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About EARPA 

Founded in 2002, EARPA is the association of automotive R&D organisations. It brings together the 
most prominent independent R&D providers in the automotive sector throughout Europe. At 
present its membership numbers 48, ranging from large and small commercial organisations to 
national institutes and universities. 

 

1. Boundary conditions for internal combustion engine powered vehicles in the future 

In industrialised countries the combustion of transport fuels have a share in GHG emissions of 20-
25%. Provided that the global warming should be limited by 2°C by the end of this century, the 
global greenhouse gas emissions must go down to 50% compared to 1990. 

To meet this goal, the EC has defined a target of 60% reduction of GHG emissions by 2050 
relative to 1990 in the transport sector1. An ERTRAC-study2 concludes that 60% reduction in CO2 
from transport by 2050 is challenging but realisable through: 

- Development of alternative and decarbonized fuels and energy carriers 
- Higher powertrain efficiency 

The smart use of alternative fuels in the transport sector can provide multiple benefits in terms of 
security of supply, reduction of GHG (and noxious) emissions and overall sustainability. The 
potential of a serious fuel candidate to make a significant penetration to market depends on the 
availability of potential feedstocks and the complexity of the production process, the 
compatibility with engine technologies and distribution infrastructures and the GHG savings 
potential. Invariably, though, the introduction of alternative (bio)fuels is coupled with the 
development and implementation of advanced, fuel-flexible combustion modes that 
can better exploit their properties, such as, for example, the Reactivity Controlled 
Compression Ignition (RCCI) mode which offers better control of ignition time delay without the 
use of ignition improvers. The evaluation of fuel/engine solutions should ultimately take 
into account the entire fuel chain, from resource development (production/processing) 
to end use (combustion/emissions), through elaborate Well-to-Wheel and Life Cycle 
Assessment (LCA) analyses.  

The focus of this position paper is on the application of alternative transport fuels on internal 
combustion engines including the exhaust gas system. 

 

2. Relevance of alternative and synthetic fuels to ICE and After-treatment 

2.1. Biofuels 
By the term (liquid) biofuels we refer to (a) Biodiesel (first and second generation), (b) 
Bio-alcohols (conventionally ethanol but with potential for methanol and butanol) and (c) 

                                                        
1
 EC-Whitepaper: COM (2011) 144 final Roadmap to a Single European Transport Area – Towards a competitive and  

resource efficient transport system 
2
 ERTRAC: „Energy Carriers for Powertrains – For a clean and efficient mobility“, 2014 
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Alternative biofuels including HVO (hydro-treated vegetable oils), DME (dimethyl ether) 
and TMBF (tailor-made biofuels).  

 

Biodiesel 

Biodiesel has been considered in the past as a drop-in fuel due to its good compatibility with 
existing distribution infrastructure and the diesel engine. Challenges are associated to the effect 
that current or higher blending ratios as well as different feedstocks and production methods will 
have on existing - but even more important - future engines technologies and exhaust after-
treatment systems.  

The physical and chemical properties of biodiesel are fairly similar to those of conventional diesel – 
as true for conventional gasoline and ethanol - with some notable exceptions – namely boiling 
point incompatibilities and poor cold flow properties and stability for biodiesel. Current engine 
designs can only be operated on certain biodiesel-diesel blends without engine modifications. The 
blending of liquid biofuels with conventional fuels has generally a positive impact on unburned 
hydrocarbons, carbon monoxide and particulate matter emissions. However, no clear trend can be 
established for NOx emissions. 

Current engine technologies can only accommodate relatively low biofuel content. In order to 
increase the biofuel content in the fuel blend, drop-in fuels, more closely resembling physico-
chemical and combustion properties of standard fossil fuels have to be developed. Furthermore 
increased biodiesel content may have negative effects on engine components. 

 

Bio-alcohols 

The effect of ethanol on spark ignition engine performance is mainly influenced by its high octane 
rating, its lower energy content and its higher volatility at high temperatures, compared to 
gasoline fuel. A high octane number especially opens up the possibility of a higher compression 
ratio and increases in the spark advance that can result in a higher combustion pressure and 
potential increases in engine power and efficiency.  

Butanol is characterized by relatively high energy content, only 10% less than that of gasoline, 
while retaining the excellent ignition qualities of alcohols (its octane rating is generally slightly 
higher than the average gasoline octane rating). 

 

A list of countermeasures to the aforementioned issues when using biofuels, include the 
improvement of material and engine component compatibility as well as engine lubricants, the 
adjustment of DPF regeneration schemes to avoid oil dilution, the introduction of additional fuel 

Key research needs 
Concerning the Biofuels, EARPA stresses the importance of further research and 
development on the following elements: 

1. Material and component design: 
 Improvement of material and engine component compatibility (TRL=5) 
 Improved lubricants by additives (TRL=3) 

2. Fuel specification and control methods: 
 Introduction of additional standards and specifications for fuel 

characteristics (TRL=4) 
3. Exhaust after-treatment and control: 

 Adjustment of DPF regeneration schemes to avoid oil dilution (TRL=5) 
 Improved exhaust after-treatment monitoring (TRL=3) 

4. Engine control: 
 Adaptive engine control to account for varying blending ratios and fuel quality  

(TRL=4) 
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standards and specifications, adaptive engine control to varying fuel quality and improved exhaust 
after-treatment monitoring for enhanced durability. 

The use of alternative (bio) fuels also induces changes in the emission inventory both under test 
cycle and real driving conditions. These changes call for customized after-treatment systems, 
possibly substantially different from those currently optimized for use with conventional fuels. 
Further regulatory work may also be necessary. 

 

2.2.  Natural Gas 

Using “natural gas” (either fossil or bio-mass based – stored either as CNG or as LNG) as a fuel in 
modern engines presents high benefits: it is a viable solution for energy diversification and for 
reducing transportation dependency to crude oil as it has wider reserves (conventional and shale 
gas) and a better geopolitical distribution. NG is a clean fossil fuel with the lowest carbon content 
and tailpipe CO2 emissions compliant with 2020+ CO2 emissions targets (-25 % CO2 reduction 
compared to gasoline in stoichiometric conditions). Natural gas can be a bridge from fossil fuels to 
biofuels such as biogas produced from renewable sources or biomass allowing tremendous CO2 

gains. 

The adaptation of an engine to NG operation has already been proven to be a cost effective 
solution and many retrofitting kits exist. But the next step will consist in developing NG dedicated 
engines.  

NG is a versatile fuel that can be used in SI engines as bi-fuel mode (with gasoline) or as mono-
fuel (dedicated engine) or in CI engines in dual fuel mode (with Diesel fuel pilot ignition). 
Moreover, NG is compatible with many applications from cars to heavy-duty vehicles, off-road, 
ships, railroad and stationary engines. This fuel presents a high knock resistance allowing clean 
tailpipe emissions over the full engine operation range (no enrichment at high load, compliant with 
most demanding RDE cycle). 

The Natural Gas Vehicles (NGVs) should be addressed separately for HDV and LDV (Heavy and 
Light Duty Vehicles). For HDVs with high autonomy LNG is considered as the preferred solution, 
whereas HDV fleets with small coverage area also rely on CNG. For LDVs CNG is feasible due to 
lower fuel consumption and thus low weight penalty associated with the use of the CNG.  

 

 

2.3.  Liquefied Petroleum Gas (LPG) 

LPG is a hydrocarbon gas mixture composed mainly of propane and butane. The ratios of each 
hydrocarbon depend on the production location.  

LPG is nowadays used as a primary fuel for transportation in few countries (South Korea, Poland, 
Turkey, Italy). The LPG vehicles are equipped with conventional SI engines with retrofitting kits 
allowing LPG operation (bi-fuelled gasoline/LPG vehicles).  

Key research needs 
Concerning the Natural Gas, EARPA stresses the importance of further research and 
development on the following elements: 

1. Innovative and robust direct injection systems (TRL=6) 
2. Innovative and powerful spark ignition systems (TRL=6) 
3. Lean-burn combustion and dedicated DeNOx after-treatment system(TRL=7) 
4. Pilot ignited dual fuel combustion improvement in CI engines (TRL=5) 
5. Combustion boosters such as hydrogen blended with NG coming from grid or 

onboard reforming (TRL=2) 
6. Gas quality sensors for monitoring NG composition variations (TRL=2) 
7. Dedicated engine management for taking into account the variation of the NG 

composition 
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Using LPG as a fuel in modern engines presents strong advantages: it is a path for fuel 
diversification reducing dependency on crude oil. LPG is a cleaner fossil fuel than gasoline or Diesel 
due to high hydrogen over carbon ratio close to 2.5, responsible for 10 to 15 % CO2 savings for 
stoichiometric combustion compared to gasoline. The adaptation of an engine to LPG is an 
inexpensive, largely proved technology. The liquid state in the tank allows higher vehicle autonomy 
compared to CNG. As natural gas, LPG has a high knock resistance allowing optimal combustion 
phasing and reduced needs for enrichment at high loads.  

However, some issues need to be addressed to improve LPG combustion efficiency. E.g., LPG 
composition is variable depending on the supply: the engine management should readapt the 
engine settings to avoid efficiency degradation.  

 

 

 

2.4.  Hydrogen  

Hydrogen used as fuel in internal combustion engines offers the potential of ultra-lean stable 
combustion at diluted conditions leading to near-zero emissions at low loads. 

However, at high loads the low ignition energies, very high burning velocities and high combustion 
temperatures lead to unstable operation, low power densities and increased NOx emissions.  

Several demonstration vehicles have been built and tested with port-fuel injection technology, and 
laboratory-scale work has demonstrated the potential of direct injection engine to achieve thermal 
efficiencies of more than 45% with very low emissions.  

 

 

 

2.5.  Synthetic Fuels and Paraffinic Fuels  

Synthetic fuels or paraffinic fuels are manufactured from different processes such as Fischer-
Tropsch synthesis, hydro-treatment of vegetable oils etc. 

Key research needs 
Concerning the Liquefied Petroleum Gas, EARPA stresses the importance of further 
research and development on the following elements: 

1. Innovative and robust direct injection systems of LPG in liquid state for enhancing 
volumetric efficiency at high loads (TRL=7) 

2. Coupling of liquid LPG direct injection with advanced turbocharging (TRL=5) 
3. Study of the benefits of LPG stratification in direct injection (TRL=3) 
4. LPG dual fuel combustion with Diesel pilot ignition (TRL=3) 

Key research needs 
Concerning the Hydrogen, EARPA stresses the importance of further research and 
development on the following elements: 

1. Mixture formation and pre-ignition control in direct injection engines. Advanced 

simulation tools. (TRL = 5-6) 

2. Adapted Air Loop system to deliver high EGR rates for diluted stoichiometric 

combustion at high loads (TRL = 4-5) 

3. Dedicated direct injectors, solving technical issues related to low lubricity of 

hydrogen and its high potential for leakage and for metal embrittlement (TRL = 

4-5) 

4. Development of optimized after-treatment system (TRL = 4-6) 
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Synthetic fuels may be especially designed for new combustion processes, i.e. for extending Low 
Temperature Combustion regime (LTC), thus, allowing to achieve simultaneously lower nitrogen 
oxides and particles emissions.  

Paraffinic diesel fuels are seen as an excellent diesel fuel with excellent combustion properties and 
typically produce lower emissions than conventional diesel fuels. By their nature, paraffinic fuels 
have low densities, typically below the diesel standard.  

 

 

 

Relation to other roadmaps 

EC-Whitepaper: COM (2011) 144 final Roadmap to a Single European Transport Area – Towards a 
competitive and resource efficient transport system 

ERTRAC: „Energy Carriers for Powertrains – For a clean and efficient mobility“, 2014 

 

 

 

 

 

For further information, please contact our contact persons of the Task Force Advanced 
Combustion Engines and Fuels: 

 

Contact 

 

TF ACEF  Chairman  

Gaetano de Paola 

E: gaetano.de-paola@ifpen.fr 

T: +33 (0) 1 4752 5357 

TF ACEF  Secretary 

Bernhard Brandstätter 

E: bernhard.brandstaetter@v2c2.at 

T: +43 (0) 316 873 9026 

 

More information at our website: www.earpa.eu 

 
 

 

 

 

 

 

 

 

Key research needs 
Concerning the Synthetic Fuels, EARPA stresses the importance of further research and 
development on the following elements: 

1. Fuel specification for new combustion processes (TRL=3-4) in order to extend the 
LTC regime 

mailto:gaetano.de-paola@ifpen.fr
mailto:bernhard.brandstaetter@v2c2.at
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