Part 3 Reference Infor mation

2. Modelling Emission Standards and Driving Conditions

2.1 Modelling the Influence of Future Emission Standards

211 Introduction

The terms of reference require an examination of the fuels to determine whether each fuel is
likely to meet future Australian Design Rules for vehicular emissions. This point has been
examined for each fuel in Parts 1 and 2 but is explored in more technical detail in this chapter.

An approximate method for including the effect of future emission standards was devel oped
for the technical study on fuels technology related to the Auto Oil 2 Program. The final report
by Arcoumanis (2000) was released in December 2000 by the EC’s Directorate-General for
Energy. This was a survey of best available information on emissions and energy efficiency
for a more limited range of fuels than are considered here. It introduced the concept of
emission factors related to a base of Euro2, the same base that has been followed in this work
where possible. The emission factors are developed from consideration of a range of
influences of aternative fuels on combustion and other engine characteristics.

212 Methods

In this project an attempt is made to estimate future emission factors by considering the
changes that may occur in the near future that could influence engine and vehicle technology,
and the interaction of this with the fuel. For each regulated pollutant, CO, HC, NOx, PM and
for CO, factors have been estimated, and then these are multiplied by the ratio of the new
emission standard to Euro2 for each of the regulated pollutants. For CO,, since there are no
regulated emissions standards in place at this time, the Euro3/Euro2 and Euro4/Euro2 factors
were considered as unity.

No allowance has been made for the different implementation times of the Euro standards in
Australiato Europe. The time lags have been regarded as technology transfer times. However,
experience with emission control equipment has indicated that the lags often allow the
Australian implementation of more mature technology which might be expected to improve
the emission factors. Here these benefits are assumed to be the same for the low sulfur diesel
reference fuel and the alternative fuel technology.

The implication in the methodology is that in the absence of any special problems or benefits
the reduction in dternative fuel performance will be similar to the reduction for a given
pollutant as expected from the change in the emission standards.

Engine parameters that have an effect on exhaust emissions have been divided into the
following groups (Arcoumanis, 2000):

1 Engine breathing - this determines the amount of mixture/air entering the cylinders
and participating in combustion which controls the mass of exhaust pollutants.

2. Mixture preparation - which influences the local fuel air ratio in the engine and has
influence on pollutant formation and emissions exiting from the exhaust.

3. Combustion - thisinfluences the formation of pollutants in the cylinder as afunction
of the local thermodynamic conditions.

4, Exhaust after treatment - this determines the percentage of formed pollutants escaping
in the atmosphere.

5. Engine/fuel compatibility - which determines the degree of positive or negative
interaction of the given of aternative fuel with components of the fuel injection
system.
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6. Engine deterioration in use - this depends on the maintenance standards and the state
of the engines exhaust emissions and any variation with time that may vary from the
standard low sulfur diesel fuel.

It is important to note that the multiplying parameter ny is a product of parameters just
described. Thus for a fuel where the ni,y coefficient is 0.8, this value would express that this
particular aternative fuel has some advantage compared with the low sulfur diesel reference
fuel. Conversely, a coefficient of 1.5 would indicate a major difficulty with respect to the
pollutants being considered. The parameter EF given the following tables thus represents the
fina merit of an alternative fuel including the expected reduction factor of the changed
emission standards. In order to make this clear the first table presented shows the Euro factors
being the ratio of Euro4 to Euro2.

In summary the following equation forms the basis for the model

EFEuro3/4 = EFEuroZ- ntotal (R Eur0314/R Eur02) (1)

where
Ntotal = Nor. Nmp. Nemb. Nea. Nic
and

Ny = engine breathing coefficient

Nmp = MiXture preparation coefficient
Nemp = COMbustion coefficient

Nea = €Xhaust after-treatment coefficient
n,. = fuel/engine compatibility coefficient

Reuwo 34= regulated emission limit for a particular pollutant for Euro3/4 (in Europe in 2000/5
and Australiain 2005/8)

Reuwe2 = regulated emission limit for a particular pollutant in 2002 (Euro2)

2.1.3 Emission factors for Euro3 and Euro4

Mogt of the coefficients in Equation 2.1, for the fuels given in Tables 2.1 —2.7, have values
taken from the Auto-Qil |l program (Arcoumanis, 2000). Where necessary, errors or
inconsistencies in that work have been rectified. For some tables new factors have been
generated based on the team’ s knowledge and this review of the literature.

The tables which follow are restricted to Factors for Heavy Duty Vehicles and Buses. Only
the last table refersto PULP plus E10 for passenger cars and Light Duty Vehicles.

214 Concluding remarks

This section has evaluated, through the process used in the Auto Oil |l program, the prospects
and difficulties that aternative fuels may suffer as a consequence of tightening emissions
standards through Euro3 and Euro4 from a base of Euro2. These results have been tabulated
and presented in each Chapter of Part 2 under the heading “ Expected Future Emissions”.

Most fuels (including BD30) continue their relative advantages during the period of these
tighter emission standards. The apparent exceptions are 100% biodiesel (PM > Euro3, NOx >
Euro3 and Euro4), ethanol (THC > Euro3 and Euro4) and possibly diesohal.
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Future emission factorsfor heavy duty vehicles and busesfor CNG/LNG

Table2.1

Technology CO THC NOx PM Vehicle CO,
Euro 2 EF 0.3 0.9 0.2 0.1 1.0

Ny, 1.0 1.0 1.0 1.0 1.0

N 10 [RJR, 09 [RJR, 10 |R4JR, 10 |R4JR, 10 |R4JR,
Euro 3 Nemb 1.0 0.53 0.9 0.60 1.1 0.71 0.9 0.67 1.0 1

Nea 1.0 [Niota 1.2 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

N¢e 1.0 1 1.0 0.972 1.0 1.1 1.0 0.9 1.0 1
Euro 3 EF 0.16 0.52 0.16 0.06 1.00

Npy 1.0 1.0 1.0 1.0 1.0

Nimp 1.0 |RJ/R, 1.0 RJR, 1.0 RJR, 1.0 RJR, 1.0 RJR,
Euro 4 Nemb 1.0 0.38 1.0 0.42 1.1 0.50 1.0 0.13 1.1 1

Nea 1.1 |Nital 1.1 Niotal 0.9 Niotal 0.9 Niotal 1.0 Niotal

N¢e 1.1 1.21 1.1 1.21 1.0 0.99 0.9 0.81 0.9 0.99
Euro 4 EF 0.14 0.46 0.10 0.01 0.99

Source: Arcoumanis(2000)
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Future emission factorsfor heavy duty vehicles and busesfor LPG

Table2.2

Technology CO THC NOXx PM Vehicle CO,
Euro 2 EF 0.4 0.5 0.3 0.3 1.1

Npyr 1.0 1.0 1.0 1.0 1.0

Nmp 1.0 Rs/R, 1.0 Ry/R, 1.0 Ry/R, 1.0 R4y/R, 1.0 R4/R,
Euro3  [Nemp 1.0 0.53 1.0 0.60 0.9 0.71 1.0 0.67 0.9 1

Nea 1.0 Ntotal 1.0 Notal 1.0 Neotal 1.0 Neotal 1.0 Neotal

Nic 1.0 1 1.1 1.1 1.0 0.9 1.0 1 1.0 0.9
Euro 3 EF 0.21 0.33 0.19 0.20 0.99

Npyr 1.0 1.0 1.0 1.0 1.0

Nmp 1.0 R4/R, 1.0 RJ/R, 1.0 R4J/R, 1.0 RJ/R, 1.0 R/R,
Euro 4 Nemb 1.0 0.38 1.0 0.42 1.0 0.50 1.0 0.13 0.9 1

Nea 1.0 Neotal 0.9 Neotal 11 Niotal 0.9 Neotal 1.0 Niotal

Nic 1.0 1 1.0 0.90 1.0 1.10 0.9 0.81 1.0 0.9
Euro 4 EF 0.15 0.19 0.17 0.03 0.99
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Table2.3
Future emission factorsfor heavy duty vehicles and busesfor 100% biodiesel

Technology CcO THC NOXx PM Vehicle CO,
Euro 2 EF 0.8 0.7 1.0 1.0 1.0

Npr 1.0 1.0 1.0 1.0 1.0

Nimp 1.0 R4/R, 1.0 R4/R, 1.0 R4/R, 1.0 R4/R, 1.0 R4/R,
Euro 3 Nemb 1.0 0.53 1.0 0.60 1.1 0.71 0.9 0.67 1.0

Nea 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Nic 1.0 1 1.1 1.1 1.1 1.21 1.1 0.99 1.0
Euro 3 EF 0.42 0.46 0.86 0.66 1.00

Ny 1.0 1.0 1.0 1.0 1.0

Nimp 1.0 R4/R, 1.0 R4/R, 1.0 R4/R, 1.0 R4/R, 1.0 R4/R,
Euro 4 Nemb 1.0 0.38 1.0 0.42 11 0.50 0.9 0.13 1.0

Nea 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Nie 1.0 1 1.0 1 1.0 1.1 1.0 0.9 1.0
Euro 4 EF 0.30 0.29 0.55 0.12 1.00
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Table2.4
Future emission factorsfor heavy duty vehicles and busesfor diesohol

Technology CO THC NOXx PM Vehicle CO,
Euro 2 EF 1.1 1.1 0.8 0.6 04

Ny 1.0 1.0 1.0 1.0 1.0

Nmp 1.0 R1/R, 1.0 R1/R, 1.0 R1/R, 1.0 R1/R, 1.0 R1/R,
Euro 3 Nemb 1.0 0.53 1.0 0.60 1.0 0.71 1.0 0.67 1.0

Nea 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Nic 1.0 1 1.0 1 1.0 1 1.0 1 1.0
Euro 3 EF 0.58 0.66 0.57 0.40 0.40

Ny 1.0 1.0 1.0 1.0 1.0

Nmp 1.0 RJ/R, 1.0 RJ/R, 1.0 RJ/R, 1.0 RJ/R, 1.0 RJ/R,
Euro 4 Nemb 1.0 0.38 1.0 0.42 1.0 0.50 1.0 0.13 1.0

Nea 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Nic 1.0 1 1.0 1 1.0 1 1.0 1 1.0
Euro 4 EF 0.41 0.46 0.40 0.08 0.40
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Future emission factorsfor heavy duty vehicles and busesfor E85

Table2.5

Technology CO THC NOXx PM Vehicle CO,
Euro 2 EF 1.1 1.1 0.8 0.6 0.4

Npr 1.0 1.0 1.0 1.0 1.0

Nmp 1.0 Rs/R, 1.0 Rs/R, 1.0 Rs/R, 1.0 Rs/R, 1.0 Rs/R,
Euro 3 Nemb 1.0 0.53 1.0 0.60 1.0 0.71 1.0 0.67 1.0

Nea 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Ntc 1.0 1 1.0 1 1.0 1 1.0 1 1.0
Euro 3 EF 0.58 0.66 0.57 0.40 0.40

Npr 1.0 1.0 1.0 1.0 1.0

Nimp 1.0 R4/R, 1.0 R4/R, 1.0 R4/R, 1.0 R4/R, 1.0 R4/R,
Euro 4 Nemb 1.0 0.38 1.0 0.42 1.0 0.50 1.0 0.13 1.0

Nea 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Nt 1.0 1 1.0 1 1.0 1 1.0 1 1.0
Euro 4 EF 0.41 0.46 0.40 0.08 0.40
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Table2.6

Future emission factorsfor heavy duty vehicles and busesfor hydrogen (Combustion Engine)*

Technology CcO THC NOXx PM Vehicle CO,
Euro 2 EF 0.05 0.02 0.2 0.01 0.01

Npr 0.9 0.9 0.9 0.9 1.0

Nmp 1.0 Rs/R, 1.0 Rs/R, 1.0 Rs/R, 1.0 Rs/R, 1.0 Rs/R,
Euro 3 Nemb 0.9 0.53 0.9 0.60 1.1 0.71 0.2 0.67 1.0

Nea 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Ntc 1.0 0.765 1.0 0.765 1.0 0.935 1.0 0.17 1.0
Euro 3 EF 0.02 0.01 0.13 0.00 0.01

Npr 0.9 0.9 0.9 0.9 1.0

Nmp 1.0 R,/R, 1.0 R,/R, 1.0 R,/R, 1.0 R,/R, 1.0 R,/R,
Euro 4 Nemb 1.0 0.38 1.0 0.42 1.1 0.50 0.2 0.13 1.0

Nea 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Ntc 1.0 0.85 1.0 0.85 1.0 0.935 1.0 0.17 1.0
Euro 4 EF 0.02 0.01 0.09 0.00 0.01

* Fuel Cell vehicles assumed to emit only water vapour.
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Future emission factorsfor passenger carsand light duty vehiclesfor PULP

Table2.7

Technology CO THC NOx PM Vehicle CO,
Euro 2 EF 0.4 0.4 0.4 0.4 0.4

Npr 1.0 1.0 1.0 1.0 1.0

Nimp 1.0 |Ry/R, 1.0 R4/R, 1.0 Rs/R, 1.0 R4/R, 1.0 Rs/R,
Euro 3 Nemb 1.0 0.53 1.0 0.60 1.0 0.71 1.0 0.67 1.0

Nea 1.0 |Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Ntc 1.0 1 1.0 1.0 1.0 1.0
Euro 3 EF 0.21 0.24 0.29 0.27 0.40

Npr 1.0 1.0 1.0 1.0 1.0

Nmp 1.0 |RJ/R, 1.0 R,/R, 1.0 R,/R, 1.0 R,/R, 1.0 R,/R,
Euro 4 Nemb 1.0 0.38 1.0 0.42 1.0 0.50 1.0 0.13 1.0

Nea 1.0 [Notal 1.0 Niotal 1.0 Niotal 1.0 Niotal 1.0 Niotal

Ntc 1.0 1 1.0 1.0 1.0 1.0
Euro 4 EF 0.15 0.17 0.20 0.05 0.40
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Table2.8
Future emission factorsfor passenger carsand light duty vehiclesfor EJ0PUL P

Technology CO THC NOXx PM Vehicle CO,
Euro 2 EF 1.1 1.1 0.8 0.5 1.0

Npr 1.0 1.0 1.0 1.0 1.0

Nimp 1.1 Rs/R, 1.1 Rs/R, 1.0 Rs/R, 1.0 Rs/R, 1.0 Rs/R,
Euro 3 Nemb 1.0 0.53 1.0 0.60 1.0 0.71 1.0 0.67 1.0

Nea 1.0 Niotal 1.1 Niotal 1.1 Niotal 1.0 Niotal 1.0 Niotal

Nie 1.0 1.1 1.0 1.21 1.0 1.1 1.0 1 1.0
Euro 3 EF 0.64 0.80 0.63 0.33 1.00

Npr 1.0 1.0 1.0 1.0 1.0

Nimp 1.1 R4/R, 1.1 R4/R, 1.0 R4/R, 1.0 R4/R, 1.0 R4/R,
Euro 4 Nemb 1.0 0.38 1.0 0.42 1.0 0.50 1.0 0.13 1.0

Nea 1.0 Niotal 11 Niotal 11 Niotal 0.9 Niotal 1.0 Niotal

Nic 1.0 1.1 1.0 1.21 1.0 1.1 1.0 0.9 1.0
Euro 4 EF 0.45 0.56 0.44 0.06 1.00
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2.2  Modeélling the Influence of Driving Conditions.

221 Introduction

The terms of reference require an examination of the fuels to determine approaches that
would enable the downstream emissions from fuel and technology combinations to be
approximated without conducting alarge scale tail pi pe emissions testing program.

This section of the chapter provides an initial appreciation of the effect of a range of urban
and rura driving conditions on the greenhouse gas emissions of selected fuels. All of the
results in the comparison of emissions with the base line diesel fuel have been made using
data from the Euro 2 test schedule for vehicles or engines. The weighting applied to the 13
modes of this engine test schedule is somewhat arbitrary, reflecting a simplistic allocation of
engine load and speed. The reference vehicles are a conventional diesel engined, standard 59
seat bus and a 45 tonne articulated truck..

222 Modelling methodol ogy

The model used for the analysis is a deterministic one, of the engine mapping type. The
computer program, MEEDAM (Model for Emissions and Energy Dissipation for Analysis of
Missions) is a derivative of the main-frame models first used in late 1980's (Khatib and
Watson, 1986) and developed for the SAE-A, as a commercial package, to allow operators
when purchasing new trucks to be informed on the relative fuel efficiency of variants
available from the manufacturer.

Central to the model are measured maps of engine performance, which describe an engine's
emission or fuel rate use over the usable range of torque (positive and negative) and engine
speed. The engine maps comprise emission rates of hydrocarbons, oxides of nitrogen, carbon
monoxide or particulates and fuel rate for energy consumption simulation. Here, only steady
state maps are employed, athough when available maps in speed and torque time-derivative
domains may be included. In comparative (sensitivity) analyses this limitation is not as
important as in the caculation of absolute values of fuel consumption and CO, emissions. In
any event, at the end of a period of ten or more minutes driving, the net contribution of the
transient fud supply is quite small, perhaps 3% of thetota (Trayford and Watson, 1999).

An outline of the model is presented in Figure 2.1. At a given vehicle speed and acceleration
the first step is the calculation of the instantaneous wheel torque and the selected gear ratio.
The wheel torque is calculated from the rolling resistance, aerodynamic drag, inertial forces
(linear and rotating). The transmission losses and engine auxiliaries torque are added to the
wheel derived torque to define the instantaneous engine speed and torque and thus the fue
rate is calculated from the map

Gear selection to simulate a manual transmission is made by an algorithm that uses shift
points as afunction of vehicle speed and acceleration.

For an automatic transmission the gear ratio selected is a function of engine speed and torque
ratio to alow for torque converter dip, the coefficients for which came from an analysis of
bus four speed automatic performance.

The fina drive efficiency is a function of rotational speed and torque transmitted. More
details of example applications are to be found in references Watson and Alimoradian (1989)
and Watson (1995).
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ENGINE DATA INPUT DRIVING PATTERN DATA
2.3 VEHICLE
DATA

MEASURED STEADY STATE MAPSOF: [ V/ehicle: *  Prescribed speed-time history
e Mass

* Fud Rate * Rotating Inertia »  Shift speeds (manual)

¢ HCemissionrate » Frontal Area *  Auto shift model

e COemissionrate » Drag Coefficient *  WOT accelnthro’ gears

« NOx emissionrate e Transmission:
»  Particulates emission rate O Ratios

O Losses

O Shift logic

v

CALCULATION

| nstantaneous:

Power
Fuel Rate &
Emissions

e Trip Fuel Cons & Emissions

OUTPUTS

e Fractiona Time, Fuel & Emissionsin ldle/acceln/cruise/decel

»  Fuel/Energy dissipated in
* Aero/Ralling/Inertia/

Trans lossengine friction

Figure2.1
M odel inputs and outputs

The model includes allowance for road gradient and wind speed and direction. Both of these
effects have considerably more effect on trucks and buses than is found in passenger cars,
because of their relatively poor power in proportion to size and weight.

Two examples follow to illustrate the effect of the change in liquid fuel composition and the
change of fudling system (liquid to gas).

2.2.3 Results of changed fuel - diesohol example

The test results in this section refer to earlier diesohol trials and are used for illustrative
purposes only. Current emissions data for diesohol is provided in Parts 1 and 2.

The data for this comparison were obtained from the NSW EPA for the diesohol bus trial,
which was conducted in 1993/4. The buses used in the test and ssimulated in the model were
Renault/Mack buses operated by Action Buses in Canberra. The thirteen mode Euro 2 test
was modified dightly by the EPA to produce the database, which nonetheless allowed the
development of the relevant engine maps for modelling.

Figure 2.2 shows the CO, emissions rate for the bus No. 977 operated on diesohol fue
compared with diesdl for arange of established test cycles. The average speed of these cycles
forms the base of the graph. The cycles include the fuel consumption cycle AS2877 City and
AS2877 Highway normally used for car and light commercial vehicles testing. However,
experience has shown that buses can aso perform satisfactory on these cycles. Also included
are an urban truck and a highway truck cycle based on measurements made in Sydney and
Melbourne and the interstate highways between Brisbane, Sydney and Mebourne in the
period 1986/7. (Khatib 1987).
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CO, g/km
2000 ODIESEL
AS2877 CITY
1800
B DIESOHOL TRUCK HWY
1600 -
AS2877 HWY

1400 || TRUCK URBAN
1200 -
1000 1

800 -

600 +

400 1

200 -

0
31.24 47.21 77.26 92.64
SPEED km/h
Figure2.2
Variation in CO, emissionsfor the smulated bus over AS2877 and truck cyclesfor diesohol and reference
diesel fuel

In Figure 2.3 asimilar set of values are presented on the basis of driving as measured recently
as part of the Diesel NEPM developed two years ago NEPC (1997). These cycles are
disaggregated into congested, residential, arterial and highway driving. All were based on
driving in Sydney.

3000 ODIESEL
CONGESTED
E DIESOHOL
2500
ARTERIAL
RESIDENTIAL
2000 -
SYDNEY HWY

1500
1000

500 -

0
10.34 29.59 35.48 74.82
SPEED km/h
Figure2.3

Variation in CO, emissions for the simulated bus over CUEDC developed as part of the diesel NEPM
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It can be seen in each of the figures under al conditions that the diesohol bus has slightly
higher CO, emissions than the diesel reference bus.

These sample results are now expressed as a ratio in Figure 2.4 - the ratio of the CO,
emissionsin the diesohol mode is compared with the CO, emissionsin the diesel mode. It can
be observed that the ratio varies between 1.031 to 1.053 with an average value of 1.038. The
average value for the weighted Euro 2 cycle was 1.034.

CO, RATIO DIESOHOL/DIESEL
RATIO
DIESOHOL/DIESEL FOR

CO,
1.055

1.053

1.050

1.045

1.040

1.035 ~

1.030 ~

1.025

1.020 ~

10.34
Cong
29.59
Arterial
31.24
CITY
35.48
Resid
47.21
74.82
HWYs
77.26
HWY
92.64
TRKHWY

[2a]
['4
D
X
@
-

AV. SPEED (km/h) OF CYCLE

Figure2.4
Ratiosin CO, emissionsfor diesohol compared with diesel fuel the smulated bus over the eight cycles

It may be thought that the variation in CO, emissions with driving is very small. However, it
should be recalled that diesohol comprises only 15% which replaces only about 9% of diesel
fuel energy. Thus, with a 9% replacement in energy a 2% variation in CO, emissionsis nearly
25% variation in the replaced CO,,

Similar ratios are plotted for NOx and smoke emissions in figures 2.5 and 2.6 respectively.
There is a general trend for these to be lower in the urban conditions and higher in highway
driving. Overall thereis a dight increase in NOx and a small reduction in exhaust smoke and
therefore particulates.
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NOx RATIO

1.193

1.200

1.100

0.900 +

0.800 +

0.700 -

10.34
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29.59
Arterial

31.24
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35.48
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47.21
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Figure2.5

T

CYCLE

74.82
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77.26
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92.64
TRKHWY

Ratiosin NOx emissions for diesohol compar ed with diesel fuel the simulated bus over the eight cycles

RATIO

DIESOHOL/DIESEL FOR

Smoke

1.400

SMOKE RATIO

1.300

1.200

1.100 -

1.000 A

< o
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=}

— O

1.108

29.59
Arterial

31.24
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1.103

35.48
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47.21

TRKURB

AV. SPEED (km/h) O

Figure2.6

T

CYCLE

1.118

74.82
HWYs

77.26

HWY

1.306

92.64
TRKHWY

Ratiosin Smoke emissions for diesohol compared with diesel fuel the smulated bus over the eight cycles
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2.2.4 Resultsfor changed fuel supply system, example - dual fuel CNG

This simulation is for an articulated truck with a minimum GVM of 15 tonnes and a
maximum of 45 tonnes. It is powered by a 450HP engine sourced from the US and drives
through a 12 speed transmission and dual axle drive.

As no Euro 13 mode data was available in the open literature for a spark ignited CNG vs
diesel comparison, the simulation was performed for a dual fuel engine with 65% CNG
substitution of gas for diesel over the 13 mode test schedule with the standard’s weighting
factors.

CO, g/km
4000

AS2877 CITY ODIESEL BCNG

3500

TRUCK HWY

AS2877 HWY

3000 T
TRUCK URBAN

2500 - T I

2000

1500

1000 —

500 -

31.24 47.21 77.26 92.64
SPEED km/h

Figure2.7
Variation in CO, emissionsfor the smulated truck over AS2877 and truck cyclesfor dual fuel CNG and
reference diesdl fuel

The bars are for 30 tonnes half-laden condition. The error bars show the 45 tonne and 15
tonne conditions.

Theresultsin Figure 2.7 show CO, emissions for the simulated truck over AS2877 and truck
cyclesfor the dual fuel CNG and LSD diesel fuel. The major bars are for 30 tonnes half laden
condition, whilst the error bars show the 45 tonne fully laden and 15 tonne unladen
conditions. It is noticeable that there is a significant variation of emission with load condition
and relatively small variation with speed except for the aggressive-for-a-truck car city cycle.
Indeed in the unladen condition the reduction in CO, is 7% compared with 18% under full
load. This trend is expected as the CNG substitution tends to increase in proportion to the
power output.

Similar conclusions may be drawn for the CUEDC cyclesin Figure 2.8
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6000

CONGESTED ODIESEL BCNG

5000

RESIDENTIAL ARTERIAL

4000 -

SYDNEY HWY

3000 +

2000 -

1000 -

10.34 29.59 35.48 74.82
SPEED km/h

Figure2.8
Variation in CO2 emissionsfor the simulated truck over CUEDC developed as part of the diesel NEPM. for
dual fuel CNG and reference diesel fuel

CO, RATIO
RATIO CNG/DIESEL
FOR CO;
1.200
0.980
1.000 0.933
0.855 0.847
0.800 |
0.600
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Figure2.9
Ratiosin CO, emissionsfor dual fuel CNG compared with diesel fuel for the simulated truck over the eight
cycles

The bars are for 30 tonnes half laden condition. The error bars show the 45 tonne and 15
tonne conditions.
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Figure 2.9 shows ratios in CO, emissions for dual fuel CNG/diesel fuel for the simulated
truck over the eight cycles for a vehicle mass of 30 tonnes. The reduction in combustion CO,
is about 16% on average.

Figure2.10
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Variation in NOx emissions for the smulated truck over AS2877 and truck cyclesfor dual fued CNG and
reference diesel fuel

The bars are for 30 tonnes half laden condition. The error bars show the 45 tonne and 15
tonne conditions.
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Figure2.11
Variation in CO, emissionsfor the simulated truck over CUEDC developed as part of the diesel NEPM . for
dual fuel CNG and reference diesel fuel.
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The bars are for 30 tonnes half laden condition. The error bars show the 45 tonne and 15
tonne conditions.

The NOx emissions in Figures 2.10 and 2.11 demonstrate more pronounced reductions in
NOx emissions with increased vehicle mass with reductions in excess of 40% under the fully
laden condition. The ratios of CNG dual fuel to diesel at the 30 tonne mass condition are
shown in Figure 2.12 where the trend for reducing NOx with increasing speed is evident.
This of course means that the NOx emission benefit is not so great where it matters most in
urban aress.

Unfortunately the data on CNG dual fuel did not cover particulate emissions.
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Figure2.12
Ratiosin NOx emissionsfor dual fuel CNG compared with diesel fuel for the simulated truck over the eight
cycles

2.2.5 Conclusions

In this section we have examined two examples of alternative fuels application to heavy-duty
vehicles, a bus and a truck. In the first example the impact of a change fuel composition (to
dieshol) which showed that the CO, emissions might increase somewhat more in real world
driving from the expected increase in the Euro 2 steady state test. However the increase is
small, and other tests have shown an opposite trend,

In contrast the example of a changed fuel application of CNG to a large truck the real world
CO, emissions were somewhat better than expected from the Euro 2 base.

Whilst this has only been a limited illustration of the available methodology for modelling
these changes, the method does provide a workable basis for the estimation of emissions from
alternative fuel vehiclesin arange of driving circumstances which include interstate highway
and urban situations including congested and free driving conditions. This information should
be useful for those involved in undertaking analysis of transport emission sources or CO,
emissionsinventories.

EV45A_2P3_F3B_CH2 401



Part 3 Reference Infor mation

This page left blank intentionally

402 EV45A_2P3 F3B_CH2



	Modelling Emission Standards and Driving Conditions
	Modelling the Influence of Future Emission Standards
	Introduction
	Methods
	Emission factors for Euro3 and Euro4
	Concluding remarks

	Modelling the Influence of Driving Conditions.
	Introduction
	Modelling methodology

	VEHICLE DATA
	
	Power

	2.2.3	Results of changed fuel - diesohol example
	Results for changed fuel supply system,  example - dual fuel CNG
	Conclusions



