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Need for CO2 Reduction  

V V 

CO2 EMISSION 

GLOBAL WARMING 

INCREASE WATER LEVELS 

ENERGY SECURITY 

CO2 reduction initiatives not 

only helps environment but 

also reduces TCO 

 for end user and helps in 

National energy security 
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 The principal emissions from motor 

vehicles (by volume) are greenhouse 

gases (CO2,N2O) , which contribute 

to climate change.  

 

 Not all vehicles have the same 

impact though. 

 

 

Greenhouse Gas Emission 

 The vehicle's level of CO2 emissions 

is linked to the amount of fuel 

consumed and the type of fuel used 

• Earlier California regulators finalized the first CO2 regulations for passenger 

cars in 2005, followed by Europe in 2009 

 

• Regulations governing vehicle CO2 emissions are just now emerging, but are 

poised to be a long term trend.  
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Drivers for CO2 Regulation 

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

proposing CO2 targets for 2050 and beyond, which will likely drive CO2 

regulations into other vehicle and equipment segments.  

 
Light Commercial Vehicles Emission Targets.  

 

The regulations are applicable to vehicles category N1 with a reference mass not exceeding 

2,610 kg (LCVs must meet the following emission targets (NEDC test): 

 2017: A fleet-average CO2 emission target of 175 g/km has been fully phased-in by 2017 . 

 2020: The average CO2 emissions of new LCVs registered from 2020 have to meet 147g 

CO2/km. 

 2025: A CO2 emission target equal to a 15% emission reduction from the 2021 target . 

 2030: A CO2 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  

https://www.dieselnet.com/standards/cycles/ece_eudc.php
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CO2 Regulations World wide  

In India Fuel efficiency Regulations for Light and Medium duty Vehicles has been mandated from 

1st April 2020 ( As Per S.O. 2450 (E) dated 16th Jul 2019. 

HD Fuel efficiency regulation is still under discussion –Draft standard AIS 149. 
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Technologies for CO2 Reduction 

There are numerous technologies being considered to reduce CO2 emissions. 

 

a. Low carbon fuels (e.g. biofuels);  

 

b. Advances in diesel engine technologies: 

 Advanced combustion :  

 Advanced fuel injection system,  

 Better Thermal management ,  

 Smart engine Controls & Sensors 

 Waste Heat Recovery, 

  High efficiency & low cost after-treatment system. 

 

c. Electrification of the drivetrain:  

Hybrid electric vehicles (HEV),  

Plug-in hybrid electric vehicles (PHEV), and  

Battery electric vehicles(BEV).  

 

 
CO2 reduction initiatives not only helps environment but also reduces TCO 

 for end user and helps in National energy security 



7 11/22/2019 Ashok Leyland Presentation 

Bio-Fuel 

 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 about10-20% 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.  
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Light Duty Powertrain Technologies  

 Due to control of fuel economy and 

CO2 by regulatory authority 

automotive companies to 

aggressively move to increase 

efficiency. 

 

ENERGY FLOW IN 

VEHICLE  

    Leading approaches for fuel efficiency involve: 

 Improving the powertrain with improved engine performance 

 Hybridization  

 New transmissions 

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

rolling resistance. 
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The leading gasoline and diesel technology choices for meeting the tighter European 

and US CO2 standards include: 

 

 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. 

 

Improved Engine Performance  

High Power Density and Higher BMEP 

Engines is a trend to improve Fuel economy 

and hence CO2 reduction 
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Hybridization 

 Full hybrids have the low CO2 emissions, with the best delivering >50% 

reductions from conventional vehicles.  

 

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

PHEV 

 

 

 

 

 

 

 

 

Electrification of transport would be more beneficial in City Cycle as  

compared to Highway Cycles 

 



11 11/22/2019 Ashok Leyland Presentation 

HEAVY DUTY POWERTRAIN 

TECHNOLOGIES  

 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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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 

Source: Truck Powertrain 2020 – Mastering the CO2 challenge: Roland Berger strategy Consultant 

Roadmaps and Scenarios 
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Segment wise possibilities of technologies 

 For a common technology incorporation to reduce CO2 among all segments, 
main concentration should be on ancillary units optimization and ICE 
optimization 

Source: Truck Powertrain 2020 – Mastering the CO2 challenge: Roland Berger strategy Consultant 

Roadmaps and Scenarios 
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Roadmaps and Scenarios 
Indian Scenario 

 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. 

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

•  An overall of ~30 % 

fuel economy can be 

benefited from IC 

engine optimization. 

 

Note: The percentage 

showed differs for 

different vehicle 

application segments. 

Roadmaps and Scenarios 

Indian Scenario 
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Technology Impact 
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• Engine friction 

– Hydrogen free DLC* 

• Air cooling 

– Fan on request 

• Exhaust 

– Waste heat recovery 

– Hybrid 

– Electric 

 

 

 

 

 

 

 

• Other 

– Variable compression ratio 

– Variable valve timing/lift 

– Start/Stop system 

– Two stage turbocharging 

– High injection pressure 

– Exact gear box ratio match 

– Variable Compression ratio  

– Flywheel technology  

– Bio-fuels, fuel cells 

– Weight optimization 

– Ancillary  units current 

consumption optimization 

– Nozzle Dia reduction 

– Fuel cell driven auxillaries 

(Auxillary power unit APU) 
Technologies to improve 6%  fuel energy in Engine,  
With all the above “Other” technologies combined, even the CO2 targets of 70 grams per kilometer, 
in discussion for 2025, are achievable. 

Developments to optimize CO2  

Source: Bosch study report 

*DLC – Diamond Like Carbon coating 

on piston walls 
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Developments to optimize CO2  

Improved combustion 

• Variable compression ratio 

• Best efficiency at all loads 
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• Both the cams are phased 
dynamically with speed 
for optimum volumetric 
efficiency 

• 1-2% fuel efficiency 

 

Developments to optimize CO2 

Variable valve timing 

Source: CII-ATK Cost Effective Green Mobility –Vision 2020 Joint A.T. Kearney & CII Study March 2013 
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• Combined Module for a Oil Pump, 
Vacuum Pump and Mass Balancer 
System. 

– It helps in reduction of power  

     consumption/ friction losses. 

 

 

 
 

• Variable oil pump for controlling  

      supply of oil in combustion  

      engines to suit demand. 

 

Developments to optimize CO2 

Optimization on Ancillary units 

Source: SAE paper No:2013-26-0116  
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Developments to optimize CO2  

Start-Stop technology 

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

• 2-5% reduction in fuel economy 

• ~5% reduction in CO2 

Source: CII-ATK Cost Effective Green Mobility –Vision 2020 Joint A.T. Kearney & CII Study March 2013 
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Developments to optimize CO2  

Two stage turbocharging 

• Improved efficiency in 
the entire speed range 

• High low-end torque 

• Fuel efficiency 
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Developments to optimize CO2 

Recovery of Kinetic Energy Flywheel 

• Up to 25% CO2 is reduced 
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Weight Optimization  

Developments to optimize CO2 

•  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 & CII Study March 2013 
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Ashok Leyland initiated technology 

projects In turn reducing CO2 

• 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 

 

• HCCI – Homogeneous charged Compression ignition 
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•  Vehicle with effi-20 technologies was showcased in Auto Expo Delhi 2010 

•  Over 20% reduction in Fuel consumption and CO2 achieved 

Ashok Leyland initiated technology 

projects EFFi - 20 
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T 

A 

C 

P 

E R 

Evaporator        E       Condenser                C 

Pump                P       Reservoir                   R 

Turbine             T        Alternator                   A 

Plan is to use the available exhaust 
energy to produce the work. 

•  Exhaust gas waste heat is transferred to a refrigerant 

and converted to high pressure saturated vapor. 

•  Sudden expansion of vapor leads to rotation of a 

turbine vblades  

•  This power can be used as input to run auxiliaries / 

power add up to flywheel 

Ashok Leyland Engine R&D initiated 

technology projects Waste Heat Recovery 

Schematic of stand alone rig to prove 
the concept of Organic Rankine Cycle 
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•  Individual Valve lift, allows accurate percentage of gas exchange to happen. 

•  A/F ratio is optimized as per requirement leading to optimized fuel consumption  

Ashok Leyland Engine R&D initiated technology 

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

projects: Advanced Combustion Strategy - HCCI 

Mixed mode control: 

• 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 & NOx. 
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OVERALL SUMMARY/CONCLUSION  

 Regulations governing vehicle CO2 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.  
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OVERALL SUMMARY/CONCLUSION  

 In 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 in Transition from BSIII 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 

AAPKI JEET 
HAMARI JEET 
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 Biofuel technology is rapidly evolving to try to meet the regulatory 

mandates  like decreasing the CO2 emissions from transportation and 

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

Bio-Fuels 

Illustration of biofuel process 

diversity and evolution (6). 

• 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 

processing to utilize plant 

cellulosic materials. 

 

• Normally engine manufactures & oil companies desire a refinery integrated 

refinery approach. The 3rd generation encompassed in this approach. 
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Courtesy: 

http://www.steelshieldtech.com.hk/Applications/Automotive_

Energy_Requirement.html 

Vehicle Energy Distribution  

Significance of drive cycle in measuring 

fuel economy with same powertrain 

power is shown in figure  

 Measured fuel 

efficiency 

depends on 

the drive cycle 

being used. 

 

 

 The US 

Corporate 

Average Fuel 

Economy 

(CAFÉ) and 

CO2 values for 

certification 

are based on a 

weighting of 

55% city and 

45% highway 

driving. 
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Courtesy: 

http://www.steelshieldtech.com.hk/Applications/Automoti

ve_Energy_Requirement.html 

Vehicle Energy Distribution  

 The connection between test cycle CO2 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. 

Significance of 

drive cycle in 

measuring fuel 

economy with 

same powertrain 

power  


