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1 Purpose of the contract

According to the TOR’s the purpose of the study is to review within a time frame of five
months the EPEFE prediction equations with regard to NOx emissions particularly as they
relate to gasoline aromatics content. The following steps have to be performed:

» identifying technical problems resp. gaps which need to be reviewed and/or
substantiated,

» analysing of all data supplied and modifying data where necessary in the light of the
state of the art.

2 Activities during the initial period

Based on Annex 05 of the EPEFE report the regression analysis for NOx as a function of
gasoline aromatics and E100 was derived. Basis of data processing was the data set
LDGAS.XLS available on CD-ROM added to the EPEFE report. Minor differences in the
results could be explained by slightly different pre-processing of the data set. The
statistical group of EPEFE decided that tables of means would be generated by treating
the data as if they were balanced whereas TUV took each measuring result with the same
weight. Despite of the smaller differences in the pre-processing procedure the trends of
the NOx prediction equation could be proved. More complicated forms of equations do
not improve the correlation coefficient, so that the selected EPEFE model can be
accepted.

A first meeting with the Commission was arranged in Brussels on 18.2.99. TUV stated
that the statistical procedure to derive the NOx prediction equation of gasoline vehicles
applied in EPEFE is acceptable and cannot be improved. The Commission informed
about the main objective of the study and the controversial discussions between ACEA
and CONCAWE.

In agreement with the Commission two separate meetings were arranged with
CONCAWE (2.3.99) and ACEA (3.3.99) in Cologne in order to identify the different
standpoints and gaps. The minutes of these meetings have been enclosed as annex 1.

All information provided by the Commission, CONCAWE, and ACEA has been compiled
in Annex 2.
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3 Main topics of the meetings with CONCAWE and ACEA

3.1 Gasoline

There is a common understanding between CONCAWE and ACEA with regard to the
effect of NOx/aromatics. It is in principle agreed that NOyx emission response can go in
either direction depending on the base calibration of the engine. Whereas CONCAWE
believe that the overall result of the EPEFE vehicle fleet reflects a real picture of the
current three-way catalyst fleet, ACEA think that the results of the EPEFE fleet are biased
due to the fact that all the fuels of the EPEFE matrix were blended to contain 10 % v/v
MTBE in contrary to the reference fuel without MTBE according to EU regulation
94/12/EC, which was the basis for engine calibration of the EPEFE fleet. With other words
ACEA argue that the superposition of a lean shift caused by MTBE and low aromatics
content of the fuel may lead to a decrease in NOx conversion which could be avoided by
using a reference fuel for calibration with the respective content of MTBE.

Oxygenates are likely to be increasingly used in future commercial gasolines and
therefore vehicles will be subjected to this lean shift in the market place.

To use the EPEFE NOx prediction equation for future engine technologies would mean to
transfer the mean calibration of the engine management of the EPEFE fleet to future
vehicle types. Because of the fact that calibration philosophy is complex and lambda
control techniques will be improved a prediction of NOx response of future vehicle types
cannot be solved by statistical means applied to measuring results of current vehicle
technology.

Neither CONCAWE nor ACEA could provide information with regard to the effect of
NOx/aromatics for cycles with more dynamic driving behaviour.

3.2 Diesel

ACEA has proposed new NOx prediction equations based on new parameters for both
heavy duty and light duty vehicles. Whereas ACEA are convinced that total aromatics is
the main fuel parameter which should be considered with regard to NOx emissions
CONCAWE think the influence of fuel aromatics is of minor importance. Both refer to
literature results or own measurements.
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The main statistical concerns of CONCAWE with regard to the new ACEA prediction
equation refer to intercorrelation of the selected new parameters. Even if one assumes
that total aromatics is a main fuel parameter it is not reflected in the EPEFE diesel fuel
matrix which is based on a more or less stable mono-aromatic content.

ACEA has addressed these topics in (ACEA 1997). The following conclusions of this
report are related to heavy duty engines and based on further investigations and re-
evaluation of the EPEFE database:

» The influence of total aromatics on the NOx emissions has been clearly identified. This
statement is in line with other findings in the literature.

* No intercorrelation of the new parameters could be observed for the EPEFE fuel
matrix.

» The different aromatics compounds have nearly the same influence on NOx emissions.

No additional investigations have been performed for light duty diesel vehicles. The same
statistical approach derived from results of HD engines was applied.

4 Gaps identified in EPEFE

4.1 Gasoline

The EPEFE NOx prediction equations are based on emission measurements in the New
European Driving Cycle (NEDC) consisting of an urban part (UDC) and an extra urban
part (EUDC). As many findings in the literature (Hassel et al., 1994; Joumard et al., 1990;
Final Report of COST 319, 1998; MEET Deliverable 24, 1998) show the results of the
EUDC or the UDC do not reflect real world emission behaviour of vehicles in cities or on
highways. Therefore the results of the EPEFE prediction equations have to be corrected
in order to take into account the influence of real world driving behaviour.

The calibration of the vehicle types of the EPEFE fleet was based on the reference fuel of
EU regulation 94/12/EC which contains no MTBE. Nobody can answer the question what
the response on NOx emissions would have been when the reference fuel would have
been adapted with regard to MTBE. The new EU regulation 98/69/EC prescribes the
adoption of the reference fuel close to the mean quality of market fuels so that type
approval calibration results in optimal emission behaviour in the field.
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Future vehicle types (Euro 3 and 4) will be equipped with advanced lambda control
techniques (second oxygen sensor behind the catalyst, adaptive control etc.). NOx
emission response on fuel aromatics for future vehicle technology cannot be predicted on
the basis of EPEFE measurements representing Euro 2 plus technology.

4.2 Diesel

The EPEFE diesel fuel matrix was not designed to investigate the influence of total fuel
aromatics on NOx emissions. Therefore the measuring results based on the EPEFE fuel
matrix cannot be used to prove that total aromatics is a key parameter to predict NOx
emission response. The literature results based on tests of single engines of different
manufacturers are contradictory. Nevertheless the validation results of the NOx prediction
equations for light and heavy duty vehicles indicate that NOx emissions cannot be
predicted for low aromatics fuels like Swedish class 1 (SC1). Taking into account in
addition the results of the comparison to California reference fuel (RFCAL) performed at
Southwest Research Institute (SwRI) by order of the Commission, it can be assumed that
the low levels of total aromatics content in the fuels are responsible for the lower NOx
emissions of SC1 and RFCAL (ACEA, 1997). To validate this assumption a new diesel
fuel matrix has to be designed and investigated with total aromatics as a parameter.

Considering the results of actual studies recently performed it seems doubtful with regard
to NOx to select poly-aromatics as a parameter. Di-, tri-, poly- aromatics are reported to
have different impact on NOx emissions (Lange et al. 1997). A contrary conclusion (all
aromatic compounds have nearly the same influence) is presented in ACEA, 1997.

The EPEFE data sets are based on Euro 2 technology. It can be assumed with high
probability that future diesel engine technology will show different, perhaps less sensitivity
to fuel composition, especially if engines with advanced exhaust aftertreatment are
considered. Without additional investigations the impact of new engine technology with
regard to NOx emissions and total aromatic fuel content cannot be assessed.

As already has been mentioned in connection with the gasoline vehicles the emission
results of the light duty diesel vehicles are based on the NEDC. Therefore the results of
the prediction equations cannot be transferred without corrections to real traffic situations.
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The heavy duty engines have been measured in the 13 mode cycle which covers two
engine speeds. There are doubts that the results of the 13 mode test can be considered
as representative for the whole engine map. The new EU regulation for Euro 3 and 4 has
introduced an improved European Steady State Cycle and in addition for advanced
engine technology an European Transient Cycle similar to the US Transient Cycle for HD
engines. The results of these improved test procedures may be more representative for
the assessment of real world traffic situations.

5 Recommendations for the application of the NOx prediction
equations
5.1 Gasoline

The NOx emission prediction equations are based on a vehicle fleet consisting of proto-
types reflecting the emission level of Euro 2 vehicles and on measurements in the NEDC.
Due to these frame conditions it is clear that the resulting mass emissions cannot be con-
sidered as representative for the current in-use three-way catalyst fleet. To quantify, how-
ever, the influence of fuel aromatics content on NOx emissions the relative change in
emissions can be applied to representative emission factors.

For the current fleet the equations and relative changes respectively are applicable pro-
vided the following points are noted:

 The content of oxygenates in future fuels will increase. As there will be no re-
calibration of the engines the in-use vehicles will be subjected to a certain extent to a
lean shift in the market place.

* Real world driving behaviour may be significantly different compared to the NEDC.
The influence with regard to the effect of NOx/aromatics is not considered by the
equations. Especially for cycles with more dynamic driving behaviour or high engine
load (i.e. highway) it can be assumed, that the influence of low aromatics fuel will
decrease under conditions with rich mixture (partial compensation of lean shift).

Using the equation for future engine technologies would mean to transfer the mean cali-
bration of the engine management of the EPEFE fleet to future vehicle types. Future
vehicle types, however, will be equipped with advanced lambda control techniques, so
that lean shift can be compensated and thus the increase of NOx emissions can be
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avoided. Compared to the overall NOx reduction of future vehicles the influence of a low
aromatics content in the fuel can be neglected.

In principle a decrease of NOx emissions is possible in the whole speed range for fuels
with low aromatics content. The impact on NOx emissions can be quantified only on the
basis of respective measurements. A compilation of the proposed application of the
EPEFE NOx prediction equations is depicted in Table 5.1.

Table 5.1: Application of the EPEFE prediction equations for NOx emissions of
gasoline vehicles

Vehicle technology Euro 1 Euro 2 Euro 3 Euro 4
ECE A A N N
EUDC Al) Al) N N

1) Real world driving behaviour on highways is significantly different to the EUDC.
TUV assessment for speed range above 100 km/h: no increase of NOy emissions for low aromtics fuels.
A = EPEFE equation acceptable

N = EPEFE equation not acceptable, TUV assessment: fuel neutral

5.2 Diesel

The NOx emission prediction equations for light duty vehicles are based on a vehicle fleet
with Euro 2 emission level and on measurements in the NEDC. For heavy duty engines
the measurements were conducted on the basis of the 13 mode cycle. As already men-
tioned in connection with the gasoline vehicles only the relative change in emissions can
be applied to representative emission factors.

The EPEFE equations do not take into account total aromatics of the fuel as a parameter.
According to the actual literature in Annex 2 it can be assumed that total aromatics of the
fuel have a strong correlation to NOx emissions, even if the relative changes of NOx
emissions are small for large changes in aromatics content. Therefore the EPEFE equa-
tions cannot predict NOx emissions for fuels with significantly different aromatics content
for current and future engine technology.
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In priciple one can agree with the ACEA proposal to introduce total aromatics as a
parameter. But there are doubts if data processing based on the EPEFE results will lead
to emission predictions close to reality. There exists only poor information about the
influence of different aromatics composition with regard to NOx emissions (Langer, 1997).
Because of this difficult situation TUV proposes to perform a new measuring programme
based on an adequate fuel matrix design harmonised between ACEA and CONCAWE.

In addition the new measuring programme should avoid the gaps with regard to driving
behaviour. That means for light duty vehicles that the test programme should be based on
cycles which cover a larger range of real world driving behaviour. For heavy duty vehicles
it would be favourable to perform the measuring programme on a dynamic engine test
bench. The transient cycles should cover as far as necessary the complete range of the
engine map so that changes in emissions can be calculated for different speed/load
distributions reflecting driving behaviour in different traffic situations. As far as possible
advanced engine technology in connection with exhaust aftertreatment should be taken

into account.
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Annex 1

Independent Reassessment of EPEFE Equations in Respect
of NOx Emissions

Meeting with CONCAWE in Cologne on 2.3.99

Participants:
Dr. Peter Heinze, CONCAWE
Steve McArragher, Shell
Dr. Heinrich Waldeyer, TUV Rheinland
Franz - Josef Weber, TUV Rheinland
Dieter Hassel, TUV Rheinland

1 Gasoline

1.1 Differences between LDGAS.XLS and final data set

There are no differences between these data sets. TUV did not take into account that
tables of mean values would be generated by treating the data as if it were balanced.
Thus for each emission of each vehicle * fuel combination the mean of each set of back -
to - back results was calculated.

Because of illness Mr. Sonnborn could not attend the meeting. TUV has duplicated the
regression analysis for NOx. The trends correspond to those calculated by EPEFE. The
regression coefficients are slightly different because of the different calculation of the
means per vehicle. If however some additional information is needed with regard to
detailed recalculation TUV will contact CONCAWE via Dr. Heinze.

CONCAWE cannot provide information with regard to NOx prediction for cycles with more
dynamic driving behaviour not covered in EPEFE.
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1.2 NOx/Aromatics effect

The effects of gasoline aromatic content have been explained in a common paper of Shell
and VW ( Graupner et al., 1997) and in a Shell paper (McArragher et al.). The first paper
identifies a leaning of metered A/F ratio on low-aromatic fuels, due to increased engine
out exhaust hydrogen and reduced heavy hydrocarbons causing the lambda sensor to
give a false rich reading. This can be sufficient to move the A/F ratio slightly lean of
stoichiometry into an area of low NOyx conversion efficiency. McArragher mentions a
second mechanism, which is an increase in exhaust methane content from non-aromatic
fuels. Methane has a very low reactivity for NOx reduction and therefore contributes little
to it's conversion. Probably both mechanisms play a role. It is clear that both effects are
synergistic.

The sensitivity of the lambda sensor to hydrogen is well known and explains why different
vehicles respond to changes in fuel aromatics to a different extent. Vehicles which are
calibrated lean or very close to stoichiometric will move into an area of low NOx
conversion efficiency. Vehicles calibrated slightly richer however will show little effect.

CONCAWE is convinced that the EPEFE NOx prediction equation is valid for EURO 2
technology. The increase of NOx tail pipe emissions in connection with the introduction of
low aromatic fuels may be compensated by EURO 3 and 4 technology due to respective
calibration.

The fuels of the EPEFE fuel matrix contain a constant level of 10 vol.-% MTBE. Therefore
MTBE cannot be introduce into the prediction equation as a parameter. The lean shift
caused by MTBE will be compensated by the lambda sensor, provided that the shift does
not exceed the control range of the sensor.

2 Diesel

21 ACEA proposal of revised NOx prediction equations

The revised ACEA equations are based on new parameters:
a total aromatics term instead of a total poly-aromatics term and an additional cetane
index term, so that the equations are extented to five parameter equations.
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There are two arguments of CONCAWE against an application of the revised ACEA
eqguations:

From a statistical point of view the regression analysis should be based on independent
parameters. This is not the case for the new ACEA equations, which are over-
parametrized since it includes density and T95 twice ( once as themselves, and again
because they are included in the cetane index ).

The other argument addressed the fact that the diesel fuel matrix has been designed for
the parameters density, T95, cetane number, and poly-aromatics. The mono-aromatics
are more or less stable in the EPEFE diesel test fuels so that the new parameter ,total
aromatics, reflects the variability caused by the poly-aromatics.

In addition CONCAWE is not convinced that total aromatics is a parameter that affects
NOx emissions. CONCAWE will provide TUV with additional information with regard to
this topic. According to the available literature the correlation seems to be very weak.
From a technical point of view the only acceptable solution would be a new measuring
programme with the respective design of the fuel matrix reflecting all relevant parameters
and avoiding overparameterising.

The arguments of CONCAWE against the reviewed ACEA equations are serious from a
technical point of view. The excellent fit of the new equations are not convincing since

they are not derived from a sound scientific basis. It is only a mathematical solution which
can be achieved with other parameters, too, as CONCAWE has proved.

3 Check of completeness of information

All references made available to TUV have been compiled in Annex 2 of the Interim
Report.

4 Relationship between fuel sulphur and NOx emissions

This topic was discussed, but will not be addressed in the TUV report.
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Annex 1

Independent Reassessment of EPEFE Equations in Respect
of NOx Emissions

Meeting with ACEA in Cologne on 3.3.99

Participants:
Nancy Homeister, Ford Motor AG
Meinrad Signer, lveco Motorenforschung AG
Anders R0j, Volvo
Dr. Heinrich Waldeyer, TUV Rheinland
Franz - Josef Weber, TUV Rheinland
Dieter Hassel, TUV Rheinland

1 Gasoline

1.1 Differences between LDGAS.XLS and final data set

See minutes of the meeting with CONCAWE

1.2 NOx/Aromatics effect

There is no doubt that ACEA and CONCAWE have the same technical understanding
with regard to the NOx/aromatics effect, but there is one important argument of ACEA
which underlines the different standpoint:

ACEA is not convinced that the EPEFE NOx prediction equation reflects reality, due to the
calibration of the EPEFE test vehicles. In the frame of type approval testing the calibration
of the vehicles is based on the reference fuel of the current exhaust legislation. This fuel
does not contain MTBE in contrary to the EPEFE fuels containing 10 vol.-% MTBE.
Therefore the lambda control of the EPEFE gasoline vehicles had to compensate the lean
shift of the A/F mixture when tested on the basis of the EPEFE fuel matrix with the
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consequence that the control range of the sensor is reduced. According to ACEA the lean
shift caused by MTBE and additional leaning by paraffinic produced hydrogen may result
in a lean shift out of the tolerance band of the sensor and could be one explanation why
the majority of the EPEFE test vehicle fleet show especially in the EUDC reduced NOx
emissions with increasing gasoline aromatics.

ACEA is convinced that vehicles, which are base calibrated rich react by a decrease of
NOx emissions when aromatics content in the fuel is lowered ( at least two of 16 EPEFE
vehicles show even in the EUDC a significant increase of NOx emissions with increasing
fuel aromatics).

2 Diesel

The technical arguments of CONCAWE are in principle accepted by ACEA, that means
the parameters of the regression analysis should be independent and the diesel fuel
matrix was not designed to reflect total aromatic content as a parameter. Despite of these
weak points ACEA is convinced, that the revised NOx prediction equations for light and
heavy duty vehicles are a better basis to assess the impact of fuel quality on NOx
emission behaviour. For the HD engine the additional investigations performed by the
manufacturers are described in detail in (ACEA, 1997). According to the findings of this
report the fuel parameter ,, poly-aromatic content,, has to be exchanged by ,total aromatic
content,. In addition several investigations published in 1995 to 1997, which will be sent to
TUV for evaluation, prove a good correlation between NOx emissions and total aromatic
content of the fuel underlining that total aromatics are the key parameter with regard to
NOx emissions. The decision of the introduction of poly-aromatics as parameter for the
EPEFE fuel matrix was based on results of Lange et al., 1993. In comparison to the
recently published results it can be understood that ACEA requires a revision of the
parameters.

While additional investigations have been performed for the HD engines this was not the
case for LD vehicles. The good validation result in the EPEFE report was due to an
incorrect calculation of the mean NOx emissions when using Swedish Class 1 fuel. After
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correction the need of review of the NOyx prediction equation became obvious. The
EPEFE data set of LD diesel vehicles was used to derive a new NOx prediction equation
based on the same parameters used for the HD engines.

The parameter selection of ACEA was discussed in detail. According to current
knowledge total aromatics are the key fuel parameter with regard to NOx. It has been
shown (ACEA, 1997) that mono-aromatics and poly-aromatics have a very similar
influence on NOx emissions, i.e. that the EPEFE diesel fuel matrix reflects the parameter
,fotal aromatics, with the disadvantage that range of variability is small. As already has
been mentioned there should be no intercorrelation of the fuel parameters used in the
regression analysis. The intercorrelation of the fuel parameters has been investigated
with the result that there is no or only weak correlation between the respective
parameters.

Within the EPEFE diesel fuel matrix the variation of cetane number has been achieved
mainly by cetane improver (additives). That is the reason why ClI and CN are not
correlated for the EPEFE diesel fuel matrix. From a technical point of view the
CONCAWE comment is correct that the ACEA equation predicts a NOx increase for high
natural CN and a decrease for additive related CN increase.

3 Check of completeness of information

All references made available to TUV have been compiled in Annex 2 of the Interim
Report .

4 Relationship between fuel sulphur and NOx emissions

This topic was discussed, but will not be addressed in the TUV report.
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Annex 2

Information provided by the Commission, CONCAWE, and ACEA

Gasoline

Graupner J.O. and W.W. Lange, Deutsche Shell AG

J. Kostka and A. Konig, VW AG

Interaction between gasoline properties and engine management system and effects on
3-way catalyst efficiency, SAE paper 972839

Robert A. Gorse, Ford Motor Company
The relationship of Exhaust NOx emissions and fuel sulphur contamination

Letter of CONCAWE to D. G. Snelgrove, DG XVII
Comments on AECC to questions on the validity of US programmes on sulphur effects to
Europe

Letter of ARAL to the German EPA with regard to the NOx/Aromatics effect, 30.10.97
Letter of ACEA with regard to revised gasoline sulphur/NOx equations, 20.5.98

CONCAWE view on technical aspects with regard to using EPEFE NOx equations in
AOP2, 25.2.99

Japan clean air programme, JCAP conference, 30.9.98

CONCAWE: References to the discussions on EPEFE equations as related to AOP2
Relationships between gasoline aromatics and NOx

J.S. McArragher, C.R. McDonald, P.J. van den Brink, J.O. Graupner
NOx emissions from catalyst cars: the effect of gasoline aromatic content

J. Kostka, H. Loeck, G. Decker, A. Konig, O. Graupner, W. Lange, J.A. Cooke
Effects of fuel reformulations on the emission performance of modern vehicles with
controlled three-way catalytic converters, 24.1.96

J. Kostka, H. Loeck, G. Decker, A. Konig, O. Graupner, W. Lange, J.A. Cooke
Auswirkungen von Kraftstoffreformulierungen auf das Emissionsverhalten moderner
Kraftfahrzeuge mit geregeltem Drei-Wege-Katalysator

B.Wedekind, P.J. Bennett, C.L. Goodfellow, J.G. Jeffrey, G.F. Marchesi, C.R. McDonald
The independent effect of mid-range,back-end volatility and aromatics on emissions from
two European Gasoline Engines, October 1995

SAE paper 952522
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C.R. McDonald, P.R. Shore, G.R. Lee, G.J. den Otter, D.T. Humphries
The effect of gasoline composition on stoichiometry and exhaust emissions,October 1994
SAE paper 941868

C.R. McDonald, T.D.B. Morgan, O. Graupner, E. Wilkinson

The independent effects of fuel aromatic content and mid-range volatility on tailpipe
emissions from current technology European vehicle fleets

SAE paper 963026

P.J. van den Brink, C.R. McDonald

The influence of fuel hydrocarbon composition on NO conversion in 3-way catalysts:
The NOx/Aromatics Effect, October 1995

SAE paper 952399

G.R. Lee, C.R. McDonald, K.A. Widdicombe, P.J. van den Brink
The role of methane on catalyst conversion of NOx: A study based on FTIR, May 1996
SAE paper 961155

A. Le Jeune, C.R. McDonald, R.G. Lee
NOx aromatics effects in catalyst-equipped gasoline vehicles, October 1994
SAE paper 941869

W.W. Lange, A. Miiller, J.S. McArragher, V. Schéfer

The effect of gasoline composition on exhaust emissions from modern BMW
vehicles,October 1994

SAE paper 941867

T.Yamashita, J.Doyon, T.D.B. Morgan, G.J. den Otter, J.R. Barnes, W.W. Lange
An integrated study of the effects of gasoline composition on exhaust emissions
Part I: Programme outline and results on regulated emissions

SAE paper 932678

J.G. Buglass, T.D.B. Morgan, J.O. Graupner
Interactions between exhaust gas composition and oxygen sensor performance
SAE paper 982646

P. Beckwith, P.J. Bennett, C.L. Goodfellow, R.J. Brisley, A.Wilkins

The effect of three-way catalyst formulation on sulphur tolerance d emissions from
gasoline fuelled vehicles, March 1994

SAE paper 940310

S.D. Bjordal, C.L. Goodfellow, P. Beckwith, P.J. Bennett, R.J. Brisley, A.J.J. Wilkins

An evaluation of the long term effects of gasoline sulphur level on three-way catalyst
activity,October 1995

SAE paper 952421

P.J. Bennett, P. Beckwith, S.D. Bjordal, C.L. Goodfellow, R.J. Brisley, A.J.J. Wilkins
A review of the effects of gasoline sulphur content on vehicle emissions performance
ISATA paper No. 96 EN 043
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P.J. Bennett, P. Beckwith, S.D. Bjordal, C.L. Goodfellow

Relative effects of vehicle technology and fuel formulation on gasoline vehicle exhaust
emissions,October 1996

SAE paper 961901

S.D. Bjordal, C.L. Goodfellow, P. Bennett, P. Beckwith

Relative effects of catalyst and fuel formulation on gasoline vehicle exhaust
emissions,October 1996

SAE paper 961902

S.D. Bjordal, C.L. Goodfellow, P.J. Bennett, P.Beckwith

The relative effects of vehicle technology,catalyst technology and fuel formulation on
gasoline vehicle exhaust emissions

CEC paper

J.G. Jeffrey, N.G. Elliott
Gasoline composition effects in a range of European vehicle technologies,October 1993
SAE paper 932680

CONCAWE
Information on the mechanisms of sulphur reaction / deactivation / reversibility with
catalysts

J.S. McArragher, C.R. McDonald, P.J. van den Brink, J.O. Graupner
NOx emissions from catalyst cars: the effect of gasoline aromatic content

Diesel

CONCAWE view on technical aspects with regard to using EPEFE NOx equations in
AOP2 , 25.2.99

W.W. Lange, A. Le Jeune, A.A. Reglitzky, Deutsche Shell

A. Schafer, D. Naber, M. Gairing, Mercedes-Benz AG

The influence of fuel properties on exhaust emissions from advanced M-B diesel engines,
SAE paper, 1993

W.W. Lange, O. Graupner, Deutsche Shell AG

R. Stradling, Shell Research Ltd

S. Gairing, A. Schéfer, D. Naber, Mercedes-Benz AG

Seperation of aromatic compounds and fuel viscosity-influence on exhaust emissions
from advanced M-B diesel engines

Nic Mann, Esso Research Centre

Frode Kvinge, Statoil PKS Fuel Technology

Geoff Wilson, Rover Group

Diesel fuel effects on emissions: Towards a better understanding
SAE paper 982486
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T.W. Ryan lll, J. Buckingham, L.G. Dodge, Southwest Research Institute
Ch. Olikara, Cummins Engine Co.

The effects of fuel properties on emissions from a 2.5 gm HD diesel engine
SAE paper 982491

Renault
Effect of diesel-fuel properties on NOx emissions of light duty vehicles: further
investigations of EPEFE results

M. Signer, lveco Motorenforschung AG
Influence of fuel quality on diesel engine emissions
World fuel conference, 1997

ACEA
Auto-Oil Il
Diesel fuel characteristics and exhaust gas emissions

ACEA, Heavy Duty Diesel Truck Manufacturers
Influence of diesel fuel quality on HD diesel engine emissions, 1997

CONCAWE
Analysis of EPEFE NOx data for LD vehicles, 1998

CONCAWE
Analysis of EPEFE NOx data for HD engines, 1998

M. Tamanouchi, H. Morihisa, S. Yamada, J. Lida, T. Sasaki, H. Sue

Effects of fuel properties on exhaust emissions for Diesel Engines with and without
Oxidation Catalyst and High Pressure Injection

SAE paper 970758

R. Stradling, P. Gadd, Shell,

M. Signer, C. Operti, Iveco

The influence of fuel properties and injection timing on the exhaust emissions and fuel
consumption of an Ilveco Heavy-Duty Diesel Engine

SAE paper 971636

B. Martin, P. Aakko, D. Bechmann, N. del Giacomo, F. Giavazzi
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