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1 Summary 

This Deliverable Report provides an interim presentation of the HERCULES-2 Project results at 

the milestone of Project Mid-Term i.e. on the completion of month 18. Following a short introduction, 

the main results of the Project are briefly presented on a per-Work Package basis, followed by a 

brief description of future work.  

2 Introduction 

HERCULES-2 is the next phase of the R&D programme HERCULES on large engine 

technologies, which was initiated in 2004 as a joint vision by the two major European engine 

manufacturer groups MAN and WARTSILA, which together hold 90% of the world’s marine engine 

market. Three consecutive projects namely HERCULES - A, -B, -C spanned the years 2004-2014 

with a combined budget of 80 M EUR and a total of more than 70 partners. More than 500 scientists 

and engineers worked in 155 subprojects on engine efficiency, fuel consumption, gaseous and 

particulate emissions and reliability. These three projects produced exceptional results and received 

worldwide acclaim. Already several research results of HERCULES -A, -B are offered as commercial 

products in new engines for ships. More than 30 patents are related to these past Projects. The 

HERCULES programme has shown that commercial competition between research partners does 

not preclude the sharing of R&D aims and the cooperation, in order to tackle issues of world 

significance, such as the environment. 

  

Fig. 1: Lifetime of HERCULES R&D Programme 
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developed further selected emission abatement technologies, addressing also CO2 and efficiency, 

whilst HERCULES-C emphasized the integration of groups of technologies, as shown in Fig. 2. 

 

Fig. 2: Evolution of HERCULES R&D Programme 

3 Objectives 

The project HERCULES-2 is targeting at a fuel flexible large marine engine, optimally adaptive 

to its operating environment.  

Of all ships worldwide, 99% are powered by diesel engines ranging from 1.000 kW to 85.000 kW. 

Engine design and development is a multi-disciplinary activity involving thermo-fluids, combustion, 

mechanics, materials, dynamics and control. The main issues in marine diesel engine design and 

operation have always been Reliability, Fuel economy and (since 2000) Emissions. With the ongoing 

R&D efforts, the issue of emissions will be mitigated in the coming years, with combinations of 

exhaust gas after-treatment, advanced combustion techniques, new fuels and control systems. 

Improved engine performance, operational optimisation, health monitoring and adaptive control over 

the lifetime of the powerplant, are further R&D issues to ensure lifelong reliability and economy.  

The objectives of the HERCULES-2 project are associated to 4 areas of engine integrated R&D: 

 Improving fuel flexibility 

 Formulating new materials to support high temperature applications  

 Developing adaptive control methodologies to retain Lifetime powerplant performance  
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The HERCULES-2 project takes into account: a) the increasing availability of alternative fuels 

and their potential contribution to the environmental and economic performance of vessels through 

their use in fuel flexible engines, b) the societal target of economic production of ship propulsion 

power with near zero emissions, c) the importance of lifetime performance optimization for new and 

existing ships, in the changing operational environment of global waterborne transport. 

The project HERCULES-2 comprises 4 R&D Work Package Groups (WPG):  

- WPG I: Fuel flexible engine 

- WPG II: New Materials (Applications in engines) 

- WPG III: Adaptive Powerplant for Lifetime Performance 

- WPG IV: Near-Zero Emissions Engine 

For each R&D Work Package Group, specific Objectives, related Performance Indicators, Target 

Values and actions How to achieve Targets are provided in Annex 1 of the HERCULES-2 Grant 

Agreement. 

 

4 Presentation of Project results at Mid-Term 

In the following paragraphs, for each Work Package Group the Project results are presented on 

per Work Package basis. A short description of each Work Package Group is followed by a short 

description of the results as well as the related presentation. 

4.1 WPG I: Fuel flexible engine 

The objective of this WPG is to build engines able to switch between fuels, both conventional and 

alternative and of variable composition and quality, whilst operating in the most cost-effective way 

and complying with the regulations in all sailing regions. The fuels to be examined are different bio-

fuels, DME, methanol, LNG, LPG, as well as HFO and MDO in combination with the former fuels. 

4.1.1 WP1: Systems for increased fuel flexibility 

The Work Package 1 objectives are: 

 To develop engines able to switch between fuels, whilst operating in the most cost 

effective way and complying with the regulations in all sailing regions.  

 To develop of a fuel injection system for multi fuel purposes  

 To demonstrate fuel flexible engine operation 

During the first 18 months of the Project, work focused on the development of a fuel flexible 

engine, as well as a feasibility study for a Rapid Compression Expansion Machine-RCEM. For the 

design of the fuel flexible injection system, a review on possible fuels for 2-stroke and 4-stroke 
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engines, as well as ignition studies for non-auto-igniting fuels were performed. The Spray 

Combustion Chamber (SCC), in which the fuel characteristics were to be investigated, was further 

developed. Furthermore, an advanced droplet evaporation model was used and model results were 

compared with experimentally obtained values. An investigation on different technologies for gas 

analyzers and online measurements was also carried out. As far as the RCEM is concerned, a 

comprehensive assessment of existing RCEMs and their abilities was performed. Simulations in 

order to assess the performance of an innovative hydraulic system for driving the piston of the RCEM 

were implemented. Finally, different RCEM configurations that would provide optical accessibility 

and the application of non-intrusive measurement methods were considered and compared.  

A presentation of the WP1 results follows: 
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4.1.2 WP2: Multi-fuel combustion 

The general objective of Work Package 2 is to develop innovative engine designs and optimized 

combustion strategies to fulfil future emission standards for both two- and four-stroke engines.  

More specific objectives are:  

 Further improve fuel flexibility of marine engines   

 Increase understanding of injection, ignition, combustion and emissions formation for 

novel and mixed fuels → efficient operation 

 Develop experimental and numerical tools required to exploit alternative fuels in marine 

engines: 

 Experimental facilities with optical access 

 Development of numerical tools 

 Development of novel control strategies 

The following achievements can be reported at Mid-Term:  

Work carried out focused on the development of experimental and numerical tools required to 

exploit new alternative fuels. To begin with, an overall system design specification was conducted 
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for a fuel flexible test facility. Moreover, optical techniques for studying fuel injection, ignition and 

flame propagation were developed. This included the development of a Schlieren imaging setup as 

well as the design of a new spray chamber. Lubrication strategies tailor made for the specific fuel 

were also investigated. Moreover, the capability for modelling ignition and combustion of novel fuels 

in marine engines was also studied. In this framework chemical kinetic models were developed and 

experiments were carried out in order to obtain data for model calibration and validation. 

Furthermore, a new optical measurement technique is being developed, for investigating the three-

dimensional in-cylinder mixture of a fully optical accessible fired medium-speed single-cylinder 

engine. Components for the optical lateral access were designed and manufactured. A 

measurement technique to investigate the in-cylinder fuel distribution was also derived, based on a 

wide literature study and pre-tests. In addition, the differences in engine operation with DMA and 

HFO were investigated. Finally, numerical and CFD simulations were carried out in order to 

investigate low-temperature NOx formation in combustion chamber and exhaust tract. 

A short presentation of the above mentioned results follows:  
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4.2 WPG II: New Materials (Applications in engines) 

The objective of this WPG is to examine the possibilities of using novel intermetallic and cast iron 

materials in important engine components, such as cylinder head and turbocharger turbine casing. 

These new materials should enable the development of components that can withstand higher 

temperature and mechanical loads, hence increasing efficiency and lower emissions by providing 

more freedom to optimize combustion. Additionally, the WPG work will contribute to a wider 

operational window for marine engines, enabling also a wider range of vessel speeds. Moreover, 

the high wear resistance of the intermetallic materials should ensure a longer lifetime and durability 

of these components. 

4.2.1 WP3: Intermetallics and advanced materials for marine engines 

The specific objectives of the Work Package 3 are  

 To examine possibilities of using novel materials in engines to facilitate the development of 

components that enable higher engine loads, hereby increasing efficiency and lower 

emissions, as well as to ensure proper lifetime performance and durability.  

 To examine novel materials of turbine casing in respect of material and design in order to 

meet requirements needed for higher exhaust gas temperatures. 

In this context, during the first 18 months of the Project, novel materials for use in turbine casing 

and other engine applications were evaluated and tested. To begin with, five intermetallic materials 

were selected and tests were carried out in order to acquire their properties. Moreover, processing 

routes, namely, casting, thermal spraying, hot isostatic pressing and welding, have been identified 

and optimized. A bearing test rig was also assembled, in order to investigate bearing materials Multi-

metal bearing tests have commenced. As far as novel materials for turbine casing are concerned, 

two groups of materials were initially identified and then a detailed survey and analysis was 

performed. Material specialized tests were carried out in order to obtain material properties that 

could not be found in literature. Furthermore, a TMF (thermo-mechanical fatigue) and creep 

assessment, of a reference design of a turbine inlet casing, using preliminary material properties 

was performed. Finally, a parameterized geometric model of the casing was developed in order to 

enable automatic optimization.  

A short presentation of the above mentioned results follows: 
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4.2.2 WP4: New materials for higher engine efficiency 

The objective of this Work package is to develop the use of appropriate material for optimized 

combustion engines. The components are the cylinder head and the turbocharger turbine casting. 

These components are cyclic loaded by mechanical and thermal loads. Specific objectives for the 

new materials and design for cylinder heads are the improvement of thermomechanical cycle 

resistance of factor 2 under increased temperature of 50 K, as well as the decreased weight of 

cylinder head of 20%. 

For the new materials for the turbocharger turbine casing, the objective is the improvement of 

thermomechanical cycle resistance under increased temperature of 70 K under corrosion 

environment. 

In this context, during the first 18 months of the Project material tests were performed to 

investigate appropriate materials that will be used to increase the fatigue resistance of cylinder 

heads and turbocharger inlet casing. In Subproject 4.1, plates and sleeves were produced at the 

foundry using five different materials. The final material for further investigation was chosen based 

on the thermal shock resistance parameter. In Subproject 4.2 a material that is expected to have 

25% higher corrosion resistance compared to current turbine casing materials has been selected, 

based on experience gained about corrosion and fatigue. Due to a delayed delivery of the test 

specimens, material tests have been initiated but the test program was not yet completed. Results 

from these tests are used for the calibration and validation of a material model. Existing modelling 

tools have been reviewed and development of new ones has begun.  

A short presentation of the achieved results follows: 
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4.3 WPG III: Adaptive Powerplant for Lifetime Performance 

The objective of this WPG is to develop systems, methods and processes allowing for a 

continuous optimized performance of the powerplant, throughout its lifetime, with reduced operating 

and maintenance costs. The work aims at expanding the present operating range of emission 

reduction technologies to new operating modes. Development of novel advanced (adaptive) 

lubrication injection systems, as well as early detection of creeping failure modes through advanced 

diagnostics, will lead to reduction in operating cost and harmful pollutants. Model-based control will 

also lead to improved dynamic performance. An efficiency gain in transient conditions throughout 

the lifetime of the engine with optimal adaptive control parameters and operation points is also 

expected. 

4.3.1 WP5: Lifetime Performance Control 

The general objective of WP5 is to secure optimized performance of the power plant throughout 

its lifetime. The WP aims at developing technology demonstrators retaining an engine’s as-new 

performance, using optimized engine control. To this end, current state of the art and knowledge of 

engine controls are applied to iteratively develop, simulate and test prototypes to reach technology 

demonstrator levels TRL 6. Establishing such concepts for two-stroke engines requires further 

development of the tribosystem, in particular of advanced (adaptive) lubrication monitoring systems, 

based on dedicated sensor technologies, as well as of a fully flexible lube oil injection system, 

involving also the generation of profound knowledge with regards to the development of a 

sophisticated tribosystem performance simulation tools. 

Work performed in Work Package 5 targets on retaining engine’s as-new performance, using 

optimized engine control and parameterization methods, as well as on developing control methods 

for hybrid engine propulsion systems. In this framework, different control strategies of knock margin 

were implemented and verified. Moreover, a lambda controller was designed and experimentally 

tested in a hybrid diesel-electric powertrain. A load estimation study using cylinder pressure traces 

was also carried out in order to check the reliability of this method, so that it can be used for 

estimation of engine load during transient operation. As far as the engine control parameterization 

in concerned, a practically oriented Design of Experiments-DoE algorithm method, for the engine 

static maps design and optimization was developed. A model-based offline optimization approach 

was also studied. Furthermore, work included the development and simulation of an adaptive, fully-

flexible lubrication system. In this direction, a 1-D simulation model has been developed in order to 

investigate the injection behavior of the lubricating system. A test cell for the lubricating system was 

developed as well. Finally, an advanced real-time tribosystem performance monitoring system is 

being investigated; various measurements related to the lubricating systems were performed during 

the reporting period. 

More details can be seen in the presentation that follows: 
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4.3.2 WP6: Model-based control and operation optimization 

The objective of WP6 is to develop systems, methods and processes allowing for improved 

engine lifetime performance with reduced operating, maintenance and deployment costs. Non-

normative changes in the demands and conditions for the operation of - and emissions from - the 

engine are to be taking into account. Included in the objective is the aim of expanding the present 

operating range of emission reduction technologies. In relevant new operating modes, NOx 

emissions are expected to see up to more than 80% reduction. Development of a novel lubrication 

injection system will lead to reduction in operating cost and particle emissions. 

Through development of condition monitoring and diagnostics for optimized lifetime performance, 

maintenance and operating cost—through fuel savings—are estimated to be reduced by 15 to 20 

and 2 percent respectively compared to current engine systems. This leads further to reduction of 

harmful pollutants—hydrocarbons, carbon monoxide, particulate matter and oxides of nitrogen—via 

early detection of creeping failure modes. Novel algorithms based on Model-based control will lead 

to enhanced dynamic performance and part load efficiency without deteriorating the control-stability 

at constant load. 

The results that were achieved during the first 18 months of the Project are presented in the 

presentation overleaf and are briefly summarized next. 

In Work Package 6 the majority of the work included model development and simulations. To 

begin with, a mathematical engine model, which will be used to setup a model based controller, was 

developed and validated. Moreover, in order to investigate engine behavior during cylinder cut-out 

a thermodynamic engine model was developed and calibrated using recorded measurement data. 

Following the investigation, a FRM (Fast Running Model) was designed to be the base on which the 

control software will be developed. Work was also done in the field of fault detection, where data 

driven approaches were investigated. Novel frameworks were proposed and validated to both 

identify and predict faulty states at early stages. Furthermore, the expansion of the operating range 

of Tier III technologies was investigated. An SCR model capable of simulating the temperature 

variations inside an SCR system was developed and will be coupled to a detailed thermodynamic 

model of an engine fitted with an SCR. In addition, a compressor model capable of low load 

operation was developed and was integrated in a complete EGR engine model. An oscillation 

damping controller for low load SCR operation was also developed and validated. Work was also 

performed on the development and integration of a new electronically controlled pneumatic actuator 

for the existing mechanically controlled conventional engines. Also, regarding lifetime engine 

performance, a remote deployment process platform is being investigated which scales to fleets of 

vessels without requiring on board attendance and allows for collaboration between multiple 

partners. Finally, regarding lifetime performance by reduction of lubrication rate, a test rig capable 

of delivering cylinder oil was assembled and tested. 
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4.4 WPG IV: Near-Zero Emissions Engine 

The objective of this WPG is to achieve substantial reductions in NOx, Particulate Matter (PM) 

and Greenhouse gases (GHG) emission towards the “Near-Zero” emissions engine. 

4.4.1 WP7: On-engine aftertreatment systems 

The Work Package 7 objectives are  

• Integration of SCR (Selective Catalytic Reduction) with the existing strong Miller cycle 4-stroke 

diesel engine and combining it with particulate emission (PM) abatement technology would achieve 

more than 80% NOx emission reduction and 25% reduction in PM. Α combination of integrated SCR 

and EGR (Exhaust Gas Recirculation) is to be developed. Feasible solutions of combining the above 

technologies targeting the near zero emission engine are also studied.  

• Integrating methane/ethane abatement technology into lean burn 4-stroke gas engines will enable 

compact solutions to reduce methane slip. The objective is a catalytic system working with the 

engine and optimization of the engine performance. Also the knowledge on deactivation & 

regeneration strategies for integrated catalyst solutions and methane/ethane formation and location 

in the engine exhaust system should increase. Target is a greenhouse gas emission decrease up 

to 15% and fuel savings up to 5%. 

• Development of key technology for integration of the currently separated SCR after treatment into 

existing 2-stroke engine structure, which enables widespread installation of SCR systems on all ship 

types and additionally increase overall NOx removal efficiency above 80%, reduce overall 

hydrocarbon emissions (HCs) by 50% or more, reduce PM emissions and lead to potential fuel 

savings of up to 5%. 

During the first 18 months of the Project, the following major results were achieved: 

Literature review, simulations as well as experiments on the different emission reduction 

technologies have been conducted. To begin with, a demonstration experiment of particulate matter 

abatement technology, i.e. a combination of a cylindrical electrostatic precipitator and a cyclonic 

separator, was carried out. Moreover, ways to improve SCR reduction agent injection were also 

examined. The performance and regeneration of a methane catalyst element were investigated 

using a small-size gas engine and in parallel potential oxidation catalysts for methane and ethane 

reduction were evaluated. Furthermore, simultaneous abatement of NOX and soot was investigated 

by employing a semi-short route EGR configuration on a test engine. As far as particulate number 

(PN) measurements are concerned, the applicability of a PN measuring device was tested in field 

conditions. In addition, vibration measurements were performed, on engines operating in the field, 

using mobile vibration monitoring sensors in order to derive a test cycle for the evaluation of catalyst 

samples from catalyst suppliers. Finally, SCR catalyst deactivation and reactivation of deactivated 

catalyst was investigated during the reporting period. A brief presentation of the above mentioned 

results is presented next.  
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4.4.2 WP8: Integrated SCR and Combined SCR & Filter 

The objectives of the Work Package 8 for the engine integrated SCR for 2-stroke engines are: 

• Investigation of High Pressure SCR process; injection, mixing, decomposition and flow 

distribution with the aim of making the SCR components compact while still maintaining the 

same high performance as best available technology today  

• Designing of engine integrated High Pressure SCR system with unaffected engine footprint 

and only slightly affected gallery arrangement around the engine  

• Testing of compact High Pressure SCR component performance on 4T50ME-X test engine 

The objectives of the Work Package 8 for the combined DPF and SCR for 4-stroke engines are: 

• 80% PM reduction with after-treatment system (based on IMO Tier II engine out emissions) 

• 80 % NOx reduction with after-treatment system to reach IMO Tier III limits 

• Investigate necessary installation space for after-treatment system SCR on DPF within IMO 

Tier III (SCR only) system 

• Adaptation and integration of the after-treatment system (SCR on DPF) on a marine Diesel 

engine 

The main results achieved during the first half of the HERCULES-2 Project are summarized 

below: Work related to the engine integrated SCR, included the design of a control setup for dynamic 

operation. This control setup was tested in full scale shop test, giving high NOx conversion rates 

and minimum ammonia slip. Moreover, a mini SCR test bed was designed and built including the 

design of a high pressure evaporator as well as the selection of a reactant dosing system. In parallel, 

extensive CFD simulations were carried out during the design of the test bed components. 

Furthermore, a mechanism to perform local transversal measurements in an exhaust gas stream 

before and after the catalyst was designed and built. In addition, an experimental setup to investigate 

turbulent mixing of gases, in order to validate CFD models, has been built and tested. Work 

concerning combined SCR and DPF focused on studying urea decomposition via model 

development and experiments. An existent hot gas test rig was enhanced to match the requirements 

for urea decomposition investigations. Urea decomposition was investigated for various pressure 

and temperature combinations. Different mixer configurations were investigated through numerical 

simulations and a CFD urea injection model was calibrated and optimized using experimentally 

obtained measurements. As far as SCR coated DPF’s are concerned, a synthetic gas test bed 

including particle generation and characterization has been designed and is under construction. This 

test bed is required to investigate simultaneously the SCR and CRT (Continuous Regeneration Trap) 

performance of SCR coated DPFs.  

A short presentation of the above described results follows: 
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5 Conclusions 

The HERCULES-2 project has now completed 50% of its duration with excellent progress and 

cooperation between the partners. 

During the first 18 months of the HERCULES-2 Project all Work Packages have exhibited 

substantial progress. Concept studies have been finalised in most Work Packages, test rigs have 

been designed and setup, measurement methods have been developed and evaluated, software 

models have been developed and validated, prototype components have been produced and tested. 

The overall vision of the HERCULES programme is for sustainable and safe energy production 

from marine power plants. The technological themes of the HERCULES initiative, since its inception 

in 2002, are “higher efficiency”, “reduced emissions” and “increased reliability” for marine engines. 

The aim is for marine engines able to produce cost-effectively the required power throughout 

their lifecycle, with responsible use of the natural resources and respect for the environment. 

  

 


