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SUMMARY REPORT OF THE REVIEW OF FUEL QUALITY
REQUIREMENTS FOR AUSTRALIAN TRANSPORT

AND

ASSESSMENT OF BENEFITS AND COSTS OF ADOPTING NEW
FUEL STANDARDS

INTRODUCTION

The consultants, Coffey Geosciences Pty Ltd, were commissioned by Environment
Australia (EA) to undertake a review of possible new fuel specifications for Australia.
Changes to fuel specifications are one part of a broader Government strategy to reduce
vehicle emissions of greenhouse gases and air pollutants.  This strategy is described
more fully in Section 1 of this summary.

The review of fuel quality requirements for Australian transport undertaken by Coffey
focused on a range of scenarios for new fuel specifications.  These scenarios represent
alternative ways of implementing the Government’s commitments in relation to vehicle
emissions and fuel quality.

The scenarios were developed following extensive consultation with stakeholders,
including the major stakeholders in the oil and motor vehicle industry.  The impacts on
air pollutants and greenhouse emissions of altered fuel specifications for petrol and
diesel were modelled, as were the impacts on Australian refineries, vehicle
manufacturers, consumers and the wider economy.

The Summary Report in this volume has been produced by Environment Australia to
present an abridged version of the results of the review, together with background
information on motor vehicle emissions, engine and fuel technology, the consultation
process and the methodologies used for the review.

The full report by Coffey, the Review of Fuel Quality Requirements for Australian
Transport, is available on the internet at http://environment.gov.au/epg/fuel/ or can be
purchased at Ausinfo bookshops.

The structure of the full report is as follows.

Section 1 provides an introduction and background information on the forces driving
technology changes.

Sections 2 and 3 outline the relationship between fuel quality parameters, motor vehicle
technology and the emissions from motor vehicles based.  Section 2 focuses on issues
related to motor vehicle emissions.  Section 2.1 provides an overview of the current air
quality issues in Australia and the contribution of motor vehicles to urban air pollution.
The ambient air quality standards in Australia are summarised, and Australian greenhouse
gas commitments, including the National Greenhouse Strategy, are outlined in Sections
2.1.2 and 2.1.3.  Sections 2.1.4 to 2.1.8 focus on motor vehicle emission standards,
including summaries of the existing and proposed future Australian and European vehicle
emission standards.  Section 2.2 summarises current vehicle engine and emission control

http://environment.gov.au/epg/fuel/
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technologies that are available or emerging, for improving the emissions and/or fuel
consumption performance of road vehicles.  This section emphasises those technologies
which may be dependent on fuel quality for effective function and durability.

Section 3 focuses on issues related to fuel quality, and provides a summary of the main
findings of fuel quality studies undertaken in Australia and overseas.  The Australian
Government policies which impact on fuel quality are summarised to provide a
background to the legislative setting in Australia.  Several studies undertaken in
Australia and overseas which examined the relationship between fuel quality parameters
and motor vehicle emissions are described.  The section concludes with a summary of
the international fuel quality regulations and specifications.

Section 4 describes the stakeholder liaison process, and includes a summary of the
issues raised by the stakeholders.

Section 5 outlines six scenarios representing alternate paths for implementation of fuel
quality standards over time.  The background to the development of the scenarios, the
rationale behind each of the scenarios and the detail of six scenarios for fuel quality are
discussed.

Section 6 details the projected emissions from motor vehicles under each of the scenarios.

Section 7 provides estimates of the costs to the oil refining industry of implementation
of each of the scenarios.

Section 8 describes the results of modelling the impacts of each scenario on the
Australian economy.

To complement the analysis in the Coffey report, Environment Australia prepared an
assessment of the benefits of new fuel standards, allowing a more comprehensive
assessment of the net impact of changes to fuel standards.  The analysis is at Part 2 of
this volume and is intended to be read in conjunction with Sections 4 and 5 of the
Summary (or Chapters 7 and 8 of the full report) which provide the consultants’
assessment of the costs of adopting fuel standards.

Call for public submissions

In order to ensure that the most appropriate fuel quality standards are adopted in
Australia, comment on the proposals put forward in the discussion papers are sought
from all interested stakeholders and members of the public.

While comments are welcomed on any matter discussed in the papers, attention should
also be directed to the specific questions raised throughout the text. All submissions will
be treated as public documents.

Written comments are requested by 30 June 2000 and should be sent to:

Ms Sharon Rees, Senior Policy Officer
Air Quality Section
Environment Australia
GPO Box 787
CANBERRA   ACT   2601

Phone  (02) 6274 1693
Fax      (02) 6274 1172
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SUMMARY REPORT OF THE REVIEW OF
FUEL QUALITY REQUIREMENTS FOR

AUSTRALIAN TRANSPORT

1 BACKGROUND

1.1 Motor Vehicle Emissions

The National Environment Protection Measure (NEPM) for Ambient Air Quality was
finalised by the National Environment Protection Council (NEPC) in 1998.  The
NEPM establishes national standards and goals for the six most significant ambient
(outdoor) air pollutants: carbon monoxide (CO), nitrogen dioxide (NO2),
photochemical oxidant (as ozone), sulfur dioxide (SO2), lead and particulate matter of
less than ten microns (PM10).  The major non-compliant pollutants are PM10,
photochemical smog (ozone) and, to a lesser extent, NO2.  Motor vehicles are a major
source of these pollutants (or their precursors) in all jurisdictions.  Diesel exhaust
particulate is of special concern.  In Australia, sources of PM10 typically contain a
high proportion of particles in the PM2.5 fraction.  This fraction is the main health and
environmental concern.  Diesel particulate comprises 80 to 90% PM2.5 and contains
some toxic and carcinogenic compounds.

Further, the National Greenhouse Gas Inventory (NGGIC, 1996), indicated that
Australia’s net emissions of greenhouse gases increased at a compound rate of 0.57%
per year during the period 1990 to 1994.  The transport sector contributed 11.7% of
the total net emissions (CO2 equivalents) in 1994, having grown at an average rate of
1.7% per year since 1990.

Motor vehicle emission control is therefore a priority in national air quality
management.

Through the ‘Environmental Strategy for the Motor Vehicle Industry’ (a key element
of the National Greenhouse Strategy) the Commonwealth Government made a
commitment to achieving harmonisation with international emissions standards by
2006 (AGO 1998).  ‘International standards’ are taken to be those of the United
Nations Economic Commission for Europe (UNECE).  UNECE standards are
technically equivalent to standards adopted in the European Union – known as the
‘Euro’ standards (details of the European vehicle emission standards are at section
2.1.4 of the full report).

Many countries around the world (that is, outside the EU and its Associates)
harmonise vehicle emission standards, wholly or in part (though not always in
synchronisation) with those of the UNECE.  In 1998, for example, Japan signed the
UNECE Agreement (Treaty 58), indicating its intent to work towards harmonisation.
This step brings forward the prospects of ‘world standards’ for motor vehicles. The
Australian Academy of Technological Sciences and Engineering has stated that
‘because the UNECE regulations are the only truly international standards applying to
motor vehicles, it is almost certain that Australia will provide leadership to other
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APEC members by adopting the ECE regulations as the certification standards for
new vehicles’ (AATSE 1997).

The main regulatory mechanism for control of motor vehicle emissions in Australia is
embedded in the Australian Design Rules. The ADRs contain mandatory standards for
motor vehicle safety and emissions under the Commonwealth Motor Vehicle
Standards Act 1989. ADRs are applied in respect of all vehicles when first supplied to
the market prior to first registration in Australia, and are administered by the
Commonwealth Department of Transport and Regional Services.  Exhaust and
evaporative emissions from new petrol fuelled passenger cars and light commercial
vehicles up to 2.7 tonnes GVM are currently regulated by ADR 37/01, which includes
a chassis dynamometer-based air emissions test procedure.  This control standard was
based upon the standards applying in the US for the 1981 and 1982 model years, and
was phased-in in Australia during 1997/98.

ADR 70/00, which was implemented in 1995/96, sets emission limits for diesel
engines used in heavy-duty vehicles.  It provides manufacturers with the option of
complying with one of 3 sets of emission standards, being those then current in
Europe (Euro 1), USA (1991) and Japan (1993/4).  This ADR is based upon engine
dynamometer testing procedures, which are different in each jurisdiction.  As an
indication only, the ADR 70/00 limits (expressed as Euro 1) together with current and
proposed limits in Europe, USA and Japan are shown in Table 1.2.

A package of new vehicle emission ADRs became law under the Motor Vehicle
Standards Act in December 1999.  The new rules, ADRs 79/00, 79/01, 80/00 and
80/01 include the staged introduction of European standards for petrol and diesel
vehicles, namely, Euro 2, Euro 3 and Euro 4 (for diesel only) emission standards.
They will replace the existing ADRs 37/01 and 70/00 as they are phased in.

Tables 1.1 and 1.2 provide a comparison of Australian standards, European and US
standards for petrol and diesel vehicle emission standards.  The comparison is
indicative only, as the various mechanisms for development and implementation of
emission standards in different countries make it difficult to draw precise
comparisons.

Table 1.1 Comparison of Emission Standards for Petrol Cars

Pollutant ADR37/01 US Tier 1 US Tier 2 Euro 1 Euro 2 Euro 3 Euro 4
1997/99 1994/96 2004/06 1992/93 1996/97 2000/01 2005/06

Exh HC g/km 0.26 0.25* 0.08* 0.20 0.1
Exh NOX g/km 0.63 0.25 0.124 0.15 0.08
HC+NOX g/km 0.97 0.5
Exh CO g/km 2.1 2.1 1.06 2.72 2.2 2.3 1
PM g/km 0.37 0.05
Evap HC g/test 2 2 2 2 2 2 2

Evaporative test procedures in Euro 3, 4 are more stringent.  US Tier 2 is more stringent again.

Notes:  ADR 37.01 = US 1981  * = Non Methane Hydrocarbons  Exh = Tailpipe exhaust  Evap = Evaporatives
HC = Hydrocarbons  NOx = Oxides of nitrogen  PM = Particulate Matter
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Table 1.2 Comparison of Emission Standards for Heavy-duty Diesel Vehicle
Engines

 

Pollutant ADR70/00 Euro
2

Euro
3

Euro
4

Euro 5 US Japan
1997/99 1995 2000 2005 2008 1998 2004

CO g/kW/hr 4.5 4.0 2.1 1.5 1.5 15.5 2.22
HC g/kW/hr 1.1 1.1 0.66 0.46 0.46 1.3 0.87
NOX g/kWhr 8.0 7.0 5.0 3.5 2.0 4.0 3.38
PM g/kWhr 0.36 0.15 0.1 0.03 0.02 0.1 0.18

Notes:  Test procedural differences make comparisons of standards difficult.
ADR 70/00 = Euro 1 or US 94 or Japan 94.  The ADR is shown here as the Euro 1 limits.

The driving force for changes to fuel quality standards in Australia is primarily the
requirement to produce fuels that are compatible with vehicle engine and emission
control technologies.  The sulfur content of fuel issue is directly related to the
efficiency of vehicle emissions control technologies.

The issue of the direct contribution of fuel quality to air pollution is also a driving
force for changes to fuel quality standards in Australia.  For example, following the
identification of commercial fuel volatility as a problem for evaporative VOC
(volatile organic compounds) emissions, NSW negotiated a Memorandum of
Understanding with the Petroleum Industry for a phased reduction of petrol Reid
vapour pressure (RVP).

1.2 Proposed Future Vehicle Emission Standards in Australia - Review of
Motor Vehicle Emission Standards and Measures for a Better Environment

In Australia, the National Road Transport Commission (NRTC) and the National
Environment Protection Council (NEPC) have statutory roles related to the
environmental performance of motor vehicles under the National Road Transport
Commission Act and the National Environment Protection Council Act respectively.
A memorandum of understanding has been established between the NRTC and the
NEPC, which includes the establishment of the national Motor Vehicle Environment
Committee (MVEC).  The mission of MVEC is to improve the living environment for
all Australians by reducing the environmental impacts of motor vehicle use.

MVEC finalised its ‘Review of Motor Vehicle Emission Standards,
Recommendations to NRTC and NEPC’ during May 1999.  This paper was
subsequently revised and released as the ‘Revised Emissions and Fuel Standards
Package’, which takes account of the Prime Minister’s commitments under the
‘Measures for a Better Environment’ (MBE) elements of the ‘Tax Package
Agreement’ (see box).

The MVEC report states that ‘a staged approach to the introduction of Euro 2 and
Euro 3 emission standards provides the best means of addressing the medium and
longer term objectives of reducing total emissions from the vehicle fleet and
addressing the concerns of industry’.
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Measures for a Better Environment

The Commonwealth Government’s A New Tax System legislation was passed by Parliament
in June 1999.  The legislation includes a package of Measures for a Better Environment
(MBE).  The following MBE initiatives will contribute to the improved management of
transport emissions and greenhouse gases.

Petrol vehicles

•  Euro 2 (ECE Reg 83/04) emission standards for new petrol vehicles to be introduced from
2003 and from 2004 for continuing models. US 96 will be the standard for heavy duty
petrol engines.

•  Euro 3 (EC Directive 98/69/EEC) emission standards for new petrol vehicles will be
introduced from 2005 and from 2006  for continuing models. US 98 will be the standard
for heavy duty petrol engines.

The Government will seek advice from MVEC on an appropriate adoption date for Euro 4
standards for petrol vehicles, as Euro 4 is not sufficiently defined at this stage.

Diesel vehicles

•  Euro 2 (ECE Reg 83/04) emission standards for all new light duty diesel vehicles will be
introduced from 2002 and from 2003 for continuing models.

•  Euro 3 emission standards for new medium and heavy diesel vehicles will be introduced
from 2002 and from 2003 for continuing models. US 98 heavy duty diesel standards will
be accepted as an alternative.

•  Euro 4 emission standards for all new diesel vehicles will be introduced from 2006 and
from 2007 for continuing models. The draft of this standard is currently before the
European Parliament. US 2004 heavy duty diesel standards will be accepted as an
alternative.

In-service vehicle standards

The Commonwealth Government will provide resources with a view to ensuring that a
National Environment Protection Measure (NEPM), specifically addressing emissions from
the in-service diesel fleet, is developed and introduced as soon as possible.

The NEPM is intended to establish:

•  in-service emission tests/inspection protocols and programs for diesel vehicles;

•  a minimum performance standard for all in-service diesel vehicles which were not
certified to an agreed international standard at the time  they entered the market; and

•  in-service emission standards, based on compliance with original certification standards,
for all diesel vehicles certified to international standards (Euro 2, 3 etc).

The import of second hand diesel engines which fail to meet current Australian emission
standards will also be prohibited.
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Fuel based initiatives
MBE specifically addresses the sulfur content of diesel, and recognises that in mandating new
petrol vehicle standards, the higher octane and lower sulfur requirements will require changes
to petrol specifications.

The Commonwealth Government will:

•  negotiate with oil companies for the early voluntary introduction of diesel with a sulfur
content of no more than 500ppm in urban areas in 2000, on a best endeavours basis;

•  establish a diesel standard for road transport fuel with a sulfur content of no more than
500ppm by the end of 2002;

•  establish a mandatory diesel standard with a sulfur content of no more than 50ppm sulfur
by 2006; and.

•  increase the diesel excise for high sulfur fuel (i.e. fuel with a sulfur level greater than
50ppm) so that the relevant effective diesel excise payable increases by:
− 1 cent per litre from 1 January 2003; and
− 2 cents per litre from 1 January 2004.

The increase in the excise payable on ‘high sulfur’ diesel will form part of the Energy Grants
(Credit) Scheme, which will replace the diesel fuel rebate scheme on or before 1 July 2002.
Diesel fuel entitlements under the new Energy Credit Scheme will be restricted to ultra low
sulfur diesel (50ppm sulfur) after 2006.

In summary, MVEC recommendations for future motor vehicle emission standards
are:

•  ECE compliance allowed as an alternative to ADR 37.01 from 2000.

•  Euro 2 standards for all petrol vehicles up to 3.5 tonnes GVM (US 1996 HDV
for greater than 3.5 tonnes GVM) from 2003/4.

•  Euro 3 standards for all petrol vehicles up to 3.5 tonnes GVM (US 1998 HDV
for greater than 3.5 tonnes GVM) from 2005/6.

•  Euro 2 standards for diesel passenger cars, light trucks and buses (up to 3.5
tonnes GVM) from 2002/3.

•  Euro 3 standards for all diesel trucks and buses (greater than 3.5 tonnes GVM)
(with US 98 as alternate) from 2002/3.

•  Euro 4 standards for all diesel vehicles (with US 2004 as alternate for trucks
and buses greater than 3.5 tonnes GVM) from 2006/7.

The MVEC recommendations also state that ‘MVEC recognised that fuel
characteristics will play an important role in the in-service delivery of the new
emission standards, particularly Euro 3 and beyond’.  The recommendations for fuel
quality included in the MVEC report are as follows:

•  voluntary reduction of the sulfur content of diesel fuel to 500 ppm in urban
areas from 2000;
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•  sulfur standard for road transport diesel set at 500 ppm from end 2002; and

•  sulfur standard for road transport diesel set at 50 ppm from 2006.

Environment Australia directed the Review Team to take account of the
Government’s ‘Measures for a Better Environment’ and the MVEC ‘Revised
Emissions and Fuel Standards Package’, in developing scenarios for evaluation in this
Review.

1.3 Motor Vehicle Emission Control Technologies

There is now an almost endless catalogue of technologies, and combinations of
technologies, to control vehicle emissions and/or to reduce fuel consumption.  Not all
strategies are used in all vehicles.  Some engines, because of their design, size or fuel
type may require fewer controls than others do to meet regulated emission limits.
Some technologies can only be applied to specific fuel or engine types.

It is also important to note that, for most light duty vehicles (i.e. cars, station wagons
etc up to 2.7 tonnes), tailpipe emission levels (apart from CO2) are generally not a
direct function of engine size or fuel consumption.  Standards for light duty vehicles
generally set a maximum g/km emission level, regardless of the engine size or vehicle
mass.  Manufacturers may, for commercial reasons, incorporate only the minimum
controls necessary to meet regulated emission limits.

Hence a vehicle powered by a large six cylinder engine with a range of highly
effective emission control strategies may well have lower emissions than a small three
or four cylinder engine with only minimal controls.

On the other hand, CO2 emissions, for any given fuel, are directly proportional to the
rate of fuel consumption, so emissions of this gas tend to increase with vehicle mass.

It should also be noted that some technologies may have a ‘swings and roundabouts’
effect, in that they tend to improve one aspect of emissions at the expense of another.
For instance, lean burn technology can greatly improve fuel consumption (and hence
CO2 emissions), but cause NOx emissions to increase significantly.

Fuel selection itself is also a major factor in determining emission levels.  Petrol tends
to have high air toxics and low regulated gas emissions; diesel has very low CO and
HC, but high NOx and fine particulate emissions.  LPG and CNG have very low air
toxics and particulate emissions, but HC (non-reactive) can be a problem for CNG.

Beyond the ‘direct’ influences of technologies and fuels, there is also the important
issue of maintaining the emissions performance of vehicles at an acceptable level
throughout their operating lives.  Whether achieved through accredited fleet
management systems or through regulated inspection / testing programs, this ‘whole
of life’ approach to vehicle emissions performance is being increasingly recognised as
an essential element in emissions management.

Less well recognised, but potentially of some significance, is the role of fuel additives
in achieving and maintaining lower emission levels and, possibly, in reducing fuel
consumption.  This is a contentious area and there is considerable scepticism about
some of the claims made for these products.  Nevertheless, the oil industry routinely
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adds detergent formulations to commercial petrol in order to maintain fuel injector
performance, and similar benefits are widely acknowledged to flow from the use of
similar additives in diesel engines.

1.3.1 Summary of Fuel Consumption and Emissions Reduction Technologies

The technologies outlined below each fall into one of three categories:

•  fuel management and in-engine controls, which are primarily aimed at
optimising combustion to achieve clean, efficient and properly timed burning;

•  exhaust after-treatments, which clean up residual pollutants in the exhaust
stream; and

•  body/transmission/running gear enhancements, aimed at reducing or
smoothing the load on the engine.

Not all of these technologies are considered ‘critical’ for the purposes of the fuel
quality review.  Technologies that are directly affected by, or reliant on, the quality of
fuel used in the vehicle, are identified in the discussion of the emissions inventory
(see section 2.1 below). Section 2.2 of the full report provides details of current
vehicle engine and emission control technologies. Appendix 1 of this summary
contains details of those technologies that are considered critical in the review.

Petrol Vehicles

Engine Controls:
•  Computerised fuel and ignition management
•  Lambda sensor
•  Exhaust gas recirculation
•  Multi-point fuel injection
•  Sequential fuel injection
•  Direct fuel injection
•  Air assisted direct fuel injection
•  2-Stroke direct injection
•  Turbo/supercharging
•  Variable intake duct geometry
•  Variable valve timing and/or lift geometry
•  Lean burn
•  Low-friction bearings and pistons and roller cam followers
•  Multi-valve heads (3,4 or 5 valves/cylinder)
•  Knock sensors

Exhaust After-treatment:
•  3-way catalyst
•  Advanced catalyst formulation
•  Larger surface area/volume ratio catalysts
•  Electrically heated catalyst
•  Close-coupled catalyst
•  Continuous on-board emission monitoring (on board diagnostics - OBD)
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Body/Transmission/Running Gear:
•  Hybrid drivetrains (internal combustion/electric or fuel cell/electric)
•  Adaptive automatic transmissions
•  Rotor lock-up automatic transmissions
•  Continuously variable / multi-ratio transmissions
•  Lightweight components (plastics, magnesium, aluminium, composites, high-

strength steel)
•  Improved aerodynamics
•  Low rolling resistance tyres

Diesel Vehicles

Engine Controls:
•  Computerised fuel management
•  Direct fuel injection
•  Turbocharging
•  Variable valve timing and/or lift geometry
•  Low-friction bearings and pistons
•  Roller cam followers
•  Multi-valve heads (3 or 4 valves/cylinder)

Exhaust After-treatment:
•  2-way catalyst
•  De-NOx catalyst
•  Particulate traps (accumulating or continuously regenerating)
•  Particulate filtration

Body/Transmission/Running Gear:
•  Lightweight components (plastics, magnesium, aluminium, composites, high-

strength steel)
•  Improved aerodynamics
•  Low rolling resistance tyres

LPG, CNG and other Alternative Fuel Vehicles

Technologies for LPG, CNG and other alternative fuelled vehicles are adaptations and
extensions of those applied to petrol or diesel vehicles.  They are not discussed
separately in this review.

1.4 Fuel Quality Parameters

There is a very strong inter-dependence between emission control technologies and
the quality of fuel used in motor vehicles.  Techniques used to reduce noxious
emissions, or to reduce fuel consumption, are becoming very sensitive to
contaminants in the exhaust stream.

Section 3.2 of the full report provides a survey of fuel quality studies undertaken in
Australia, and relevant Australian government policy. Section 3.3 provides a similar
survey of studies undertaken overseas. Section 3.4 provides details of international
fuel standards.
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For petrol, sulfur content is the most critical parameter, primarily due to its effect on
catalyst performance and durability.  Advanced catalyst formulations being developed
for Euro 3/4 compliance and compatibility with developing engine technologies are
especially sensitive.

Other fuel parameters, such as Reid Vapour Pressure (RVP), distillation range,
benzene and aromatic content may significantly affect in-service emissions, but will
have no impact on engine system function or durability.  Petrol volatility has an
important influence on vehicle evaporative hydrocarbon emissions.

In diesel engines there is a clear correlation between some fuel properties and
regulated diesel emissions.  Drawing general conclusions is, however, difficult due to
such factors as inter-correlation of different fuel properties, different engine
technologies, or engine test cycles.

In heavy-duty engines, increasing the cetane number lowers HC, CO, and NOx
emissions, while reducing fuel density lowers NOx and particulates but increases HC
and CO.  Light-duty engines show a different fuel sensitivity from the heavy-duty
engines.

Sulfur increases particulate emissions in both classes of engines. Sulfur is also known
to interfere with several diesel emission control strategies, especially in relation to
particulate emissions reductions.

Critical petrol and diesel fuel quality parameters included in the fuel quality review
are described below (from the World Wide Fuel Charter, AAMA et al., 1998).  Some
of these parameters have an impact on air pollution and/or motor vehicle emissions,
while others are related to motor vehicle performance.

1.4.1 Petrol

Octane

Octane is a measure of a petrol’s ability to resist auto-ignition, which can cause
engine knock. There are two laboratory test methods to measure petrol octane
numbers: one determines the Research Octane Number (RON) and the other, the
Motor Octane Number (MON).  RON correlates best with low speed, mild-knocking
conditions and MON correlates with high-temperature knocking conditions and with
part-throttle operation. RON values are typically higher than MON and the difference
between these values is the sensitivity, which should not exceed 10.

Vehicles are designed and calibrated for a certain octane value. When a customer uses
petrol with an octane level lower than that required, knocking may result, which could
lead to severe engine damage. Engines equipped with knock sensors can handle lower
octane levels by retarding the spark timing; however, fuel consumption and power
suffer and at very low octane levels, knock may still occur. Using petrol with an
octane rating higher than that required will not improve the vehicle’s performance.

In older-model engines, lower octane provided the same anti-knock performance at
high altitude, as higher octane at sea level.  Since 1984, however, most vehicles have
been equipped with sophisticated electronic control systems, which adjust to changes
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in air temperature and barometric pressure. These vehicles require the same octane
levels at all altitudes. Thus, petrol octane levels should not be lower at higher
altitudes.

Petrol research and motor octane number (RON and MON) can have an important
influence on engine performance and durability when the engine’s octane requirement
is not satisfied.  Most Euro-compliant engines are designed for 95 RON, with some
designed for 98 RON.  The introduction of Euro emission standards in Australia will
therefore increase demand for 95 RON ULP, and may create a niche demand for
98 RON ULP.

Sulfur

Sulfur naturally occurs in crude oil. If the sulfur is not removed during the refining
process it will contaminate vehicle fuel. Sulfur has a significant impact on vehicle
emissions by reducing the efficiency of catalysts. Sulfur also adversely affects heated
exhaust gas oxygen sensors. Reductions in sulfur will provide immediate reductions
of emissions from all catalyst-equipped vehicles on the road.

Lead

Historically, lead alkyl additives have been used as inexpensive octane enhancers for
petrol. Concerns over health effects associated with the use of this additive have
resulted in many markets eliminating leaded petrol. While the phase-out of leaded
petrol is supported, consideration must be given to the existing vehicle fleet as some
older vehicles may require lead (or lead replacement additives) for engine protection.
Low-lead petrol at 0.05g/l is supported in leaded petrol markets. This reduces the risk
of unleaded contamination and still provides adequate engine protection.

Unleaded petrol is necessary to support vehicle emission control technologies such as
catalytic converters and oxygen sensors. As vehicle catalyst efficiencies are increased,
tolerance to lead contamination decreases; even slight lead contamination can destroy
a modern catalyst.

Oxygenates

Oxygenated organic compounds, such as MTBE and ethanol, are often added to petrol
to increase octane, to extend petrol supplies, or to induce a lean shift in fuel/air
stoichiometry to reduce carbon monoxide emissions. The ‘leaner’ operation reduces
carbon monoxide emissions, especially with carburettor equipped vehicles without
electronic feedback-controlled fuel systems.

These emission benefits are not achieved as well in modern electronic feedback
controlled vehicles because the lean air/fuel ratio effect only occurs during cold
operation or during rapid acceleration. In fact, leaner fuel/air ratios caused by
oxygenates can degrade ‘drivability’ depending on the ‘leanness’ of the engine’s base
calibration using petrol without oxygenate. This over-leaning can also cause
emissions to increase. Because ethanol has a higher heat of vaporisation than ethers,
some of the drivability degradation of petrol / ethanol mixtures can be attributed to the
additional heat needed to vaporise the petrol.
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Olefins

Olefins are unsaturated hydrocarbons and, in many cases, are also good octane
components of petrol. However, olefins in petrol can lead to deposit formation and
increased emissions of reactive (ozone-forming) hydrocarbons and toxic compounds.

Olefins are thermally unstable and may lead to gum formation and deposits in an
engine’s intake system. Furthermore, their evaporation into the atmosphere as
chemically reactive species contributes to ozone formation and their combustion
products form toxic dienes.

Aromatics

Aromatics are fuel molecules that contain at least one benzene ring.  In general,
aromatics are good octane components of petrol and high-energy density fuel
molecules.  Fuel aromatic content can increase engine deposits and increase tailpipe
emissions, including CO2.

Heavy aromatics, and other high molecular weight compounds, have been linked to
engine deposit formation, particularly combustion chamber deposits.  These deposits
increase tailpipe emissions, including HC and NOx.

Benzene

Benzene is a naturally occurring constituent of crude oil and is also a product of
catalytic reforming, which produces high-octane petrol streams.  It is a known human
carcinogen.

The control of benzene levels in petrol is the most direct way to limit evaporative and
exhaust emissions of benzene from automobiles. The control of benzene in petrol has
been recognised by regulators in many countries as an effective way to reduce human
exposure to benzene.

Volatility

Sufficient volatility of petrol is critical to the operation of spark ignition engines with
respect to both performance and emissions. Volatility is characterised by two
measurements, vapour pressure and distillation.

Vapour Pressure

The vapour pressure of petrol should be controlled seasonally to allow for the
differing volatility needs of vehicles at different temperatures.  Lower vapour pressure
is required at higher temperatures to reduce the possibility of hot fuel handling
problems and to reduce evaporative emissions.  Reid Vapour Pressure (RVP) is a
measure of the volatility of fuels, especially petrol.

Distillation

Distillation of petrol yields either a set of ‘T’ points (eg. T50 is the temperature at
which 50% of the petrol distils) or ‘E’ points (eg. E100 is the percentage of petrol
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distilled at 100 degrees).  Excessively high T50 (low E100) can lead to poor starting
and warm up performance at moderate ambient temperatures.

1.4.2 Diesel

Cetane Number

Cetane number is a measure of the compression ignition behaviour of a fuel; it
influences cold start-ability, exhaust emissions and combustion noise. Cetane index is
the ‘natural’ cetane of the fuel, which is calculated based on measured fuel properties.
The cetane number is measured on a test engine and reflects the effects of cetane
improver additives. As shown below, natural cetane levels affect vehicle performance
differently from cetane levels modified by additives. To avoid excessive additive
dosage, a minimum difference between cetane index and cetane number must be
maintained.

Density and Viscosity

The diesel fuel injection is controlled volumetrically or by timing of the solenoid
valve.  Variations in fuel density (and viscosity) result in variations in engine power
and, consequently, in engine emissions and fuel consumption.

Influence of fuel density on emission control systems

Production diesel engines are set to a standard density, which determines the amount
of fuel injected. The volumetric injection quantity is a control parameter for other
emission control systems, such as exhaust gas recirculation (EGR). Variations in fuel
density therefore result in non-optimal EGR-rates for a given load and speed point in
the engine map and, as a consequence, influence the exhaust emissions.

Influence of fuel viscosity on injection system performance

Fuel quantity injected and injection timing is also dependent on fuel viscosity. High
viscosity can reduce fuel flow rates, resulting in inadequate fueling. A very high
viscosity may actually result in pump distortion. Low viscosity, on the other hand,
will increase leakage from the pump elements, and in worse cases (low viscosity, high
temperature) can result in total leakage. As viscosity is affected by ambient
temperature, it is important to minimise the range between minimum and maximum
viscosity limits to allow optimum engine performance.

Sulfur

Diesel fuel sulfur contributes significantly to fine particulate matter (PM) emissions,
through the formation of sulfates both in the exhaust stream and, later in the
atmosphere. Sulfur can lead to corrosion and wear of engine systems. Furthermore the
efficiency of some exhaust after-treatment systems is reduced as fuel sulfur content
increases, while others are rendered permanently ineffective through sulfur poisoning.

Aromatics

The aromatics content of diesel fuel influences flame temperature, and consequently,
NOx emissions during the combustion. Polyaromatics in the fuel affect the formation
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of particulates and emissions of polycyclic aromatic hydrocarbons (PAHs) from a
diesel engine.

Distillation Characteristics

The distillation curve of diesel fuel indicates the amount of fuel that will boil off at a
given temperature.  The curve can be divided into three parts:

•  the light end, which affects ‘startability’,

•  the region around the 50% evaporated point, which is linked to other fuel
parameters such as viscosity and density; and

•  the heavy end, characterised by the T90, T95 and final boiling points (FBP).
(T90 is the temperature at which 90% of the fuel distils).



16

2 EMISSIONS INVENTORY

The objective of the Fuel Quality Review was to undertake a comprehensive
examination of possible new fuel specifications for Australia, designed to reduce
emissions of air pollutants and greenhouse gases from Australian road transport.

The emissions inventory is the central modelling component of the review.  The
inventory predicts the changes to emissions of air pollutants and greenhouse gases
that would result from changes to fuel composition.  Later parts of the review, i.e. the
assessments of the impacts of each scenario on the refining industry and on the wider
economy, give an indication of the direct and indirect costs of achieving the predicted
emission reductions.

The consultants developed six fuel quality specification scenarios, including a
baseline, or ‘business as usual’ scenario. The assumption of ‘business as usual’ trends
in vehicle kilometres travelled (VKT) growth and transport policy form the basis of
the assessment.  Each scenario incorporates a slightly different option for future fuel
standards. The conditions specified under the various scenarios take into
consideration

•  the policy framework, in particular recommendations from MVEC and the
MBE package;

•  the outcomes of the stakeholder liaison process (summarised in Appendix 2);

•  information collected relating to the interaction between motor vehicle
technology, fuel quality and motor vehicle emissions.

An emissions ‘inventory’, over 20 years, was modelled for each scenario.  In brief,
this process involved the following steps.

1. The national fleet was characterised in terms of VKT. The composition of the fleet
over the next 20 years was extrapolated from the current mix of vehicle type,
vehicle age, fuel type (diesel, petrol or alternatives).  The distribution of total
VKT was then predicted for the 20 year period, based on the distribution of VKT
for the current mix of vehicles.

2. Patterns of fuel consumption were modelled, based on fleet composition and
activity, and fuel usage.  This provided the basis for predicting future refinery
production configurations and greenhouse gas emissions.

3. The effects of changes in fuel properties were predicted in a two step process –
calculation of emission factors for vehicle type and vintage, and application of
these factors to the VKT/vehicle fleet projections.

Emission factors for each pollutant were taken to be the emission limits for
relevant vehicle design standards (e.g. Euro standards) where possible.  Where no
such standards exist, alternative sources were used e.g. in the case of petrol
passenger vehicles meeting existing ADR standards, emission rates were
established using vehicle testing data.  ‘Emission rate adjustment factors’ were
calculated to assess the effect of a mismatch between fuel specifications and
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vehicle specifications (e.g. using ‘Euro 3’ standard fuel in existing vehicles).  The
relationships between fuel properties and emissions of criteria pollutants and air
toxics were derived from recent literature on the subject.

The remainder of this section provides a fuller description of the methodologies
employed in the emissions inventory.

2.1 Vehicle technologies

2.1.1 Baseline definition

Many of the vehicle emission control technologies listed in the previous section1 are
already commonplace in vehicles commercially available in Australia. It is difficult to
define a clear baseline against which the potential for future improvements can be
measured, because the application of technologies is far from uniform. In the context
of this review, only engine and exhaust after-treatment technologies are considered.

For petrol engines, the baseline is taken as the current mainstream technologies that
have been adopted in meeting Euro 1 and 2, and US Tier 1 standards.  In general, the
baseline would include:

Engine Controls:
•  Computerised fuel and ignition management
•  Multi-point fuel injection
•  Homogenous, stoichiometric charge
•  Exhaust gas oxygen (EGO) sensor with feedback control of A/F ratio
•  Knock sensors
•  Exhaust gas recirculation
•  Low-friction bearings and pistons and roller cam followers
•  Multi-valve heads (3, 4 or 5 valves/cylinder)

Exhaust After-treatment:
•  3-Way catalyst

For diesel engines, the baseline is taken as the current mainstream technologies that
have been adopted in meeting Euro 1 and, increasingly, Euro 2 standards.  In general,
the baseline for Australia would then include:

Engine Controls:
•  Computerised fuel management
•  Direct/common rail fuel injection
•  Turbocharging

Exhaust After-treatment:
•  2-way catalyst
•  De-NOx catalyst
•  Particulate filters/traps (accumulating or continuously regenerating).

                                                
1 Also described in detail at Appendix 1.
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2.1.2 Critical ‘future’ vehicle technologies

It is very clear that the Government's recent decision to adopt Euro 4 emission
standards for diesel engines, and either Euro 3 or Euro 4 for spark-ignition vehicles,
will be a major challenge for the motor industry.  Inevitably, manufacturers will be
pushed into employing virtually every technique in their repertoire in order to meet
the new regulations.

Current and emerging motor vehicle emission control technologies are summarised in
Tables 2.1 and 2.2.  The technologies identified are those that:

4. are now being developed for commercial application in order to concurrently
achieve major emission and fuel consumption reductions, and

5. in combination with other technologies may be dependent on fuel quality for
effective function and durability.

Table 2.1 Fuel-Sensitive Technologies for Petrol Engines

Availability Sensitivity
to fuel

Key fuel
parameter and

Technology Now Emerging quality threshold

Computerised engine management ⊗ Low

Knock sensors ⊗ Low

Exhaust gas oxygen (EGO) sensors ⊗ Low

Exhaust gas recirculation ⊗ Low

Multi-point fuel injection ⊗ Low

Sequential fuel injection ⊗ Low

Variable valve timing / lift (VVT) ⊗ Low

Lean burn ⊗ High Sulfur < 30ppm

Stratified charge, petrol direct injection ⊗ High Sulfur < 30ppm

Advanced catalyst formulations ⊗ High Sulfur < 50ppm

On board diagnostics ⊗ Medium Sulfur < 150ppm

Note: Availability ‘Now’ is defined as a technology that is standard or optional equipment on a wide
range of vehicle models.  All ‘Now’ technologies are under continuing development and refinement.
‘Emerging’ means limited commercial availability or proven technology likely to be commercially
available in the near future.
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Table 2.2 Fuel Sensitive Technologies for Diesel Engines

Availability Sensitivity
to fuel

Key fuel
parameter and

Technology Now Emerging quality threshold

Computerised fuel and engine
management

⊗ Low

Direct fuel injection ⊗ Low

Common Rail High Pressure Injection ⊗ Low

2-way catalyst ⊗ High Sulfur < 30ppm

De-NOx catalyst ⊗ High Sulfur < 5-10ppm

Continuously regenerating particulate
trap

⊗ High Sulfur < 30ppm

Particulate filtration ⊗ Low

On board diagnostics ⊗ Medium Sulfur < 150ppm

Note: Availability ‘Now’ is defined as a technology that is standard or optional equipment on a wide
range of vehicle models.  All ‘Now’ technologies are under continuing development and refinement.
‘Emerging’ means limited commercial availability or proven technology likely to be commercially
available in the near future.

In relation to the effectiveness of the emission control technologies, sulfur content is
the only critical petrol parameter, primarily due to its effect on catalyst performance
and durability.  Advanced catalyst formulations being developed for Euro3/4
compliance and compatibility with developing engine technologies are especially
sensitive and can only be used with very low sulfur fuel.

Petrol research and motor octane number (RON and MON2) can have an important
influence on engine performance and durability when the engine’s octane requirement
is not satisfied.  Most Euro-compliant engines are designed for 95 RON, with some
designed for 98 RON.  Introduction of Euro emission standards in Australia will
therefore increase demand for 95 RON ULP (‘Premium Unleaded Petrol’), and may
create a niche demand for 98 RON ULP.

Sulfur is also known to interfere with several diesel emission control strategies,
especially in relation to particulate emissions reductions.  The combustion of engine
lubrication oil, although not strictly a fuel issue, is also relevant because diesel
engines typically burn significant quantities of oil.  Some of the products of
combustion, notably phosphorous, zinc, and calcium oxide, accumulate on the surface
or within catalysts or particulate traps.  These oil-derived poisons can result in an
irreversible catalyst/trap deactivation.

                                                
2 RON and MON measures of petrol octane numbers.  Octane is a measure of a petrol’s ability to resist
auto-ignition, which can cause engine knock and lead to engine damage.
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2.2 Rationale for the Scenarios

Following are descriptions of each of the scenarios modelled in the Fuel Quality
Review.  These descriptions focus on fuel specifications.  A more detailed description
of each scenario is at Appendix 3.  The descriptions at Appendix 3 include some
assumptions that are not listed here, for example, in relation to the use of alternative
fuels (CNG/LPG) and growth in vehicle kilometres travelled by the fleet.

Scenario 1 - Base Case

The base case should encompass the continuation of current policy settings but also
include a number of other assumptions outlined below.

•  The Commonwealth Government’s Environmental Strategy for the Motor Vehicle
Industry (November 1997) notes that the phase out of leaded fuel will ‘be brought
forward’.  Based on the trend in declining market share, and for the purpose of
this modelling exercise, it has been assumed that the phase out of leaded petrol
will be completed during 2002.3

•  In relation to Western Australia, BP has recently agreed to phase out leaded
petrol, and reduce levels of MTBE and benzene in petrol from 1 January 2000.  In
relation to Victoria, Shell has announced that it plans to phase out leaded petrol in
‘late 2000’.

•  Reductions in petrol volatility are in train or planned, following negotiations
between refineries and State authorities.

•  The MVEC proposal to allow ECE (Euro) certification from 2000 implies
increasing volumes of 95 RON ULP (PULP) to meet increasing demand from
imported (and some locally produced) vehicles.

•  The Australian Institute of Petroleum advises that the import parity price
differential between 95 RON PULP and 91 RON ULP is approximately 2 c/litre
(lower than current ‘at the pump’ differential).  This is relevant for evaluation of
the Base Case and all other scenarios, for which a similar 2 c/litre differential
retail price is assumed to be in effect from 1/2/2002.  Clearly, this will drive
growth in the use of PULP in all scenarios.

•  The Base Case takes account of the auto industry national average fuel
consumption (NAFC) target of a 10 per cent reduction to 2010 as a base.

•  The Base Case includes reductions in sulfur already occurring or planned, as
agreed by individual companies.

                                                
3 This issue was resolved when the Minister for the Environment and Heritage announced on 15 March
2000 that the national phase out of leaded petrol would be completed by 1 January 2002.



21

For BP, this will include road transport diesel at:
− 500 ppm urban / 2000 ppm country in WA from 1/1/2000;
− 500 ppm urban in Brisbane from 1/7/2000 / position on country level to be

clarified by BP.

For other refiners this will include road transport diesel at
− 1000 ppm pool average urban / 2000 ppm pool average country, with +500

ppm caps, from 1/1/2000.

For off-road diesel fuel, it is assumed there will be no change from current
standards.

The 1997 average pool qualities of petrol and diesel at Australian refineries are
summarised in Table 2.3.  Table 2.4 summarises petrol production capability by grade
(LP, ULP, PULP).

Table 2.3 Australian Refineries: 1997 Average Pool Qualities of Petrol and Diesel

Company All Caltex BP Mobil Shell

Refinery Location

Petrol :

Aust
Avg

Lytn
QLD

Kurn
NSW

Bulw
QLD

Kwin
WA

Altona
VIC

S’vac
SA

Geel
VIC

Clyde
NSW

Production            M.tpa 13.1 1.9 2.3 1.1 1.6 1.8 1.0 1.7 1.6
RON-0 92.3 92.1 92.0 92.0 93.0 92.3 92.0 92.8 93.4
MON-0 82.6 82.6 82.4 82.3 82.9 83.1 83.7 82.4 82.3
Benzene                % vol 2.9 2.4 2.4 2.9 2.1 4.3 3.4 2.9 2.7
Aromatics             % vol 31 30.6 34.1 30.6 33.3 31.6 30.9 25.8 28.4
Olefins                  % vol 13 12.6 16.5 10.5 8.9 12.6 1.0 12.6 17.0
Sulfur                   ppm 193 70 181 350 292 216 22 90 224
RVP, Nov to Feb  kPa 73 75.5 72.7 73.3 71.1 70.5 66.9 72.9 77.8
Density                kg/m3 734 736 734 732 729 737 740 729 740
FBP                     deg.C 192 186 201 191 184 187 193 176 217

On-road Diesel :
Production           M.tpa 10.2 1.4 1.2 0.9 2.1 1.2 0.8 1.6 1.1
Sulfur                   ppm 1500 380 1400 2100 2100 1000 900 1600 2200
Cetane Index 51.1 50.2 50.0 50.4 49.5 51.9 58.8 48.6 51.0
PAH                      % m 3.5 n/a n/a 2.2 4.0 n/a n/a n/a n/a
T-95                     deg.C 349 339 343 n/a n/a 357 366 n/a n/a
Viscosity, 40°C,   mm2/s 3.2 3.1 3.2 n/a 1.9 3.2 3.2 2.9 3.5
Density                 kg/m3 847 843 852 842 845 847 835 850 855

Source: AIP (1997).

Abbreviations: Aust avg:  Australian average;  Lytn: Lytton;  Kurn: Kurnell;  Bulw: Bulwer;
Kwin: Kwinana;  S’vac: Port Stanvac;  Geel: Geelong
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Table 2.4 1998 Baseline Petrol Capacity for Australian Refineries -
Details by Petrol Grade

Location Grade Prod'n RON-0 MON-0Benzene Aromat's Olefins Sulfur RVPkPa Density FBP
ML pa % vol % vol % vol ppm wtNov~Fe kg/m3 deg.C

Leaded 4965 93.8 82.5 2.88 30.5 20 210 71.9 739 199
ULP 12218 91.6 82.5 2.58 27.3 17.1 150 72.2 735 197
PULP 640 96.1 85.5 3.29 35.7 17 120 75.7 748 198

8 Refin's Pool 17823 92.4 82.6 2.7 28.5 17.9 166 72.2 737 198

Leaded 722 93.0 82.5 2.6 20 73.8 741 195
ULP 1596 91.5 82.8 2.3 100 74.7 737 193
PULP 72 96.5 86 3.6 100 76.3 756 197

Lytton Pool 2390 92.1 82.8 2.4 28.5 17.9 76 74.5 739 194

Leaded 769 93.1 82.5 2.1 30.5 20 100 69.3 740 203
ULP 2178 91.4 82.1 2.2 25.6 16.4 100 71.4 735 204
PULP 117 95.6 84.5 2.4 32 18.9 100 74.9 746 205

Kurnell Pool 3064 92.0 82.3 2.2 27.1 17.4 100 71.0 737 204

Leaded 473 93.4 82.5 3.5 29.4 17.6 210 73.9 737 199
ULP 1094 91.3 82.2 3.2 27.6 15.1 230 73 727 194
PULP 46 95.6 85.5 3.3 35.4 18.6 190 76.4 747 192

Bulwer Is Pool 1613 92.0 82.4 3.3 28.4 15.9 350 73.4 731 195

Leaded 544 93.5 82.5 1.5 32.5 23.2 190 71.0 739 201
ULP 1554 92 82.6 2.0 29.2 20.9 280 70.5 730 200
PULP 110 96.6 86.5 3.1 42.7 17.0 190 78.2 751 191

Kwinana Pool 2208 92.6 82.8 1.9 30.7 21.3 253 71.0 733 200

Leaded 889 94.3 82.5 4.3 500 71.2 740 197
ULP 1872 91.5 82.6 3.8 200 70.3 733 188
PULP 68 95.8 85.3 4.0 200 82.6 735 193

Altona Pool 2829 92.5 82.6 4.0 28.5 17.9 294 70.9 735 191

Leaded 400 93.3 82.5 2.9 6 738 193
ULP 633 91.3 83.9 2.7 1 737 195
PULP 9 96.2 85.8 3.9 100 729 197

P.Stanvac Pool 1042 92.1 83.4 2.8 28.5 1.0 4 72.2 737 194

Leaded 689 94.4 82.5 2.9 29.3 60 75.8 734 187
ULP 1659 91.4 82.1 2.3 21.9 60 75.0 743 187
PULP 100 96.3 85.9 3.6 32.4 30 69.5 746 188

Geelong Pool 2448 92.4 82.4 2.5 28.5 17.9 59 75.0 741 187

Leaded 478 94.4 82.5 2.9 30.9 18.8 500 74.1 746 218
ULP 1632 92.5 82.1 2.3 29.5 15.6 220 73.6 736 213
PULP 118 96.3 85.9 3.6 35.8 14.6 100 75.4 752 215

Clyde Pool 2228 93.1 82.4 2.5 30.1 16.2 274 73.8 739 214

Data Source: AIP "Australian Refinery Product Characteristics - 1998"
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Scenario 2 - MVEC/MBE (Explicit) Option

Scenario 2 is the same as the ‘Base Case’, with the following additions.

•  A 15% reduction (over ‘business as usual’) in NAFC through the period 2000
to 2010, taking account of the Government’s commitment in its
‘Environmental Strategy for the Motor Vehicle Industry’.

•  The fuel parameters and time lines explicitly set out in the MVEC ‘Revised
Preferred Option’ and relevant provisions of the Government’s ‘Measures for
a Better Environment’ are incorporated, that is:

− the sulfur content of diesel fuel; and
− assumptions in relation to petrol as for the base case.

•  Euro 3 sulfur levels (150 ppm) for petrol introduced in 2005, to coincide with
the MVEC proposed Euro 3 emission standard for petrol vehicles in 2005/6.
Assume 95 RON used in all new vehicles from this date.

•  50 ppm sulfur diesel is assumed from 1 January 2006, consistent with
Subsection 4(3) of the Diesel and Alternative Fuels Grants Scheme Act 1999
which states that a mandatory standard will come into effect from that date.

•  Existing off-road diesel standards are assumed to continue prior to 2006.

•  It is assumed, for the purposes of modelling, that the excise advantages for
50 ppm sulfur diesel during the period 2002/5 are intended to flow on to
consumers.

Scenario 3 - Best Endeavours - MVEC/MBE (Implicit) Option

Scenario 3 is the same as Scenario 2, with the following additions.

•  The introduction of Euro 3 petrol in 2005, with parameters other than sulfur
concentration, RON and RVP set on a refinery best endeavours basis.  The
Euro 3 specifications for petrol are outlined in Table 2.5.

•  The introduction of Euro 4 petrol in 2008, with parameters other than sulfur
concentration and RVP set on a refinery best endeavours basis.

•  The introduction of Euro 4 diesel in 2006, with specific requirements for
50 ppm sulfur.

•  Only the sulfur specifications for petrol and diesel (50 ppm) and the aromatics
for petrol (35% vol) have been set for Euro 4. Where Euro 4 specifications for
other identified components are not yet available, the specifications shown in
Tables 2.6a and 2.6b were used for the purposes of modelling.

•  Specifications have been set for each refinery in relation to other important
parameters (for petrol: benzene, distillation, aromatics, olefins; for diesel:
cetane, density, aromatics, PAH, T90).  These were set on the basis of
discussions with each refiner to determine the approximate cost/benefit break
points (which may be different for each refinery) for reductions.
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Many stakeholders (particularly in Government) expressed concerns about the GHG
emission consequences of projected growth in transportation.  Sensitivity analyses
were therefore conducted on this scenario to indicate the relative fuel costs and
emission benefits of lower growth.  Here, it is assumed that overall average GHG
commitments set in the Kyoto Protocol would be met (i.e. by scaling back fuel
production/demand to give total projected CO2-equivalent emissions equal to 108% of
1990 emission levels by 2010).

Scenario 4 - Mandatory - MVEC/MBE (Implicit) Option

Scenario 4 is the same as Scenario 3, except with all the Euro fuel parameters to be
mandatory rather than on a best endeavours basis.

•  The incremental cost of meeting each of the Euro fuel specifications was
identified.

•  The AIP considers that 50 ppm sulfur diesel will require a lubricity additive,
which will add to the cost.  500 ppm sulfur diesel may not, but would need to
be tested to be certain.  (Otherwise the additive may be needed on conservative
grounds, also adding to cost.)  Indicative industry cost for 50 ppm sulfur
dosing is likely to be of the order of $10M.  This was explicitly developed as
part of this scenario.

In order to take account of concerns expressed by Environment Australia and others,
it was proposed that as an addition to this scenario the Review Team would make
estimates of the benefits that could be obtained by cooperation and linkage of the
three East Coast pairs of refineries. In the event, senior managers from the relevant oil
companies indicated that rationalisation had been considered and rejected for various
economic, technical or political reasons.

Scenario 5 - Euro 4 Transport Fuels by 2006

Scenario 5 is the same as Scenario 4 except as follows.

•  All parameters for petrol and transport diesel set to Euro 4 specifications from
1/1/2006 i.e. brought forward from 2008.

•  Where specifications for the other identified components are not available, the
specifications in Tables2.6a and2.6b will be used for the purposes of
modelling.

•  Assume 98 RON fuel use by new vehicles produced from 2008.

Scenario 6 - Most Stringent Case

Scenario 6 is the same as Scenario 5, with the following addition.

•  A requirement for 30 ppm sulfur in petrol and diesel (as suggested in the Auto
Industry’s ‘World-Wide Fuel Charter’) is assumed to apply from 2008.
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2.2.1 Euro Fuel Standards

Table 2.5 Euro 3 Specifications for Petrol

Parameter Specification

RON, min 95
MON, min 85
Sulfur (ppm) 150
Distillation - evaporated at 100°C, min (%vol) 46
Distillation - evaporated at 150°C, min (%vol) 75
Oxygen content, max (%mass)
RVP, summer period (max, kPa) 60
Benzene, max (%vol) 1
Aromatics, max (% vol) 42
Olefins, max (% vol) 1 181

Oxygenates, max:
Methanol (%vol) 3
Ethanol (%vol) 5
Iso-propyl alcohol (%vol) 10
Tert-butyl alcohol (% vol) 7
Iso-butyl alcohol (% vol) 10
Ethers containing five or more carbon atoms per
    molecule (% vol)

15

Other oxygenates (% vol) 10
Lead content (g/L) 0.005

1 Except for ULP with minimum MON of 81 and RON of 91, for which the maximum olefin content
shall be 21% vol.
 max: maximum;   %vol:  Percentage by volume; %mass:  Percentage by mass

Table 2.6a Euro 4 Petrol Specifications and Agreed Levels (for Modelling
Purposes) of Components Not Yet Specified for Euro 4

Parameter Specification

Sulfur, %mass max 0.005*
RON min 95
MON min 85
Benzene, %vol max 1
Aromatics, %vol max 35*
Olefins, % vol max 14
FBP, °C, max 205

*    Specification has been set for Euro 4.  FBP   Final Boiling Point
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Table 2.6b Euro 4 Diesel Specifications and Agreed Levels (for Modelling
Purposes) of Components Not Yet Specified for Euro 4

Parameter Specification

Sulfur, %mass max 0.005*
Density, kg/L max 0.845
Cetane Number, min 55
Cetane Index, min 52
T95, °C, max 350
PAH, %mass, max 4

*    Specification has been set for Euro 4.  T95   Distillation temperature at which 95% of the fuel has
evaporated.  PAH   Polycyclic Aromatic Hydrocarbons.

2.2.2 Other Considerations

Octane Enhancement Additives

The AIP has advised that some refiners at least, would chose to use MMT and/or
MTBE for petrol octane enhancement, given the necessary approval from
Government to do so.  The use of these additives is permitted within the Euro fuel
specifications, and would be particularly important in those scenarios where Euro 4
petrol (with <1% benzene) is included.  It is noted that MMT is also an effective lead
replacement additive for older engines.  The AIP considers debate on issues in respect
of both additives should be opened.

The FCAI strongly advise against the use of MMT additives because of Canadian
experience where MMT was shown to adversely affect catalyst performance, spark
plug durability and sensors for on board diagnostics.  The FCAI also considers MTBE
should be avoided on the basis of degradation of fuel efficiency performance, adverse
emissions impacts and the potential for environmental problems due to the high
solubility of MTBE.

Pool Averaging

EU has adopted maximum limits for relevant parameters in its specifications for fuel
quality, whereas the US has adopted a ‘pool’ system.  The AIP indicates a strong
preference for ‘pool’ specifications on an airshed basis.

•  The principle of setting an average with a reasonable cap has been agreed in
the volatility reduction MOU in NSW.

•  For the Base Case and Scenarios 2 and 3, it was proposed to adopt a ‘pool’
system for those scenarios with specifications that are a relaxation from the Euro
standards, except for sulfur levels.  This would include a cap and an industry
(pool) annual average within the airshed. (The only seasonal specification is
volatility, where monthly averaging is appropriate.)  In practice, a related
specification was adopted for Scenarios 2 and 3, and applied as a cap.

•  Sulfur levels are maximum limits and are not amenable to a pool approach.
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•  The ‘pool’ system was not used for Scenarios 4, 5 and 6, where all parameters
are mandated.

Projecting Demand Growth in 95 RON PULP

Growth in demand for 95 RON PULP will largely be driven by the assumption of a
2c/L PULP/ULP differential in all scenarios, based on import price parities.  In order
to model PULP/ULP demand volumes, it will be necessary to make assumptions on
the proportions of new vehicles (together with their likely model average fuel
consumption) that will be optimised for PULP and ULP.  The FCAI have indicated
that between 2000 and 2002 vehicle owners would be expected to continue to use
91 RON unless incentives are provided to encourage the use of 95 RON.

•  The modelling assumes 95 RON fuel usage for all new imported vehicles from
2005/6 for Scenarios 2 to 6.

98 RON ULP

The FCAI believes that 98 RON is essential to assist in achieving NAFC reductions
and Euro 4 fuel specifications.  AIP members are not in favour of a move to 98 RON,
believing it to be beyond the optimal RON for overall greenhouse performance.

•  The modelling assumes 98 RON for all new vehicles from 2008/9 for
Scenarios 5 and 6.

Dual Grade Diesel Distribution

MVEC’s proposal covers road transport fuels only (i.e. registered vehicles), which
leaves open the possibility of a dual grade (on-road/off-road) distribution for diesel.
The Energy Grants (Credit) Scheme, which will replace the Diesel Fuel Rebate
Scheme, will restrict diesel fuel entitlements for a wide range of off-road usages after
2006.  As a result, provision of dual grade diesel fuels is not considered to be a
practical proposition.

Likely Capital Cost Estimates

AIP has advised that the capital costs derived through this review are lower than were
estimated by members in earlier studies.  This is because of the rapid change in
technological development and resultant cost reduction.  CONCAWE 99/56 study,
just released, states ‘CONCAWE’s view of the cost of diesel fuel sulfur reduction up
until recently were somewhat overstated because not enough allowance was made for
emerging new advances of gas oil hydrodesulfurisation technology (new catalysts
etc.).’

2.3 Modelling methodology

Exhaust and evaporative emissions from motor vehicles are documented to vary
according to a wide range of factors.  These include vehicle type, vehicle age, fuel
type, traffic flow conditions, temperature and fuel composition.

Emission factors for motor vehicle fleets in each capital city were estimated using a
vehicle kilometres travelled (VKT) based methodology developed as part of previous
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inventory studies for urban airsheds in Australia (Carnovale et al., 1996; Coffey,
1995).   Diesel vehicle emission factors have been based on emission information
compiled by the Environment Protection Authority of NSW (EPANSW), Dr John Cox
and the Apelbaum Consulting Group (ACG) as part of the recently published study of
the Australian diesel fleet, undertaken on behalf of the National Environment
Protection Council (Cox and ACG, 1999).

The suite of pollutants inventoried consisted of common air pollutants (the six
‘criteria pollutants’):
•  total hydrocarbons (HC)
•  carbon monoxide (CO)
•  oxides of nitrogen (NOx)
•  sulfur dioxide (SO2)
•  particulate matter, smaller than 10 micron and 2.5 micron (PM10 and PM2.5

respectively)
•  lead;

and a number of air toxics:
•  acetaldehyde
•  benzene
•  1,3-butadiene
•  formaldehyde
•  polyaromatic hydrocarbons (PAH).

The general methodology adopted for calculating annual emissions involves
multiplying an activity related parameter by an emission factor for each substance of
concern. The methodology can be expressed as follows:

E (kg/yr)p = (VKT x EFp )/1000

where E (kg/yr)p   is the annual emission of substance p in kilograms;

VKT is the annual Vehicle Kilometres Travelled by the vehicle fleet in
the study area;

EFp is the annual fleet emission rate for substance p in grams/km.

Emission rates for heavy duty diesel vehicles (rigid/non-freight carrying trucks,
articulated trucks and buses) have been considered explicitly in this study.  Previous
inventory studies in Australia have aggregated these vehicle categories into a single
category for emissions estimation.

2.3.1 Fleet Characteristics

The Australian motor vehicle fleet has been characterised in terms of vehicle activity
levels, expressed as Vehicle Kilometres Travelled (VKT).  This approach is adopted
to account for differences in usage between vehicle categories and vehicle vintages.

The fleet composition forms part of the input for subsequent emissions inventory
development for the base case emissions scenario and the scenarios describing the
agreed fuel formulation options.  As the emissions inventories are developed for each
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state capital, the fleet profiles presented in this report relate to metropolitan travel
within each state.  National VKT estimates which are used to assess greenhouse gas
emissions and national fuel demand estimation, involved factoring of the state level
fleet  profiles to estimate national fleet activity.

Vehicle Stock

The motor vehicle fleet has been assessed in terms of the following vehicle
categories:
•  passenger vehicles;
•  light commercial vehicles;
•  rigid trucks;
•  articulated trucks;
•  buses;
•  motor cycles.

Current registration data is available from State and Territory transport departments
and ABS (Motor Vehicle Census).  Projected registration information is not available
from these authorities, however, projections of total vehicle stock estimates are
available from a number of sources.

For example, modelling work undertaken by the Bureau of Transport and
Communications Economics (BTCE, 1995) assumed that the size of the passenger
vehicle fleet would grow by 1.6% between 1995 and 2000.  Urban bus fleet activity
was assumed to grow in line with the population.  Road freight transport varies with
economic activity, although increases in carrying capacity of freight vehicle means
that the road freight task is growing ahead of the number of freight-carrying vehicles.

Vehicle Kilometres Travelled

Recent work undertaken by John Cox and ACG (Cox and ACG, 1999) on behalf of
the National Environment Protection Council (NEPC) has been adopted for this study.
The report by Cox and ACG details VKT per vehicle category (excluding
motorcycles) on a state basis for all years up to 2015.  Motorcycle VKT has been
estimated from earlier work by Jakeman et al. (1987).  VKT estimates for 2020 were
derived by extrapolation.

It should be noted that Victoria, NSW, QLD and WA are considering VKT reduction
targets as part of Air Quality Management Plans for metropolitan areas.  These VKT
targets have not been finalised for all jurisdictions and are not considered in this
study.

Estimates of total VKT according to vehicle type for each state/territory capital for the
scenario years are at Section 6.2.2 (Tables 6-2 to 6-5) of the full report.

It is well established that motor vehicle emissions vary substantially according to
traffic flow parameters such as average speed of travel and degree of congestion.  In
this study, total VKT for each capital city was allocated to arterial travel, which is
defined as travel on major roads with moderate average speeds and moderate
congestion levels.  The effect of increasing levels of congestion on emissions in future
years has not been modelled.
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VKT Per Vehicle Category and Vehicle Age Group

Data on vehicle numbers, average VKT per vehicle category and vehicle age are
compiled by the Australian Bureau of Statistics (ABS) in the Survey of Motor Vehicle
Use (SMVU).  State level data from the current Survey (ABS, 1995) was used to
generate profiles of motor vehicle use according to vehicle type and age.  The Survey
data supplied by ABS were not smoothed for use in this study.  Previous studies by
BTE and other authorities, however, have tended to employ some form of smoothing
to reduce the potential for statistical anomalies.

In line with previous inventory practice, these profiles were used to determine relative
VKT according to vehicle vintage and vehicle category for each state for each of the
scenario years.  It is recognised, however, that there may be significant changes in
relative levels of use between different vehicle types and vintages in future years.

Profiles of motor vehicle use (%VKT) according to vehicle type and age are presented
in Appendix 6-A of the full report.

Fuel Use Profiles According to Relative VKT

VKT must be apportioned according to the fuel used (petrol, diesel, LPG, CNG).  The
split by fuel type according to relative VKT is an area for which there is little
information.

Estimates of national level motor vehicle fuel fleet splits provided by BTE for 2000
and 2010 as part of earlier studies (BTE, 1996) were adopted for this study.
Comparison of these fuel splits with current SMVU data (ABS, 1995) and fuel
consumption data (DISR, 1999) suggest that the proportion of VKT accounted for by
diesel vehicles may differ significantly between states for the passenger vehicle and
light commercial vehicle categories.  The fuel splits for these categories were adjusted
using the more current VKT work of Cox and ACG (1999) on the assumption that
projected diesel usage by these vehicles would substitute for petrol fuelled vehicle
activity.

The fuel split profiles adopted are shown in Appendix 6-G of the full report.  The
national level estimates (BTE, 1996) for trucks and buses are assumed to apply to all
states for all scenarios.  VKT estimates for 2020 were derived by linear extrapolation.

As discussed, the effects of accelerated LPG/CNG conversion of buses and light
commercial vehicles were considered as part of emissions inventory development and
fuel demand estimation.  Based on data contained in the current Motor Vehicle
Census (ABS, 1997), these changes are expected to have a small effect on the overall
fleet profile, resulting in fuel substitution of approximately 5% for buses and 1% for
light commercial vehicles over the period June 2000 to June 2004.

2.3.2 Fuel Consumption

Fuel consumption estimates were derived from a consideration of fleet composition,
fleet activity, fuel intensity and projected fuel usage scenarios.  The results were used
by the refining industry in the assessment of refinery plant configuration and for
greenhouse gas emission calculation.
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Fuel Intensity

Passenger Vehicles - Average passenger vehicle fuel intensity according to year of
manufacture were sourced from the Bureau of Transport Economics (BTE, 1996a).
These rates, which represent ‘on-road’ performance, were projected forward using
these factors:

•  Technology – 1% per year improvement in fuel efficiency between 2000 and
2010 as specified for Scenarios 1 and 2.  Additional 1.5% per year
improvement in fuel efficiency between 2000 and 2010 as specified for
Scenarios  3 to 6;

•  Deterioration – average fuel intensity of a vintage from the value when new to
be 20% higher after 10 years, decreasing to 10% above new value after 20
years.  This aging factor was adopted from BTE (1996a);

•  Congestion – 30% increase in congestion leads to 10% increase in fuel
intensity from 1995 to 2015 (BTE, 1996a).  This factor was applied linearly
for 2000, 2005 and 2010.

•  Fuel type – a 1.5% improvement in fuel efficiency was adopted for Scenarios
5 and 6 for vehicles using 98 RON petrol.  During the industry consultation
process, vehicle industry representatives indicated that the introduction of high
octane (98 RON) fuel would assist in meeting fuel efficiency targets.  The
refining industry indicated that fuel efficiency improvements of the order of
0.5% would be obtained for each unit increase in research octane number, so a
1.5% improvement was adopted for use of 98 RON rather than 95 RON petrol
for elements of vehicle fleet under Scenarios 5 and 6.

Fleet average fuel intensity was calculated by weighting separate vintage fuel
intensities according to relative VKT by year of manufacture.  The fleet average
derived is assumed to represent all fuel types.

Other Vehicle Categories - Average fuel intensities according to year of manufacture
were sourced from the Bureau of Transport Economics (BTE, 1996b) for light
commercial vehicles, rigid trucks and articulated trucks.  Bus fuel intensity was
assumed to be similar to that of rigid trucks.  These fuel intensities were projected
forward using a deterioration factor recommended by BTE (1996b).

Motorcycle fuel intensity was sourced from the current Survey of Motor Vehicle Use
(ABS, 1995) and is assumed to apply for all years and all scenarios.

Fleet average fuel intensity for each vehicle category was calculated by weighting
separate vintage fuel intensities according to relative VKT by year of manufacture.
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Petrol Fuel Splits

Apportioning of petrol consumption into 91 RON unleaded petrol (ULP), 95 RON
unleaded petrol (PULP) and 98 RON unleaded petrol (SPULP) was based on a
vintage analysis as described in Table 2.7.  Consumption of leaded petrol/lead
replacement petrol (LP/LRP) was based on energy demand forecasts for states and
territories level data supplied by the Department of Industry, Science and Resources
(DISR, 1999) and national data from ABS (1995).

Table 2.7 Apportioning of Petrol Consumption

Vehicle category Basis for petrol split

Passenger vehicles and Light
Commercial Vehicles

Scenario 1 (BAU)

All models : ULP/PULP split based on extrapolation of current
splits from state/territory level consumption data.

Scenarios 2 to 6

1986 – 2002 models : ULP/PULP split based on current splits
from state/territory level consumption data.

2002 – 2005 models : ULP / PULP split based on current ratio
of local and imported engines in fleet.

2005+ : all new vehicles use PULP.

2008+ : all new vehicles use SPULP (scenarios 5 and 6 only).

Rigid Trucks, Buses and
Motorcycles

Year 2000 (all scenarios)
LP/ULP split based on extrapolation of current splits from
state/territory level consumption data.

Years 2005 to 2020 (all scenarios)
100% ULP consumption.

Total Fuel Consumption

Total fuel consumption (all fuel types) was calculated by multiplying VKT by the
average fuel intensity for each vehicle category.  Consumption of particular fuel types
was calculated from the total consumption, adjusted according to relative fuel
intensities per fuel type taken from the ABS (1995).  Fuel efficiency is recognised as
increasing with fuel octane.  To account for this factor, a reduction of 1.5% in fuel
intensity was adopted for vehicles fuelled with SPULP (98 RON) petrol for scenarios
5 and 6, as compared with Scenarios 2, 3 and 4.

Estimates of fuel consumption for 2000, 2005 and 2010 are presented in Appendix 6-B
of the full report.  Estimates of national consumption for year 2000 are in good
agreement (less than 2% difference) with linear extrapolations derived from national
fuel consumption data provided from DISR (1999).  Results on a state and territory
basis are more variable, particularly for the Northern Territory, where fuel
consumption appears to be underestimated.
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2.3.3 Fuel Quality Effects

Specific properties of fuels are known to have significant effects on vehicle
emissions.  The fuel properties considered as part of this review are:

Petrol Diesel
Sulfur content Sulfur content
Vapour pressure Polyaromatic content
Benzene/Aromatic content Distillation point
Mid-range and tail-end volatility Cetane number
Olefin content Density
Oxygenates
Lead content

As Australian data relating to these effects is limited, a review of international work
on the subject was undertaken.  The significance of these properties in relation to their
impact on vehicle performance was discussed briefly in section 1.4.  The following
sections relate to quantification of the relationship between fuel properties and
emissions.

Criteria Pollutants

HC, NOx, CO and PM10

The methodology and assumptions used in the estimation of HC, NOx, and CO
exhaust emission factors vary under each fuel scenario. Emission factors for each
pollutant were taken to be the emission limits for relevant vehicle design standards
(e.g. Euro standards) where possible.  Where no such standards exist, alternative
sources were used e.g. in the case of petrol passenger vehicles meeting existing ADR
standards, emission rates were established using vehicle testing data.   Tables listing
relevant methodology and assumptions are at Appendix 4.

There is limited data available on particulate emissions from Australian vehicles.
Particulate emission rates for the Australian diesel fleet as reported by Cox and ACG
(1999) were adopted for this study.   A review of recent Australian and overseas work
was undertaken to estimate particulate emission rates for the Australian petrol and
LPG fuelled vehicle fleet.  A summary of the methodology for each scenario is
presented at Appendix 4.   

It is assumed for the purposes of this study that all particulate matter from motor
vehicles is smaller than 10µm and that 90% of this is smaller than 2.5µm.
Cadle et al. (1999) reported that 91% of particulate mass from petrol vehicles was
smaller than 2.5µm, this proportion being 97% and 98% respectively for smoking and
diesel vehicles.

Proposed reductions in diesel sulphur content are expected to result in reductions in
particulate emissions from light and heavy duty diesel vehicles.  The magnitude of
these reductions was estimated using the relationships reported by Samaras et al.
(1998).
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Combined Fuel Property Effects

Future vehicle emission rates are associated with specific fuel compositions.  Where
fuel quality appropriate to emission control technology is available, emissions are
assumed to meet the standards for each category, subject to deterioration factors.
Thus, for example, in Scenario years in which Euro 3 petrol (mandated) is available, it
is assumed that Euro 3 vehicles achieve emission limits.

This is not the case, however, where there are differences between available fuel
quality and the specified fuel for that vintage.  A recent project on future road vehicle
emissions (Samaras et al., 1998) reviewed and summarised the European and
American programs (EPEFE and AQIRP), which investigated the effect of improved
petrol and diesel fuels on emissions from existing vehicles.  Relationships between
fuel properties and emissions are presented for petrol and diesel fuelled vehicles.

The fuel composition and emission relationships of Samaras et al. (1998) were
adopted for use in this study, to allow the assessment of combined effects of changes
in multiple fuel variables.  Emission rate scaling factors were developed for each
scenario according to the expected fuel changes and vehicle technologies.  These
factors are presented for each scenario in Chapter 6 of the full report.  Using the
above example, there is no need for a scaling factor to apply to Euro 3 vehicles in
Scenario years in which Euro 3 petrol (mandated) is available.

Non-Catalyst Light Duty Petrol Vehicles

A summary of fuel effects on exhaust and evaporative emissions from non-catalyst
petrol vehicles is presented in Table 2.8.  It should be noted that the effects of fuel
quality changes on criteria pollutant emissions from these vehicles have not been
modelled as part of this study.  The consultants were unable to find any data that
describes the combined effects of changes in multiple fuel parameters on emissions
from vehicles of this vintage.

Table 2.8 Effect of Improved Petrol on the Emissions of Non-Catalyst Light
Duty Vehicles (Reproduced from Samaras et al. 1998)

Property Change Pb CO VOC (exh) VOC (evap) NOx

Pb 0.15 to 0.08g/L -50% 0 0 0 0
Oxygenate 0 to 2.7% O2 0 -20 to -40% -2 to -10% 0 – 10% -2 to 2%
Aromatics 40 to 25% 0 0 -2 to -10% 0 -2 to -10%
Benzene 3 to 2% 0 0 0 0 0
Olefins 10 to 5% 0 -2 to 2% 2 to 5% -2 to 0% -2 to -10%
Sulfur 300 to 100ppm 0 0 0 0 0
RVP 70 to 60 kPa 0 0 -2 to 2% -20% 0
E 100 50 to 60% 0 0 – 2% -2 to -10% -2 to 2% 0
E 150 85 to 90% 0 0 -10 to -20% 0 2 to 10%

Pb:  Lead      NOx: Oxides of nitrogen    CO:  Carbon monoxide      RVP:  Reid Vapour Pressure
VOC:  Volatile Organic Compounds    E100/E150: Percentage of petrol distilled at 1000C/1500C



35

SO2 and Lead

Fleet emissions of SO2 and lead were estimated from a consideration of fuel
consumption projections and sulfur/lead contents of Australian fuels. All sulfur
contained in fuel is assumed to be oxidised to SO2.  For lead, it is assumed that 75%
of the alkyl lead additive in petrol is emitted in exhaust as inorganic lead salts with an
additional 2% of the alkyl lead being emitted unchanged due to fuel evaporation
(Carnovale et al., 1991).  Leaded and unleaded petrol are assumed to contain
200 mg/L and 2.5 mg/L of lead respectively.

It should be noted that leaded petrol is to be phased out by 1 January 2002 under all
scenarios, and lead emissions from motor vehicles will fall to low levels after
2002-03.

Fuel Volatility Effects

Reid Vapour Pressure (RVP) effects on evaporative and exhaust emissions from
petrol fuelled vehicles have been considered in this Study.

Evaporative emissions may be generated whilst vehicles are at rest (engine off) or in
motion. There are basically four different categories of evaporative emissions.

Diurnal Loss of vapour from parked vehicles as fuel is heated by rising ambient
temperatures.

Hot Soak Loss of vapour after vehicle operation resulting from the heating of the
tank vapour space and/or carburettor.  The sum of diurnal and hot soak
emissions constitute regulatory SHED4 emission limits for motor
vehicles.

Running Loss of vapour during vehicle operation. These emissions are not
monitored during SHED testing.

Resting Loss of vapour from the fuel system or the evaporative control system
as a result of vapour permeation through various fuel system
components (e.g. hosing). These emissions are not monitored during
SHED testing.

Evaporative emissions are significantly affected by fuel RVP. There is sufficient
literature (Stebar et al., 1985; Halberstadt, 1989; USEPA, 1994) and Australian data
(FORS 1997) to conclude that the reduction of petrol volatility will lead to an
immediate and significant reduction of evaporative emissions from vehicles.

The impact of RVP changes on petrol evaporative emissions for each scenario has
been modelled using the Reddy (1989) Equation. The Reddy Equation enables the
calculation of vapour generation as a function of fuel RVP, ambient temperatures and
height above sea level.

                                                
4 SHED testing is a means of measuring total vehicle emissions in a closed environment.
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Results from the Reddy Equation have reportedly been formally tested against
experimental SHED results and found to be in excellent agreement.  In this Study, the
Reddy Equation has been used to estimate diurnal and hot soak evaporative emissions
in preference to the use of SHED test results.

Fuel RVP effects have also been reported for exhaust emissions from petrol-fuelled
vehicles. The Mobile 5 vehicle emissions model of USEPA (1994) for example,
predicts that decreasing RVP results in a relatively small decrease in HC and CO
emissions from light duty petrol-fuelled vehicles. NOx emissions are reportedly
unchanged. Testing conducted on a small set of catalyst and non-catalyst vehicles
(total of 4 vehicles) using commercially representative Australian fuel (FORS, 1997)
found that exhaust emissions of HC, NOx and CO remained unchanged across a range
of petrol RVP (63 – 74 kPa).

Given the finding of the FORS (1997) Study on exhaust emissions as a function of
RVP, and the relatively small effects noted from overseas data, exhaust emissions
have been assumed to be invariant with the petrol RVP changes in the Scenarios
modelled. Evaporative emission rates, however, which are significantly reduced by
reductions in petrol RVP, have been modelled for each scenario.

Air Toxics

Benzene

Petrol engine exhaust is responsible for the bulk of benzene emissions, with small
contributions from petrol evaporative losses and diesel engine exhaust.  Incomplete
combustion of fuel benzene and other aromatics result in exhaust emissions of
benzene.  The introduction of catalyst technology has lead to large reductions in
benzene emissions (CONCAWE, 1999).

A study of emissions of air toxics from motor vehicles (USEPA, 1993) presented
relationships between exhaust benzene levels and the aromatic content (benzene and
total) of petrol for catalyst and non-catalyst light duty vehicles.  These relationships
were used to estimate the benzene content of petrol engine exhaust and are shown
below:

Catalyst vehicles:

% Benzene of Exhaust HC =
1.077+0.7732x%Benzene(vol)+0.0987x{%Aromatics(vol)-%Benz(vol)}

Non-Catalyst vehicles:

% Benzene of Exhaust HC = 0.8551x%Benzene(vol)+0.12198x%Aromatics(vol)-
1.1626

Exhaust benzene emissions from medium duty diesel trucks have been reported by
Schauer et al. (1999) to be equivalent to 2.5% of total exhaust HC.  This value has
been adopted for all diesel vehicles considered in this study and is assumed to stay
constant under all scenarios.  Benzene emissions from LPG/CNG fuelled vehicles are
assumed to be negligible.
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To a good approximation, the benzene content of petrol vapour (for evaporation
processes) can be scaled according to vapour/liquid partitioning determined
experimentally for a 'typical' petrol formulation (Nelson and Quigley, 1984) as
follows:
% Benzene (Vap, New Formulation) = % Benzene (Liq, New Formulation) x 0.9/2.6

Other Air Toxics

The other air toxic compounds considered are:
•  Acetaldehyde;
•  Formaldehyde;
•  1,3 – butadiene;
•  PAH.

Only limited testing of the emissions response of these unregulated compounds to
changes in fuel quality and vehicle technology has been undertaken.  Statistically
significant data relating to these effects are not currently available (CONCAWE,
1999).

The effects of fuel quality changes on the emissions of these substances have not been
modelled in this study.  Default values sourced from Australian and international
literature have been adopted for all scenarios as follows:

•  Petrol fuelled vehicles  - Acetaldehyde and formaldehyde as reported in
Carnovale et al. (1991).  1,3-butadiene as reported by Nelson et al. (1998).
PAH emissions from these vehicles are assumed to be negligible;

•  Diesel vehicles  - emissions of toxic species as reported by Schauer et al.
(1999).

A summary of these data is presented in Table 2.9.

Table 2.9 Exhaust VOC Species Profiles
% Weight of Calculated HC

Petrol Petrol Diesele LPGf LPGf

Substance
Pre '86

P&LCV/Non-
Cat Vehicles

Post '85
P&LCV/3W-
Cat Vehicles All

Non-Catalyst
Passenger
Vehicles

Catalyst
Passenger
Vehicles

Acetaldehydea 0.4 0.3 37.5 1.0 0.2
Benzeneb 4.5 5.1 2.5 0 0
1,3-Butadienec 1.1 0.6 0.3 0 0
Formaldehydea 2.2 0.7 20.0 2.9 0.6
PAH (Semi-Volatile) d,e 0.01 0.01 3.0 0 0
PAH (% wt of PM10) d,e Neg. Neg. 0.9 0 0
a.  Carnovale et al., 1991.
b.  For Australian pool average benzene content (Associated Octel, 1996).  Adjustments made for each
State and Territory according to USEPA (1993).
c.  Nelson et al., 1998.
d.  Westerholm et al., 1996.
e.  Schauer et al., 1999.
f.  EMEP/CORINAIR, 1996.
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2.3.4 Greenhouse emissions

Vehicle Emissions

Vehicle greenhouse emissions of carbon dioxide (CO2) were obtained from
projections of fuel usage using the methodologies set out in the Workbook for
Transport (Mobile Sources) - Australian Methodology for the Estimation of
Greenhouse Gas Emissions and Sinks – (National Greenhouse Gas Inventory
Committee, 1996).  CO2 emission factors and liquid fuel densities used are set out in
Table 2.10.  In addition to CO2, Australian greenhouse gas inventories for transport
sources include estimates of emissions of methane (CH4), nitrous oxide (N2O), oxides
of nitrogen (NOx), carbon monoxide (CO), non-methane hydrocarbons (NMVOC)
and sulfur dioxide (SO2).  With the exception of CH4 and N2O, these emissions were
assessed for each scenario.  Methane emissions were taken as a proportion (5%) of
NMVOC emissions and N2O emissions were taken as a proportion (3%) of NOx
emissions, based on the ratios which have been obtained in the Australian greenhouse
gas inventories for the years 1990 to 1997.

Table 2.10  CO2 Emission Factors and Liquid Energy Densities by Fuel Type
Fuel Type Proportion of Fuel

Oxidised (%)
CO2 Emission Factor

(g/MJ)
Energy Density

(MJ/L)
Automotive Petrol 0.99 66.0 34.2
Automotive Diesel Oil 0.99 69.7 38.6
Liquified Petroleum Gas 0.99 59.4 25.7

AQIRP studies report that changes in fuel economy for petrol vehicles are affected by
changes in concentrations of aromatics, oxygenates and olefins (for details see Section
3.3.1 of the full report).  Based on these sensitivities improvements in fuel economy
of 1 to 2% would accompany a change in petrol quality from the existing average
Australian petrol composition to that called for in the Euro3 and Euro4 fuel
specifications.  The influence of the aromatic content of petrol on fuel consumption
identified by EPFEE (1995) was attributed to changes in carbon content of the fuel.

Refinery Emissions

Greenhouse emissions from refineries were assessed based on the additional energy
consumption that would be required by the refineries for the production of fuel for the
proposed fuel quality scenarios.  The increase in energy demand was compared with
the base case (Scenario 1).  The refineries provided estimates of the additional energy
consumption (fuel and electricity) required to deliver Euro3 and Euro4 petrol and
diesel and these estimates were used to obtain increase in carbon dioxide emissions
for each scenario compared with Scenario 1.  Refining companies have advised that
fugitive emissions would not increase materially due to implementation of fuel quality
changes so that the greenhouse impacts at the refineries would be limited to those
associated with energy consumption and hydrogen production.

The greenhouse emissions for transport and petroleum refining for the period 1990 to
1997 reported by the National Greenhouse Gas Inventory Committee are summarised
below in Table 2.11.



39

Table 2.11 Transport and Refinery Greenhouse Emissions 1990 to 1997

Australian Greenhouse Gas Emission (kt)
Year CO2 CH4 N2O NOx CO NMVOC SO2

Transport Emissions
1990 52766 25.2 5.0 371.3 4901.6 620.1
1991 51749 23.7 5.7 350.2 4342.9 567.7
1992 52615 21.9 6.9 328.4 3840.0 523.4
1993 43805 21.5 7.8 329.8 3667.9 506.2
1994 55168 20.7 8.7 316.3 3241.2 477.6
1995 56907 20.5 9.6 316.4 3103.4 464.6
1996 58500 19.6 10.3 304.9 2822.2 435.0 36.8
1997 59886 20.7 11.1 363.2 2471.7 417.9 38.6

Petroleum Refining Emissions
1990 5769 0.1 0.1 33.6 4.5 0.1
1991 5991 0.1 0.1 34.5 4.7 0.1
1992 5980 0.1 0.1 34.1 4.6 0.1
1993 6318 0.1 0.1 36.1 4.9 0.1
1994 6291 0.1 0.1 35.4 4.8 0.1
1995 6825 0.1 0.1 37.5 5.2 0.1
1996 7107 0.12 0.06 37.8 5.1 0.09 27.8
1997 6392 0.10 0.05 41.8 5.5 0.08 27.8

2.4 Emissions inventory – results

Chapter 6 of the full report contains detailed results for each step in the calculation of
total fleet emissions for the years 2000, 2005, 2010 and 2020.

2.4.1 Fleet Emissions - Scenario 1

Scenario assumptions

Scenario 1 represents the continuation of current policy settings with a number of
additional assumptions.  Scenario assumptions affecting emission rates are:
•  Continuation of ADR 37/01 and ADR 70/00;
•  Leaded petrol phased out in 2002 (earlier in some States);
•  Diesel sulfur content of 500 ppm in urban WA from 1/1/2000;
•  Diesel sulfur content of 500 ppm in Brisbane from 1/7/2000;
•  Reductions in volatility that are planned in a number of states;
•  Other changes proposed by individual refineries.

It is assumed that the alternate Euro2/3 amendment to ADR 37/01 does not
significantly affect adoption of the standard.

Below, Tables 2.12-2.15 summarise fleet emissions under scenario 1, by State capital,
over the period 2000 to 2020.
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Table 2.12 Scenario 1 – Summary of Fleet Emissions, 2000 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 71600 69500 37100 33200 22900 6610 4180 1910 247000

NOx 57100 56900 28700 24200 17200 4800 3500 1420 194000

CO 506000 544000 255000 242000 185000 55300 34300 8990 1830000

PM10 2710 2720 1390 1060 710 196 164 76.4 9030

SO2 2250 1940 1950 580 245 153 116 42.4 7280

Pb 95.8 95.8 50.2 58.2 35.7 8.3 7 1.89 353

Acetaldehyde 1270 1760 979 733 430 110 110 49.1 5450

Benzene 2280 2410 1080 1040 855 221 149 52.2 8090

1,3-Butadiene 255 249 127 121 86.7 25.2 16.3 5.23 886

Formaldehyde 995 1250 681 553 341 90.3 79.5 32.4 4020

PAH (Semi-Volatile) 98.2 138 76.9 57 33.2 8.47 8.55 3.88 424

PAH as %wt of PM10 1.98 2.82 1.59 0.99 0.52 0.13 0.17 0.1 8.29

Total PAH 100 141 78.5 58 33.7 8.59 8.72 3.99 432

Toluene 3820 3720 1980 1850 1280 371 234 92.3 13300

Xylenes (o,m,p) 3300 3230 1730 1610 1110 323 201 82.2 11600

PM2.5 2440 2450 1250 958 639 177 148 68.8 8130

HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm    Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.13 Scenario 1 – Summary of Fleet Emissions, 2005 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 67800 67100 37800 32400 21100 6370 3780 1900 238000

NOx 51400 55300 28100 24200 15900 4270 3150 1320 184000

CO 414000 508000 237000 228000 160000 45500 27600 7330 1630000

PM10 2560 2560 1350 1040 656 196 153 73.9 8580

SO2 2480 2250 1950 612 278 166 133 45.9 7920

Pb 5.81 5.81 3.1 2.74 1.92 0.58 0.34 0.16 20.5

Acetaldehyde 1250 1870 1060 782 424 110 105 50.5 5660

Benzene 2090 2260 984 802 754 205 126 36.7 7250

1,3-Butadiene 203 207 110 98.5 65.6 20.6 11.9 4.32 721

Formaldehyde 892 1210 688 524 295 82.3 69.1 31.5 3790

PAH (Semi-Volatile) 97.9 148 84.1 61.5 33.2 8.53 8.32 4.01 445

PAH as %wt of PM10 2.18 3.1 1.79 1.13 0.57 0.15 0.19 0.12 9.22

Total PAH 100 151 85.9 62.6 33.7 8.68 8.5 4.13 454

Toluene 3220 3250 1820 1600 1040 321 183 82.4 11500

Xylenes (o,m,p) 2800 2850 1600 1410 910 280 159 73.6 10100

PM2.5 2300 2300 1210 932 590 177 137 66.5 7720

HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm    Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.14 Scenario 1 – Summary of Fleet Emissions, 2010 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 66600 59200 36700 32000 18500 6080 3370 1910 224000

NOx 48800 47300 26100 23400 13100 3860 2750 1220 167000

CO 364000 328000 183000 199000 109000 35000 19000 5410 1240000

PM10 2410 2440 1330 1020 618 194 143 73.1 8230

SO2 2770 2610 2190 705 313 178 152 53 8970

Pb 5.95 5.95 3.35 2.96 1.95 0.61 0.35 0.17 21.3

Acetaldehyde 1300 1580 1040 814 367 106 94.9 52.8 5360

Benzene 2010 1800 908 734 607 186 104 32.5 6380

1,3-Butadiene 173 144 87.1 81.7 46.4 16.4 8.4 3.61 561

Formaldehyde 862 979 639 511 240 73.4 58.4 31.8 3400

PAH (Semi-Volatile) 102 126 82.7 64.5 28.9 8.32 7.53 4.21 424

PAH as %wt of PM10 2.35 3.43 2.05 1.31 0.63 0.17 0.21 0.14 10.3

Total PAH 104 129 84.8 65.8 29.5 8.49 7.74 4.35 434

Toluene 2890 2470 1550 1410 792 271 141 75.1 9600

Xylenes (o,m,p) 2510 2140 1370 1250 693 236 122 66.9 8390

PM2.5 2170 2200 1200 922 556 175 129 65.8 7410
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm    Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.15 Scenario 1 – Summary of Fleet Emissions, 2020 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 65100 57400 39300 30300 16600 6420 3220 2230 221000

NOx 42500 44300 24600 19700 10300 3510 2450 1230 149000

CO 186000 167000 97500 78000 47700 22100 9490 3950 612000

PM10 2540 2490 1520 1130 617 224 144 84.1 8750

SO2 3190 3180 2620 854 348 189 178 66 10600

Pb 6.06 6.06 3.77 3.29 1.94 0.66 0.35 0.19 22.3

Acetaldehyde 1360 1600 1190 694 325 135 98.7 78.6 5490

Benzene 1900 1610 875 512 485 206 91.2 36.6 5720

1,3-Butadiene 141 111 74.3 51.7 30.9 16 6.4 3.89 435

Formaldehyde 868 960 705 419 203 88.6 58.6 45.7 3350

PAH (Semi-Volatile) 108 128 94.8 55.2 25.7 10.6 7.88 6.29 436

PAH as %wt of PM10 3.33 4.56 3.17 1.91 0.84 0.27 0.28 0.23 14.6

Total PAH 111 132 98 57.2 26.6 10.9 8.16 6.52 451

Toluene 2520 2090 1480 1080 599 275 117 85.2 8240

Xylenes (o,m,p) 2160 1780 1280 932 511 237 98.5 75.6 7070

PM2.5 2290 2240 1370 1010 555 201 129 75.7 7880
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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2.4.2 Fleet Emissions - Scenario 2

Scenario assumptions
Scenario Assumptions

Additional 10% NAFC 2000 to 2010 ✔
Further 15% NAFC 2000 to 2010 ✔

Business as usual VKT growth ✔

Euro 2 petrol vehicles <3.5 t From 2003/4
Euro 3 petrol vehicles <3.5 t From 2005/6
Euro 2 diesel vehicles <3.5 t From 2002/3
Euro 3 diesel vehicles >3.5 t From 2002/3

Euro 4 all diesel vehicles From 2006/7
Accelerated CNG/LPG conversions vehicles >3.5 t ✔

It is assumed that the alternate Euro compliance to ADR 37/01 from year 2000 does
not significantly impact on emissions.

Fuel properties for this scenario are as for Scenario 1 with the following additions:
•  Euro 2 sulfur levels in petrol (500 ppm) introduced in 2002;
•  Euro 3 sulfur levels in petrol (150 ppm) introduced in 2005;
•  Euro 2 sulfur levels in diesel (500 ppm) introduced in 2003;
•  Euro 4 sulfur levels in diesel (50 ppm) introduced in 2006.

Below, Tables 2.16-2.19 summarise fleet emissions under scenario 2, by State capital,
for the period 2000 to 2020.
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Table 2.16 Scenario 2 – Summary of Fleet Emissions, 2000 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 71600 69500 36800 33200 22900 6680 4180 1910 247000

NOx 57100 57000 28700 24200 17200 4810 3500 1420 194000

CO 506000 544000 255000 242000 185000 55300 34300 8990 1830000

PM10 2710 2720 1390 1060 710 196 164 76.4 9030

SO2 2220 1940 1950 580 245 155 116 42.4 7250

Pb 102 95.8 50.2 58.2 35.7 8.32 7 1.89 359

Acetaldehyde 1270 1760 980 734 430 110 110 49.2 5450

Benzene 2280 2410 1080 1040 855 222 149 52.2 8090

1,3-Butadiene 255 249 127 121 86.7 25.2 16.3 5.23 886

Formaldehyde 996 1250 681 553 341 90.3 79.6 32.4 4020

PAH (Semi-Volatile) 98.2 138 76.9 57 33.2 8.47 8.56 3.88 424

PAH as %wt of PM10 1.98 2.82 1.59 0.99 0.52 0.13 0.17 0.1 8.29

Total PAH 100 141 78.5 58 33.7 8.59 8.72 3.99 432

Toluene 3820 3720 1960 1850 1280 375 234 92.3 13300

Xylenes (o,m,p) 3300 3230 1710 1610 1110 326 201 82.2 11600

PM2.5 2440 2450 1250 958 639 177 148 68.8 8130
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.17 Scenario 2 – Summary of Fleet Emissions, 2005 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 66400 65400 37100 31800 20600 6200 3670 1880 233000

NOx 47600 52100 26600 22900 15100 4040 2980 1220 173000

CO 395000 479000 228000 218000 152000 42500 25900 7370 1550000

PM10 2440 2420 1320 1020 629 188 144 72.3 8220

SO2 1420 1460 796 608 156 106 86.2 45.6 4680

Pb 6.42 5.75 3.07 2.72 1.9 0.57 0.34 0.16 20.9

Acetaldehyde 1200 1780 1030 751 406 104 100 49.4 5420

Benzene 2180 2250 1010 774 761 212 125 36 7350

1,3-Butadiene 194 197 107 94.6 62.8 19.6 11.2 4.22 690

Formaldehyde 854 1160 665 504 283 78.1 65.5 30.8 3640

PAH (Semi-Volatile) 93.8 141 81.2 59.1 31.8 8.1 7.89 3.92 427

PAH as %wt of PM10 2.07 2.93 1.75 1.11 0.55 0.14 0.18 0.11 8.84

Total PAH 95.8 144 82.9 60.2 32.3 8.24 8.06 4.04 435

Toluene 3110 3130 1770 1550 999 307 175 81.2 11100

Xylenes (o,m,p) 2700 2740 1560 1370 877 268 152 72.6 9730

PM2.5 2190 2170 1190 914 566 169 130 65 7400
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.18 Scenario 2 – Summary of Fleet Emissions, 2010 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 62900 55800 35000 30400 17600 5720 3150 1840 212000

NOx 36900 38000 20900 19100 10600 2990 2210 914 131000

CO 340000 300000 173000 184000 100000 31600 17100 5580 1150000

PM10 2070 2050 1150 900 541 172 120 62.6 7070

SO2 825 760 429 368 20.8 73.2 44.5 22.1 2540

Pb 6.45 5.73 3.23 2.87 1.89 0.59 0.34 0.16 21.3

Acetaldehyde 1140 1380 932 730 326 93.1 81.7 47.8 4730

Benzene 2110 1800 921 685 609 194 102 30.6 6440

1,3-Butadiene 152 126 78 73.2 41.2 14.3 7.24 3.26 495

Formaldehyde 758 855 572 458 213 64.3 50.3 28.7 3000

PAH (Semi-Volatile) 89.8 110 74 57.8 25.7 7.28 6.49 3.81 375

PAH as %wt of PM10 2.02 2.88 1.77 1.15 0.55 0.15 0.17 0.12 8.81

Total PAH 91.8 113 75.8 59 26.2 7.43 6.66 3.93 383

Toluene 2610 2220 1430 1300 722 244 125 70.5 8720

Xylenes (o,m,p) 2250 1920 1260 1150 629 212 107 62.8 7590

PM2.5 1860 1840 1040 810 487 154 108 56.3 6360
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.19 Scenario 2 – Summary of Fleet Emissions, 2020 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 58000 51000 35300 27600 15100 5680 2830 2010 198000

NOx 18500 20200 11000 8380 4030 1440 1090 517 65200

CO 189000 164000 98300 79300 48200 21300 9250 4240 613000

PM10 1750 1600 1010 807 454 161 92.5 54.1 5930

SO2 833 756 469 395 22.6 74.7 43.5 24.2 2620

Pb 6.4 5.46 3.42 3 1.74 0.6 0.31 0.17 21.1

Acetaldehyde 974 1120 843 507 236 97.5 67.2 54.6 3900

Benzene 1690 1380 751 406 430 182 75.9 27.7 4940

1,3-Butadiene 100 77.7 52.7 37.8 22.5 11.6 4.36 2.71 310

Formaldehyde 619 671 500 306 148 64 39.9 31.8 2380

PAH (Semi-Volatile) 77 89.3 67.2 40.4 18.7 7.68 5.36 4.37 310

PAH as %wt of PM10 2.29 2.94 2.1 1.37 0.62 0.19 0.18 0.15 9.83

Total PAH 79.3 92.2 69.3 41.7 19.3 7.87 5.54 4.52 320

Toluene 1990 1640 1190 889 486 216 89.1 69.6 6560

Xylenes (o,m,p) 1670 1370 1020 762 408 184 73.6 61.7 5550

PM2.5 1580 1440 907 726 409 145 83.3 48.7 5340
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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2.4.3 Fleet Emissions - Scenario 3

Scenario Assumptions
Scenario Assumptions

Additional 10% NAFC 2000 to 2010 ✔
Further 15% NAFC 2000 to 2010 ✔

Business as usual VKT growth ✔

Euro 2 petrol vehicles <3.5 t From 2003/4
Euro 3 petrol vehicles <3.5 t From 2005/6

Euro 4 petrol vehicles From 2008/9
Euro 2 diesel vehicles <3.5 t From 2002/3
Euro 3 diesel vehicles >3.5 t From 2002/3

Euro 4 all diesel vehicles From 2006/7
Accelerated CNG/LPG conversions vehicles >3.5 ✔

It is assumed that the alternate Euro compliance to ADR 37/01 from year 2000 does
not significantly impact on emissions.

Fuel properties for this scenario are as for Scenario 2 with the following additions:

•  Euro3 petrol introduced in 2005, with parameters other than sulfur
concentration and RON set on a refinery ‘best endeavours’ basis;

•  Euro4 petrol introduced in 2008, with parameters other than sulfur
concentration and RON set on a refinery best endeavours basis;

•  Euro4 diesel introduced in 2006, with parameters other than sulfur
concentration and RON set on a refinery best endeavours basis.

It should be noted that Euro 4 fuel specifications for a number of fuel components are
not yet available.  Assumptions regarding specifications for these components have
been provided by Australian Institute of Petroleum (AIP) members.  Agreed fuel
quality specifications for this Scenario are presented in Tables 2.20 and 2.21.  In cases
where Euro3 specifications are ‘open’, the value adopted is the less stringent of the
‘best endeavours’ Euro4 or current refinery specification for that component.
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Table 2.20    ‘Best Endeavours’ Euro 3 / Euro 4 Petrol Specifications
Fuel Parameter Euro 3 Best Endeavours Euro 4 Best Endeavours

RON min

RVP (summer) kPa max

95

65

95

60

Distillation
   Evaporated at 100°C %v/v min
   Evaporated at 150°C %v/v min

Open
Open

46
75

Hydrocarbon analysis
   Olefins
   Aromatics

Open
48

18
42

Oxygen content (% m/m max) 2.7 2.7

Sulfur content (mg/kg) max 150 50

Lead content (g/L) max 0.005

Table 2.21    ‘Best Endeavours’ Euro 4 Diesel Specifications
Fuel Parameter Euro 4 Best Endeavours

Cetane No min

Cetane Index min

51

46

Density at 15°C kg/m3 max 845

95% point °C max 360

Polycyclic aromatics %m/m max 11

Sulfur mg/kg 50

Below, Tables 2.22-2.25 summarise fleet emissions under Scenario 3, by State capital,
for the period 2000-2020.
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Table 2.22 Scenario 3 – Summary of Fleet Emissions, 2000 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 71600 69500 37100 33200 22900 6610 4180 1910 247000

NOx 57100 57000 28700 24200 17200 4810 3500 1420 194000

CO 506000 544000 255000 242000 185000 55300 34300 8990 1830000

PM10 2710 2720 1390 1060 710 196 164 76.4 9030

SO2 2200 1940 1950 583 245 153 115 42.5 7230

Pb 102 95.8 50.2 58.2 35.7 8.32 7 1.89 359

Acetaldehyde 1270 1760 980 734 430 110 110 49.2 5450

Benzene 2280 2330 1090 1090 855 221 145 55 8060

1,3-Butadiene 255 249 127 121 86.7 25.2 16.3 5.23 886

Formaldehyde 996 1250 681 553 341 90.3 79.6 32.4 4020

PAH (Semi-Volatile) 98.2 138 76.9 57 33.2 8.47 8.56 3.88 424

PAH as %wt of PM10 1.98 2.82 1.59 0.99 0.52 0.13 0.17 0.1 8.29

Total PAH 100 141 78.5 58 33.7 8.59 8.72 3.99 432

Toluene 3820 3720 1980 1850 1280 371 234 92.3 13300

Xylenes (o,m,p) 3300 3230 1730 1610 1110 323 201 82.2 11600

PM2.5 2440 2450 1250 958 639 177 148 68.8 8130
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.23 Scenario 3 – Summary of Fleet Emissions, 2005 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 65400 63800 35900 31200 20200 6090 3590 1820 228000

NOx 47700 52100 26600 22900 15100 4040 2980 1220 173000

CO 377000 459000 219000 209000 145000 40700 24700 7040 1480000

PM10 2440 2420 1320 1020 629 188 144 72.3 8220

SO2 1030 1350 796 608 156 71.3 79.8 45.6 4140

Pb 6.42 5.75 3.07 2.72 1.9 0.57 0.34 0.16 20.9

Acetaldehyde 1170 1740 1010 735 396 102 97.6 48.3 5300

Benzene 1990 2040 935 757 688 194 114 35.1 6750

1,3-Butadiene 189 193 104 92.6 61.2 19.1 11 4.13 675

Formaldehyde 834 1130 651 493 275 76.3 63.9 30.1 3550

PAH (Semi-Volatile) 91.5 138 79.5 57.8 31 7.91 7.7 3.84 417

PAH as %wt of PM10 2.07 2.93 1.75 1.11 0.55 0.14 0.18 0.11 8.84

Total PAH 93.6 140 81.3 58.9 31.5 8.05 7.87 3.95 426

Toluene 3040 3030 1700 1510 974 300 170 77.7 10800

Xylenes (o,m,p) 2630 2640 1490 1330 854 261 147 68.9 9420

PM2.5 2190 2170 1190 914 566 169 130 65 7400
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.24 Scenario 3 – Summary of Fleet Emissions, 2010 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 60100 52800 32900 29000 16900 5480 3000 1720 202000

NOx 36200 37500 20700 18800 10400 2930 2180 902 130000

CO 304000 269000 158000 169000 91600 28700 15300 4930 1040000

PM10 2100 2100 1210 932 545 174 123 65.1 7250

SO2 331 322 182 149 20.8 27.9 18.8 9.73 1060

Pb 6.45 5.73 3.23 2.87 1.89 0.59 0.34 0.16 21.3

Acetaldehyde 1060 1290 870 684 308 87.1 76.1 44.2 4410

Benzene 1650 1370 765 643 478 153 78.1 28.2 5160

1,3-Butadiene 141 117 72.8 68.6 38.9 13.4 6.74 3.01 461

Formaldehyde 702 795 534 429 201 60.1 46.9 26.6 2800

PAH (Semi-Volatile) 83.2 102 69.1 54.2 24.3 6.82 6.04 3.52 349

PAH as %wt of PM10 2.05 2.94 1.86 1.19 0.56 0.15 0.18 0.12 9.06

Total PAH 85.2 105 71 55.4 24.8 6.96 6.22 3.64 358

Toluene 2420 2040 1310 1210 680 228 116 63.9 8070

Xylenes (o,m,p) 2080 1750 1130 1060 588 196 98.3 56.1 6960

PM2.5 1890 1890 1090 839 490 156 111 58.6 6530
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.25 Scenario 3 – Summary of Fleet Emissions, 2020 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 53000 45900 31500 25100 13800 5160 2560 1820 179000

NOx 16600 18700 10100 7600 3540 1260 1000 472 59300

CO 124000 106000 65000 51200 31200 14600 5860 2880 400000

PM10 1760 1630 1050 828 457 162 93.9 55.9 6030

SO2 343 339 208 165 22.6 29.1 19.4 11.2 1140

Pb 6.4 5.46 3.42 3 1.74 0.6 0.31 0.17 21.1

Acetaldehyde 743 843 650 377 179 76.2 50.4 43.5 2960

Benzene 1080 854 513 315 269 118 47.2 22.6 3220

1,3-Butadiene 76.6 58.5 40.6 28.1 17 9.05 3.27 2.15 235

Formaldehyde 473 505 386 227 112 50 29.9 25.3 1810

PAH (Semi-Volatile) 58.8 67.2 51.9 30 14.1 6.01 4.02 3.48 236

PAH as %wt of PM10 2.31 2.98 2.18 1.41 0.62 0.19 0.18 0.15 10

Total PAH 61.1 70.2 54.1 31.4 14.8 6.2 4.2 3.63 246

Toluene 1630 1320 961 727 399 178 71.7 58.2 5340

Xylenes (o,m,p) 1340 1060 803 608 326 149 57.2 50.5 4400

PM2.5 1590 1460 944 745 411 146 84.5 50.3 5430
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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2.4.4 Fleet Emissions - Scenario 4

Scenario assumptions

Scenario 4 is the same as Scenario 3 with the requirement that Euro fuel specifications
are mandatory rather than ‘best endeavours’.

Fuel properties for this scenario are as for Scenario 3 with the following additions:

•  Euro 3 petrol introduced in 2005, with all fuel parameters required to meet the
Euro 3 petrol specification;

•  Euro 4 petrol introduced in 2008, with all fuel parameters required to meet the
Euro 4 petrol specification;

•  Euro 4 diesel introduced in 2006, with all fuel parameters required to meet the
Euro 4 diesel specification, including specific requirements for 50 ppm sulfur.

It should be noted that Euro 4 fuel specifications for a number of fuel components are
not yet available.  Assumptions regarding specifications for these components have
been provided by AIP members.  Agreed fuel quality specifications for this scenario
are presented in Tables 2.26 and 2.27.  Specifications assumed for Euro 4 fuels are
displayed in brackets.

Table 2.26 Mandatory Euro 3 / Euro 4 Petrol Specifications
Fuel Parameter Euro 3 Mandatory Euro 4 Mandatory
RON min
RVP (summer) kPa max

95
60

95
55

Distillation
 Evaporated at 100°C %v/v min
 Evaporated at 150°C %v/v min
 FBP °C max

46
75

210

(46)
(75)

(205)
Hydrocarbon analysis
 Olefins
 Aromatics
 Benzene

18
42
1

(14)
35
1

Oxygen content (% m/m max) 2.7 2.7
Sulfur content (mg/kg) max 150 (50)
Lead content (g/L) max 0.005

Table 2.27 Mandatory Euro 4 Diesel Specifications
Fuel Parameter Euro 4 Mandatory
Cetane No. min
Cetane Index min

(55)
(52)

Density at 15°C kg/m3 max (845)
95% point °C max (350)
Polycyclic aromatics %m/m max (4)
Sulfur mg/kg 50

Below, Tables 2.28-2.31 summarise fleet emissions under scenario 4, by State capital,
over the same 20 year period.
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Table 2.28 Scenario 4 – Summary of Fleet Emissions, 2000 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 71600 69500 37100 33200 22900 6610 4180 1910 247000

NOx 57100 57000 28700 24200 17200 4810 3500 1420 194000

CO 506000 544000 255000 242000 185000 55300 34300 8990 1830000

PM10 2710 2720 1390 1060 710 196 164 76.4 9030

SO2 2210 1940 1950 583 245 154 116 42.5 7240

Pb 102 95.8 50.2 58.2 35.7 8.32 7 1.89 359

Acetaldehyde 1270 1760 980 734 430 110 110 49.2 5450

Benzene 2280 2340 1090 1090 855 221 145 55 8070

1,3-Butadiene 255 249 127 121 86.7 25.2 16.3 5.23 886

Formaldehyde 996 1250 681 553 341 90.3 79.6 32.4 4020

PAH (Semi-Volatile) 98.2 138 76.9 57 33.2 8.47 8.56 3.88 424

PAH as %wt of PM10 1.98 2.82 1.59 0.99 0.52 0.13 0.17 0.1 8.29

Total PAH 100 141 78.5 58 33.7 8.59 8.72 3.99 432

Toluene 3820 3720 1980 1850 1280 371 234 92.3 13300

Xylenes (o,m,p) 3300 3230 1730 1610 1110 323 201 82.2 11600

PM2.5 2440 2450 1250 958 639 177 148 68.8 8130
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.29 Scenario 4 – Summary of Fleet Emissions, 2005 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 64800 63300 35600 30800 20000 6030 3570 1790 226000

NOx 47900 52300 26700 23000 15200 4060 2990 1230 173000

CO 376000 459000 219000 209000 145000 40700 24700 7020 1480000

PM10 2440 2420 1320 1020 629 188 144 72.3 8220

SO2 1420 1460 796 608 156 106 86.2 45.6 4680

Pb 6.42 5.75 3.07 2.72 1.9 0.57 0.34 0.16 20.9

Acetaldehyde 1170 1740 1000 734 395 102 97.4 48.2 5290

Benzene 1520 1490 781 754 509 150 83.7 34.9 5320

1,3-Butadiene 189 192 104 92.5 61.1 19.1 11 4.12 673

Formaldehyde 832 1130 650 492 275 76.2 63.8 30.1 3550

PAH (Semi-Volatile) 91.3 137 79.4 57.7 30.9 7.89 7.69 3.83 416

PAH as %wt of PM10 2.07 2.93 1.75 1.11 0.55 0.14 0.18 0.11 8.84

Total PAH 93.4 140 81.2 58.8 31.5 8.03 7.86 3.94 425

Toluene 3010 3000 1680 1490 964 297 169 76.6 10700

Xylenes (o,m,p) 2600 2610 1470 1310 843 257 145 67.7 9300

PM2.5 2190 2170 1190 914 566 169 130 65 7400
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.30 Scenario 4 – Summary of Fleet Emissions, 2010 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 59300 52000 32400 28500 16700 5390 2960 1690 199000

NOx 36100 37400 20700 18800 10400 2940 2170 899 129000

CO 299000 265000 156000 167000 90400 28200 15100 4830 1030000

PM10 2060 2050 1190 913 548 171 120 63.6 7110

SO2 331 322 182 149 20.8 27.9 18.8 9.73 1060

Pb 6.45 5.73 3.23 2.87 1.89 0.59 0.34 0.16 21.3

Acetaldehyde 1040 1260 854 674 304 85.6 74.5 43.1 4330

Benzene 1200 977 609 600 340 112 56.1 26.3 3920

1,3-Butadiene 138 115 71.4 67.6 38.4 13.2 6.6 2.94 453

Formaldehyde 690 779 524 423 199 59.1 45.9 25.9 2750

PAH (Semi-Volatile) 81.7 100 67.8 53.4 23.9 6.7 5.92 3.44 343

PAH as %wt of PM10 2.02 2.88 1.82 1.16 0.56 0.15 0.17 0.12 8.88

Total PAH 83.7 103 69.7 54.5 24.5 6.85 6.09 3.56 352

Toluene 2370 1990 1280 1180 666 223 113 62.1 7890

Xylenes (o,m,p) 2030 1700 1100 1030 573 191 95.7 54.3 6770

PM2.5 1860 1840 1070 822 493 154 108 57.3 6400
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.31 Scenario 4 – Summary of Fleet Emissions, 2020 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 52000 45000 30900 24500 13500 5050 2510 1790 175000

NOx 16800 18700 10200 7670 3630 1280 1010 471 59700

CO 118000 100000 62000 48300 29500 14000 5530 2770 380000

PM10 1750 1600 1030 817 459 160 92.5 55 5970

SO2 343 339 208 165 22.6 29.1 19.4 11.2 1140

Pb 6.4 5.46 3.42 3 1.74 0.6 0.31 0.17 21.1

Acetaldehyde 714 805 623 358 170 73.7 47.9 41.9 2830

Benzene 708 551 374 276 164 80 30.6 20.2 2200

1,3-Butadiene 73.6 55.8 39 26.7 16.2 8.75 3.11 2.08 225

Formaldehyde 454 482 370 216 106 48.4 28.5 24.4 1730

PAH (Semi-Volatile) 56.5 64.1 49.8 28.5 13.5 5.81 3.82 3.36 225

PAH as %wt of PM10 2.28 2.94 2.15 1.39 0.62 0.19 0.18 0.15 9.9

Total PAH 58.8 67.1 51.9 29.9 14.1 6 4 3.5 235

Toluene 1570 1260 923 691 381 171 68.7 56.1 5120

Xylenes (o,m,p) 1280 1010 765 571 308 142 54.3 48.5 4180

PM2.5 1570 1440 931 736 413 144 83.3 49.5 5370
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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2.4.5 Fleet Emissions - Scenario 5

Scenario assumptions

Scenario 5 is the same as Scenario 4 with the requirement that mandatory Euro4 fuel
specifications for petrol and diesel are introduced in 2006.

Below, Tables 2.32-2.35 summarise fleet emissions under scenario 5, by State capital,
over the period 2000-2020.
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Table 2.32 Scenario 5 – Summary of Fleet Emissions, 2000 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 71600 69500 37100 33200 22900 6610 4180 1910 247000

NOx 57100 57000 28700 24200 17200 4810 3500 1420 194000

CO 506000 544000 255000 242000 185000 55300 34300 8990 1830000

PM10 2710 2720 1390 1060 710 196 164 76.4 9030

SO2 2210 1940 1950 583 245 154 116 42.5 7240

Pb 102 95.8 50.2 58.2 35.7 8.32 7 1.89 359

Acetaldehyde 1270 1760 980 734 430 110 110 49.2 5450

Benzene 2280 2340 1090 1090 855 221 145 55 8070

1,3-Butadiene 255 249 127 121 86.7 25.2 16.3 5.23 886

Formaldehyde 996 1250 681 553 341 90.3 79.6 32.4 4020

PAH (Semi-Volatile) 98.2 138 76.9 57 33.2 8.47 8.56 3.88 424

PAH as %wt of PM10 1.98 2.82 1.59 0.99 0.52 0.13 0.17 0.1 8.29

Total PAH 100 141 78.5 58 33.7 8.59 8.72 3.99 432

Toluene 3820 3720 1980 1850 1280 371 234 92.3 13300

Xylenes (o,m,p) 3300 3230 1730 1610 1110 323 201 82.2 11600

PM2.5 2440 2450 1250 958 639 177 148 68.8 8130
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes



62

Table 2.33 Scenario 5 – Summary of Fleet Emissions, 2005 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 64800 63300 35600 30800 20000 6030 3570 1790 226000

NOx 47900 52300 26700 23000 15200 4060 2990 1230 173000

CO 376000 459000 219000 209000 145000 40700 24700 7020 1480000

PM10 2440 2420 1320 1020 629 188 144 72.3 8220

SO2 1420 1460 796 608 156 106 86.2 45.6 4680

Pb 6.42 5.75 3.07 2.72 1.9 0.57 0.34 0.16 20.9

Acetaldehyde 1170 1740 1000 734 395 102 97.4 48.2 5290

Benzene 1520 1490 781 754 509 150 83.7 34.9 5320

1,3-Butadiene 189 192 104 92.5 61.1 19.1 11 4.12 673

Formaldehyde 832 1130 650 492 275 76.2 63.8 30.1 3550

PAH (Semi-Volatile) 91.3 137 79.4 57.7 30.9 7.89 7.69 3.83 416

PAH as %wt of PM10 2.07 2.93 1.75 1.11 0.55 0.14 0.18 0.11 8.84

Total PAH 93.4 140 81.2 58.8 31.5 8.03 7.86 3.94 425

Toluene 3010 3000 1680 1490 964 297 169 76.6 10700

Xylenes (o,m,p) 2600 2610 1470 1310 843 257 145 67.7 9300

PM2.5 2190 2170 1190 914 566 169 130 65 7400
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.34 Scenario 5 – Summary of Fleet Emissions, 2010 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 59300 52000 32300 28500 16600 5380 2960 1690 199000

NOx 36100 37400 20700 18800 10400 2950 2170 899 129000

CO 299000 265000 156000 167000 90300 28200 15100 4830 1030000

PM10 2060 2050 1190 913 548 171 120 63.6 7110

SO2 331 322 182 149 20.8 27.9 18.8 9.73 1060

Pb 6.45 5.73 3.23 2.87 1.89 0.59 0.34 0.16 21.3

Acetaldehyde 1040 1260 853 674 304 85.6 74.5 43.1 4330

Benzene 1200 970 607 599 339 112 55.8 26.3 3910

1,3-Butadiene 138 115 71.4 67.6 38.4 13.2 6.6 2.94 453

Formaldehyde 690 779 524 423 198 59.1 45.9 25.9 2740

PAH (Semi-Volatile) 81.6 99.9 67.8 53.4 23.9 6.69 5.91 3.43 343

PAH as %wt of PM10 2.02 2.88 1.82 1.16 0.56 0.15 0.17 0.12 8.88

Total PAH 83.6 103 69.6 54.5 24.5 6.84 6.09 3.55 352

Toluene 2370 1990 1280 1180 666 222 113 62.1 7880

Xylenes (o,m,p) 2030 1690 1100 1030 573 191 95.7 54.3 6770

PM2.5 1860 1840 1070 822 493 154 108 57.3 6400
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.35 Scenario 5 – Summary of Fleet Emissions, 2020 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 52000 44900 30900 24400 13500 5050 2510 1790 175000

NOx 16800 18700 10200 7690 3630 1280 1010 472 59800

CO 118000 100000 61800 48200 29400 13900 5510 2760 379000

PM10 1750 1600 1030 817 459 160 92.5 55 5970

SO2 343 339 208 165 22.6 29.1 19.4 11.2 1140

Pb 6.4 5.46 3.42 3 1.74 0.6 0.31 0.17 21.1

Acetaldehyde 713 804 623 358 170 73.6 47.9 41.9 2830

Benzene 705 548 372 275 164 79.8 30.4 20.2 2190

1,3-Butadiene 73.5 55.7 38.9 26.7 16.2 8.74 3.1 2.08 225

Formaldehyde 453 481 370 216 106 48.3 28.4 24.4 1730

PAH (Semi-Volatile) 56.4 64 49.7 28.5 13.4 5.8 3.82 3.35 225

PAH as %wt of PM10 2.28 2.94 2.15 1.39 0.62 0.19 0.18 0.15 9.9

Total PAH 58.7 67 51.8 29.9 14.1 5.99 4 3.5 235

Toluene 1570 1260 922 690 380 171 68.6 56.1 5120

Xylenes (o,m,p) 1280 1010 764 571 308 142 54.2 48.5 4170

PM2.5 1570 1440 931 736 413 144 83.3 49.5 5370
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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2.4.6 Fleet Emissions - Scenario 6

Scenario 6 is the same as Scenario 4 with the requirement that mandatory Euro4 fuel
specifications for petrol and diesel are both introduced in 2005.  In addition, fuels
with ultra-low sulfur content (30 ppm) will be mandatory from 2008.

Below, Tables 2.36-2.39 summarise fleet emissions under Scenario 6, by State capital,
over the period 2000-2020.
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Table 2.36 Scenario 6 – Summary of Fleet Emissions, 2000 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 71600 69500 37100 33200 22900 6610 4180 1910 247000

NOx 57100 57000 28700 24200 17200 4810 3500 1420 194000

CO 506000 544000 255000 242000 185000 55300 34300 8990 1830000

PM10 2710 2720 1390 1060 710 196 164 76.4 9030

SO2 2210 1940 1950 583 245 154 116 42.5 7240

Pb 102 95.8 50.2 58.2 35.7 8.32 7 1.89 359

Acetaldehyde 1270 1760 980 734 430 110 110 49.2 5450

Benzene 2280 2340 1090 1090 855 221 145 55 8070

1,3-Butadiene 255 249 127 121 86.7 25.2 16.3 5.23 886

Formaldehyde 996 1250 681 553 341 90.3 79.6 32.4 4020

PAH (Semi-Volatile) 98.2 138 76.9 57 33.2 8.47 8.56 3.88 424

PAH as %wt of PM10 1.98 2.82 1.59 0.99 0.52 0.13 0.17 0.1 8.29

Total PAH 100 141 78.5 58 33.7 8.59 8.72 3.99 432

Toluene 3820 3720 1980 1850 1280 371 234 92.3 13300

Xylenes (o,m,p) 3300 3230 1730 1610 1110 323 201 82.2 11600

PM2.5 2440 2450 1250 958 639 177 148 68.8 8130
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.37 Scenario 6 – Summary of Fleet Emissions, 2005 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 63800 62300 34900 30200 19800 5930 3520 1760 222000

NOx 47100 51500 26400 22700 15000 3990 2940 1210 171000

CO 370000 451000 215000 206000 143000 40000 24300 6870 1460000

PM10 2360 2330 1310 995 618 182 139 70.7 8000

SO2 320 306 165 136 18.8 26.5 18 9.02 1000

Pb 6.42 5.75 3.07 2.72 1.9 0.57 0.34 0.16 20.9

Acetaldehyde 1150 1710 981 720 393 100 95.9 46.8 5200

Benzene 1470 1440 754 730 499 144 81.1 33.6 5150

1,3-Butadiene 186 189 102 90.7 60.7 18.8 10.8 4 662

Formaldehyde 818 1110 635 483 273 74.9 62.8 29.2 3480

PAH (Semi-Volatile) 89.7 135 77.6 56.6 30.7 7.77 7.56 3.72 409

PAH as %wt of PM10 2.01 2.82 1.74 1.08 0.54 0.14 0.17 0.11 8.61

Total PAH 91.7 138 79.3 57.7 31.3 7.9 7.73 3.83 417

Toluene 2950 2940 1640 1450 952 290 166 74.3 10500

Xylenes (o,m,p) 2540 2550 1430 1270 831 251 142 65.5 9080

PM2.5 2120 2100 1180 896 556 164 125 63.6 7200
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.38 Scenario 6 – Summary of Fleet Emissions, 2010 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 59300 52000 32300 28500 16600 5380 2960 1690 199000

NOx 36100 37400 20700 18800 10400 2950 2170 899 129000

CO 299000 265000 156000 167000 90300 28200 15100 4830 1030000

PM10 2060 2050 1180 912 547 171 120 63.5 7100

SO2 331 322 182 149 20.8 27.9 18.8 9.73 1060

Pb 6.45 5.73 3.23 2.87 1.89 0.59 0.34 0.16 21.3

Acetaldehyde 1040 1260 853 674 304 85.6 74.5 43.1 4330

Benzene 1200 970 607 599 339 112 55.8 26.3 3910

1,3-Butadiene 138 115 71.4 67.6 38.4 13.2 6.6 2.94 453

Formaldehyde 690 779 524 423 198 59.1 45.9 25.9 2740

PAH (Semi-Volatile) 81.6 99.9 67.8 53.4 23.9 6.69 5.91 3.43 343

PAH as %wt of PM10 2.01 2.87 1.82 1.16 0.56 0.15 0.17 0.12 8.86

Total PAH 83.6 103 69.6 54.5 24.5 6.84 6.09 3.55 352

Toluene 2370 1990 1280 1180 666 222 113 62.1 7880

Xylenes (o,m,p) 2030 1690 1100 1030 573 191 95.7 54.3 6770

PM2.5 1850 1840 1070 821 492 153 108 57.2 6390
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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Table 2.39 Scenario 6 – Summary of Fleet Emissions, 2020 (t/yr)

Parameter Sydney Melbourne Brisbane Perth Adelaide Canberra Hobart Darwin Total

HC 52000 44900 30900 24400 13500 5050 2510 1790 175000

NOx 16800 18700 10200 7690 3630 1280 1010 472 59800

CO 118000 100000 61800 48200 29400 13900 5510 2760 379000

PM10 1750 1600 1030 816 458 160 92.4 54.9 5960

SO2 308 290 179 147 15.1 26.9 16.6 9.42 992

Pb 6.4 5.46 3.42 3 1.74 0.6 0.31 0.17 21.1

Acetaldehyde 713 804 623 358 170 73.6 47.9 41.9 2830

Benzene 705 548 372 275 164 79.8 30.4 20.2 2190

1,3-Butadiene 73.5 55.7 38.9 26.7 16.2 8.74 3.1 2.08 225

Formaldehyde 453 481 370 216 106 48.3 28.4 24.4 1730

PAH (Semi-Volatile) 56.4 64 49.7 28.5 13.4 5.8 3.82 3.35 225

PAH as %wt of PM10 2.28 2.94 2.15 1.39 0.62 0.19 0.18 0.15 9.89

Total PAH 58.7 67 51.8 29.9 14.1 5.99 4 3.5 235

Toluene 1570 1260 922 690 380 171 68.6 56.1 5120

Xylenes (o,m,p) 1280 1010 764 571 308 142 54.2 48.5 4170

PM2.5 1570 1440 930 735 412 144 83.2 49.4 5370
HC = Hydrocarbons    VOC = Volatile organic compounds   NOx = Oxides of nitrogen CO = Carbon monoxide   PAH = Poly-aromatic hydrocarbons
Pb = Lead   SO2 = Sulfur dioxide   PM10 = Particulates < 10 µm    PM2.5 = Particulates < 2.5 µm     Xylenes (o,m,p) = ortho-, meta-, and para-xylenes
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3 DISCUSSION OF EMISSIONS INVENTORY RESULTS

3.1 Combined State and Territory Pollutant Emissions

A summary of modelled emissions of HC, NOx, CO, PM10, and benzene, for the
combined Australian State and Territory capital cities, is presented in Figures 3.1-3.5.
These results are discussed below.  Figures presenting emissions for other modelled
pollutants are in Section 3.1.6.  Note that emissions data for all the pollutants
considered for each capital city are presented in Tables 2.12 to 2.39.  Section 6.12 of
the full report also provides graphic representations of relative changes in VKT, fuel
type and emission profiles using aggregated national emissions data.

3.1.1 Hydrocarbon emissions 2000-2020

Figure 3.1 shows the projected variation in hydrocarbon emissions for each of the
modelled scenarios for the combined Australian State and Territory capital cities.  A
15% reduction between 2000 and 2010 is estimated for business as usual (Scenario 1)
conditions, due to the effects of the phase out of pre-catalyst vehicles and uptake of
the current Australian Design Rules for petrol (ADR37/01) and diesel (ADR70/00)
vehicles.  Scenarios 2 to 6 are estimated to result in emissions reductions of between
20% and 25% between 2000 and 2010.

In the longer term, improvements to hydrocarbon emissions may be limited by
evaporative losses, which are not directly affected by improvements to engine or
exhaust emission control technology.

Figure 3.1 Hydrocarbon Emissions - Combined State and Territory Capitals
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3.1.2 Carbon monoxide emissions 2000-2020

Figure 3.2 shows the projected improvement in emissions of carbon monoxide.  For
the base case, a reduction of 40% is estimated between 2000 and 2010 as the current
Australian Design Rules take effect.  Scenarios 2 to 6 are estimated to result in
emissions reductions of between 45% and 51% between 2000 and 2010.

Figure 3.2 Carbon Monoxide Emissions - Combined State and Territory
Capitals

3.1.3 Oxide of Nitrogen emissions 2000-2020

Figure 3.3 shows the projected improvement in emissions of oxides of nitrogen.  For
the base case, a reduction of 17% is estimated between 2000 and 2010 as the current
Australian Design Rules take effect.  Scenarios 2 to 6 are estimated to result in
emissions reductions of approximately 34% between 2000 and 2010.

Figure 3.3 Oxides of Nitrogen Emissions - Combined State and Territory
Capitals
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3.1.4 Particulate Matter (PM10) emissions 2000-2020

Figure 3.4 shows the projected emissions of fine particulate matter.  For the base case,
a reduction of 10% is estimated between 2000 and 2010 as the current Australian
Design Rules take effect.  Scenarios 2 to 6 are estimated to result in emissions
reductions of approximately 25% between 2000 and 2010.

The results indicate that under business as usual conditions, particulate emissions
from vehicles would be expected to increase from 2010.  This is due to the expected
increased in the use of diesel vehicles.  Under the scenarios modelling adoption of
Euro 3 and 4 exhaust emission standards, particulate emissions are predicted to reduce
substantially over the next ten years.

Figure 3.4 Particulate Matter (< 10 µµµµM) Emissions - Combined State and
Territory Capitals
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3.1.5 Benzene emissions 2000-2020

Figure 3.5 shows the projected improvement in emissions of benzene.  For the base
case, a reduction of 26% is estimated between 2000 and 2010 as the current
Australian Design Rules take effect.  Scenarios 2 to 6 are estimated to result in
emissions reductions of 28% to 53% between 2000 and 2010.

The benzene results show a gradual reduction in the predicted benzene emissions
under all scenarios.  Vehicle control measures are an important for reduction in
exhaust emissions of benzene and fuel formulation is an important influence on
evaporative benzene emissions.

The major influence on emissions flows from the implementation of improvements to
vehicle engine and control technology.  These vehicle improvements impose
constraints upon the quality of fuel required for the technologies to operate correctly.
Principally the fuel quality improvements required to support improved vehicle
controls are low sulfur concentrations and availability of high octane (95 RON).  As
well as enabling emissions control technology, fuel quality has a direct influence on
air emissions.

Figure 3.5 Benzene Emissions - Combined State and Territory Capitals
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3.1.6 Emissions of other pollutants, 2000-2020

Projected Sulfur Dioxide Emissions
Australian Capital Cities
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Projected Lead Emissions
Australian Capital Cities
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Projected 1,3-Butadiene Emissions
Australian Capital Cities
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Projected Formaldehyde Emissions
Australian Capital Cities
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Projected Poly-Aromatic Hydrocarbons Emissions
Australian Capital Cities
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Projected Particulate Matter (< 2.5 µµµµm) Emissions
Australian Capital Cities
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Projected Acetaldehyde Emissions
Australian Capital Cities
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Projected Benzene Emissions
Australian Capital Cities
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3.2 Emission Sensitivity to Benzene Content in Petrol

The sensitivity of exhaust and evaporative emissions of benzene was assessed for selected
Scenarios, using the formulae reported by USEPA (1993) as shown in Section 2.3.3.  A
modelled reduction of benzene concentration from 3% to 1% in petrol resulted in:
•  Year 2000, Benzene change: exhaust -6%, evaporative -67%, total -15%;
•  Year 2010, Benzene change: exhaust -20%, evaporative -67%, total -29%;
•  Year 2020, Benzene change: exhaust -20%, evaporative -67%, total -35%.

Benzene exhaust emissions will reduce significantly over time as stricter hydrocarbon
emission standards and fuel with lower benzene levels are introduced.  Evaporative losses
of benzene will be a function of fuel benzene content, as stricter limits on evaporative
hydrocarbon emissions will not be introduced. As a result, the contribution of exhaust
emissions of benzene will decrease in future years.

Tailpipe emissions of benzene are not highly sensitive to the benzene content of petrol.
Reducing the benzene content from 3% to 1% is estimated to result in a 21% reduction of
exhaust emissions of benzene, with other fuel parameters and fleet structure constant.

Reduction of the benzene level in petrol has a greater effect in controlling evaporative
benzene emissions than exhaust emissions.  This is because other substances in petrol can be
converted to benzene during combustion. As the evaporative component of total benzene
emissions becomes more significant in later years, the reduction of benzene levels in petrol
therefore becomes more important in controlling benzene emissions.

The reduction of benzene in petrol is one of several factors in controlling benzene
emissions. Benzene emissions also depend on total hydrocarbon emissions and the level of
aromatics in the fuel. Control of hydrocarbon emissions and lowering the aromatics level in
petrol would also reduce benzene emissions. These factors, however, are secondary
compared with the control of benzene levels in fuel.

3.3 Emission Sensitivity to Other Fuel Components

Sensitivity analyses were carried out to assess changes in emissions due to changes in the
aromatics and olefins content in petrol and cetane number in diesel. The assessment was
based on Scenario 4 conditions in 2010.

Under Scenario 4 conditions in 2010, an increase in the aromatic concentration from 35%
to 42% in petrol is estimated to result in insignificant changes (less than 1%) in emissions
of hydrocarbons, oxides of nitrogen, carbon monoxide and particulate matter. Benzene
emissions, however, were estimated to increase by 4%.

Similar analyses were conducted for changes to olefins content and cetane number in fuel
under Scenario 4 in 2010. An increase of olefins content from 14% to 18% in petrol is
estimated to result in insignificant changes (less than 1%) in emissions of benzene,
hydrocarbons, oxides of nitrogen, carbon monoxide and particulate matter. A reduction of
cetane number in diesel from 55 to 51 also showed insignificant changes (less than 1%) in
these emissions.

Reduction in sulfur content from 50 ppm to 30 ppm in both diesel and petrol also resulted
in insignificant changes (less than 1%) in these emissions.
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The results of these sensitivity analyses are consistent with results of the modelling of
emissions for each scenario where (except for benzene) essentially the same level of
emissions are predicted for Scenarios 3,4,5 and 6.

3.4 Greenhouse Gas Emissions

An assessment of national greenhouse gas emissions was made based on the modelled fuel
consumption for the period 2000 to 2020 and is shown in Table 3.1.

Table 3.1 Greenhouse Gas Emissions (Gg of CO2 Equivalent)
Year Scenario 1 Scenarios 2,3 & 4 Scenarios 5 & 6
1990
2000
2005
2010
2020

54800
67400
73000
78400
85900

54800
67400
72500
76400
81100

54800
67400
72500
76300
80600

An increase in greenhouse emissions from road transport of 27% is predicted under
Scenario 1 over the period 2000 to 2010.  Over the same period an increase of 20% is
predicted for the other scenarios.  This improvement is due to the assumption that the
National Average Fuel Consumption (NAFC) target of 15% improvement over business as
usual would be achieved.  A small improvement in greenhouse emissions for Scenarios 5
and 6 compared with Scenarios 2,3 and 4 is allowed for the improvement in fuel
consumption, which would be associated with use of high octane (98 RON) fuel.  The
results illustrate that fuel quality has little impact of greenhouse emissions from the
transport fleet and that the best prospects for improvement in greenhouse emissions will
come from vehicle technology improvements.

Table 3.2 presents the assessment of increase on greenhouse emissions as a result of
changes to refinery operation required to deliver improved fuel quality.  The assessment is
based on information regarding energy requirements and hydrogen production needs
compared with the base case (Scenario 1).  The emissions estimates are consistent with
extrapolation of greenhouse gas estimates for the period 1990 to 1997 produced by the
National Greenhouse Gas Inventory.

Table 3.2 Refinery Greenhouse Emissions Increases (Gg CO2 Equivalent)
Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
2000 0 0 0 0 0 0
2005 0 200 200 700 700 2100
2010 0 1100 1600 2100 2100 2100
2020 0 1600 1600 2100 2100 2100

Note:  The greenhouse emissions for 2010 and 2020 for Scenarios 5 and 6 do not take account of production
of a high proportion of 98RON petrol as the refineries have indicated that this is not practicable.

The assessment of incremental refinery emissions shows significant greenhouse emissions
associated with the production of improved fuel quality.
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3.5 Key Findings

•  Substantial reduction in air pollutant emissions are predicted over the next ten years
for hydrocarbons, carbon monoxide, oxides of nitrogen, particulate matter and air
toxics including benzene.

•  In general, emissions are relatively insensitive to changes in fuel quality.
Improvements in the emission rates of future vehicle fleets will be due primarily to
advances in pollution control technology.  This is illustrated by the results of the
emissions modelling, which show a relatively small difference in total emissions for
Scenarios 3 to 6.  The major impact of cleaner fuels is to allow new pollution
control technologies to be implemented.

•  Emissions of some pollutants tend to vary in direct proportion with the fuel content
of the pollutant in questions or related substances.  These include sulfur and lead.
Such substances in fuel may undergo little or no transformation during the
combustion process before being emitted.  Fuel quality, therefore, tends to have a
more direct effect on emissions for these substances.

•  Evaporative hydrocarbon emissions are expected to contribute an increasing
proportion of total hydrocarbon emissions over the period studied, and are estimated
to account for the majority of annual emissions by 2010 (under Scenario 4
conditions).  This is because stricter limits on evaporative emissions are not part of
the new exhaust emission standards to be introduced.  It is important to note,
however, that the modelling of evaporative emissions undertaken in this study has
some uncertainties, particularly with regard to the magnitude of running and resting
losses for Australian vehicles.

•  Emissions of benzene show significant variation between the scenarios, which is an
indication of the fuel benzene level specified for each scenario.  The exhaust
component of benzene is estimated to account for the majority of emissions over the
period studied, although the evaporative component will gradually become more
important.  As for total hydrocarbons, the reason for this change is that stricter
limits on evaporative emissions are not part of the new exhaust emission standards
to be introduced, meaning that future evaporative emissions of benzene will depend
upon fuel benzene levels.

•  The Business As Usual travel activity estimates adopted for this study show
significant increases in vehicle Kilometres Travelled over the period studied.  For
most of the pollutants considered, however, total emissions are expected to decrease
for all scenarios modelled.  Exceptions to this are Scenario 1 (base case) emissions
of particulate matter, polycyclic aromatics and acetaldehyde, which are primarily
diesel related.  Emissions of these substances are estimated to stabilise or increase
after 2010 under Scenario 1 conditions.  This is a reflection of increasing diesel
vehicle usage expected for future years.

•  Particulate matter emissions are estimated to significantly reduce under Scenarios 2
to 6 compared with the base case.  The extent of reduction is similar for these
scenarios, which is an indication that the main influence of cleaner fuels is to allow
the introduction of vehicles with improved emissions performance.  Petrol vehicles
are expected to contribute the majority of particulate emissions by 2010, which
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reflects the fact that particulate emission rates of these vehicles are not explicitly
controlled as part of new emission standards.

•  The emissions sensitivity of emissions on aromatics/olefins content in petrol and
sulfur content/cetane number in diesel was investigated.  For petrol vehicles, the
results indicate that benzene is sensitive to the level of aromatics, whereas other
pollutants are relatively insensitive.   Changes to olefin content did not impact
significantly on emissions.  For diesel vehicles, reduction of sulfur levels in diesel
fuel from current levels to Euro 4 levels is expected to reduce particulate matter
emissions. Emissions were found to be relatively insensitive to cetane number.

•  Fuel quality has little impact on greenhouse emissions from the transport fleet and
the best prospects for improvement in greenhouse emissions will come from vehicle
technology advances that allow improvements in fuel economy.  Fuel quality
improvements are required to enable technologies which control air pollutant
emissions associated with engine efficiency improvement.  (For example lean burn
technology offers the promise of improved fuel efficiency at the cost of higher
emissions of oxides of nitrogen from the engine.  Low sulfur levels in fuel are
required to support de-NOx catalysts to address these emissions).

•  Projected greenhouse gas emissions for the Australian transport fleet are projected
to substantially exceed the target of an 8% increase from 1990 to 2010 agreed for
Australian under the Kyoto Protocol.

3.6 Uncertainties

The emissions projections presented provide a reasonable basis for assessment of transport
emissions to 2010 for the nominated scenario.  The projections contain uncertainties in
relation to the application of emissions sensitivity factors from international experience
(predominantly Europe and the United States).  Predictions of emissions to 2020 must be
considered somewhat speculative as new vehicle technologies, such as fuel cell engines and
hybrid vehicles, may change the nature of the motor vehicle fleet within that time frame.
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4 IMPACT OF THE PROPOSED FUEL QUALITY SCENARIOS
ON THE AUSTRALIAN REFINING INDUSTRY5

4.1 Australian Refining Industry Technologies

Australian refining industry technologies are outlined in this section as follows:

•  the generic process-plant elements of a typical oil refinery; and

•  the specific process-plant configurations of Australia’s eight major oil refineries.
Depending on process-plant (and viable feedstocks), product qualities differ for the
eight refineries.

4.1.1 The Typical Oil Refinery

Petroleum is a mixture of crude oil and natural gas, which are extracted from the ground
and transported by pipeline and/or ship to refineries, where the petroleum is processed into
refined products such as petrol, diesel, lubricating oil , fuel oil and bitumen.

Crude oil quality varies enormously depending on its source. ‘Crude’ may be light or
heavy, pale or dark, sweet or sour (low or high in sulfur), paraffinic or naphthenic, and high
or low in heavy metals.

The basic petroleum products are typically LPG, petrol, jet-fuel, diesel and fuel oil. Other
products may include naphtha (as solvents or petro-chemical feedstock), wax, luboil and
bitumen. The product slate (or offtake ratios), and the required qualities of these many
products can also vary significantly with location and time.

As refinery technology and operation are tailored to average crude type and product slate,
actual refineries differ significantly in both size and process plant detail, and thus have
different product quality capabilities and constraints.  The age of the plant and the
prevailing environmental standards also often influence a refinery’s current performance
potential.

In general terms, however, the ‘typical’ oil refinery functions as follows:

•  Crude oil is separated into different fractions by atmospheric distillation.  The crude
oil is heated to 350°C to 400°C and the vapour and liquid are piped into a distilling
column.  The vapour rises and the liquid falls to the bottom.  Heavier hydrocarbons
condense more quickly and settle on the lower trays, and lighter hydrocarbons
remain as vapour for longer and condense on the higher trays.

•  Light fractions are drawn from the trays and removed.  The light gases, methane,
ethane, propane and butane pass out the top of the column, petrol and naphtha are
collected in the top trays, kerosene and gas oils in the middle, and fuel oils at the
bottom.  The residue drawn out of the bottom may be used as fuel or further

                                                
5 This section and the following section provide estimates of the costs of implementing new fuel standards.
Environment Australia has made a complementary analysis of some of the benefits which might be realised
through new standards. This analysis comprises the second part of this volume, at page 149.
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processed (Ref: AIP web page).  Further processing of these fractions is
summarised below:

− light gases are processed to remove impurities and produce LPG;

− light petrol is hydrotreated6 and passed through an isomerisation plant.  Isomerisation
refers to the chemical rearrangement of straight chain hydrocarbons to produce
branches attached to the main chain.  This process produces higher octane products,
making them better petrol blending components.  The product of this process is petrol;

− naphtha is hydrotreated and then passed through a catalytic reformer7 to increase
octane;

− kerosene is hydrotreated;

− light gas oil is hydrotreated and blended to distillate;

− atmospheric residue may be burned as fuel, processed into lubricating oils, waxes
and bitumen or used as feedstock for cracking units.

The main products from crude petroleum are summarised in Table 4.1, from Moeller
(1989).

Residue Conversion Technology

The most distinguishing feature of any  ‘typical’ refinery is its chosen route for upgrading
atmospheric residue. The yield of this heavy fraction ranges from about 10 to 70 per cent of
crude oil, with major quality variations depending on the origin of the crude.

While fractions of some atmospheric residues may be sold with little or no chemical
change (as lube oil, fuel oil or bitumen), most have to be chemically ‘cracked’ to smaller
molecules to economically match market demand. Globally, three cracker types are widely
employed to achieve this: fluid catalytic cracking (FCC), hydrocracking (HCK) or thermal
cracking.  Capital costs and product qualities differ for each cracker type.

To upgrade bottoms of the lighter crudes usually processed in Australia, the refineries use
either a catalytic cracker, a hydrocracker or a lube oil Plant (and sometimes a combination
of these). Thermal cracking is not used in Australia.  The locally used technologies are
briefly discussed below.

Catalytic Cracking

Catalytic cracking is used to breakdown the heavy hydrocarbon fractions under controlled
heat and pressure, in the presence of a catalyst.  The catalyst is in the form of a very fine
powder, which flows like a liquid when agitated by steam, air or vapour. The process yields
more useful products, including petrol, LPG, unsaturated olefin compounds, cracked gas
oils, cycle oil, light gases and solid coke residue.

                                                
6 Hydrotreating is a method of removing impurities form intermediate or final products.  The feedstock is
mixed with hydrogen and heated to 300°C to 380°C.  The oil combined with hydrogen then enters a reactor
loaded with a catalyst which promotes reactions to remove sulfur, nitrogen, metals and other impurities.
7 Reforming is a process which uses heat, pressure and a catalyst (usually containing platinum) to bring about
chemical reactions which upgrade naphthas (hydrocarbon mixtures containing many paraffins and
naphthenes) to isoparaffins and aromatics, which are used to blend high octane petrol.
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Table 4.1 Important Products from Crude Petroleum
Boiling
Range
(°°°°C)

Composition Source Principal Uses

Natural Gas - Mainly methane,
some nitrogen

Natural sources Fuel gas, also
reformed to synthesis

gas
Liquefied
Petroleum
Gas (LPG)

- Propane, butane Stripped from ‘wet’
natural gas or from
cracking operations

Domestic and
industrial fuel –

production of coal
gas, synthetic

materials
Primary

Flash
Distillate

Varies Propane and butane
dissolved in petrol-
kerosene range of

liquids

Preliminary distillation
of crude petroleum

Manufacture of
synthetic gas

Gasoline
[Petrol]

25-175 Complex mixture of
materials.  Contains
additives to improve
performance but no

sulfur or
polymerisable
components.

Primary distillation,
cracking and

reforming processes

Spark ignition
internal combustion

engines

Kerosene 135-300 Paraffinic
hydrocarbons with

substantial proportion
of aromatics, low

sulfur content

Distillation, cracking Agricultural tractors,
lighting, heating and
aviation gas turbines

Gas Oil 175-345 Saturated
hydrocarbons

Distillation,
hydrodesulfurisation

Diesel fuel, heating
and furnaces, feed to

cracking units
Diesel Fuel 175-375 Saturated

hydrocarbons, often
with high sulfur

Distillation, cracking Diesel engines,
furnace heating

Fuel Oils 225-425 - Residue of primary
distillation, blended

with distillates

Large scale industrial
heating

Lubricating
Oils

Wide range Three types: mainly
aromatic, mainly

aliphatic, or mixed.

Vacuum distillation of
primary distillate
residue, solvent

extraction

Lubrication

Wax - Paraffins Chilling residue from
vacuum distillation

Food, candles,
petroleum jelly

Bitumen - Wide variation Residue from vacuum
distillation or

oxidation of residue
from primary
distillation .

Road surfacing,
waterproofing
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Alkylation

Olefins (unsaturated hydrocarbons such as propylene and butylenes) produced by catalytic
cracking may be combined with iso-butane (a small branched chain hydrocarbon), to form
the larger branched chain molecules (iso-paraffins) that produce high octane petrol.  A
liquid acid catalyst is used (hydrofluoric acid, HF, or sulfuric acid, H2SO4). This process is
known as alkylation.

Hydrocracking

Hydrocrackers can upgrade heavy vacuum distillates predominantly to high-quality diesel
and jet-fuel (rather than to petrol).  The hydrocracking process is a catalytic high
temperature, high pressure process for the conversion of petroleum feedstocks in the
presence of fresh and recycled hydrogen. (Speight, 1998)  The naphtha by-product is
further processed on the reformer.

Hydrocracking is a ‘hydrogen addition process’, consuming a significant flow of fresh
hydrogen feed-gas. Besides cracking and hydrogenating feed molecules, hydrocracking
reactors also remove ~99 % of feed-sulfur as H2S so that all the hydrocracking liquid
products are ‘sweet’ (almost sulfur-free).

The main disadvantage of hydrocracking is its high capital cost, due to the extremely heavy
steel vessels and other equipment necessary to contain its 150~200 bar operating pressures,
plus the necessary ancillary hydrogen manufacturing unit.

Luboil Plant

Luboil Plant (LOP) capacities are expressed as output of lube product, rather than as intake
of plant-feed. Using mainly a series of physical separation processes, a typical LOP
complex yields only around 30 per cent finished lube-stock on atmospheric residue
feedstock.  The remaining 70 per cent of LOP feed emerges as vacuum distillates and
residues which the refinery still has to either upgrade (e.g. as fluid catalytic cracking feed
and bitumen) or export  (e.g. as low price heavy fuel oil).

Blending of Road Transport Fuels

Petrol

The typical petrol blend components are :
•  butane (C4-LPG, excellent octanes, but very high volatility)
•  light naphtha (C5/C6 light naphtha, low octane)
•  isomerate (LN converted to hi-octane branched paraffins,  benzene-free)
•  naphtha (reformer feed, usually hydrotreated, low octane)
•  reformate ( very low in sulfur, aromatics-rich,  high octane );
•  alkylate   (sweet, high-octane, low RVP, converted from FCC-LPG);
•  poly-petrol   (similar to alkylate, but with low motor octane number);  and
•  catalytic cracked petrol (olefins-rich, relatively high sulfur).

The two main components of a petrol blend are reformate and catalytic cracked gasoline
(CCG).  Most of the aromatics (including benzene) in a petrol blend come from reformate.
However, virtually all the sulfur and olefins come from CCG.  The percentage of sulfur in
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CCG is closely related to the percentage of sulfur in the FCC feed, and is most
concentrated at the heavy end of CCG.

Diesel

Light gas oil and light cycle oil are by far the main components of diesel.  However, a more
comprehensive list of typical on-road diesel blend components includes :
•  Kerosene ( or ‘heavy naphtha’, direct from the crude distillation unit);
•  Straight run light gas oil (off the crude distillation unit, without hydrotreating);
•  Hydrotreated light gas oil, (light gas oil from more sour crudes, hydrotreated for ~

90 % sulfur removal);
•  Hydrotreated light cycle oil (fluid catalytic cracked light cycle oil with poor cetane,

hydrotreating lowers sulfur and olefinic gums);
•  Hydrocracked gas oil (a low sulfur, high cetane component); and
•  Hydrotreated vacuum gas oil (from the vacuum distillation unit, if ‘pour point’ is

low.  Pour point is the temperature below which the gasoil becomes waxy and no
longer pours easily).

Fluid catalytic cracked light cycle oil is the poorest quality diesel component above,
degrading overall blend parameters of storage stability, sulfur, cetane, and polyaromatic
hydrocarbons (PAHs). To minimise these negative effects (particularly fuel stability), light
cycle oil should always be hydrotreated via a hydro desulfuriser unit before blending.  In
practice, the degree of hydrotreating often varies per refinery.

4.1.2 Australia’s Eight Major  Refineries

Refinery Plant Size and Fuel Quality Data

Table 4.2 shows total refinery intake is almost 40 million tonnes per year (Mtpa).  Thus
average refinery production is about 5 Mtpa, ranging from 3.6 to 6.4 Mtpa. Table 2.3 in
Section 2 provides data on average pool qualities of petrol and diesel produced in
Australian refineries.

Individual plant capacities are given as ‘% of CDU capacity’ in Table 4.2.  (Note that
actual plant utilization may be much less than the plant capacity shown in Table 4.2, and
equal-sized plants may differ in technology and so give different product qualities.)
Together with average crude quality, this helps to explain petrol and diesel quality
differences between the eight Australian refineries.  This data illustrates the chemistry and
plant changes needed to meet future fuel quality goals.

Links between Fuel Quality and Process Plant

Lytton

Lytton’s  petrol is quite low in sulfur (70ppm), despite the large size of the fluidized
catalytic cracker. This may be due partly to the low sulfur content of the crude, but also to a
relatively low final boiling point on cat-cracked petrol, which excludes much of the sulfur
in cat-cracked petrol.   In 1997, Lytton’s average diesel had only 380ppm sulfur, the lowest
in Australia.  This may be due to Lytton’s 1995 large hydro-desulfuriser unit.
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Kurnell

Kurnell and Clyde petrols have about 17% olefins, the highest in Australia. This is a result
of these refineries having Australia’s largest fluid catalytic cracking units.

Bulwer Island

The percentage of sulfur in petrol from this refinery is higher than the industry average,
probably due to high sulfur crudes, and the higher than average final boiling point of cat-
cracked petrol.  The sulfur composition of Bulwer’s diesel was also high in 1997, at
2100ppm,  indicating that this refinery was not yet deeply de-sulfurising its light gasoil and
light cycle oil.

Kwinana

Petrol produced at Kwinana has quite low olefins (due to a relatively small fluid catalytic
cracking unit) and low benzene (due to a fairly small reformer and a large Isomerisation
unit).  Compared with the Australian average, Kwinana diesel is high in sulfur and low in
cetane, most probably due a feed slate rich in high sulfur Middle East crude.

Altona

Altona and Port Stanvac have the biggest reformer ratios (33% CDU). Consequently, the
benzene composition of petrol is also much higher than average for these two refineries.
Sweet Gippsland crude at Altona keeps sulfur in both petrol and diesel lower than the
industry average.

Port Stanvac

Petrol produced at this refinery has extremely low olefins (1%) and low sulfur (22 ppm),
and the diesel has the highest cetane-index of all diesel produced at Australian refineries.
This is due primarily to the absence of a cat cracker at Port Stanvac. Uniquely among
Australian refineries, atmospheric residue is upgraded only by a Luboil Plant at Port
Stanvac.

Geelong

The petrol produced at this refinery has an average of only 90ppm sulfur, possibly due to
hydrotreating much of FCC feed in Geelong’s hydro desulfuriser unit, which thus avoids
high levels of sulfur in the cat-cracked petrol.

Clyde

Petrol pool octane is a full one point higher than the Australian average. This is facilitated
by Clyde’s super low-pressure CCR (Continuous Catalytic Reformer, 50 psi reactor outlet
pressure) which can give higher yields of higher octane reformate than possible with most
other reformers. Clyde also has the biggest FCC capacity (40 % of CDU), which explains
why the olefins content of petrol is Australia’s highest, at 17 %. Clyde diesel has 2200ppm
sulfur (the industry high), due to Clyde’s relatively old and undersized hydro desulfuriser
reactor.
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Table 4.2 Refinery Crude Capacity and Relative Plant Sizes, 1997
Caltex BP Mobil Shell

Location - Major Refinery Lytton
QLD

Kurnell
NSW

Bulwer Island
QLD

Kwinana
WA

Altona
VIC

Port Stanvac
SA

Geelong
VIC

Clyde
NSW

Refinery Capacity   Mtpa
   (Total = 38 million tpa)

4.6 5.4 3.4 6.4 5.3 3.6 5.3 4.0

Crude Distillation Unit/s  (×1000 barrels, per day)
(Total = 812,000 barrels per day)

100 116 74 138 110 78 110 86

Relative Plant Sizes       % CDU
Atmospheric CDU            % 100 100 100 100 100 100 100 100
Hydrotreating (of C5/C6, Kerosene)      % - - - 9 - - 30 23
Isomerisation, Isosiv* (of C5/C6)   % 8 8* 0 11 0 13 7 0
Reforming (of  hydrotreated naphtha)     % 26 26 18 16 32 33 28 23
Fluid Catalytic Cracking 33 39 28 24 21 - 36 41
Alkylation, with HF (H2SO4)*     % 3.3 3.6* 3.3 2.4 2.6* - 4.1 3.5
Catalytic Polymerisation            % 1.6 1.4 - 1.5 - - 2.5 1.4
Hydro desulfurisation, (gasoil)  % 9 14 13 13 13 12
   ‘    - (gas oil + kerosene), (G+K+N)*  % 48 78*
Sulfur Recovery Unit           % ~0.2 0.16 0.35 0.37 0.06 0.28 0.86 0.90
Vacuum distillation (including luboil)      % - 16 - 14 30 33 9 24
Luboil plant -Output Capacity   % - 3.3 - 2.6 - 8.0 2.7 -

CDU   Crude Distillation Unit; C5/C6   Pentane / Hexane; FCC   Fluid Catalytic Cracking; G+K+N   Gasoil + Kerosene + Naphtha; HF   Hydrofluoric Acid;
H2SO4   Sulfuric Acid
Source:  AIP, 1998
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4.2 Methods of Achieving Fuel Quality Changes in Australian Refineries and
Associated Estimated Costs

Section 7.2 of the full report describes the processes that can be used to deliver the
range of fuel quality improvements called for in the scenarios modelled.

Cost estimates for processes to deliver specified fuel standards were assessed by
linear program modelling by specialist engineers from Australian refineries.  This
process included modelling of new plant and alternative feedstocks for several of the
proposed fuel quality scenarios.  The results are therefore specific to the location of
the refinery and the fuel quality scenario being addressed.

The modelling of options towards a ‘minimum cost’ response to fuel quality changes
is subject to assumptions / perceptions about the external business environment,
internal constraints, relative operating and capital costs of competing technologies and
corporate financial goals.  Therefore, a wide range of equally valid ‘minimum cost
solutions’ is to be expected from the modelling process.  Increases in operating costs,
as well as capital costs, were considered.

4.2.1 Assessment of the Cost Implications of the Proposed Scenarios on the
Refining Industry

The following discussion presents consolidated cost data from Australia’s eight major
oil refineries.  Refinery specific data is presented to the extent allowed by
confidentiality undertakings made to the companies who provided the information.

Cost estimates were evaluated relative to Scenario 1, which includes all costs to
reduce petrol Reid Vapour Pressure (RVP) to a level which satisfies current tighter
Australian volatility specifications.  The cost of Scenario 1 is taken notionally as nil.

The central costing estimates presented in this section are the cost increases (relative
to the base case) of producing fuel to meet Euro 4 specifications for fuel quality, as
defined by Scenario 4.

The oil refinery representatives found it was too complex and impractical (with the
resources available) to develop cost estimates for Scenarios 2, 3, 5 and 6 to the same
level of detail as Scenario 4.  Rather, additional data was indicated as overlays on
Scenario 4, where this was seen as being relevant.

The costing variations for Scenarios 2, 3, 5 and 6 relate only to petrol as all scenarios
called for the same diesel quality as Scenario 4 (with the exception of 30 ppm sulfur
in diesel for Scenario 6).

Formula for Refining Cost of Fuel Quality Changes

Estimates reviewed in the literature are often provided in very different currencies, on
different volume units, and from different technical bases. To reduce these diverse
‘ball-park’ study numbers to one common parameter of Australian cents/litre and so
facilitate comparisons, the following formula (Equation 1) is used for this study.
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Equation 1 D = (C/5 + A)/12.F

where D = Incremental refining cost (c/L)

C = Capital costs ($ million)

A = Annual operating cost ($ million pa)

F = Fuel amount (Mtpa)

This formula is founded upon the following process and economic bases:
•  The cost of capital (for interest and capital repayments) has been taken as

around 20% pa of capital employed (therefore $M pa cost =C/5).  This equates
to the annual fixed payment to discharge a capital loan in 7 years at 10%
interest rate;

•  The annual operating cost includes the usual obvious costs (energy
consumption, manpower, maintenance etc) plus the net cost of purchasing
more crude or other material (eg MTBE) needed to replace liquid volume or
quality downgraded by the selected new conversion process;

•  The fuel amount involved in the study is rounded off to three significant
figures, approximating  1200 ML ≈ 1 Mtonne (rough average conversion for
petrol and diesel); and

•  Incremental refining cost (c/L) = total cost increase (cents pa) / total liquid fuel
(Lpa).

4.2.2 Refinery Costs Associated with Scenario 4

The cost data provided by the refineries were assembled by a chemical engineer with
substantial refinery experience.  The costings provided by each refinery were
compared to assess consistency across refineries and where anomalies were identified
the results were challenged.  The costing information set out in the following sections
reflects the information provided and is considered reasonable.

In the case of petrol significant costs were associated with reduction of sulfur, olefins,
aromatics and benzene.  These changes are particularly problematic in conjunction
with the projected increase for octane demand.

Sulfur in Petrol

Reduction of sulfur content in petrol would generally be achieved by treatment of the
catalyst cracked naphtha stream.  This process would generally be sufficient to
achieve petrol sulfur concentrations as low as 30 ppm.

Olefins

The data provided by the oil refineries indicates that mandating the 14% olefins in
Euro 4 (rather than maintaining current 16 to 17% peak-levels) would force two
refineries equipped with large fluid catalytic crackers to:

•  Increase their combined total capital expenditure by approximately $170
million;
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•  Increase their petrol costs by an average of 0.9 c/L; and

•  Increase total greenhouse gas emissions by approximately 100,000 tpa CO2.

Aromatics

The information provided by the refineries indicates that the cost of decreasing
aromatics from 42% (specified for Euro 3) to 35% (specified for Euro 4) will be very
high. To satisfy the projected future increased demand for high octane fuels, existing
naphtha reformer severities would normally be increased to make more high-octane
aromatics. However, a specification of 35% aromatics would remove this option for
increasing the octane content of the fuel, leaving refiners with more expensive options
such as new investment (e.g. isomerisation and alkylation units) and additives (e.g.
MTBE and MMT).

One oil refining company has estimated that by 2020, the additional cost to lower
aromatics from 42% (Scenario 4 in 2005) to 35% (Scenario 4 in 2008) would be 1.0
and 2.1 c/L for each of its two refineries. The different cost estimates are due to the
different site configurations and capacities.

Volatility – Reid Vapour Pressure (RVP )

Experience in Sydney is that it has proven possible to achieve summertime RVP
reductions to 67kPa at modest cost (less than 0.1c/L) by removal of butane.  Costs
will increase for the 2000/2001 summer when summertime RVP is to be limited to
62kPa through an agreement between NSW EPA and the Sydney based refineries.

Depending upon the starting point, initial reductions in RVP can be made cheaply but
costs increase for subsequent improvements.  Costs to achieve a nominated RVP
improvement vary significantly from refinery to refinery. The primary mechanism for
lowering RVP is removal of butane.  The cost associated with this process arises from
the additional plant required for the separation of butane from product streams and the
losses associated with disposal of the extracted butane.  Use in automotive LPG is
controlled by demand growth and market factors, which differ from refinery to
refinery.  Replacement of natural gas used to fuel refinery operations is limited by
existing gas demand.  Storage of butane for subsequent reuse is expensive as large
pressurised spheres are required and existing storage facilities are limited.  At some
refineries it would be necessary to flare excess butane.

Increase in Octane

Delivering increasing octane demand while simultaneously removing high octane
components of fuel was identified by all oil companies as technically challenging and
costly.  A discussion of this problem is contained in Section 7.2.5 of the full report.

Total Capital Expenditure

The data supplied by Australian oil refineries indicates that the production of Euro 4
diesel and petrol (including 50 ppm sulfur for both fuels) would require Australian oil
refineries to invest a total additional $1320 Million (M) above what is already
planned.  At one refinery, a substantial proportion of the work required to achieve
Euro 4 diesel and petrol is already committed in existing programs.  Excluding this
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refiner, capital investment per refinery averages $185M.  The capital cost range is
shown in Figure 4.1.

Figure 4.1 Total Capital Costs to Provide Euro 4 Diesel and Petrol
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The ‘yet-to-invest’ caveat excludes BP’s Queensland refinery where the investment to
make E-4 fuels has already been approved and construction is well under way.
Likewise, to avoid distortions, Bulwer Island data is excluded from the average unit
costs reported below.  Data for the Shell Clyde refinery is included, though Shell have
indicated that they do not see a future for the Clyde refinery beyond 2006.  The Clyde
costs are included in the total, but are not likely to be incurred in Australia due to
Shell’s position regarding the future operation of the refinery.  The shortfall in supply
resulting from the departure of Shell would be met by a combination of increase in
production from remaining refineries and import.

Due to refining technology advances, including improvements in catalysts, the above
$1.3 billion total is about $700 million less than would have been the case a decade
ago. However, in the present global situation of very low gross refiners’ margins,
$1320 million still represents over 15 years of total after-tax profit for the entire
downstream oil industry. Profit was just $81M in 1997 (Financial Review, 18
November 1999). Some local refiners are concerned that Euro 4 investment demands
could trigger refinery closures in or before 2006.

Total Operating Expenditure

For Australia’s eight refineries, operating expenditure would increase by a total of
$136M pa for the production of Euro 4 fuels, an average of $17M pa per refinery.
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Incremental Unit Cost of Production of Euro 4 Fuels (Scenario 4)

Allowing a capital charge at 20% pa, the average extra capital plus operating costs for
local refining of Euro 4 fuels would be :

•  Euro 4 Diesel 1.5 c/L
•  Euro 4 Petrol 1.1 c/L.

The bar charts in Figures 4.2 and 4.3 show the capital and operating costs for each
Australian refinery, expressed in cents per litre, with refinery names suppressed at oil
company request.  Costs assessed for the Shell Clyde refinery are identified in Figures
4.2 and 4.3, as Shell has indicated that the future of the Clyde Refinery is currently
uncertain beyond 2006.  A range of costs is evident, depending on existing
configuration and size for each of the seven refineries represented.  A more detailed
discussion of the differences in cost estimates from the refineries is provided in
Section 7.5 of the full report.  Those sites facing potential costs significantly above
the Euro 4 average are at more risk of closure.  In their assessment of the lack of a
future for the Clyde Refinery, Shell has identified costs associated with the production
of higher quality fuel as a significant factor.

The above Australian cost estimates are comparable with recent European estimates
for the costs involved in the production of Euro 4 fuels. CONCAWE (1999b)
estimated the average cost for the production of Euro 4 petrol to be 0.9c/L (based on
50ppm sulfur) and 1.6c/L for the production of Euro 4 diesel (the average cost of
increasing cetane number from 51 to 55).  Increasing cetane number beyond 56 for the
EU as a whole was found to be impractical and a cetane number of 56 was considered
a practical upper limit and required the use of a cetane improver additive.

Figure 4.2 Estimated Cost of Production of Euro 4 Diesel
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Figure 4.3 Estimated Cost of Production of Euro 4 Petrol

4.2.3 Green House Gas Emissions Associated With Scenario 4

The production of Euro 4 fuels will increase energy consumption in refineries, and
therefore increase greenhouse gas emissions.  The increased energy consumption will
result from direct fuel burning in process furnaces, carbon rejection to make hydrogen
and by remote electricity generation.  It is estimated that total greenhouse gas
emissions from the eight refineries will increase by 2.1 million tonne pa CO2
equivalent.  The estimated increase in greenhouse gas emissions from the eight
refineries is illustrated in Figure 4.4.

Figure 4.4 Estimated Additional Greenhouse Gas Emissions for the Production
of Euro 4 Fuels (relative to Euro 2 fuels)
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The costs of greenhouse gas emissions may well include carbon trading permits.
Refineries will generally not be able to fit the additional emissions into any allocation
based on historical emissions and will have to buy additional permits to cover the cost
of fuel quality improvements. Given the uncertainty regarding the timing and detail of
introduction of a carbon trading system, however, no carbon trading costs are
included in any of the costs presented in this report.

4.2.4 Refinery Costs Associated with the Production of Fuels for Scenarios 2,3,5
and 6, Relative to Scenario 4

In developing the refinery costs, Scenario 4 was treated as a central scenario and
savings or additional costs associated with Scenarios 2, 3, 5 and 6 were estimated by
comparison with Scenario 4.  This approach was followed as it was not feasible for
the refineries to develop separate costing for each of the scenarios considered.  A cost
comparison against the baseline (Scenario 1) is presented following the discussion
presented below.

Refinery costs associated with Scenario 2

Scenario 2 (‘MVEC/MBE (Explicit) Option’) includes the tightening of the
specifications for petrol to Euro 3.  For refineries equipped with large fluid catalytic
crackers, this can cut the estimated Scenario 4 capital costs by approximately $100M,
and operating costs by approximately $10M pa.  The extra unit cost of petrol would
be about 0.5 c/L.

Refinery Costs Associated with Scenario 3

Scenario 3 (‘Best Endeavours’ – MVEC/MBE (Implicit) Option’) includes the
introduction of Euro 4 petrol in 2008, with parameters other than sulfur concentration
and RVP set on a refinery best endeavours basis. Euro 4 diesel would be introduced
under this scenario in 2006, with mandatory 50 ppm sulfur.

Data supplied by the oil refineries for Scenario 3 indicates that capping benzene at 3%
(in comparison with the 1% specified in Euro 4, as modelled by Scenario 4) would:

•  reduce industry wide capital costs by approximately $100 million (average
capital cost per refinery by about $18 million);

•  reduce petrol costs by 0.2c/L compared to Scenario 4;

•  reduce refinery greenhouse gas emissions by 500,000 tpa CO2.

The cost analyses undertaken by the refineries indicated that relaxing summer RVP to
65kPa (compared to 60 kPa for Euro 4) would have little, if any, cost impact on
Australian refineries, since essentially all the work to reach the 60 kPa of Euro 4 will
be done in Scenario 1.

Refinery Costs Associated with Scenario 5

Scenario 5 ‘Euro 4 transport fuels by 2006’ includes the setting of all parameters for
petrol and diesel to Euro 4 specifications from 1/1/2006.  Scenarios 5 and 6 call for
supply of high octane (98 RON fuel to new vehicles from 2008-09.
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98-RON PULP combined with 35% Aromatics

The Euro 4 specifications lower most of the traditional high-octane components
(benzene, aromatics, olefins and butane) in the national gasoline pool. Over the period
2008 to 2020, Scenarios 5 and 6 include an increase in pool-octane by up by 4 points
to over 97-RON, with 98-octane Super-PULP rising to 65% of the pool.

All refiners advised that a 98 RON pool of more than 10 to 15% was infeasible
without massive amounts of MTBE. One refining company showed that changing
from near Scenario 2 petrol (95 RON PULP with 42% aromatics) to Scenario 5,6
petrol (98 RON Super-PULP with 35% aromatics) would raise unit cost of petrol by
3.7 c/L at their two refineries. Relative to Scenario 4 petrol (at 35% aromatics from
2008), the introduction of 98 RON PULP alone in Scenarios 5,6 would eventually
raise costs by a further 2.3 c/L.  It was estimated that 80% of this cost increase would
be from the incremental cost of MTBE purchases, with the balance due to capital
charges on large new reformer and isomerisation units.

Refinery Costs Associated with Scenario 6

Scenario 6, the ‘most stringent case’, includes the introduction of 30ppm sulfur in
petrol and diesel from 2008.

The costing analyses undertaken indicated that lowering the sulfur content of diesel to
30 ppm could usually be done at marginal cost (for a slightly bigger, hotter HDS-type
reactor), typically adding 0.1 to 0.2 c/L to diesel cost.

For most refineries, to lower the sulfur content of petrol from 50 to 30 ppm required
no capital expenditure, just some increase in operating costs for hotter hydrotreating.
In some cases, a reactor size increase, or a sulfur guard bed was required, thus raising
industry-wide petrol cost by around 0.1 c/L.

4.2.5 Differences in Refinery Cost Estimates

All four oil companies (BP, Caltex, Mobil and Shell) have plans for 50 ppm sulfur in
both fuels. Notably, the companies that delivered the most comprehensive and
detailed cost estimates were also usually the ones with the highest cost estimates.
They presented very clear strategies and funds for dealing with Euro 4 specifications
such as 55 Cetane number diesel and 98-RON petrol. Often companies with lower
estimates had smaller problems to solve.  For example, low sulfur and low olefins in
petrol is easy to achieve without cat-cracked petrol. Likewise, with existing high
capacity for sulfur removal, low sulfur diesel can be less costly.

The cost estimates for each refinery depend strongly on the following factors.

1. Existing refinery plant type, technology and size:

− overall refinery capacity – there are significant economy of scale effects;

− Fluid Catalytic Cracker - makes the olefins which go into petrol and most of
the PCAs in diesel;  the poor quality effects of these components are expensive
to correct;

− Isomerisation Plant - usefully raises octane of straight-run light naphtha;
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− Alkykation Plant – converts volatile, olefinic LPG to low-RVP / high octane
alkylate;

− Naphtha Reformer – spare capacity can quickly make more octane-barrels, and
more hydrogen;

− Hydrogen Manufacturing Unit (HMU) – may be essential for the removal of
sulfur from diesel;

− small gasoil hydro-desulfuriser (HDS) – suitable for conversion to naphtha
HDS service;

− utilities infrastructure.

2. Diverse long-term company forecasts of crude and feedstock supply, including:

− light / heavy differential prices (and availability);

− high / low sulfur differentials;

− aromatics differentials (e.g. can influence decision on a gasoil hydrogenation
reactor);

− finished product blending components (to correct sulfur, octane, cetane etc.);
and

− low quality product export prices.

3. Company culture:

− less Conventional – perhaps more innovative / less risk averse;

− conservative  approach, designs cost more but are sure to work.

Another key factor which widens the range of estimates is the difficulty (and optional
choices) of modelling the increased demand for high octane fuels.  While Euro 4
petrol specifications might be mandated in 2008, the actual pool octane required is
dictated by the ever changing vintage of the national vehicle fleet.

For two or three years, the increased demand for high octane fuel might be addressed
at zero capital cost simply by using an additive such as MMT. In due course,
however, investment in isomerisation plant is normally required.  Finally, for the long
term pool octane specifications of Scenarios 2 to 6, MTBE (or some equivalent
blend-stock) would usually be required.

Apart from the six scenarios of this review, most oil companies also have their own
internal scenario ideas. Several refiners have observed that the present underlying
petrol volume projections may well become irrelevant if /when some alternative
technology (such as the electric or fuel-cell vehicle) displaces the traditional petrol-
vehicle.

4.3 Key Issues for Refiners

Some of the key issues that were considered by the oil refining companies in their
review of the scenarios and in undertaking the cost estimates are summarised below.
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Automotive LPG as a Vital Butane Sink

The Euro 3 summer RVP of 60 kPa will be met largely by sharper, higher cut points
in existing petrol stabilizer columns to remove more butane as top product.  In some
cases, capital expenditure will be needed for column revamps and for increased
butane storage plus upgraded LPG distribution facilities.

The refiners have assumed that incremental butane outputs will be readily absorbed
into the growing auto-LPG market.

Olefin Level in Euro 4 Petrol

As outlined in Section 7.3.5, Scenario 5, mandating olefins at 14% (rather than 18%
of Euro 3) would require industry capital expenditure of $170 million.  The literature
review undertaken for this project does not indicate a clear corresponding benefit in
terms of reduced motor vehicle emissions.

Aromatics level in Euro 4 Petrol

One strategy to meet lower standards for aromatics and higher octane requirements is
to blend MTBE or MMT into petrol. In the case of MTBE, fuel efficency is reduced
because of the lower calorific content.

Petrol Pooling

The idea behind pooling is to achieve a nominated fuel quality averaged over time or
grades.  This concept could apply to parameters such as benzene, olefin and aromatic
content as these parameters do not affect vehicle engine or control systems.  The idea
is that emissions would vary with time or for different fuel grades (say unleaded fuel
and premium unleaded fuel) but the average emission rate would be same as if fuel
quality did not change.  This would allow some quality parameters to be relaxed at
some times or in some grades to reduce production costs while maintaining a
particular emissions outcome.

One pooling concept put forward was to meet benzene aromatic and olefin
requirement, on average, across the range of octane grades supplied.  The specified
values would be exceeded for high octane grades (95RON and 98RON) and this
would be offset by a corresponding reduction for low octane grade petrol (unleaded).
This would allow the emissions impacts to be controlled, while reducing costs for
production of high octane fuels.  This was seen as a transitional arrangement as, over
time, it is expected that the bulk of petrol supplies would be premium unleaded
(95RON).

Treatment of imported fuel in an equitable way under a pooling scheme would be
problematic and would need to involve some form of averaging over multiple
shipments.
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4.4 Summary of the Estimated Average Cost Implications of the Proposed
Scenarios on the Refining Industry (Relative to Scenario 1)

 Table 4.3 summarises the estimated average cost implications of the proposed fuel
quality scenarios on the refining industry.

Table 4.3 Summary of Average Fuel Cost Increases, Relative to Scenario 1

 
Increase in

operating costs
per refinery

Increase in
capital cost   per
refinery by 2008

Increase in petrol
price by 2008 /

2020  (c/L)

Increase in diesel
price   (c/L)

2 $7M  pa $85M 0.5 to 0.8 1.5
3 $7M  pa $167M 0.9 to 1.2 1.5
4 $17M pa $185M 1.1 to 2.1 1.5
5 $79M pa $260M 1.4 to 5.3 1.5
6 $79M pa $260M 1.4 to 5.3 1.6 to 1.7

  Notes :

4. The above c/L sums are the oil refining company’s incremental costs (not prices). The actual price
increases at the bowser may be impacted by imports of overseas surplus petrol and diesel.

5. Scenario 5 costs are virtually the same as Scenario 6 costs, since both have the same tighter
specifications on olefins and the introduction of 98 RON PULP. They differ only marginally in
timing , and the reduction of sulfur in petrol from 50 to 30 ppm.

6. For Scenarios 5 and 6, (relative to Scenario 4), the average increase in capital and operating costs
are:

− for olefins, about $25 M for capital costs and $3M pa for operating costs, resulting in a cost
increase of 0.3 c/L from 2008, plus

− for 98 RON PULP, about $50M for capital costs and $60M pa increased operating costs,
resulting in a further cost increase of 2.9 c/L by 2020.

7. Due to the range of viable operating and plant change options available, and also due to the
multiple interactions and synergies between nearly all refinery plant investments, it is impossible
to precisely identify, isolate and quantify costs pertaining to just one particular fuel quality change
(e.g. aromatics or olefins). The numbers in the table above are estimates only.

8. Costs are relative to Scenario 1.  The cost of Scenario 1 was taken as zero, as the refinery models
were developed on the basis that operations and projects required for ‘business as usual’ are
already in place.

4.4.1 Cost Sensitivities

Reduction in olefin level from 18% (currently specified for Euro 3 fuel) to 14%
(adopted for the definition of Euro 4 fuel used in this report as olefin content is
currently unspecified in the European standard) would result in production cost
increases of the order of 0.9 c/L by 2020.

Estimated production costs were sensitive to the assumptions in relation to octane
demand.  Substantial production cost increases were assessed if a large proportion of
the petrol vehicle fleet were to be supplied with 98 RON petrol coupled with tight
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constraints on olefin and aromatic content.  Should 98 RON petrol be required
relaxation of the limits on olefin and aromatic content may need to be considered and
use of octane enhancers such as MTBE and MMT may be required.  This will be
particularly important in regions were octane enhancement additives (such as MTBE)
are excluded by regulators for environmental reasons.

Costs for achieving reductions to petrol volatility (RVP) are strongly influenced by
the availability of a productive means of using butane.  Cost effective achievement of
further reductions in RVP is linked to growth in the market for LPG which represents
a productive use for butane with potential to absorb substantial volume.

Following commissioning of plant to achieve petrol with sulfur content of 50ppm
reduction of sulfur concentration from 50ppm to 30ppm could be achieved at modest
cost by the oil industry.  Recent indications are that emerging advanced vehicle
emission control technology may depend upon very low sulfur levels in petrol and
diesel.  Reductions below 10ppm in petrol would involve substantial capital
expenditure as treatment of a wide range of blend stocks would be required.
Reduction to 30ppm could generally be achieved by treatment of the catalyst cracked
gasoline stream alone.

For an analysis of the benefits of new fuel standards undertaken by Environment
Australia see Part 2 of this volume (page 149).
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5 ESTIMATION OF THE IMPACT OF HIGHER FUEL PRICES
ON THE AUSTRALIAN ECONOMY8

5.1 Introduction

This Section provides an assessment of the impact of the higher fuel prices on the
Australian economy.  An illustrative simulation was undertaken, involving a reduction
in the productivity of refining in Australia such that costs to the industry rose, initially
by one per cent.  Such a simulation would lead to an initial one per cent rise in the
cost of refined petroleum products to industry.  The results of this illustrative
simulation were then assessed in relation to the estimated costs of the six scenarios to
the petroleum industry, as outlined in Section 4 of this summary.

It must be stressed that the simulation is illustrative of the effects of higher costs.  It
does not fully capture the differential impact on the refining industry of introducing
higher fuel standards.  Perhaps more importantly, the simulation is not intended to
measure the net effects on the economy of higher fuel standards as it focuses on the
costs of achieving these standards, and does not attempt to quantify the benefits.

5.2 The modelling framework

Higher fuel standards would raise refining costs leading to higher fuel prices for
industry and consumers.  The initial effects of higher fuel prices, however, provide
only a partial picture of the impact higher fuel prices would have on the economy.
Higher fuel prices raise industry costs, therefore, their imposition would initially
decrease the competitiveness of industry leading to decreased sales, decreased exports
and decreased employment.  There would also be further changes in the economy as it
adjusts to the reduced market opportunities brought about by the increase in fuel
prices.  Of course, higher quality fuel may provide environmental benefits and these
would need to be taken into account in any overall assessment of the net benefits from
higher quality fuel.

To analyse the economic effects of higher quality fuel, a model of the economy is
required which captures both the direct and indirect effects of introducing higher fuel
standards.  The State Model of the Australian economy has been extensively used to
examine policy issues.  It is a General Equilibrium Model with an economic structure
very similar to the ORANI Model of the Australian economy.  The version of the State
Model used in this analysis has a 1994–95 database with 109 industries (see Attachment
8-A of the full report).

An important aspect of the State Model analysis of the introduction of higher fuel
standards is the specification of the economic environment in which the change is to
be assessed.  In this analysis a long-run environment is specified in which industry has
a reasonable degree of flexibility to change production techniques to adjust to higher
fuel prices.  The key assumptions in the long-run environment are:
•  wage rates adjust to equate labour supply to the increased demand for labour;

                                                
8 For further commentary on the impacts on the Australian economy see Part 2 of this volume (page
149).
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•  industry and economy-wide stocks of capital adjust to maintain given rates of
return;

•  tax rates adjust uniformly to maintain a real public sector borrowing
requirement; and

•  nominal household savings are a fixed proportion of nominal household
consumption.

5.2.1 The shock imposed on the model

The simulation consisted of a non-uniform reduction in productivity of refining.
Productivity declines were imposed on capital, labour and key inputs such that
industry refining costs rose, initially, by one per cent.

5.3 Results of the Illustrative Simulation of the Costs of Achieving
Higher Fuel Standards

A simulated decline in the refining productivity would lead initially to a one per cent
increase in fuel prices (ex-refinery).  The higher fuel prices induced by higher fuel
standards are found to have a small negative impact on the economy (Figure 5.1).

Figure 5.1 Macro economic impact of a one per cent increase in the ex-refinery
price of fuel (percentage change)
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The magnitude and sign of this result were to be expected.  First, a relatively small
impact on the economy was expected, as the initial shock imposed on the model was
equivalent to approximately 0.02 per cent of national output.  A small initial impact
on the economy generates small overall impacts.

A negative overall impact was also expected, as previous work has established that
higher fuel prices tend to reduce the competitiveness of the economy leading to
reduced output.  These effects can be seen to be operating in the macro-economic
results given in Figure 5.1.  The higher fuel prices increase the cost structure of the
economy as indicated by a rise in the CPI.  A higher cost structure reduces exports.  In
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addition, as the competitiveness of the economy declines, wage rates adjust
downwards in real terms to maintain employment levels.  This drives down labour
income, which is a major contributor to decreased consumption.  With real
consumption and exports falling, it is not surprising that GDP falls also (Figure 5.1).

The detrimental effects on national output of higher fuel prices can be seen when the
total effect on national output of the decline in productivity is compared to the initial
effect of the productivity decline (Figure 5.2).

Figure 5.2 Impact on national output of a one per cent decline in the
productivity of refinery operations ($million, 1994–95 prices)
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The flow-on effects of the higher fuel prices are relatively strong (Figure 5.2) because
they fall disproportionately on some of Australia’s more efficient export industries.
Thus, as shown in Table 5.1, some of Australia’s major export-orientated industries
are the most affected by the decline in productivity.  As these industries are amongst
Australia’s most efficient industries, a decline in the output of these industries reduces
economic efficiency adding to the initial effect of the decline in productivity.

Table 5.1 Impact on the output of selected industries of a one per cent increase
in fuel prices (percentage change)

Sheep -0.02
Grains -0.01
Beef cattle -0.02
Coal, oil & gas 0.04
Iron ore -0.05
Petroleum & Coal Products -0.09
Non-ferrous metal ores -0.16
Other food products -0.02
Basic non-ferrous metals & products -0.01
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Note that the Coal, Oil and Gas industry expands output in the simulation (Table 5.1).
In the model, coal is included along with oil and gas in the model industry coal, oil
and gas.

In the simulation, the Petroleum Products Industry is assumed to initially require an
additional one per cent of crude oil to produce the same quantity of fuel to meet the
new specifications.  Thus, even though the output of the Petroleum and Coal Products
Industry falls by 0.09 per cent, the demand for crude oil is still higher because more
crude oil is required per unit of output.  Overall the demand for crude oil rises in the
simulation and this is reflected in the coal, oil and gas industry, which expands output
by 0.04 per cent.

5.4 Estimation of the impact of the estimated fuel price increases on the
Australian economy

Section 5.3 outlined the impact of a 1% increase in fuel prices on the Australian
economy.  The following table summarises the impact of the estimated fuel price
increase for each scenario (from Section 4) on the Australian economy, based on the
information provided in Section 5.3. The base price for petrol was taken as 26c/L (the
average price for petrol in November, 1999, based on information provided by the oil
industry).  The base ex-refinery price for diesel was taken as 25.5 c/L half a cent
lower than the ex-refinery petrol price.  This differential was assessed from based on
the difference between terminal gate prices for unleaded petrol and diesel.  Production
cost increases were assessed for conditions anticipated for 2008 by which time
significant change to fuel quality would be required under each of the scenarios
(Scenarios 2 to 6) which depart from business as usual.

Fuel prices at the bowser are made up of cost contributions from crude price, refining
costs, distribution costs, distributors margins and taxes.  In 1999 federal excise on
unleaded petrol and diesel was 43.485 c/L.  Subsidies are provided by some states.
The value of these subsidies ranges from nil for most of New South Wales and
metropolitan South Australia to 8.2 c/L in Queensland.  The assessment of economic
impact is based on the change that would apply at the refinery gate prior to imposition
of taxes.  For the purposes of this work October 1999 prices are used as these were the
latest available at the time of reporting.

The economic impacts set out in Tables 5.2, 5.3 and 5.4 show significant effects on
the Australian economy.  The effects represent the change from the Scenario 1
outlook.  The impacts were developed by extrapolation of the results of a simulation
of a one percent increase in production cost compared with business as usual
(Scenario 1).
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Table 5.2 Macro economic impact of increased cost of fuel production
(percentage change)

Percentage Change

Scenario

Percentage
increase in ex-
refinery price

Real
consumption Exports GDP

Real
current
account CPI

Real
wages

2 3.6 -0.20 -0.07 -0.14 -0.17 0.06 -0.30
3 4.5 -0.26 -0.09 -0.17 -0.22 0.07 -0.37
4 4.9 -0.28 -0.10 -0.19 -0.23 0.08 -0.45
5 5.5 -0.31 -0.11 -0.21 -0.26 0.08 -0.45
6 5.8 -0.33 -0.12 -0.22 -0.28 0.09 -0.48

Table 5.3 Impact on national output of increased cost of fuel production
($million, 1994–95 prices)

Scenario
Percentage increase
in ex-refinery price

Initial reduction
in output

Flow on effects Total reduction
in output

2 3.6 373 278 651
3 4.5 467 347 814
4 4.9 508 378 886
5 5.5 571 424 994
6 5.8 602 447           1049

Table 5.4 Impact on the output of selected industries of increased fuel
production costs (percentage change)

Scenario

Model Scenario 2 Scenario3 Scenario 4 Scenario 5 Scenario 6
Percentage
increase in fuel
production cost

1.00 3.6 4.5 4.9 5.5 5.8

Sheep -0.02 -0.06 -0.07 -0.08 -0.09 -0.10
Grains -0.01 -0.03 -0.04 -0.04 -0.04 -0.05
Beef cattle -0.02 -0.07 -0.08 -0.09 -0.10 -0.11
Coal, oil & gas 0.04 0.13 0.16 0.18 0.20 0.21
Iron ore -0.05 -0.19 -0.23 -0.26 -0.29 -0.30
Petroleum & Coal
Products

-0.09 -0.33 -0.42 -0.45 -0.51 -0.54

Non-ferrous metal
ores

-0.16 -0.59 -0.73 -0.80 -0.90 -0.95

Other food
products

-0.02 -0.06 -0.07 -0.08 -0.09 -0.09

Basic non-ferrous
metals & products

-0.10 -0.35 -0.44 -0.48 -0.54 -0.57
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5.5 Conclusions

A simple simulation has been undertaken to illustrate the effects of the costs of
achieving higher fuel standards on the Australian economy.  If higher fuel standards
were to raise refining costs and these cost increases were passed on to industry and
consumers, then it would be expected that these effects would reduce national output.
This does not mean that higher fuel standards would necessarily be detrimental to the
economy overall.  This is because any benefits of higher fuel standards would need to
be factored into the analysis before the net effects of higher fuel standards could be
assessed.

The results presented here must be considered preliminary.  They do not differentiate
between petrol and diesel fuel rises.  Nevertheless, the broad conclusion from the
analysis, that higher fuel prices driven by the new fuel specifications would have a
negative impact on the economy, would most likely stand if further refinements to the
simulation were undertaken.
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