
Holistic evaluation approach for eFuel use in  
powersport engines 

Dr. Steffen Meyer-Salfeld, Nigel Foxhall BSc(Hons), DI Thomas Zorn 

Advanced Engineering & New Technologies Research 
BRP-Rotax GmbH & Co KG 

Rotaxstraße 1 
A-4623 Gunskirchen  

steffen-meyer-salfeld@brp.com 
nigel.foxhall@brp.com 
thomas.zorn@brp.com 

 

Dr. Stephan Jandl, Dr. Stephan Schmidt 

Institute of Thermodynamics and Sustainable Propulsion Systems 
Graz University of Technology 

Inffeldgasse 25B 
A-8010 Graz 

jandl@ivt.tugraz.at 
schmidt@ivt.tugraz.at 

Abstract: The progressive increase of the environmental impact caused 
using fossil fuels, the restriction of emission legislations and the 
increasing environmental consciousness of end users requires a 
rethinking in the development of future propulsion units in all categories. 
Despite recent improvements of alternative powertrains, e.g., electric 
powertrains, hybrid systems and fuel cells, in various fields of application 
the internal combustion engine is still one of the major propulsion unit 
systems. The reasons are very high power to weight ratios, broad 
operating ranges, readily availability electricity for charging and price 
sensitive markets. Examples are powersport applications such as All-
terrain Vehicles, Side-by-Side Vehicles, snowmobiles, on road 3-wheel 
vehicles (On Road) and personal watercrafts; which are part of the BRP-
Rotax product lineup. The use of alternative renewable fuels is one 
possibility to improve the environmental performance of internal 
combustion engines.  



The advancement of production processes for eFuels, Bio-fuels and Syn-
fuels enables high flexibility in the production of novel fuels. Therefore, 
the variety of producible fuel components like alcohols, ethers, and 
other hydrocarbons, which are already part of conventional gasoline, 
steadily increase. On one hand, for the assessment of the potential and 
impact of different fuels on various engine applications, the elaboration 
of physical, chemical, and kinetic properties of fuels is necessary. On the 
other hand, the needs and requirements of different applications must 
be defined and quantified through key performance indicators. A holistic 
approach for the analysis of the impact of different fuels has been 
chosen and takes the physical, chemical, and kinetic properties of the 
fuels as well as the application specific requirements into account. 
Therefore, the internal combustion engine process has been subdivided, 
the impact of fuel properties on these subprocesses has been assessed 
and the individual results are merged in the holistic evaluation approach. 
The developed methodology provides results, which can be used to 
assess the technological impact of different fuels on a vehicle fleet and 
as a “design of validation” approach if it comes to formal release of 
specific fuels in selected applications. Finally, a verification of the results 
on a product fleet is considered. 

1 Introduction, Background & Motivation 

BRP-Rotax is at the forefront in the development and manufacture of high 
performance 2- and 4-stroke powertrains for powersports BRP products Ski-Doo and 
Lynx snowmobiles, Sea-Doo watercraft, Can-Am all-terrain and side-by-side vehicles, 
Can-Am Spyder and Ryker three wheel vehicles (On Road), karts and sports aircraft. 

Figure 1: BRP-Rotax powersport products 

BRP-Rotax recognizes the important role that corporations can play in addressing 
urgent global challenges like the European Green Deal [1]. For this reason, BRP-Rotax 
aligns key initiatives with the United Nations (UN) Sustainable Development Goals, 
also known as the SDGs or the Global Goals. As part of its CSR initiatives, BRP-Rotax 
has committed to address the SDG “climate action” reducing lifetime CO2 emissions 
of its products and operations (Figure 2). 



 
Figure 2: BRP key objectives aligned with the United Nations  

Sustainable Development Goals 

For an Industrial Player a typical breakdown of Scope 1, 2 and 3 according to the 
Greenhouse Gas Protocol1 can be seen in Figure 3. The focus of this paper is in the 
area of “Use of Sold product” where alternative scenarios and application of 
technologies is envisaged. One such technology is that of renewable fuels or more 
specifically eFuels which will support the continued use of high power/ weight ICE 
required in powersport applications.  

BRP-Rotax assumes a substition of fossile fuel beyond the renewable share according 
to the current RED II legislation starting in the mid 2030’s and reaching full 
substitution in 2050 (see also [2]). The global usage of BRP-Rotax powertrains 
suggests a large variety of eFuel compositions predominantly within existing or 
slightly modified specifications like EN228. However, particular applications and use 
cases such as racing suggest to widen the scope to special fuel compositions beyond 
existing norms.  

A secondary scope of this paper is given by the intention to eliminate plant CO2 
emissions. Most importantly fuels used in development, testing and validation will 
be subject of modification in the near future which requires knowledge in terms of 
how new fuel types can be considered represenative for global product usage. 

                                                 
1 https://ghgprotocol.org/ 



Figure 3: Typical breakdown of Scope 1, 2 and 3 CO2 emissions for  
an industrial player. 

To prepare itself for more commercially available options of renewable fuels, BRP-
Rotax has embarked on its CSR project “eFuel Readiness” together with the Institute 
of Thermodynamics and Sustainable Propulsion Systems [ITnA] at the Graz University 
of Technology. The goal of the project is to assess the impact of potential eFuels on 
key powertrain and product characteristics eventually minimising physical testing. 
The methodology being developed is based on theoretical and semi-empirical data 
of the fuel and the thermodynamic processes in the 2-stroke and 4-stroke 
powertrain. Ultimately BRP-Rotax envisions to prepare the entire combustion engine 
line-up for a post-fossil fuel scenario whereas selected application such as aircraft 
engines will require formal release of fuel types. Due to the wide range of 
applications facing significantly different requirements this task is seen as a 
multidimensional challenge. 



2 Principle Methodology 

The goal of the research is to define a methodology, which allows an assessment of 
the operational readiness of BRP-Rotax engine applications regarding different 
eFuels and eFuel blends. This wide range of combinations comprises for example 
Snow-Mobiles, Side-by-Side vehicles, 3-Wheeler Road vehicles, or Personal Water 
Craft. The engine types are, amongst others, 2-Stroke, 4-Stroke natural aspirated or 
4-Stroke turbocharged and supercharged (see example in Table 1).  

Table 1: Example of BRP-Rotax Vehicle Application  
and Engine Type combinations 

 

 
The core of the methodology is the assessment of the influence of eFuels and eFuel-
blends or their properties on the engine operation. First, key values of engine 
operation are correlated with BRP-Rotax application demands. Second, fuel 
parameters are correlated with the key values of engine operation and assessed 
accordingly. This is done by mapping the high-level engine operation features 
(engine operation KPI) to physic-based engine processes and correlating them with 
fuel data. The following holistic procedure was applied: 

1. For BRP-Rotax applications decisive engine operation key performance 
parameters were defined. Examples are fuel consumption, full load 
performance, hot-start, freeze-start, … (see Table 2). 

2. These engine operation KPI’s were weighted and ranked for each specific 
application / engine type combination (see Table 2). The engine operation 
KPI’s are connected to relevant engine processes, which are expected to be 
influenced by fuel compositions. Relevant engine processes are for example 
the injection, the mixture formation, or the combustion (see Table 3). 

3. The relevant engine processes are related to specific fuel parameters like 
heating value, enthalpy of vaporization or fuel sensitivity (see Table 3). 



Table 2: Step 1 and Step 2 

 

Table 3: Step 3 and Step 4 

 

 
With this procedure, a correlation between application specific demands and fuel 
properties is created. Furthermore, advantageous and disadvantageous fuel 
parameters can be identified in dependency on the field of application. At the end a 
relative assessment of an eFuel or an eFuel blend in comparison to standard fuel 
(Super 95) can be made, by drawing a comparison between the fuel parameters of 
the eFuel to the standard fuel with respect to values of the fuel parameters. 

As final evaluation, the assessment of each fuel in comparison to the reference fuel 
is listed as relative fuel assessment value p multiplied with the weighting factor g for 
each engine operation KPI. This is done for each application / engine type 
combination and fuel. As final output, this assessment is evaluated for application-
focused view (see Table 4) and fuel-focused view (see Table 5).  

Weighting

Fuel 
Consumption

F/L 
Performance

Low Temp 
Start

Hot-Start …

2-Stroke 
Snowmobil

4-Stroke NA 
Side-by-Side 

4-stroke on 
road

Marine 
Outboard

Fuel 
consumption

13% 27% 20% 33%

F/L 
Performance

27% 40% 33% 33%

Low Temp Start 27% 7% 0% 3%

Hot Start 10% 27% 17% 30%

…

2-Stroke 
Snowmobil

4-Stroke NA 
Side-by-Side 

4-stroke on 
road

Marine 
Outboard

…

Fuel 
Parameter

Relevant Engine Processes vs. 
Engine Operation KPI

Fuel Parameter vs. 
Engine Processes

Engine 
Operation KPI

Fuel 
Consumption

Low-Temp 
Start

Hot-Start

F/L 
Performance

…

Injection
Mixture 

formation
Ignition / 

Flamability
Combustion 
 behaviour

Fuel 
Consumption X

Low-Temp 
Start X X

Hot-Start X

F/L 
Performance X

… X

Stoichiometric 
 air/fuel-ratio

Viscosity

Surface 
density 

Density

Heating value

Engine Operation KPI  Fuel Parameter

Injection
Mixture 

formation
Ignition / 

Flamability
Combustion 
behaviour

Stoichiometric 
air/fuel-ratio

Vapor pressure … …

Viscosity
Enthalpy of 

vaporization
… …

Surface density 
Stoichiometric 
air/fuel-ratio

… …

Density
Norm. enthalpy 

of vap.
…

Heating value …



Table 4: Application focussed view of the final assessment for  
the 4-Stroke on road application 

 

 

Table 5: Fuel focussed view of the final assessment for  
fuel A and various applications 

 

 

 
In the next chapter the single steps or sub-models of this methodology are presented 
in detail. 

Fuel consumption 20% Fuel consumption same as S95 0 slightly worse -1 same as S95 0 -3
F/L Performance 33% F/L Performance same as S95 0 slightly better 1 slightly better 1 3
Low Temp Start 0% Low Temp Start same as S95 0 slightly worse -1 slightly worse -1 -3
Hot Start 17% Hot Start same as S95 0 same as S95 0 same as S95 0 0
NOx Emission 20% NOx Emission same as S95 0 slightly better 1 slightly better 1 3
HC Emission 10% HC Emission same as S95 0 same as S95 0 same as S95 0 1
… 0% … … … …
Total 100%

A B

Relative Fuel Assessment Values
S95

Engine Operation 
KPI

Weighting
Engine Operation 

KPI

P P*g P P*g
Fuel consumption 20% -1 -20 0 0

F/L Performance 33% 1 33 1 33

Low Temp Start 0% -1 0 -1 0

Hot Start 17% 0 0 0 0

NOx Emission 20% 1 20 1 20

HC Emission 10% 0 0 0 0

… 0% 2 0 2 0

Total 100%

Fuel A Fuel B

33 53

Evaluation 4-stroke On road Application
Engine Operation 

KPI
Weighting

On-road 4-s Snowmobile 2-S SidebySide 4-S SeaDoo
Weighting g Weighting g Weighting g Weighting g

Fuel consumption slightly worse -1 Fuel consumption 20% 13% 14% 20%

F/L Performance slightly better 1 F/L Performance 33% 27% 21% 21%

Low Temp Start slightly worse -1 Low Temp Start 0% 27% 4% 2%

Hot Start same as S95 0 Hot Start 17% 10% 14% 18%

NOx Emission slightly better 1 NOx Emission 20% 0% 18% 19%

HC Emission same as S95 0 HC Emission 10% 23% 18% 20%

… … … 0% 0% 0% 0%

Engine Operation 
KPI

Engine Operation 
KPI Fuel A

Rel. Fuel Ass. Value

g P*g*100 g P*g*100 g P*g*100 g P*g*100

Fuel consumption -1 20% -20 13% -13 14% -14 20% -20
F/L Performance 1 33% 33 27% 27 21% 21 21% 21
Low Temp Start -1 0% 0 27% -27 4% -4 2% -2
Hot Start 0 17% 0 10% 0 14% 0 18% 0
NOx Emission 1 20% 20 0% 0 18% 18 19% 19
HC Emission 0 10% 0 23% 0 18% 0 20% 0
… 0 0 0 0 0 0 0 0

SidebySide 4s SeaDoo 4-s
Fuel A

Engine Operation KPI p
On road 4-s Snowmobile 2-s



3 Stepwise explanation of the evaluation workflow using an application 
example 

The holistic methodology is explained in detail by conducting an assessment for two 
selected fuel blends and two BRP-Rotax applications. For these combinations 
measurement results from vehicle and engine test bench are available for 
verification (chapter 4). In the following the assessment steps as described in 
chapter 2 are demonstrated. 

3.1 Application related data – Engine Operation Key Performance Parameters 

As the assessment is based on the influence of eFuels and eFuel blends on the 
internal combustion engine with exhaust gas aftertreatment system and auxiliaries, 
several characteristics “application related engine operation key performance 
parameters” are defined. All of these are expected to be influenced by the fuel 
composition and specification. Examples are: 

 Fuel consumption 
 Full load performance 
 Low Temperature Start 
 Hot Start 
 Emissions 
 … 

Although the use of synthetic fuels or fuel blends, generated using green electricity 
will have an impact on the Cradle to Grave CO2 balance of an application it is not 
considered in this assessment as engine operation KPI. This is due to the fact, that 
the assessment focusses on the impact of eFuels on the operation of powertrains 
purely. 

3.2 Engine processes with relevance to Engine operation KPI’s 

As a next step, several major processes and behaviors of the engine with a relevance 
to the Engine Operation KPI’s are selected. All these processes are considered to be 
strongly influenced by the fuel. This set of processes comprises mixture formation, 
injection, ignition and flame propagation, combustion behavior and others. For each 
engine operation KPI the relevant processes are listed. For example, the engine 
operation KPI “Full Load Performance” is influenced by the processes “Combustion 
characteristics” and “Abnormal combustion” limits. In Table 6 some KPI’s are shown 
together with their assigned relevant engine processes. 



Table 6: Assignment of relevant engine processes to  
engine operation key performance indicators.  

 

3.3 Influence of fuel composition on engine processes – fuel key parameters 

The fuels and fuel blends are characterized by fuel parameters from which standard 
parameters like Air/Fuel ratio, density, heating value and others can be taken from 
the fuel specification tables. Several others need to be measured or derived from 
chemical-thermodynamic and kinetic calculations (3.4) Below, an example of 
selected fuel key values with relevance for engine processes is shown. 

 Enthalpy of vaporization  
 Vapor pressure 
 Stoichiometric air/fuel ratio 
 RON / MON and fuel sensitivity 
 Heating value 
 Density 
 Laminar burning velocity 
 Adiabatic flame temperature 
 … 

The fuel key parameters have been correlated to the engine processes (Table 7) and 
targets for ideal parameter values with relation to the engine operation KPI’s (Table 
8) have been defined. 

Fuel 
consumption

F/L 
Performance

Low Temp 
Start

Hot Start
NOx 

Emission
HC Emission

Injection x
Mixture formation x x x x
Ignition / Flamability limits x x x x
Combustion behaviour x
Abnormal combustion x x x
…

Most relevant Processes

Engine Operation KPI



Table 7: Fuel key parameter identification and correlation  
to relevant engine processes 

 

Table 8: Target values for fuel key parameters 

 

3.4 Fuel data 

For the assessment, the fuel key parameters according to 3.3 must be specified for 
each fuel to be evaluated. Several specifications and parameters can be taken from 
a standard fuel data sheet and several others have to be determined by specific 
measurement technologies or calculations. Standard fuel parameters comprise, 
amongst others, the following: 

Injection
Mixture 

formation
Ignition / 

Flamability limits
Combustion 
behaviour

Abnormal 
combustion

Vapour pressure [kPa] x
Enthalpy of vaporization [kJ/kg] x
Stoichiometric air/fuel-ratio [-] x x
RON [-] x
MON [-] x
Fuel sensitivity x
Flame point (°C) x
Laminar burning velocity x
Adiabatic flame temp. x
Molar ratio burnt/unburnt x
In-cyl. cooling capability x x
Density [kg/m3] x
Heating value [MJ/kg] x

Most relevant processes
Fuel Key Parameters

Re
le

va
nc

e

Classification 
/ margins

Re
le

va
nc

e

Classification 
/ margins

Re
le

va
nc

e

Classification 
/ margins

Re
le

va
nc

e

Classification 
/ margins

Re
le

va
nc

e

Classification 
/ margins

Re
le

va
nc

e

Classification 
/ margins

Vapour pressure [kPa] x high-good x high-good x
high-

scavening 
loss / low HC

Enthalpy of vaporization [kJ/kg] x high -good x low-good x low-good x high-good x low good 
Stoichiometric air/fuel-ratio [-] x high -good x high -good x high -good
Normalized enthalpy of vap. x low-good x low-good
RON [-] x high -good
MON [-] x high -good
Fuel sensitivity x low - good
Flame point (°C) x low-good x low-good
Laminar burning velocity x high -good x high -good
Adiabatic flame temp. x low - good x low - good
Molar ratio burnt/unburnt x high -good
In-cyl. cooling capability x high -good x high -good x low -good
Density [kg/m3] x high - good
Heating value [MJ/kg] x high - good

NOx Emission HC Emission

Fuel Key Parameters
Fuel Consumption F/L Performance Low Temp Start Hot Start

Engine Operation KPI



Table 9: Example of typical fuel parameters  
from fuel specification sheet 

 
 

Other necessary parameters must be calculated or estimated based on the fuel 
composition. Such specific parameters, derived from chemical-thermodynamic 
calculations are for example: 

 Vapor pressure 
 Enthalpy of vaporization 
 Stoichiometric air/fuel ratio 
 Heating value 
 … 

The single calculations are based on physical and thermodynamic-chemical 
correlations as well as on chemical / physical measurements. For this, a special 
workflow, which is displayed in Figure 4 has been developed. 

 

 

Figure 4: Fuel data generation workflow 

Fuel parameter
Air / Fuel Ratio
Density
Heating Value
RON / MON
Evaporation curve
…



For the detailed analyses of the fuel, a liquid fuel sample is necessary. On the one 
hand, a part of the fuel sample is required for the detailed chemical analysis in a gas-
chromatograph (GC). On the other hand, a second fuel sample will be characterized 
by advanced fuel analysis tools, which are able to provide more information about 
the fuel parameters as the standard data sheet. Nevertheless, a full factorial 
experimental determination of all fuel parameters is, because of the high cost and 
effort, in most cases not possible. The GC analysis [3] gives detailed information 
about the chemical fuel composition. This information can be used for the creation 
of a so-called virtual fuel. This fuel consists of the most relevant components of the 
liquid fuel and represents its physical and chemical properties. The data of individual 
fuel components in combination with mixture calculations allows the prediction of 
different fuel parameters (e.g. vapor pressure curve). To verify the accuracy of this 
approximations, the calculated data will be verified with selected experimental 
determined data points from the advanced fuel analysis tools. The output can be 
used directly for the relative fuel assessment, or as input for different simulation 
models.  

To illustrate such a workflow, the example of a vapor pressure calculation for a 
Super 95 reference fuel has been chosen [4,5]. The GC analysis of the fuel has been 
used to define the composition of the virtual fuel. 28 different fuel components and 
its individual physical and chemical properties served as basis for the mixture 
calculations. According to Furey, Nagel [6] and Shiller [7], the assessment of the 
vapor pressure of gasoline is in principle possible using the Raoult’s law. 

𝑝௩௔௣,௚௔௦௢௟௜௡௘ =෍𝑥௜ ∙

௜

𝑝௩௔௣,௜ 

In addition to the vapor pressure of each component, the molar fraction at liquid 
state of the components is required.  

𝑥௜ =
𝑛௜

∑ 𝑛௜௜
 

For the calculation of mixtures containing oxygenated components like alcohols (E70 
fuel C), the extended Raoult’s law, which includes activity coefficients to describe the 
non-ideal behavior, has to be applied. Therefore, literature data for activity 
coefficients like in Reddy [8] can be used to solve the extended Raoult’s law:  

𝑝௩௔௣,௙௨௘௟ = 𝛾௚௔௦௢௟௜௡௘ ∗ 𝑥௚௔௦௢௟௜௡௘ ∗ 𝑝௩௔௣,௚௔௦௢௟௜௡௘ + 𝛾௔௟௖௢௛௢௟ ∗ 𝑥௔௟௖௢௛௢௟ ∗ 𝑝௩௔௣,௔௟௖௢௛௢௟ 

Thereby, the mixture of standard gasoline components like Isooctane are treated 
ideal, whereas activity coefficients for the mixture calculations of alcohol and 
standard gasoline components have to be taken into account. The comparison of the 
calculated vapor pressure curve and experimentally determined individual vapor 
pressure points is used to verify the approximation.  



In the case of designing a new fuel, where no liquid fuel sample is available, the 
calculation of fuel parameters is the only way to collect the required data. Basically, 
this is possible within a specific space, where experimental results of similar fuels are 
available and the mixture calculation models have already been verified. A prediction 
widely out of the area of experimental data points is not suggested, because the 
uncertainties increase.  

3.5 Fuel composition 

Three fuels have been selected in the example together with the reference fuel 
Super 95. These fuels are characterized by the composition of the fuel components; 
in this case the share of Methanol, Ethanol, Butanol, MTBE, ETBE, MTG, Isooctane 
and Fossil Gasoline S95. The composition and the corresponding fuel parameter 
values are listed in Table 10 and Table 11. 

Table 10: Fuel composition of the selected verification fuels 

 

Table 11: Fuel key parameters of the selected verification fuels 

 

Reference
S95 A B C

Methanol -
Ethanol 0-10 10-15 10-15 70 - 90
Butanol
MTBE  (5-15) 0 -5
ETBE  (5-15) 20-25 20-25 0 -5
Methabnol to Gasoline 15-25 35-40 (5 - 30)
Isooctane 25-35 -
Fossil Gasoline (S95) 80 - 90 40-50 5 - 30

Components Fuels

S95 A B C
Vapour pressure [kPa] 58,2 47,4 34,2 25-45
Enthalpy of vaporization [kJ/kg] 400 432 393 765-865
Stoichiometric air/fuel-ratio [-] 14,1 13,3 13,8 9.4-10.4
RON [-] 97,1 101,4 102,3 107-108
MON [-] 85,3 88,8 91,1 89-89.7
Fuel sensitivity 11,8 12,6 11,2     18.1-19.0
Flame point (°C) -35 -26 -14  -21 bis -2
Laminar burning velocity 51 Slightly higher Higher
Adiabatic flame temp. 2345 Slightly lower Slightly lower Slightly lower
In-cyl. cooling capability -- slightly higher -- Hhigher
Density [kg/m3] 741 750 737 774-784
Heating value [MJ/kg] 41,7 39,2 39,2 28-30.8

Fuel Key Parameters Fuels



3.6 Relative fuel assessment value 

To rate the influence of the fuel on the engine processes, desired values of the single 
fuel parameters for the specific engine processes are defined and the actual values 
are compared to the desired ones. This can lead to the situation, that a contrary 
influence of a fuel parameter for different processes occurs. For example, enthalpy 
of vaporization should be high for full load performance but low for low-temperature 
start. Therefore, a relative approach was taken by comparing the fuel parameters of 
the reference fuel (Super 95) with the parameters of the assessment fuel. This leads 
to an assessment of the effect of key values of a fuel A on specific engine operation 
KPI’s in relation to the reference fuel. The comparison was done in steps with 
assessment value 0 for same as reference fuel, 1 slightly better, 2 better and 3 much 
better than reference fuel and vice-versa -1 to -3 for slightly worse, worse and 
critical. In Table 12 the relative fuel assessment values of the three fuels for the 
engine operation KPI’s are shown, whereas for better readability the relative fuel 
assessment value row (values from -3 to +3) is complemented with a text description 
(better, …). 

Table 12: Fuel assessment and corresponding relative fuel assessment values 

 

3.7 Example applications 

The BRP-Rotax applications for this example are a Snowmobile with 2-stroke direct-
injection engine and an on road vehicle with 4-stroke natural aspirated engine. 
Specifications are listed in Table 13 and Table 14.  

Table 13: Application specifications of 4-stroke on road application. 

 

Fuel consumption same as S95 0 slightly worse -1 same as S95 0 major concern -3
F/L Performance same as S95 0 slightly better than S95 1 slightly better than S95 1 much better than S95 3
Low Temp Start same as S95 0 slightly worse -1 slightly worse -1 major concern -3
Hot Start same as S95 0 same as S95 0 same as S95 0 same as S95 0
NOx Emission same as S95 0 slightly better than S95 1 slightly better than S95 1 much better than S95 3
HC Emission same as S95 0 same as S95 0 same as S95 0 slightly better than S95 1
… … … … …

Engine Operation KPI Relative Fuel Assessment Values
S95 A B C

Vehicle use Road
Engine type 4-stroke
Cylinder # 2
Mixture preparation Injection
Air intake Natural aspirated
Max Power / RPM 63 kW/ 8000



Table 14: Application specifications of SnowMobile 2-stroke. 

 

3.8 Weighting of Engine Operation KPI’s for each Application 

These engine operation KPI’s are then weighted for their importance for each 
specific BRP-Rotax application and engine type combination. Freeze-start, for 
example, is defined as start at environmental temperature of -15 to -30 °C and would 
be highly relevant for Snow-Mobiles, but very little for Personal Water Craft. Using 
pair-wise comparison a specific weighting factor g for each KPI and application is 
derived. In Table 15 and Table 16 the KPI’s are weighted for two different application 
/ engine type combinations.  

Table 15: Weighting of engine operation KPI’s for  
Snowmobile 2-stroke application 

 

Vehicle use Snow Recreational
Engine type 2-stroke
Cylinder # 2
Mixture preparation Direct Injection
Air intake Natural aspirated
Max Power / RPM 123 kW / 8000

Fuel consumption *** 0 0 0,5 1 0,5 0 2 13%
F/L Performance 1 *** 0,5 1 1 0,5 0 4 27%
Low Temp Start 1 0,5 *** 1 1 0,5 0 4 27%
Hot Start 0,5 0 0 *** 1 0 0 1,5 10%
NOx Emission 0 0 0 0 *** 0 0 0 0%
HC Emission 0,5 0,5 0,5 1 1 *** 0 3,5 23%
… 0 0 0 0 0 0 *** 0 0%
Total 15 100%

Points 
Total

Weighting

Pairwise comparison

Engine Operation KPI Fuel cons.
F/L 

Performance
Low Temp 

Start
Hot Start

NOx 
Emission

HC Emission …



Table 16: Weighting of engine operation KPI’s for  
On Road 4-stroke application 

 

3.9 Final Assessment 

An assessment factor (points) can be derived by multiplying the weighting of engine 
operation KPI’s for each application (3.8) and the relative fuel assessment factor 
(3.6). This indicates the benefits (green) or disadvantages (yellow) of the fuels in 
comparison to the reference fuel for each application and the single engine 
operation KPI’s. Additionally, an overall assessment factor for each fuel / application 
combination is derived by the sum of the single assessment factors, showing the 
suitability of the fuels in comparison to the reference fuel. In Table 17 and Table 18 
an overall assessment for different fuels for two applications are shown. The colors 
indicate the impact of the fuel on the KPI in relation to the reference fuel. A different 
view focusing the suitability of one specific fuel for different applications (Table 5) 
can also be derived from the assessment data. 

Table 17: Fuel assessment factors for fuel A to fuel F for  
On Road 4-stroke application 

 

Fuel consumption *** 0 1 0,5 0,5 1 0 3 20%
F/L Performance 1 *** 1 1 1 1 0 5 33%
Low Temp Start 0 0 *** 0 0 0 0 0 0%
Hot Start 0,5 0 1 *** 0,5 0,5 0 2,5 17%
NOx Emission 0,5 0 1 0,5 *** 1 0 3 20%
HC Emission 0 0 1 0,5 0 *** 0 1,5 10%
… 0 0 0 0 0 0 *** 0 0%
Total 15 100%

Points 
Total

Weighting

Pairwise comparison

Engine Operation KPI Fuel cons.
F/L 

Performance
Low Temp 

Start
Hot Start

NOx 
Emission

HC 
Emission

…

Weighting
g P P*g*100 P P*g*100 P P*g*100 P P*g*100 P P*g*100 P P*g*100

Fuel consumption 20% -1 -20 0 0 -3 -60 1 20 -1 -20 -2 -40
F/L Performance 33% 1 33 1 33 3 100 -2 -67 1 33 2 67
Low Temp Start 0% -1 0 -1 0 -3 0 0 0 -1 0 -2 0
Hot Start 17% 0 0 0 0 0 0 0 0 0 0 0 0
NOx Emission 20% 1 20 1 20 3 60 0 0 1 20 2 40
HC Emission 10% 0 0 0 0 1 10 0 0 0 0 1 10
… 0% 0 0 0 0 0 0 0 0 0 0 0 0

100%

Engine 
Operation KPI

Fuel A

33

Fuel B

53

Fuel F

77

4-stroke on-road
Fuel C

110

Fuel D

-47

Fuel E

33



Table 18: Fuel assessment factors for fuel A to fuel F for  
Snowmobile 2-stroke application 

 

 
For the verification the most interesting fuels were chosen: for On Road 4-stroke 
application the fuel C and for snowmobile 2-stroke application the fuel B, as both 
show the best overall assessment value.  

Table 19: Final assessment tables for verification with relative fuel assessment 
values, application related weighting and final fuel scores. 

 

 

Weighting
g P P*g*100 P P*g*100 P P*g*100 P P*g*100 P P*g*100 P P*g*100

Fuel consumption 13% -1 -13 0 0 -3 -40 1 13 -1 -13 -2 -27
F/L Performance 27% 1 27 1 27 3 80 -2 -53 1 27 2 53
Low Temp Start 27% -1 -27 -1 -27 -3 -80 0 0 -1 -27 -2 -53
Hot Start 10% 0 0 0 0 0 0 0 0 0 0 0 0
NOx Emission 0% 1 0 1 0 3 0 0 0 1 0 2 0
HC Emission 23% 0 0 0 0 1 23 0 0 0 0 1 23
… 0% 0 0 0 0 0 0 0 0 0 0 0 0

100%

Fuel F

-13 0 -17 -40 -13 -3

Engine 
Operation KPI

Snowmobile 2-stroke
Fuel A Fuel B Fuel C Fuel D Fuel E

Weighting Weighting
g P P*g*100 g P P*g*100

Fuel consumption 20% -3 -60 13% 0 0
F/L Performance 33% 3 100 27% 1 27
Low Temp Start 0% -3 0 27% -1 -27
Hot Start 17% 0 0 10% 0 0
NOx Emission 20% 3 60 0% 1 0
HC Emission 10% 1 10 23% 0 0
… 0% 0 0 0% 0 0

100% 100%110 0

Engine Operation 
KPI

4-stroke on-road Snowmobile 2-stroke
Fuel C Fuel B



4 Verification 

For the verification measurement such results of relevant engine operation KPI’s of 
BRP-Rotax application / fuel combination are used, which have been measured 
already. As the pure measurement values do not reflect the importance of the KPI ‘s 
(or measurement parameters) for the specific application, the weighted overall 
assessment value was not considered for the verification. Instead, a comparison of 
the relative fuel assessment values (value p in Table 19) of the specific fuel for these 
KPI’s with the measurement results was done. 

All measurement were made with adaption of calibration parameter without change 
of mechanical and geometry data (compression ratio, …).  

4.1 4-Stroke On Road Application 

For the On Road 4-stroke application, measurements [4,5] of 4 load points (Table 20) 
with a high ethanol content fuel (fuel C see Table 10) have been chosen. Additionally, 
a low temperature start down to -20 °C was performed and the results evaluated. A 
comparison between the relative fuel assessment values (Figure 5) for the different 
KPI’s and the measurement results (Figure 8) of the corresponding parameters show 
a good correlation of the assessment and the measurement.  

 

 

Figure 5: Relative fuel assessment value for  
fuel C / On road 4-stroke application 



The assessment indicated a worsening of fuel consumption and low temperature 
start and an improvement of full load performance, NOx and HC emission. All trends 
from the assessment can be found in the measurements. Changes of fuel 
consumption, low temperature start, full load performance and NOx emission are 
reflected very well, while the trend of HC emission reduction was predicted to be 
less than in the measurements observed.  

Table 20: Relevant load points of the 4-stroke On Road application 

 

Load point  speed  torque
1 3500 rpm 2.3bar BMEP
2 3500 rpm WOT
3 6000 rpm WOT
4 8000 rpm WOT



  
Figure 6: Measurement results THC and NOx for the 4-stroke  

On Road application in different load points [4] 

  
Figure 7: Measurement results BSFC and Power for  

the 4-stroke On Road application in different load points [4] 

 
Figure 8: Measurement result low temperature start for  

the 4-stroke On Road application [5] 

  



4.2 2-Stroke Snowmobile Application 

For the 2-stroke Snowmobile application, measurement results for fuel 
consumption, full load performance and emission have been evaluated for 5 load 
points including idle operation (Table 21). The results for the reference fuel (S95) and 
one eFuel (fuel B) are shown in graphs in Figure 11. To differentiate the impact on 
emission and power, the emissions are shown as concentration (ppm) without 
relation to power.  

 
Figure 9: Relative fuel assessment value for  

fuel B / 2-stroke Snowmobile application 

The assessment indicated a benefit in full load performance, an equal fuel 
consumption, slightly better NOx emission and same HC emission. Comparing the 
assessment in Table 19 and the graphs (Figure 9), it can be seen, that the accordance 
between the measurement results and the assessment factors are good, whereas it 
has to be considered that for NOx emission the indication was slightly better. Full 
load performance was evaluated only for load point 4. 

Table 21: Relevant load points of the 2-stroke Snowmobile application 

 

Load point % of max. speed % of max. torque
Idle - 0%

1 65% 19%
2 75% 33%
3 85% 51%
4 100% 100%



  
Figure 10: Measurement results THC and NOx for  

the 2-stroke Snowmobile application in different load points 

  
Figure 11: Measurement results BSFC and Power for  

the 2-stroke Snowmobile application in different load points 

5 Conclusions 

The described methodology has shown to be a valuable “Front Loading” tool to 
assess different blends of eFuels on individual product types and product 
characteristics.  

Beginning with a detailed chemical analysis of the fuel as input, an assessment of the 
thermodynamic effects this will have on powertrain characteristics was made. When 
this is coupled with a weighting of the importance of these characteristics, the areas 
of risk and opportunity for the product have been demonstrated.  

Initial test results have shown a good correlation between the theoretical results and 
the tested Powertrains. 



6 Outlook 

Going forwards the methodology will be further developed to include the 
assessment of narrower blends of “Drop-In” fuels (e.g. EN228 compliant). For 
example, this will require further refinement of the fuel characteristics weighting to 
enable a differentiation of the engine behaviour to be seen. 

Also, the methodology will be expanded to enable additional product types and 
product characteristics to be assessed. Such characteristics would include for 
example: 

- any effects of fuel aging or fuel coking 
- powertrain system design risks associated with the fuel, for example: 

o Tribological effects on piston / Bore interface 
o Fuel System requirements such as increased injector size; increased 

fuel tank size; fuel contamination of seals 
o Breather system risks such as increased vapor volume requirement 
o Software risks such as additional functionality requirements 
o Exhaust system risks such as Lambda sensor function 

 Additionally further validation of the results via testing is planned to further increase 
confidence and fine tune the analysis. This could eventually lead to a clearly defined 
additional validation plan, specific to a product line and powertrain, that would be 
required when considering a new eFuel. 
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