
OFF HIGHWAY TRENDS
Clean Air and Future Fuels



Key drivers of future

LARGE INFRA HYBRIDS / 
ALTERNATIVES

CONNECTED / 
AUTOMATION

ENGINE 
DOWNSIZING

SUSTAINABILITY / 
REGULATIONS

Bigger, More 
Productive and 

specialized 
machines

Greater demand 
for more fuel 

efficient 
machines

24/7 Remote 
connectivity and 

machine 
operations, 

Virtual Cockpit

Smaller Engines 
with added 
benefit of all 

round machine 
visibility/ Hybrid

Stricter emission,
Sustainability and
safety regulations

/ legislations

modify

FOCUS ON SUSTAINABILITY



Near Zero Emissions: Significant reduction over the years
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Further Reduction with Stage VI is on the way….

Regulations



4 Valve Design
Higher BMEP

High Pressure CR
EGR
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Technology Development, Time

Fuel Eco/Low PM Compact /Power Fuel Eco/ Emissions Low Nox/Fuel Eco

Engines



Technology Advancement: Conversion Efficiency and Range
Reference :Article in National Science Review · January 2021

Aftertreatment Systems

60-80% Advancement >90%

Efficient SCR SYSTEMS



Green House Gas Emissions

Focus on Climate change & GHG Emissions

Holistic View & GDP 

Economics driver

Climate Change
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Conventional Fuel

Alternate Fuels-
CNG/LNG

Alternate Fuels-
Bio Diesel/DME

Alternate Fuels
Ethanol

Alternate Fuels 
Hydrogen

Battery Electric 
Vehicles

Fuel Cells

Propulsion Technology and Fuel are integral part of Soln.

Road to Zero Emission



*Source – Life Cycle Analysis of Energy & Green House gas emissions of Automotive Fuels in India: Part 2 - Well to Wheel Analysis, V. Patil et.al, Journal of Energy, Science Direct,2015 Paper

2015, IISC Bangalore Paper

• % Calculated based on Gasoline WTW Energy Use
• Lower the % better is the WTW efficiency
• India – Diesel, FCV,BEV
• USA - FCV, BEV, Diesel

Energy Analysis



Efficiency

• Cost
• CO2

• Infrastructure

• CO2

• Cost & Energy Density
• Infrastructure

• Net Zero - Fuels



• Diverse energy demand from different markets.

• Alternate fuels provides wider Opportunities.

• Fuels to be key enabler –Road to Zero

• Economics is one of key variable – Dynamic.

Summarize



THANK YOU
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Energy Density



Cost of Hydrogen

Electricty system revolution, NEA Workshop, 4th of september 2019, Boulogne France



Economics

Reduction in Fuel Usage

Major Revenue for Government

Alternate Forms: Absorb
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