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TNO Powertrains
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Sustainable Internal 
Combustion Engines 
for transport
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Sustainable Mobility
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The power of TNO: from idea toward application
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Sources of CO2 emissions in EU
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EU Heavy Duty Truck CO2 legislation 
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𝐶𝑂ଶ < 3𝑔𝑟/𝑡𝑜𝑛. 𝑘𝑚
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Decarbonizing road transport 
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Decarbonization depends on many factors 
•
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Industry view on Zero Emission Truck application
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Sustainable Internal Combustion Engines
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Hydrogen-ICE: Accelerating the energy transition
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What is H2-ICE?: multiple H2-ICE concepts exist
HPDI CIConv. DF CIPFI SI

Hydrogen + ignition liquid 
(~97% H2 energy share)

Hydrogen + Diesel
(<< 90% H2 energy share)

100% hydrogenFuel type

Direct Injection, max. > 250 bar
Port Injection Hydrogen

DI diesel 
Port InjectionFuel injection type

“Liquid spark” (Ignition liquid)CompressionSpark plugH2 ignition

Need for 2nd fuel (2 tanks, CO2) 
HP compressor for full range

Two storage tanks 
Low hydrogen share 

Occurrence unstable combustion
NOx reduction during transients

NOx reduction during transients
Occurrence unstable combustion 

Challenges

1. Truck

2. Construction 
equipment

1. Retrofit solution 

Truck

NRMM / 
inland waterway

1. Truck

1. Stationary power 

2. NRMM / 
Inland waterway

3. Truck
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Green Transport Delta – Hydrogen 



H2 (re-)fuelling technology and prototype 
engines for various sectors 
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PFI SI & HPDI: different strengths and challenges

TNO 1.8L Single-Cylinder 
Engine (SCE) research 

platform 

1500 rpm

X. Seykens,  E. Doosje, C. Bekdemir, P. van Gompel, Hydrogen Combustion Concepts: Comparison of Port Fuel Injection with Spark Ignition and High Pressure
Direct Injection (HPDITM) – Power Density, Efficiency, and Emissions, Proc. 44th International Vienna Motor Symposium, Vienna, April 26 - 28, 2023
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H2-ICE concepts: development outlook 
Argon Power CycleHPDI CIConv. DF CIPFI SI

Benefit

Thermal loading 
H2O/Argon separation

Need for 2nd fuel (2 tanks, CO2) 
HP compressor for full range

Two storage tanks 
Low hydrogen share 

Occurrence unstable 
combustion

Transient NOx reduction

Transient NOx reduction
Occurrence unstable 

combustion 
Challenges

• Development of ultra-
high efficient Argon 
Power Cycle

• Elimination of pilot fuel
(elimination of any CO2 
and second tank)

•

•

Development 
outlook 
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Closed-cycle engine concept (Argon Power Cycle)
• Argon Power Cycle Concept:

• Intake charge consists of argon premixed with O₂
• High-pressure direct injection of H₂ near TDC enables mixing-controlled 

combustion
• Exhaust composition: primarily H₂O and Ar (with O₂ present under lean 

conditions)
• A condenser is used to remove water vapor from the exhaust stream

• Benefits:
• Emission free regarding all GHG’s and regulated local pollutant emissions
• High BTE potential, approx. 60%
• No aftertreatment
• Unlike SOFC, dynamic operation is well possible

• Applications:

• Stationary power generation (data centers, energy hub)

• Long term: heavy duty transport 



Hydrogen in heavy duty road transport 
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CTO Daimler Truck: Hydrogen is “Europe’s 
biggest opportunity” and must act now on 
hydrogen trucks (June 23rd 2025)
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Sustainable Internal Combustion Engines
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Maritime applications: focus on GHG reduction
•
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Expanding and strengthening of MARITIME capabilities
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Methanol-ICE concepts

HPDI CIConv. DF CISI (PFI or LP-DI)

MeOH + ignition liquid 
(~97% H2 energy share)

MeOH + Diesel
(< 90% H2 energy share)

MeOH + Diesel
(< 90% H2 energy share)

100% hydrogenFuel type

Direct Injection, max. > 250 bar
Port Injection MeOH,

DI diesel 
Port Injection or Direct Injection, 

max. ~50 bar
Fuel injection type

Ignition liquidCompressionCompression / Mixture reactivitySpark plugH2 ignition
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Single-Cylinder Engine research platform for Maritime
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SI: ≤ 11.5, 
CI:  ≤ 14.5 



Dual fuel versus RCCI with MeOH
•

•

•

Optimal points of MeOH CI combustion concepts

•

•



Methanol-ICE concepts
HPDI CIConv. DF CISI (PFI or LP-DI)

MeOH + ignition liquid 
(~97% H2 energy share)

MeOH + Diesel
(< 90% H2 energy share)

MeOH + Diesel
(< 90% H2 energy share)

100% hydrogenFuel type

Direct Injection, max. > 250 bar
Port Injection MeOH,

DI diesel 
Port Injection or Direct Injection, 

max. ~50 bar
Fuel injection type

Ignition liquidCompressionCompression / Mixture reactivitySpark plugH2 ignition

High 
Oxidation Catalyst

High 
Three-Way-Catalyst (TWC)

High
SCR catalyst

High 
SCR catalyst

Low 
No deNOx catalyst?

Moderate
Three-Way-Catalyst (TWC)

NOx

Diesel-like

1. Inland waterway (STAGE V)

2. Sea-going (IMO)

1. Inland waterway (STAGE V)  

2. Sea-going (IMO)

1. Sea-going (IMO)

2. Inland waterway (STAGE V)
1. Sea-going (IMO)
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Research on MeOH-ICE for maritime
•

•

•

•



Thank You

Hydrogen Engine Ignites 
the Future 


