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Meet Our Partner -
LEC GmbH

The LEC is one of the world’s leading
research institutions in large engine
technologies and has been developing
innovative solutions for sustainable

energy and transport systems since its
founding in 2002.
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Through its work, the center makes a
significant contribution to global
decarbonization. With its research activities,
unique infrastructure, and strong international
partner network, the LEC drives substantial
emission reductions and efficiency
improvements. Its key research areas include
the wuse of renewable energy carriers
(especially e-fuels such as hydrogen, ammonia,
and methanol), physics-based and data-driven
modeling approaches, and comprehensive
modeling and optimization of complex energy
systems using multidisciplinary simulation.
Cutting-edge research is enabled by strong
international collaboration, a multidisciplinary
approach, and a unique large-engine testbed
infrastructure.

In the emerging field of ammonia as a fuel for transportation and power generation, the LEC is at
the forefront. Current research provides the scientific basis for advancing the use of ammonia in
combustion engines. The LEC conducts fundamental investigations of ammonia combustion
processes under engine-relevant conditions, advances CFD modeling and simulation capabilities
for ammonia sprays and combustion, and develops novel ammonia-based engine concepts.

The center has extensive experience in the experimental investigation of ammonia combustion
concepts using single-cylinder research engines. Its work spans the full range of concepts—from
spark-ignition and compression-ignition systems, to gaseous ammonia admission and premixed
combustion, as well as high-pressure direct injection concepts in dual-fuel applications for both
medium-speed and high-speed engines.
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MEET our Researchers

Nicole Wermuth is the Scientific Director at the
Large Engines Competence Center in Graz and
Professor of High-Performance Large Engine
Systems at Graz University of Technology. Her
research focuses on green energy and
transportation systems, including clean
combustion concepts, alternative fuels, and
carbon-neutral large engine applications. She
studied mechanical engineering at the Technical
University of Braunschweig, where she received
her PhD in 2003. After her time as a postdoctoral
researcher and visiting scientist at the University
of Michigan, she then held several positions at
General Motors R&D in Warren, USA, and at GE
Power in Germany. Since 2018, she has worked at
LEC GmbH, where she held various positions and
managed applied research projects on alternative
fuels and carbon-neutral propulsion systems. She
has led national and international R&D initiatives,
including the EU Horizon 2020 project HyMethShip,
developing hydrogen-methanol propulsion with
onboard CO, capture.

Maximilian Malin studied mechanical engineering with a specialization
in combustion engines at Graz University of Technology. After
completing his studies, he joined the Energy System and Technical
Operation department at Marintek in Norway as a researcher. There, he
focused on optical investigations of dual-fuel injectors for marine
applications as well as on the use of biofuels in marine propulsion
systems. In 2019, he received his PhD from Graz University of
Technology, with a research focus on dual-fuel combustion in large-
bore engines. Following his doctoral studies, he held several positions
at the Large Engines Competence Center in Graz. Since March 2024, he
has been Head of the Research Area “Combustion and Fuels.” In this
role, he leads projects investigating combustion processes in large-bore
engines using alternative fuels such as methanol, ammonia, and
hydrogen. Within the Apolo project, he and his team are responsible for
developing the combustion concept of an ammonia engine, as well as
demonstrating the Prototype 2, in which the engine is coupled with an
ammonia cracker and an exhaust aftertreatment system.




Marcel Lackner leads the team “Applied Methods” within the Research
Area “Combustion and Fuels” at the Large Engines Competence Center in
Graz. There, he deals with all kind of engine-related simulations, i.e. 0D
chemical kinetics, 1D-CFD and 3D-CFD simulations. Before, he studied
mechanical engineering with a focus on motor and drive technology and
power engineering at Graz University of Technology. There, he also
received his PhD in 2023, which, as part of the EU Horizon 2020 project
“HyMethShip”, mainly focused on experimental and simulation-based
investigation of a hydrogen combustion concept for a large-bore engine.
Within the Apolo project, he and his team are responsible for all
simulation tasks related to the combustion concept of an ammonia-
fueled engine, such as turbocharger matching and investigation of the
fuel-air mixture formation.

Ramin Mehrabian leads the Exhaust Aftertreatment and Carbon Capture
Systems team at LEC GmbH. His research focuses on the development
and analysis of exhaust aftertreatment technologies for sustainable
advanced motor fuels, including the experimental validation and
optimization of emission reduction solutions. He has been involved in
numerous EU, national, and industry-funded projects in renewable
energy systems. He also leads the IEA EATS Task within both the
Advanced Motor Fuels and Sustainable Combustion TCPs, coordinating
and contributing to international research initiatives. Within the APOLO
project, his group is responsible for integrating the developed catalysts
for ammonia engine exhaust into the engine test bench and for the
experimental evaluation of the entire exhaust aftertreatment system to
meet the project’'s emission targets.

Antony Nyongesa is a Research Engineer at LEC GmbH and a doctoral
student at TU Graz, focusing on the development of ammonia
combustion concepts for large-engine applications. He holds a BSc in
Marine Engineering from Jomo Kenyatta University of Agriculture and
Technology, Kenya and a master’s degree in marine engineering (Green
Ship Technology) from Korea Maritime and Ocean University, South
Korea. His research centers on experimental development and in-depth
analysis of ammonia-based combustion systems for sustainable
propulsion. Within the APOLO Project, he contributes to the
experimental investigation of ammonia combustion on a high-speed
single-cylinder research engine. His work involves systematically
analyzing the effects of fuel injection concepts and key engine
parameters on in-cylinder combustion behavior, performance and
exhaust gas characteristics. His research supports the validation and
optimization of advanced combustion concepts and contributes to
defining robust operating strategies for integrating ammonia-fueled
engines with ammonia cracking technologies, advancing low-emission
and carbon-neutral solutions for maritime propulsion.
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LEC involvement in
and the results so far

Maximilian's group supports the APOLO project across several work packages related to ammonia-fueled internal
combustion engines. This includes contributions to work packages that require engine-specific boundary conditions,
such as the techno-economic feasibility study and the life-cycle assessment. In addition, LEC provides key input data
for the design of the exhaust aftertreatment system. The primary focus, however, lies in the development and
demonstration of an ammonia-based combustion concept for ship propulsion where ammonia is directly combusted
in the engine. Based on previous experience with ammonia combustion concepts, LEC developed two different
combustion concepts for the Apolo project. The first is a spark-ignition concept using a pre-chamber ignition system.
To overcome the combustion-related limitations associated with pure ammonia, the admixing of cracked ammonia
including small portions of hydrogen increases the reactivity of the mixture. This mixture can be supplied by an on-
board cracking system or, if such a system is not available, pure hydrogen supplied by an appropriate external
infrastructure can be used. The second concept is a diesel pilot concept, in which a small quantity of diesel is injected
into the main combustion chamber to ignite the ammonia/air mixture. Hydrogen can also be used in this concept to
further increase the mixture reactivity. In both concepts, the required hydrogen is planned to be provided by an
ammonia cracker system, whereby the needed hydrogen quantity is relatively small compared to the overall ammonia
consumption. The focus of the development of the combustion concepts was on the spark-ignited concept, as this will
be the main concept investigated in this project. A schematic representation of the combustion process can be seen in
Figure 1.

The concepts were further investigated using a 1D simulation environment in which a multicylinder engine model
with a propulsion power output ranging from 1 to 3 MW was established. The simulation results were used for the
layout of basic engine parameters/components such as the compression ratio, valve lift profiles and fuel admission
strategies. Furthermore, the 1D simulation model provided results such as engine efficiency, exhaust gas
temperature, exhaust gas enthalpy and the required ammonia and hydrogen mass flow rates for different engine
loads. The developed combustion concept layout will be validated and further developed on a high-speed single
cylinder research engine (SCE).

NH; feed line for SCE Spark ignited Diesel pilot
concept concept
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Figure 1: NH3 feedline design for (left) | Investigated combustion concepts (right)

To conduct this experimental investigation, it was necessary to upgrade the test cell and the engine to incorporate the
ammonia and hydrogen infrastructure. The extension of the test cell and the engine include the implementation of
ammonia and hydrogen fuel supply systems for the SCE, the integration of an exhaust gas aftertreatment system, and
the incorporation of safety-critical components to enable safe engine operation with ammonia. Furthermore, various
fuel injection systems for the SCE are being established, alongside the replacement of critical engine hardware
components. In Figure 1 a CAD model of the modified ammonia feedline and the implementation of the ammonia
port fuel injection valve on the SCE is shown. After rebuilding the test cell infrastructure and engine, the system was
commissioned and the first investigation with the spark-ignited combustion system was conducted. The results of the
commissioning process can be used to further develop the ammonia combustion process and improve the input
parameters of the 1D simulation model, leading to a higher model accuracy.
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Lookout and further process

For the upcoming project stages, LEC is preparing two experimental investigation phases. The first
phase will focus on in combustion concept development. During this phase, the previously developed
combustion concepts will be systematically investigated and further optimized. All experiments will be
conducted on the SCE test platform. In addition, this phase will enable a comprehensive assessment of
engine-out exhaust gas emissions, which will define the final boundary conditions for the design and
dimensioning of the exhaust aftertreatment system for the ammonia combustion concept.

The second phase will focus on the demonstration of Prototype 2 which represents an ammonia
propulsion system with an internal combustion engine. In Prototype 2, the components developed by
the different project partners will be fully integrated and operated as a complete system at small scale.
For this purpose, the ammonia engine (represented by the SCE) will be coupled with an ammonia
cracker to supply hydrogen, thereby improving combustion stability. To meet the exhaust emission
limits defined within the Apolo project, the engine will be equipped with an exhaust aftertreatment
system specifically designed for ammonia combustion. The ammonia cracker will be provided by H2Site,
while the catalysts for the exhaust aftertreatment system will be supplied by Johnson Matthey. To
enable full system testing, all subsystems of the demonstrator must be interconnected and integrated
into the LEC test bench infrastructure. The system demonstrator will be validated under various engine
load points and boundary conditions. During operation, key parameters—including engine
performance, engine-out emissions, tailpipe emissions, and overall system efficiency—will be
continuously monitored.

Figure 2 presents a schematic
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Figure 2: Schematic flow plan of the experimental setup of
the demonstrator system
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