
David Mumford, Stephen Ptucha, Scott Baker, Sandeep Munshi - Westport Fuel Systems Inc

Anders Palmkvist, Eric Olofsson ï Scania  Powertrain Pre-Development

High Performance Hydrogen Engine Applications
Application of Westportôs H2 HPDI TM Fuel System to a Demonstration Truck

44THINTERNATIONAL VIENNA MOTOR SYMPOSIUM, 28 - нф !twL[ нлно



PAGE 22

We are Driving Cleaner Performance 
and Changing the Way the World Moves

Tier 1
Transportation supplier with 

diverse business units

Accessing
Full suite of renewable and alternative fuels

Manufacturing
7 global locations

Sales in 70
countries, strong global footprint

1,400+ Patents & 
Applications

Robust patent portfolio

100+
Global distributors worldwide

We design, engineer & manufacture gaseous fuel systems & components
to enable cleaner, affordable transportation
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GHG Reduction:  The Role for H2 ICEs

Multiple solutions for 
decarbonizing transportation:

ÅBEVs

ÅFCEVs

ÅH2 ICEs

ÅHybrids

NACFE Study:

ÅBEVs & hybrids - short haul

ÅFCEVs & H2 ICEs - long haul

https://nacfe.org/research/electric-trucks/hydrogen/

Optimum Duty Cycle Sweet Spot

Freight
Payload (lb.)

Range (mi.)

48,000

43,000

250 650

Battery Electric

Other Hybrids

CNG/RNG, RD, H 2  ICE and Fuel Cell

Long Haul: >70% 

of HDV CO2
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How it 

works

· Fuel & air pre-mixed at low pressure

· Dedicated natural gas (100%)

· Ignition from spark plug

· Reduced compression ratio to avoid 

knock

· Simple 3-way catalyst

· Otto cycle (Stoichiometric)

· Power / torque / efficiency 
typically lower than base diesel 

engine

· Direct injection of high pressure gas into combustion chamber

· Same base diesel engine can be used equipped with 

Westport's HPDI fuel system

· Compression Ignition from diesel pilot

· Same piston / compression ratio as diesel to retain high 
efficiency

· SCR & DPF (same as diesel)

· Diesel cycle - high substitution (~94% on typical road cycle)

· Power / torque / efficiency can exceed base diesel 

engine on Hydrogen

Spark Ignited Compression Ignition

NG / H2 ICE Technologies
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An Overview of Westportõs HPDIÊ Fuel System

·Westportôs HPDI TM fuel system was conceptualized ~30 years ago with the goal of creating a more 
efficient natural gas engine.

·The ñheartò of the system is a unique fuel injector which features a small pilot injection and a larger 
primary injection of the main fuel ï initially natural gas.

· The rest of the system falls broadly into two categories:

ïFuel conditioning ï accurate control of the fuel

ïFuel supply ï storage and supply of the appropriate fuel

· Two important takeaways:

ïThe base diesel engine remains the same ï just switch out the fuel system

ïWhile Westportôs HPDI fuel system was first developed with natural gas, the system allows a number of 
primary fuels to combust on the Diesel cycle
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H2 HPDI Combustion Overview

·The following results will focus on the initial 

calibration of Scaniaôs state-of-the-art 13-litre 

CBE1 platform

ïCommercially available HPDI fuel system 

hardware was used for the initial calibration 
and demonstration of the H2 HPDI fuel 
system

·In parallel, hydrogen work continues on 

several other HPDI fuel system-equipped 

engine platforms ï both Single and Multi-

Cylinder.
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·BTE on torque curve of ~47-49%

·Peak BTE at 51.5%

·Engine-out NOx levels calibrated 
to ~6 -12 g/kW.h to reflect EATs 
strategy

·Note: EGR can be used to reduce 
NOx further to ~3g/kW.hr

·Pilot quantities as low as 2-3mg 
have been tested, equating to 
near -zero CO 2 emissions

H2 Combustion on Scania CBE1 Engine
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Minimal H2 Slip

·H2 combustion is almost 

fully complete

·ȄCombustion(H2) is 

> 99.97% at the 

measured A-speed points

·No measurable slip infers a 

low risk of H 2 

interaction with 

combustion chamber
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