Variable Compression ratio
— Electric — Flywheel technology

— Bio-fuels, fuel cells

— Weight optimization

— Ancillary units current
“DLC — Diamond Like Carbon coating consumption optimization
on piston walls . .

— Nozzle Dia reduction

— Fuel cell driven auxillaries
(Auxillary power unit APU)

Source: Bosch study report

Technologies to improve 6% fuel energy in Engine,
With all the above “Other” technologies combined, even the CO, targets of 70 grams per kilometer,

17 in discussion for 2025, are achievable.
| |



Developments to optimize CO2 ©)
Improved combustion ASHOK LEYLAND

« Variable compression ratio
« Best efficiency at all loads
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Developments to optimize CO2 @)
Variable valve timing ASHOK LEYLAND

e Both the cams are phased
dynamically with speed
for optimum volumetric
efficiency

e 1-2% fuel efficiency

Direct-injection systems from Delphi use
electronic controls to time the many injections
made every second

’ L e————

19 11/22/2019 Ashok Leyland Presentation Source: CII-ATK Cost Effective Green Mobility —Vision 2020 Joint A.T. Kearne! y & ClI Study March 2013




Developments to optimize CO2 ©)
Optimization on Ancillary units ASHOK LEYLAND

e Combined Module for a Oil Pump,
Vacuum Pump and Mass Balancer
System.

— It helps in reduction of power
consumption/ friction losses.

Source: SAE paper No:2013-26-0116

e Variable oil pump for controlling
supply of oil in combustion
engines to suit demand.
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Developments to optimize CO2 @
Start-Stop technology ASHOK LEYLAND

e Start/stop system - where the engine is stopped while the vehicle is on
standstill in order to improve on fuel economy

e 2-5% reduction in fuel economy
e ~5% reduction in CO,

Ashok Leyland Presentation Source: CII-ATK Cost Effective Green Mobility —Vision 2020 Joint A.T. Kearne y & CIlI Study March 2013
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Developments to optimize CO2 @)
Two stage turbocharging ASHOK LEYLAND

e Improved efficiency in
the entire speed range

Actuator
e High low-end torque
- Charge-pre /.
i Fuel EfﬂClenCV :ontrgaelfi';:s::grzlates ':'mu':f:tage

the flow of exhaust
gases between the
two turbines

> for excelient
start-off abilitis

Wastegateflapto i "} Bypa;s duct fo
prevent overload of the : the high-press:
low-pressure turbine comprassor
Large low-pressure stage

Actuators

for high power output

/ Charge air nozzle _/

(to intercooler)
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Developments to optimize CO2 ©)
Recovery of Kinetic Energy Flywhee| — AsHOKtEYLAND

e Upto25% CO, is reduced

23
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Weight Optimization @)
Developments to optimize CO2 ASHOK LEYLAND

Material substitution’

Key alternate materials
replacing iron and steel..

Evolving materials...

Carbon-
fibre
technology

Aluminium

High
& strength
steel

Magnesium
and alloys

Plastics
and
» composites

Glass fibre
| technology

* 8-10% reduction in vehicle kerb mass through material substitution or
structural redesign is likely to yield fuel economy benefit in the range of 1- 4%.

Source: CII-ATK Cost Effective Green Mobility —Vision 2020 Joint A.T. Kearney & ClI Study March 2013
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Ashok Leyland initiated technology @
projects In turn reducing CO2 ASHOK LEYLAND

« Effi — 20 — Fuel efficient truck
 Waste Heat recovery
« Sturman Hydraulic Valve Actuation

« Weight optimization: 4 counter weight crankshaft
Instead of 8 counter weight

« Start/Stop technology

= 11,l;10(;ﬁjhomy.!;|gsmi9geneous charged Compression ignition



Ashok Leyland initiated technology @)
projects EFFI - 20 ASHOK LEYLAND
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 Vehicle with effi-20 technologies was showcased in Auto Expo Delhi 2010
* Over 20% reduction in Fuel consumption and CO, achieved
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Ashok Leyland Engine R&D initiated D
technology projects Waste Heat RecoverysHok LevLano

EFf; . .
it « Exhaust gas waste heat is transferred to a refrigerant
SR et S and converted to high pressure saturated vapor.

M Heat rejection to « Sudden expansion of vapor leads to rotation of a

mntercooler

turbine vblades

* This power can be used as input to run auxiliaries /
piisdaaihinn power add up to flywheel

M Heat rejection 1o Oil Cooler

B Fodt aae Eei > Plan is to use the available exhaust Schematic of stand alone rig to prove
energy to produce the work. the concept of Organic Rankine Cycle

W Other heat flow

W Wall Heat Flow

27
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Ashok Leyland Engine R&D initiated technology @
projects :Sturman Hydraulic Valve Actuation ASHOKLEYLAND

v OPTIMALLY EFFICIENT
ENGINE COMBUSITON SYSTEM

Sturman
Digital Valve

v' USES LIQUID OR GASEQOUS FUELS NATURAL GAS

INJECTOR OPTION

Drive Piston

LIQUID FUEL
INJECTOR OPTION

Valve

CONTROLLER

 Individual Valve lift, allows accurate percentage of gas exchange to happen.
« A/F ratio is optimized as per requirement leading to optimized fuel consumption
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Ashok Leyland Engine R&D initiated technology @)
projects: Advanced Combustion Strategy - HCGisHok LEYLAND

Mixed mode control:

29

Advanced combustion like HCCI at low load, traditional diesel combustion at high load.

HCCI (Homogeneous Charge Compression Ignition) combustion is the ideal combination that
can give high efficiency like diesel engines and very low emissions of gasoline engines with
catalytic converters.

With mixed mode combustion, filter regeneration would be passive.

This would be an integrated control for PM & NOXx.
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OVERALL SUMMARY/CONCLUSION ASHDK@YLAND

= Regulations governing vehicle CO, emissions are just now emerging, but are
poised to be a long term trend.

= Like criteria pollutant regulations, CO2 regulations will force technologies on
the vehicles that might not go commercial otherwise.

= Many of the goals on emissions and fuel diversity are met with new fuels, If
the governments are implementing biofuel mandates.

= For light duty vehicles, most of the potential savings comes from
improvements in the powertrain.

= Some of the technologies are favored for light-load or city operation, like
hybridization and engine downsizing, and some do better in high-load or
highway operation, like diesel.



OVERALL SUMMARY/CONCLUSION ASHDK@YLAND

= |n the HD truck sector, most of the energy saving opportunity is in the
vehicle design and truck operations optimization.

= Although low fuel consumption in this segment is critical to a
successful product today, 8 to 18% of fuel savings can come from
wider use of technologies that are already on some

: trucks.

= Hybrid HD trucks are emerging in the vocational market, with payback
periods of 2 to 4 years becoming possible.

= The amount of CO2 reduction witnessed Iin Transition from BSHI to
BSIV is more than from BSIV to BSVI
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People, Planet and Profit for all stakeholders
especially our customers is at.the core of
Ashok Leyland which resonates with our Philosophy of

HAMARI JEET

o

THANK YOU
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Bio-Fuels

®

ASHOK LEYLAND

= Biofuel technology is rapidly evolving to try to meet the regulatory

mandates

like decreasing the CO, emissions from transportation and

reducing dependency on petroleum by moving towards low-carbon fuels.

Various feedstocks accessible
ranging from sugar sources to
organic waste to “ designer” crops
like algae.

Processing routes evolve from the
current ethanol processes
(fermentation and purification) and
biodiesel route (vegetable oil
esterification and purification), to
second generation processes
using enzymes or thermal

2" Generation 3" Generation

1t Generation |

“Gen 1.5” |

Feedstock: Sugars, Starch = Cellulose

Ethanol Ethanol Alcohols

Final
Fuels

Hydro- to Refinery

Fuels and Conversion Products , carbons

FAME
Biodiesel*

Alcohols

=

Bio-oil to

Hydro-treated Biomass-to-

Biodiesel Liquids (FT) Green Fuels

Algae

4 4 t
Soybeans Jatropha
Palm Oil Camellina { o
Rapeseed etc. i ;

Tallow
Waste Veg.
Oil

Feedstock: Oil-Seed/Waste Lipids -)Algae )

i( .Dlrectly to

i 4™ Generatio

t €O,

Final Fuel
Products

lllustration of biofuel process
diversity and evolution (6).

Normally engine manufactures & oil companies desire a refinery integrated

refinery approach. The 3rd generation encompassed in this approach.
|



Vehicle Energy Distribution

Energy Percentage, %

100

80

60

40

20 1

Energy Percentage, %

Vehicle Energy Requirements for City Driving

Gasoline Car P Hybrid car Electric Car
Significance of drive cycle in measuring
fuel economy with same powertrain
power is shown in figure
. - . . -
Useful Power to  Engine / Electric  Parasitic Losses Drive Train Energy Lost in Idle Losses Energy Recovered
Wheels Drive System Losses (Except  Charging Battery by Regenerative
Lost Electric Car) (Electric Car Braking (Except
Only) Gasoline Car)
Locations of Energy Distribution
Vehicle Energy Requirements for Highway Driving
80
Courtesy:
60 http://www.steelshieldtech.com.hk/Applications/Automotive
Energy_Requirement.html
40
20 -

== == . . =

Useful Power to
Wheels

Engine / Electric Parasitic Losses Drive Train Energy Lost in Idle Losses (Zero Energy Recovered

Drive System Losses [Except Charging Battery for Highway by Regenerative
Lost Electric Car) {Electric Car Diriving) Braking {Except
Only) Gasoline Car)

Lecations of Energy Distribution

®

ASHOK LEYLAND

Measured fuel
efficiency
depends on
the drive cycle
being used.

The US
Corporate
Average Fuel
Economy
(CAFE) and
CO2 values for
certification
are based on a
weighting of
55% city and
45% highway
driving.
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Vehicle Energy Distribution ASHOK LEYLAND

Vehicle Energy Requirements for City Driving Vehicle Energy Requirements for Highway Driving
100 a0 —
f_ 80 - § 507
%. 40 - i
0 — — T T - ‘ Useful Power to Engine [ Electric Paras:Losses Dr\\:’ain EnergylLost in Idle Loss‘es (Zera Energy;verad
Useful Power to  Engine / Electric  Parasitic Losses Drive Train Energy Lost in Idle Losses Energy Recovered Wheels Drive System Losses (Except  Charging Battery for Highway by Regenerative
Wheels Drive System Losses (Except  Charging Battery by Regenerative Lost Electric Car) (Electric Car Driving) Braking (Except
Lost Electric Car) (Electric Car Braking (Except Only) Gasoline Car)
Only) Gasoline Car) Locations of Energy Distribution
Locations of Energy Distribution
Vehicle Energy Requirements for Combined (City & Highway) Driving Slg nificance of
100 drive cycle in
measuring fuel
2 Courtesy: gt h
g http:/mww.steelshieldtech.com.hk/Applications/Automoti economy with -
£ 60+ ve_Energy_Requirement.html same powertrain
£ power
a
g’_ 40 7 Gasoline Car - Hybrid Car Electric Car
4
2 20
Ll
] _ — T T -
Useful Power to Engine / Electnc Parasitic Losses Drive Train Energy Lost in Idle Losses Energy Recovered
Wheels Drive System Losses (Except Charging Battery by Regenerative
Lost Electric Car) {Electric Car Braking {(Except
anly) Gasoline Car)
= The connection between test cycle CO, measurement and real-world emission will depend on vehicle
choice and driver patterns.
]

It should be noted that certified CO2 emissions could vary from actual real world emissions due to
fuel differences.



