
WWW.PENNENGINEEREDSOLUTIONS.CO.UK DELIVERING ELECTRIFIED EXCELLENCE

HYDROGEN 
COMBUSTION 
ENGINES (H2ICE) 
IS IT NOW OR NEVER?



WELCOME & 

INTRODUCTION

2

Penn Engineered Solutions Ltd is an independent engineering and training

consultancy providing transport propulsion and electrification engineering

excellence for clients in a broad range of industry sectors both private and

public sector. With more than thirty years’ experience in transport propulsion

systems we work with our clients to understand their skills and training

requirements, map their knowledge gaps, and deliver solutions for upskilling

and embedding competencies within the workforce. Our approach is to offer

a mixture of on and off-site support and ensure we deliver to the client the

knowledge and tools allowing them to continue their upskilling journey.

© 2024 Penn Engineered Solutions Limited. All Rights Reserved. 

For more information, please contact info@pennengineeredsolutions.co.uk

This publication has been written in general terms and therefore cannot be relied upon to cover specific situations. The information is

intended to be as reliable as possible at the time of publication and is of a professional nature.

The application of the principles described will depend upon the explicit circumstances involved and we recommend that you obtain

professional advice before acting or refraining from acting on any of the contents of this publication. Penn Engineered Solutions Ltd

would be pleased to advise readers on how to apply the principles set out in this publication to their specific situations.

Penn Engineered Solutions Ltd accepts no duty of care or liability for any loss or damage occasioned to any person acting or refraining

from action because of any material in this publication.
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 Hydrogen ICE, the dawn of a new era or just old news??

The de Rivaz engine was a pioneering reciprocating 
engine designed and developed from 1804 by the Franco-
Swiss inventor Isaac de Rivaz. The engine has a claim to 
be the world's first internal combustion engine and 
contained some features of modern engines including 
spark ignition and the use of hydrogen gas as a fuel.
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What are your thoughts on these parameters??

➢ Production source questionable, (public) infrastructure patchy, 
Hydrogen costs currently high 

➢ Assuming infrastructure and Hydrogen costs are acceptable....

➢ Good with suitable size tanks and compressed to 350 / 700 bar

➢ Reasonable compared to petrol / diesel, typically…..

➢ Highly dependent upon combustion technology, can be 
comparable to diesel (or better…)

➢ Assuming base engine adaption then as good as diesel….. 

➢ CO2 yes, NOx control with aftertreatment…. 



10

HYDROGEN ICE FUNDAMENTALS

10



11

HYDROGEN ICE FUNDAMENTALS

11



12

HYDROGEN ICE FUNDAMENTALS

12



13

HYDROGEN ICE FUNDAMENTALS

13



14

HYDROGEN ICE FUNDAMENTALS

14

❖ Typically lean mixtures utilised, 
full load performance 
approaching stoichiometry

❖ Short quenching distance allows 
combustion close to cylinder 
walls

❖ Ultra fast combustion with rapid 
mixing

❖ Low ignition energy – pre-
ignition concerns

❖ Extremely broad range of 
flammability – pre-ignition 
concerns 

❖ Flame temp @stoichiometry 
extremely high = NOx 
production
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 For commercial vehicle / industrial application, Total Cost of Ownership (TCO) will be key…
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A quick reminder on some terminology…..

 Combustion – an exothermic (heat is released) REDOX reaction between a fuel and an 

oxidant

 REDOX = Reduction and Oxidation occurring simultaneously

 As air is not pure Oxygen, the Hydrogen combustion equation is simplified to:

H2 + N2 + O2 =  H2O + NO

NO will further react in air to create NO2

Note: in the presence of lubricating oil and air impurities other 

reactions can occur at trace levels (CO, HC, PM, CO2)

ECE/TRANS/WP.29/GRPE/2021/13 (unece.org)

https://unece.org/sites/default/files/2022-03/ECE-TRANS-WP.29-GRPE-2022-20e.pdf
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CNG engines with similar 

characteristics (injection 

pressure etc)
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➢ Taking advantage of the wide range of flammability it’s possible to run extremely lean at

part load conditions:

❖ Excellent thermal efficiency

❖ Ultra low NOx

❖ Poor transient performance without significant enrichment and then NOx…..

➢ EGR used to help control NOx formation at richer AFR’s

➢ Sophisticated boosting, supercharging or eBoosters to improve transient performance

whilst maintaining a sensible lean AFR – exhaust gas temp management can be

interesting…..

➢ Technology content and cost starts to escalate when packaging HP DI, plus EGR, plus

eBooster but equivalent or better than diesel performance is possible….



21

DESIGN AND DEVELOPMENT

21



22

DESIGN AND DEVELOPMENT

22



23

DESIGN AND DEVELOPMENT

23

Cylinder block, 

crank, and con 

rod largely carry 

over

Consideration of 

oil specification, 

ability to adsorb 

water / viscosity 

stability

Careful 

specification of 

piston ring pack 

and crank case 

ventilation 

Dedicated 

cylinder head 

design, spark 

plug integration

Dedicated 

injection system 

and pressure 

regulation

Material 

specification / 

selection of 

valves, piston, 

injector, spark 

plug etc
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 Based off the existing 448 DieselMax engine

(4.8 litre, 4 cylinder, turbocharged)

 New cylinder head with integrated spark

plug, new fuel injection system (PFi), new

crank case vent, new piston and ring pack

 Carry over block and cooling system

 Revised air handling and boosting

 DPF removed, (D)OC and SCR retained but

some applications no aftertreatment is

envisaged

 350 bar tank storage

 Production ready date ???

 Customer trials 2022 – 2025…
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