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1. PROGRAMME OVERVIEW


The European Programme on Emissions, Fuels and Engine Technologies (EPEFE) marks an unprecedented co-operation between the European Motor Industry (represented by ACEA) and the European Oil Industry (represented by EUROPIA). EPEFE is an essential part of the European Auto-Oil Programme which constitutes a new approach in setting environmental legislation and which harnesses, in a way never tried before, the expertise of the European Commission, industry and consultants in Europe. The intent of the Auto-Oil programme is to identify which new measures may be required to meet rational air quality objectives in the most cost effective way, derived from scientifically sound data. This new approach is fully in line with the environmental policy of the European Union as expressed in the 5th Environmental Action Plan.


The measures identified by the Auto Oil Programme will form the basis for the next step in emission legislation to enter into force by the year 2000.


The EPEFE programme was designed to extend the information on the relationships between fuel properties and engine technologies  and to quantify the reduction in road traffic emissions that can be achieved by combining advanced fuels with the vehicle/engine technologies under development for the year 2000.


The  first step of the Auto-Oil programme was a review of all data available in literature on the relationships between emissions, fuel properties, and engine technologies, to determine those that were already well understood, including those generated by the USA Auto/Oil Programme. The conclusions of this study were published in a 1994 report, ÒEffect of Fuel Qualities and Related Vehicle Technologies on European Vehicle Emissions.Ó  The EPEFE programme was then devised to fill in the knowledge gaps on fuel and vehicle interactions identified in this report. 


The results from the literature survey, together with those from EPEFE, form the necessary inputs to the Air Quality and Cost Effectiveness studies.


The aims of these studies are:


To quantify further reductions in road traffic emissions which may be needed to achieve agreed air quality objectives.


To identify sets  of measures - including improvements in fuel/vehicle technologies as well as other measures such as inspection and maintenance programmes, traffic control-that can  achieve such reductions.


To evaluate them from a cost/effectiveness point of view and to search for the most cost-effective proposals.


The air quality and cost effectiveness studies are led by the Commission Services. The data generated by EPEFE must be evaluated and discussed in this overall context.


2. OVERALL CONCLUSIONS


EPEFE results confirm that both fuels and engine technologies are important determinants of motor vehicle emission level. Relationships among fuel properties/engine technologies/exhaust emissions exists.


Based on the fuel parameters and vehicle technologies studied, EPEFE was able to quantify these relationships in tables/equations. These equations are essential as they represent the necessary input to the Air Quality models, and for the use of these models to search for the optimum combination for achieving air quality objectives.


The relationships found among fuel properties/engine technologies/exhaust emissions are complex. Changes in a given fuel property may lower the emissions of one pollutant but may increase those of another (i.e., decreasing aromatics content in gasolines lowers CO and HC emissions but increases NOX emissions). In some cases, engines in different vehicle categories, such as heavy duty and light duty vehicles, have disparate responses to changes in fuel properties (i.e., increasing  Cetane Number in diesel fuels lowers NOX emissions only on heavy duty and light duty DI engines, but not on light duty IDI engines.)


Thus, no simple answers exist but they arise from an optimisation activity aiming at finding the most cost effective combinations in terms of improved vehicle technologies and improved fuel properties.


EPEFE has provided a set of information with state of the art precision and accuracy which will serve as a technical basis for future policy options. The relationships developed are valid within the broad range of the test procedures, the vehicle/engine technologies, the fuel parameters and the components used in this study. Great care must be taken in extrapolating from these results. As vehicle technologies, test procedures and refining processes evolve, it will  be necessary to investigate further and validate the conclusions reached herein.  Moreover, the model developed should be validated on fuels and vehicles in production.


In summary, EPEFE represents a milestone offering concrete data in a European context on which to develop policy options for the year 2000. At the same time it opens the door to an increased level of co-operation between the two industries and authorities towards the ongoing process of improving the environment.


3. PROGRAMME DESIGN


The report ”Effect of Fuel Qualities and Related Vehicle Technologies on European Vehicle EmissionsÓ identified areas in which the effects of changing fuel properties can be quantified, such as sulphur in diesel fuel, oxygenates and benzene content of gasoline, as well as areas with knowledge gaps which needed to be filled in. EPEFE specifically addressed these gaps. Because fuel properties are inter-related, the test matrices were designed to separate, unequivocally, the effects of each fuel parameter under investigation on the vehicle/engine emissions levels. 


These fuel parameters were:


Sulphur content, mid-range distillation (E100) and aromatic content of gasolines.


Cetane number, poly-aromatics, density and back end distillation (T95) of diesel fuels.


Clearly, these parameters do not in themselves describe a commercial fuel. Many other inter-related properties are required in a fuel specification.


The set of test vehicles/engines were selected in order to reflect the wide range in vehicle sizes/engine displacements available in Europe. These vehicles/engines were equipped with prototype emission technologies presently under development. Examples include, for gasoline, close-coupled catalysts, different coatings and for light duty diesel, oxidation catalysts and for heavy duty diesel, high pressure injection systems.


All light duty vehicles exceeded the requirements of the 1996 European emission standards. Heavy duty engines exceeded the  Euro 2 emission standards which will come into force in October 1995. It should be noted that no single vehicle or engine can fully describe the emission levels that could be achieved by the entire European motor vehicle fleet by the year 2000.


In total, EPEFE examined 12 test gasolines with 16 gasoline powered vehicles, and 11 diesel fuels in 19 light duty vehicles and 5 heavy duty engines. For practical reasons, the heavy duty engine set could not be more extensive.


More than  2000 emission tests were run and over 500,000 data points were generated.


4. TEST PROTOCOLS


A wide range of  exhaust emissions, both regulated and unregulated was investigated. These include:


Carbon monoxide	(CO)


Oxides of Nitrogen	(NOX)


Total hydrocarbons	(HC)


Particulate matter and their composition


Individual hydrocarbons and other organic species


For light duty diesel vehicles, this represented the first study of some of these species on this scale.


Great care was taken in the design of the EPEFE experiments to ensure high quality results:


 A strict test protocol was developed for the testing laboratories - this included, for example, rules on repeat testing and on test order.


The fuels were blended in single batches and the analyses were verified by three laboratories using standard test methods except for poly-aromatics, where a draft method was used.


The technique for the identification of individual species of unburned hydrocarbons and oxygenated compounds (speciation) were evaluated by means of an inter-laboratory checking scheme.


The exhaust gas speciation of these laboratories was examined by a group of experts for consistency and accuracy, this was particularly important with light duty diesel speciation where the techniques were new.


Statistical analyses used standard best practice and procedures. Programme data were analysed for statistical significance by independent experts.


A quality control fuel was used in the testing to ensure that the prototypes did not change performance during the programme. This testing showed good control of emissions.


5. TECHNICAL CONCLUSIONS


5.1.	GASOLINE/GASOLINE VEHICLES / EMISSIONS


5.1.1.	The Effects Of Sulphur On Gasoline Exhaust Emissions


The effect of reducing fuel sulphur on regulated emissions was generally linear over the range studied.


Reducing sulphur content in gasolines lowered HC, CO and NOX emissions over the new European driving cycle consisting of an urban driving sequence (ECE) and an extra urban driving sequence (EUDC ).


The relative effects of lowering the sulphur content were larger over the EUDC sequence than over the ECE sequence. Over the ECE sequence, the sulphur effect was significant only for CO emissions. This confirms that fuel sulphur affected catalyst efficiency and had the greatest effect on a warmed up catalyst. The 4 km ECE driving sequence is run after an engine cold start and the vehicle must complete less than 1 km before the catalyst reaches its light-off temperature.


The relative distribution of HC species in the exhaust gases was unaffected by the fuel sulphur content.  However, the absolute effect (g/km) for benzene and alkanes was:


benzene and C3-12 alkanes were reduced upon sulphur reduction by an amount equivalent to the reduction  measured for the total HC emissions.


methane and ethane were reduced by a larger amount.


The other three toxics, 1,3-butadiene, formaldehyde and acetaldehyde were unaffected by changes in the sulphur content of the fuel.


5.1.2.	The Effect Of  Aromatics / E100 On Gasoline Exhaust Emissions


Fuel effects were generally larger for the aromatics/E100 matrix than for the sulphur matrix, and were, in many cases, non-linear.


Reducing aromatic content reduced HC and CO emissions but increased NOX emissions over the full European driving cycle for constant E100.


Increasing E100 also reduced HC emissions,  increased NOX emissions, while CO emissions were at their lowest value at E100 of 50% v/v, all for constant aromatics.


Over the ECE cycle, HC emissions increased with increasing aromatic content. In particular, this increase was much higher on fuels with a E100 of 35% v/v than on other fuels. This effect is believed due to driveability (*) problems experienced with such fuels on a number of vehicles.  This led to an exponential effect of E100 on HC emissions, with a dramatic decrease in  emissions from E100 of 35% v/v to 50% v/v, but little change between 50 and 65% v/v. Over the EUDC cycle, when the engine is fully warm, these driveability problems disappeared and the response of HC emissions to both aromatics and E100, while in the same direction as over the ECE cycle, was consistently lower.


CO emissions increased linearly with increasing aromatics over the ECE, EUDC and full test cycle at constant E100. Increasing E100 at constant aromatics gave a non-linear CO emissions response over the ECE and the full test cycle, with the lowest emissions at E100 of 50% v/v. Over the EUDC cycle, however, CO emissions decreased linearly.


NOX emissions showed different linear responses to increasing aromatics content over the two driving sequences  of the test cycle. Over the ECE, NOX increased with increasing aromatics, but over the EUDC, NOX decreased with increasing aromatics. In this case, the EUDC effect was larger  so that composite NOX emissions also decreased with increasing aromatics. The reason for this effect is believed to be lower NOX conversion efficiency over the catalyst with low aromatic fuels.


CO2 emissions decreased with reducing aromatics due to their effect on H/C ratio and hence the carbon content of the fuel. No clear effect of aromatics or E100 were found on calculated fuel consumption in this programme.


Benzene emissions decreased with  decreased aromatic content. Benzene mass emissions generally also decreased with increasing E100 in line with total HC emissions, although at 20% v/v aromatics there was little effect. The impact of benzene in gasolines on benzene emissions was not assessed in this programme because it is already known. EPEFE fuels had nominally constant benzene content.


E100 or aromatics did not appear to influence 1,3-butadiene mass emissions in the exhaust gases.


Formaldehyde and acetaldehyde emissions showed a slight decrease with increasing aromatic content.


�
5.1.3.	Gasoline Vehicle Technology Effects


The conclusions drawn in this chapter reflect the intent to use a range of vehicle sizes and technologies broadly spanning the range anticipated in the year 2000 European vehicle parc. Consistent with this intent, the spread in emission levels related to vehicle technologies (but also to vehicle sizes) was wider than the variations due to fuels. This is true even if allowance is made for the high HC emissions due to the driveability (*) problems experienced on some fuels and some vehicles. These driveability problems emerged in some vehicles when using the lowest volatility, medium and high aromatics fuels.	


Individual vehicles showed substantial variation in response to fuel properties, especially over the EUDC driving sequence.


Some vehicles which showed low fuel sensitivity for CO and HC emissions showed high sensitivity for  NOX emissions and vice versa.


The two vehicles fitted with single point fuel injection were more sensitive to both volatility and aromatics content, especially over the ECE driving sequence than all other vehicles.


The two vehicles fitted with trimetallic catalysts (Platinum/Palladium/Rhodium loading) gave very low emissions over the EUDC driving sequence.


The vehicles fitted with catalysts containing palladium were more sensitive to sulphur content than those equipped with Pt/Rh catalysts.


Modal analysis showed that catalysts light-off time was substantially reduced by:


positioning the catalyst close to the exhaust manifold. In comparing two vehicles which differ only in catalyst location, the one with a closed-coupled catalyst gave lower HC and NOX emission than the other one and similar CO emissions.


lowering the aromatics content in the fuel.


The fuel sulphur content does not have an impact on catalyst light-off times. The close coupled catalysts were more sensitive to the fuel sulphur content with specific reference to the NOX conversion efficiencies during the EUDC driving sequences.


The effect of technology on speciated emissions tended to follow that of total HC emissions. There are only indications that catalyst formulation can have an effect on the conversion efficiencies for aldehydes.


(*)	Driveability problems manifested variously as cranking time and hesitation


�
5.2.	DIESEL FUELS / DIESEL VEHICLES / HEAVY DUTY ENGINES


5.2.1.	Fuel Effects


All comments concerning light duty diesel vehicles apply to the full European driving cycle, for heavy duty diesel engines the ECE R49 13 mode test cycle was used.


Density


	Reducing density decreased:


NOX emissions in HD engines.


PM emissions in LD vehicles. No significant effect was seen in HD engines.


CO and HC emissions in LD vehicles.


Benzene, 1,3-butadiene, formaldehyde and acetaldehyde in LD vehicles (*).


but increased:


NOX emissions in LD vehicles.


HC and CO emissions in HD engines


Poly-aromatics


	Reducing poly-aromatics content reduced:


NOX emissions and PM emissions in both LD vehicles and HD engines


HC emissions in HD engines


Formaldehyde and acetaldehyde emissions in LD vehicles (*)


But increased:


CO and HC emissions in LD vehicles.


Benzene emissions in LD vehicles (*)


Cetane Number


Increasing Cetane Number :


decreased NOX emissions from HD engines only.


increased PM in LD vehicles with no significant effect from HD engines.


decreased benzene, 1,3-butadiene, formaldehyde and acetaldehyde emissions from LD vehicles. (*)


decreased HC and CO emissions from  both LD vehicles and HD engines.


Fuel T95


	Decreasing T95:


increased formaldehyde and acetaldehyde emissions from LD vehicles. (*)


increased HC and CO emissions from HD engines.


increased NOX emissions in LD vehicles


decreased PM emissions from LD vehicles.


decreased NOX emissions from HD engines


� (*)	Speciated emissions could not be measured from HD engines


Consolidation Of Fuel Effects In LD Vehicles And HD Engines


The effects of density, poly-aromatics, Cetane Number and T95 can be combined in 	equations to predict regulated emissions within the range of the fuel matrix.


These regression equations have different coefficients for LD vehicles and HD engines.


In four cases, the fuel effects on emissions from HD engines and LD vehicles were directionally the same, in five cases the fuel changes caused opposite effects for LD vehicles and HD engines and in the remaining 7 cases, the fuel effects were only significant for one category of diesel and neutral for the other.


5.2.2.	Engine / Vehicle Technology Effects


Conclusions with respect to vehicle and engine technology have to take into 	account that the choice of engine/vehicle configurations in EPEFE was made to give the widest possible range of technology features used from light passenger cars to heavy duty trucks


Individual vehicle and engines showed a wide range of response to the fuel properties investigated.


The impact of the vehicle/engine set on emissions was larger than that of the matrix of fuel properties except for NOX  emission on HD engines.


DI and IDI light duty vehicles showed the same trend concerning the effect of fuel properties on regulated emissions except for the NOX response to Cetane Number.


The lowest sensitivity to fuel property changes were associated with LD IDI engines and mechanical injection controls.


Vehicles equipped with IDI engines achieved consistently low absolute emission levels (g/km). Interest with DI Technology for application on LD vehicles is, however, growing for its performance in terms of fuel consumption.


Opposite responses in terms of NOX emissions to change in fuel  density and Cetane Number were seen for different vehicle models, but the majority of the light duty DI  vehicles behaved in the same direction.


5.2.3.	Combined Effects Of Diesel Fuel Properties / Vehicle Technology : Density Effects-Light Duty 	Vehicles


A special experiment was carried out to investigate the extent to which the density effects on emissions observed could be decreased by tuning the engine management system to fuel density.


The test results indicated that the effect of fuel density on engine emissions is, to a certain extent, caused by physical interaction of fuel density with the fuel management system. Further effects of density remained after matching engines and fuels. Although additional analyses were made, the reasons for the remaining effects could not be explained by the available data. These may be related to further interactions with the fuel management system and / or the combustion processes and other fuel properties not accounted for by EPEFE.


Vehicle sensitivity to variations in fuel density can be influenced by the choice of a specific engine tuning/calibration set. Sensitivities were lowest when the engines were set to the high density tuning and highest at the low density tuning. Minimising fuel density variations would reduce the sensitivity of vehicle emission levels in relation to density.


Lowest emissions were generally observed using the low density fuels when tested on the low fuel density tuning, except for NOX which showed the opposite trend with respect to the fuel.


When engines were appropriately tuned to use fuels of a given density, emissions were generally lower than when density and  tuning were not matched.


At both high and low density tunings, emissions with high density fuels were higher than with low density fuels for PM, HC, and CO, but the high density fuels gave lower NOX emissions.


5.2.4.	Combined Effects Of Diesel Fuel Properties / Engine Technology : Density Effects-Heavy 	Duty Engines


Fuel injection systems responded to fuel density in different ways depending on the fuel injection system layout and technology.


Reducing fuel density gave reductions in engine power for all engines and increased the fuel consumption for all except one engine.


Adjustments of the injection system to the same mass fuel delivery and dynamic injection timing for the low and high density fuels eliminated the differences in emission levels  between the two fuels. The effect of density on engine performance and emissions was caused by physical interaction with the fuel injection system which is purely hydraulic in nature.


Only density was investigated in the EPEFE experiment. Other physical fuel properties (such as viscosity, sound velocity, compressibility) also can affect the hydraulic performance of injection systems, but are intercorrelated with density and are not constant between all the EPEFE fuels.


There was no evidence of density effects on the combustion process itself.


Overall Effect on Emissions of Light Duty Gasoline Vehicles �Spread of Emissions by Variation of Vehicles.


�
Sulphur Fuels�
Aromatic / E100 Fuels�
�
�
g / km�
% of max�
g / km�
% of max�
�
HC�
0.150�
64.0�
0.198�
69.9�
�
CO�
1.518�
68.5�
1.462�
63.6�
�
NOX�
0.269�
84.6�
0.241�
81.4�
�
CO2�
155.2�
49.8�
164.8�
50.8�
�
FC (1)*�
6.680�
49.5�
6.860�
50.4�
�
Note : *(1) in l/100 km


Table 1


1.	Effects are quantified as the difference between the average emissions obtained with all the 	fuels of the matrix on the two vehicles with the highest and lowest emission levels.


2.	Multiple characteristics that depend on the purpose for which the vehicle was designed can 	affect the emissions while not being emission control technologies themselves (e.g., engine 	displacement, gearbox, weight). Such characteristics amplify the emission spread.


3.	The vehicle set covered a wide range of technologies. Emission levels achieved on a single 	vehicle do not express potential targets that could be met by future vehicle fleets covering the 	entire European market.


4.	EPEFE did not include any cost analyses. Decision on future choice can only be taken based 	on cost effective considerations.


�
Overall Effect on Emissions of Light Duty Gasoline Vehicles�Spread of Emissions by Variation of Fuels.


�
Sulphur Fuels�
Aromatic / E100 Fuels�
�
�
g / km�
% of max�
g / km�
% of max�
�
HC�
0.014�
9.2�
0.106�
42.1�
�
CO�
0.118�
9.5�
0.428�
26.1�
�
NOX�
0.021�
11.1�
0.031�
17.1�
�
CO2�
*1.200�
*0.6�
12.9�
5.7�
�
FC (1)*�
*0.050�
*0.5�
0.150�
1.6�
�
Note : * Not statistically significant : see chapter 2 (1) Fuel consumption in l/100 km


Table 2


1.	Effects are quantified as the difference between the fleet average emission levels achieved 	with 	the two fuels having the highest and lowest impact on emissions.


2.	The fuel set covered a wide range of technologies. Emission levels achieved on a single fuel 	do not express potential targets that could be met by future market fuels covering the entire 	European market.


3.	EPEFE did not include any cost analyses. Decisions on future choices can only be taken 	based on cost effective considerations.


Overall effect on emissions of light duty diesel vehicles and �heavy duty diesel engines by variation of fuels �spread of emissions by variation of fuels.


�
Light Duty Vehicles�
Heavy Duty Engines�
�
�
g / km�
% of max�
g / kW.h�
% of max�
�
NOX�
0.054�
9.3�
0.531�
8.0�
�
PM�
0.018�
28.3�
0.009�
7.0�
�
HC�
0.036�
27.3�
0.055�
19.0�
�
CO�
0.133�
26.1�
0.117�
17.0�
�
BSFC�
-�
-�
2.9�
1.0�
�
Table 3


1.	The overall effect over light duty vehicles is represented by the mean of the ranges of 	emissions between the highest and the lowest emitting fuels established for each and every 	test vehicle.


2.	Effects are quantified for heavy duty engines, as the difference between the fleet average 	emission levels achieved with the two fuels having the highest and lowest impact on emission.


3.	The fuel set covered a wide range of technologies. Emission levels achieved on a single fuel 	do not express potential targets that could be met by future market fuels covering the entire 	European market.


4.	EPEFE did not include any cost analyses. Decisions on future choices can only be taken 	based on cost effectiveness considerations.


�
overall effect on emissions of diesel vehicles and engines by variation of vehicles / engines


�
Light Duty Vehicles�
Heavy Duty Engines�
�
�
g / km�
% of max�
g / kW.h�
% of max�
�
NOX�
0.500�
56.7�
0.563�
8.0�
�
PM�
0.049�
61.7�
0.130�
67.0�
�
HC�
0.140�
90.1�
0.369�
75.0�
�
CO�
0.690�
89.1�
0.241�
33.0�
�
BSFC�
-�
-�
30.3�
12.0�
�
Table 4


1.	The overall effect for light duty vehicles is represented by the mean of the ranges of emissions 	between the highest and lowest emitting vehicles established for each and every test fuel.


2.	Effects are quantified for heavy duty engines, as the difference between the average emissions 	obtained with all the fuels of the matrix on the two engines with the highest and lowest 	emissions levels.


3.	Multiple characteristics that depend on the purpose for which the vehicle was designed can 	affect the emissions while not being emission control technologies in themselves(e.g., engine 	displacement, gearbox, weight, etc...). Such characteristics amplify the emission spread.


4.	The vehicle and heavy duty engine set covered a wide range of technologies. Emission levels 	achieved on a single vehicle do not express potential targets that could be met by future light 	and heavy diesel fleets or covering the entire European market.


5.	EPEFE did not include any cost analyses. Decisions on future choices can only be taken 	based on cost effectiveness considerations.


Light Duty Vehicles �Comparison of Ranges of fuel effects - fleet average, combined cycle.


�
CO�
HC�
NOX�
PM�
CO2�
�
Density�855 - 828 g / l�
-0.082 g / km�-17.1 %�
-0.018 g / km�-18.9 %�
+0.008 g / km�+1.4 %�
-0.012 g / km�-19.4 %�
-1.586 g / km�-0.9 %�
�
Polys�8 - 1 %�
+0.018 g / km�+4.0 %�
+0.005 g / km�5.5 %�
-0.019 g / km�-3.4 %�
-0.003 g / km�-5.2 %�
-1.960 g / km�-1.08 %�
�
Cetane�50-58�
-0.127 g / km�-25.3 %�
-0.026 g / km�-26.3 %�
-0.001 g / km�-0.18 %�
+0.003 g / km�+5.2 %�
-0.660 g / km�-0.37 %�
�
T-95�370-325 °C�
-0.008 g / km�-1.8 %�
+0.003 g / km�+3.4 %�
+0.026 g / km�+4.6 %�
-0.004 g / km�-6.9 %�
+2.880 g / km�+1.59 %�
�
Table 5


Note : Fuel effects have been described through regression equations. When these are linear it is possible to express these effects on both absolute values and percentage from a baseline.


(Diesel density = 855; Poly aromatics = 8 %; Cetane number = 50; T95 = 370C).


�
Heavy Duty engines�Comparison of ranges of fuel effects - fleet average


�
CO�
HC�
NOX�
PM�
CO2�
UNIT�
�
Density�
+0.0297�
+0.0332�
-0.245�
-0.002�
+0.560�
Total effect - g/kWh�
�
855>828 g/l�
+5.0 %�
+14.25 %�
-3.57 %�
-1.59 % ns�
+0.07 % ns�
% effect      - %�
�
Polys�
-0.0005�
-0.0093�
-0.1141�
-0.0045�
-4.947�
Total effect - g/kWh�
�
8->1%�
-0.08% ns�
-4.02 %�
-1.66 %�
-3.58 %�
-0.60 %�
% effect      - %�
�
Cetane�
-0.061�
-0.014�
-0.039�
0�
-2.934�
Total effect - g/kWh�
�
50->58�
-10.26 %�
-6.25 %�
-0.57 %�
0 ns�
-0.41 %�
% effect      - %�
�
T95�
+0.0392�
+0.0306�
-0.120�
0�
+3.073�
Total effect - g/kWh�
�
370->325 °C�
+6.54 %�
+13.22 %�
-1.75 %�
0 ns �
+0.42 %�
% effect      - %�
�
Table 6


Note : Fuel effects have been described through regression equations. When these are linear it is possible to express these effects on both absolute values and percentage from a baseline.(Diesel density = 855; Poly-aromatics = 8 %; Cetane number = 50; T95 = 370C). ns : Not Significant


Light duty gasoline vehicles sulphur matrix.�comparison of ranges in fuel and vehicle effects.


				(Fleet Average)			(Composite Cycle)


�
�
CO�
HC�
NOX�
�
Sulphur�382-18 ppm�
Composite�
-0.117 g / km�-9.4 %�
-0.014 g / km�-9.2 %�
-0.021 g / km�-11.2 %�
�
Table 7


Note : Fuel effects have been described through regression equations. When these are linear it is possible to express these effects in both absolute values and percentages from a baseline gasoline.�(sulphur = 382 ppm)


In the case of non linear effects, this expression is more complex and the curves of the function and their equations have been represented directly (E100/aromatics).


LIGHT DUTY GASOLINE VEHICLES�FUEL EFFECTS


GASOLINE E100 / AROMATICS MATRIX; FLEET AVERAGE -�FULL NON-LINEAR MODEL�( COMPOSITE CYCLE)


Emission (g/km)�
Model�
�
HC�
0.1347 + 0.0005489.ARO +25.7ARO.exp(-0.2642.E100)�
�
CO�
2.459 - 0.05513.E100 + 0.0005343.E1002  +0.009226.ARO�
�
NOX�
0.1884 - 0.001438.ARO + 0.00001959.ARO.E100�
�
Table 8


Note:   Fuel effects have been described through regression equations. When these are linear it is possible to express these effects in both absolute values and percentages from a baseline;


In the case of non linear effects, this expression is more complex and the curves of the function and their equations have been represented directly (E100/aromatics).
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