
 
 

Hydrogen engine combustion 
 
Background: With abundant land and renewable 
energy resources, some countries are advantageously 
poised to produce green hydrogen at low cost and to 
implement a hydrogen economy for domestic use or 
export to their neighboring countries with high energy 
demands. This is because, unlike electricity, hydrogen 
can be stored and transported over long distances at 
lower cost. In particular for countries such as Australia 
and Chile, their geographic locations and 
well-established reputation as reliable conventional 
energy exporters could make them major hydrogen 
suppliers targeting their neighbors with net demands, 
such as China, Japan and Korea [1]. In fact, such 

collaboration is already underway with a joint project between Australia and Kawasaki Heavy Industries (Japan) to 
build a hydrogen supply chain between the two countries, wherein Japan is forecasted to import 900,000 tons of 
hydrogen by 2030 [2]. This strategic hydrogen export opportunity is estimated to add as much as AUD10 billion to 
Australia’s economy by 2040 in a high hydrogen demand scenario [2]. These figures have significant growth potential, 
considering that industrial applications, for instance oil refining (33%), ammonia production (27%), methanol 
production (11%) and steel production (3%) currently dominates the use of hydrogen and drives more than 50% of the 
demand; while the use of hydrogen for power generation and propulsion only accounts for 1–2% of the total 
consumption [2, 3]. For the power generation sector, the low utilization could be attributed to the lack of hydrogen 
distribution infrastructure and the slow development of hydrogen powertrain that can efficiently and cost-effectively 
convert hydrogen into power. Therefore, there is significant room for growth for increased hydrogen usage in the 
power generation sector, as technologies surrounding hydrogen distribution, usage and storage continue to improve 
and mature. 
 
Technological challenges: Traditionally, hydrogen-fuelled internal combustion engines (ICEs) use a 
port-fuel-injection (PFI) approach—with hydrogen mixed into the intake air in the intake manifold or port. While 
implementing PFI benefits from a straightforward conversion of existing engines, the approach is susceptible to 
undesired combustion phenomena, such as pre-ignition, knocking, flame backfiring and volumetric efficiency loss. An 
alternative fuelling approach is to inject hydrogen directly into the engine cylinder during the compression stroke. 
Depending on the injection pressure and injection timing, the alternative hydrogen direct-injection (DI) approach can 
to some extent alleviate the pre-ignition issue of the hydrogen-PFI by reducing the duration of interaction of the 
fuel-air mixture with the hot spots within the engine combustion chamber. As the fuel injection can occur after the inlet 
valves are closed, the DI approach also avoids the back-fire problem, which arises from the presence of flammable 
mixture in the intake, as well the volumetric efficiency loss problem, which is due to hydrogen gas displacing air in the 
intake. The improved efficiency, power density, and safety benefits that hydrogen-DI can offer over hydrogen-PFI fuel 
motivate the recent interest in hydrogen-DI technology. 
 
Aim: This project aims to demonstrate the value and performance of highly efficient heavy-duty, compression-ignition 
(CI) engines operating on renewable hydrogen in power generation applications. We focus on advancing technology 
relating to hydrogen diesel dual-fuel operation—hydrogen is directly injected into the cylinder, with ignition achieved 
by a separate diesel injection for operating a hydrogen engine.  
 
This project, which was first performed in partnership with the University of Melbourne, and industrial partners, 
including MAN-ES and Caterpillar via ARENA, and now with Rio Tinto via Trailblazer Universities, seeks to address 
the knowledge gap through a combination of experimental, simulation and techno-economical studies. 
 

 



 

Achievements: Our group has produced one of the most comprehensive experimental datasets on hydrogen 
auto-igniting jets under compression-ignition engine conditions, as well as one of the most detailed hydrogen-diesel 
dual-fuel direct-injection studies conducted under realistic engine-relevant pressures and temperatures. These 
datasets provide critical insights for model development, validation, and future engine-system design.  They have also 
been modelled and analysed by leading international research groups, including Lund University, Shanghai Jiao Tong 
University, the Technical University of Denmark, POLIMI, and others, demonstrating the global impact and relevance 
of our work. 
 
In parallel, our group has achieved significant progress with a UNSW-patented high-pressure (up to 350 bar) 
hydrogen direct injection technology. Recent engine performance tests demonstrated a hydrogen substitution of up to 
90% of the energy input in a retrofitted compression-ignition engine, resulting in a 10% efficiency increase and a 70% 
reduction in CO2 emissions compared to a diesel-only baseline.  
 
Beyond research-focused studies, we have also conducted detailed techno-economic analyses assessing the 
potential integration of this technology into Australian solar farms to support baseload renewable power generation. In 
parallel, we performed a comprehensive upstream-to-downstream assessment of how the technology could be 
deployed to decarbonise mining operations, evaluating system-level feasibility and operational impacts. This work has 
been carried out in close collaboration with industry partners, ensuring that our research remains aligned with 
real-world operational needs and pathways to commercial adoption. 
 
The project is still ongoing and has resulted in two PhD theses and multiple published journal articles from our group. 
 
PhD theses: 
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thesis, 2024. 
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