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GLOSSARY OF TERMS

ADR Australian Design Rule

ATC Australian Transport Council

BCA Benefit-cost analysis

BCR Benefit-cost ratio

CO Carbon monoxide

cOoO Carbon dioxide

EC European Commission

EPHC Environment Protection and Heritage Council

EU European Union

GVM Gross vehicle mass

HC Hydrocarbons

LCV Commercial vehicles (utilities, va
Light vehicles All 4 wheeled road vehicles O3 . 5 tonnes GVM

LPG Liguefied petroleum gas

NEPC National Environment Protection Council

NEPM National Environment Protection Measure

NG, Nitrogen dioxide

NOXx Oxides of nitrogen (nitric oxide and nitrogen dioxide)

NPV Net present value

OBD On-board diagnostics

PM Particulate matter, particulates, particles

PM, PMs, PMg PM with diameter less than 1, 2.5 and 10 microns, respectively

ppm Parts per million

PULP OPremiumé unl eaded petrol (mini mum
RON Research octane number (a parameter of petrol)

UFP Ultra -fine particle

ULP ORegul aro6 unl eaded petrol (mi ni mum
UN ECE United Nations Economic Commission for Europe

VKT Vehicle kilome tres travelled
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INTRODUCTION

Emissions from road vehicles are significant contributors to key air

poll utants i n Aateralracions ta strengtieen vehiaes .
emissionsstandards and improve fuel quality are accepted as key measures
to reduce urban air pollution from the road transport sector and deliver
associated health benefits.

In Australia, vehicle emissions standards are set via the Australian Design
Rules, which are legislative instruments under the Motor Vehicle Standards
Act 1989. Fuel standards are set under the Fuel Quality Standards Act 2000.

The Australian Government has a policy of harmonising Austr al i ads vehic
standards wherever possible with the international standards established by

the United Nations Economic Commission fa Europe (UN ECE)nd the

current emissions ADRs adopt the standards known asEuro 4. New Euro 5

and Euro 6 standards have recently been agreed for light duty vehicles, and

this draft Regulation Impact Statement (RIS) has been prepared to consider

the merits of adopting the se latest standards in Australia.

This RIS has been prepared by theDepartment of Infrastructure, Transport,
Regional Development and Local Government (DITRDLG.

The RIS incorporates abenefit -cost analysis undertaken by Bureau of
Infrastructure, Transport and Regional Economics (BITRE) DITRDLG also
acknowledges the assistance of the Department of the Environment, Water,
Heritage and the Arts (DEWHA) and a number of State environment agencies
in the preparation of the RIS.

This draft RISis provided for a minimum 60 day public scrutiny and
comment, prior to the presentation of a final RIS for consideration by
decision makers.

Details regarding the submission of comments are set out in Section 5
(Consultation) .

The following matters are outside the scope of this RIS:

1 in-service vehicle emissions measures, which are primarily the
responsibility of State and Territory Governments ;

1 the parameters of existing vehicle and fuel standards, except to the
extent that the impact of existing stan dards are evaluated to establish a
base case and

9 consideration of carbon dioxide (CO ;) emissionsstandards, which are the
subject of a separate regulatory assessment process agreed by Council of
Australian Governments in July 2009.
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1 ASSESSING THEROBLEM

1.1 The Nature of the Problem - Urban Air Pollution

While urban air quality in Australia is generally good, there are still
significant health concerns in relation to the concentrations of air

pollutants . The air pollutants relevant to this RIS are particul ate matter
(PM) - especially fine and ultrafine particles - nitrogen oxides, and ground
level ozone - an indicator of photochemical smog. Motor vehicles are a
major contributor to these pollutants in urban air, and vehicle numbers and
usage continue to ri se.

PM from motor vehicle exhaust in particular is the subject of increasing
concern amongst health researchers, with linkages between adverse health
effects and PM exposure being demonstrated at increasingly lower levels of
PM in the atmosphere. These associations are observed even when air
pollutant concentrations are below national standards.  New research
suggests the risks of cardiovascular effects may be particularly great for
exposure to fine (<2.5 mm) and ultrafine (<0.1 nm) exhaust particles®. The
current consensus is that there is no safe level of exposure to PM and that
any reduction in particle concentrations would improve population health
outcomes®>*>,

Ozone is a secondary pollutant formed from the interaction of hydrocarbons
(HCs), often referred to as volatile organic compounds (VOCs), and NOx. As
with particulates, it is not possible to detect a distinct threshold for ozone,
below which no individual would experience a given adverse health effect,
especially given some members of a population are sensitive even at very
low concentrations °.

There are also strong associations between levels of oxides of nitrogen,
(usually measured as NQ) and daily mortality, hospital admissions for
asthma, chronic obstructive pulmonary disease and heart disease.

1 Yue W; Schneider A; Stolzel M;iRR¢cKk&yrys J; Pan X; Zareba W; Koenig W; Wichmann HE; Peters A (2007).
Ambient sourepecific particles are associated with prolonged repolarization and increased levels of inflammation
in male coronary artery disease palmnisal Mutation Rese&ehdamental and Molecular Mechanisms of
Mutagenesis, 62160

2 Daniels MJ; Dominici F; Zeger SL; Samet JM (2004). The national morbidity, mortality, and air pollution study Part
[ll: PM10 concentratiesponse curves and thresholds for the 2WURrgjéss. Report.
3 Samoli E; Analitis A; Touloumi G; Schwartz J; Anderson HR; Sunyer J; Bisanti L; Zmirou D; Vonk JM; Pekkanen J;

Goodman P; Paldy A; Schindler C; Katsouyanni K (2005). Estimating¢spagmselaionships between
particulatmatter and mortality within the APHEA multicity project, Journal Environmental Health Perspectives,

113:885.

4 Schwartz J; Coull B; Laden F; Ryan L (2008). The effect of dose and timing of dose on the association between
airborne particles and sundimainal Environmental Health Perspective$69.16:64

5 Schwartz J (2004). The effects of particulate air pollution on daily deittttase massover analysis,
Journal Occupational and Environmental Medicif@551:956

6 U.S. EPA (2008y). quality criteria for ozone and related photochemical/okidaats United States

Environmental Protection Agency.
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A more detailed discussion of the health effects of these urban air
pollutants is at Appendix A.

In June 1998, the NEPC made the National Environment Protection Measure

for Ambient Air Quality (the AAQNEP M) , whi ch set Austral

ambient air quality standards. The AAQNEPM sets national standards for
the six criteria pollutants specified in Table 1. The goals for each pollutant
set out in Table 1 apply in the Commonwealth and each State and Territory
of Australia and must be met by the year 2008.

Table A u s t rAmbientaAd Quality NEPM Standards

ciiteriaPollutant. | ALRR00 | aton | (maximum allowable exceedenc
Carbon monoxide (CO) 8 hours 9.0ppm 1 day a year
Nitrogen diade (N© 1 hour 0.12ppm 1 day a year
1 year 0.03ppm None
Photochemical oxidant§ 1 hour 0.10ppm 1 day a year
ozone) 4 hours 0.08ppm 1 day a year
1 hour 0.20ppm 1 day a year
Sulfur dioxide (30 1 day 0.08ppm 1 day a year
1 year 0.02ppm None
Lead 1 year 0.50 pug/m3 None
Particles as hM 1 day 50 pg/m3 5 days a year
Goal is to gather sufficient data
Paricies 3 24 B | e e o
Measure, whicbhmmenced in 2005

A review of the AAQ NEPM standards is underway

1.2 Current Status of Urban Air Quality in Australia

As noted earlier, t he quality of air in Australian cities is generally good, but

some pollutants remain a concern, including some of those derived from
motor vehicle emissions. The status of those AAQNEPM criteria pollutants
which are relevant to the standards being considered in this RIS ( viz ozone
and PM) are summarised below.

Ozone

High solar radiation levels, high summer tempera tures and location in
coast al basins surrounded by hills
susceptible to photochemical smog and to its recirculation over areas of the

mak e

ao

Au .
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airshed. Ozone concentrations are monitored under the AAQ NEPM as an
indicator of ph otochemical smog. Ozone is not directly emitted from motor
vehicles, but direct emissions of HCs and NOx react in the presence of
sunlight to form ozone. Ozone levels remain a problem in Sydney and
represent a potential problem in some of our other large r cities. Under
unfavourable meteorological conditions, Sydney, Melbourne, Brisbane and
Perth can experience ozone levels above the NEPM standards.

Particulates

Particle emissions are monitored in Australian cities, and some regional
areas (as both PMo and PMy5). Multiple exceedences of the PM 1o standard
occur every year in many cities in Australia. In most cases vehicles are not
the principal contributors to the exceedences, which are triggered by
extreme weather events such as bushfires and dust storms. Nevertheless,
vehicle emissions, particularly from diesel vehicles, significantly elevate the
background level of particulates in the urban atmosphere and can be a
significant contributing factor to exceedences of the standards.

1.3 Contribution of M otor Vehicles to Air Pollution

Motor vehicles are one of the major emitters of air pollutants in urban
Australia, contributing more than 80% of the CO emissions, 60 -70% of the
NOx and up to 40% of the HCs. Light petrol vehicles are the major transport
contributors to CO, HC and NOx emissions, with diesel vehicles making a
disproportionate ¢ ontribution to NOx emissions. For example, in the
Sydney airshed, diesel vehicles make up only 8% of the fleet, but are
responsible for an estimated 22% of NOx emissons from transport.

While vehicles are not the major source of particle emissions in most urban
airsheds, fuel combustion sources such as motor vehicles are a significant
contributor to the overall particle load in urban airsheds . In Sydney for
example, it is estimated that road transport contributes around 12% of
annual anthropogenic PMy emissions’. A recent study found motor vehicles
contribute about 30% of particulate pollution in Melbourne. PM levels tend
to be highest near busy roads and levels sometimes do not meet the PM
standards®.

Significantly, particulate emissions from diesel vehicles are almost all from
the ultrafine fraction , and, as noted earlier, it is these fine particles that
are considered to present the most significant human healt h risk.

7 NSW DECC (20@Qrrent and projected air quality imiNSW
http://www.environment.nsw.gov.au/resources/air/07529cpairqual. pdf
8 EPA Victoria (2008gview of air quality near major. Raalecation 1025. February 2006. Environment

Protection Authority Victoria


http://www.environment.nsw.gov.au/resources/air/07529cpairqual.pdf
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1.4 Future Air Pollution Trends

Although there have been considerable improvements in emissions
performance of the vehicle fleet in Australia, motor vehicles continue to be

an ongoing threat to Australian urban air quality, principally due to the
growth in vehicle numbers and use. Recent Bureau of Infrastructure,
Transport and Regional Economics estimates (BITRE, unpublished) imply
growth in total motor vehicle travel (VKT) of 45% between 2000 and 2020
under business as usual conditions, with passenger car VKT growth at 37%
and light commercials at 73%. This VKT growth is expected to occur even
though projections of car ownership rates (number of cars per person) are
predicted to essentially plateau by around 2015. Some urban regions face
more rapid growth rates, with increasing VKT putting pressure on the
capacity to meet some NEPM air quality standards in certain urban airsheds.

The BITRE emissions projections to 2040 undertaken for this RIS concluded

that wunder a Obusi ne sichindusesthes emassians scenar i o,
standards being introduced over the 2006 -2010 period, emissions of ozone

precursors (HC and NOXx) from the light vehicle sector will decline

significantly until about 2025, after which they stabilise and then trend

slightly upward. In contrast, PM emissions from light vehicles are expected

to fall significantly until about 2016, then trend steeply upward. Refer to

section 3.2 to view the relevant charts for NOx and PM.

While these emissions projections demonstrate the benefits of new vehicle
emissions standards, the pattern and scale of urban development in parts of
Australia, and the associated increase in vehicle use, is clearly having an
effect on the long term trends and will place increasing pressure on the
challenge to mainta in improvements in urban air quality, particularly ozone
and PM. More specific information on particular airsheds can be found in
Appendix A.

1.5 Current Vehicle and Fuel Standards

1.5.1 Australian Vehicle Standards

Australia regulates its vehicle emissions through Australian Design Rules
(ADRs). The ADRs set the standards that new vehicles are required to meet
prior to their first supply to the Australian market. The ADRs are enforced

as national standards under the Motor Vehicle Standards Act 1989 and set
standards for both safety and environmental performance.

Australiads motor vehicle emissions standa
reducing air pollution for more than 30 years. Over that period, emissions
standards have been periodically tightened in responseto:

1 vehicle technology advances and availability of suitable fuels ;



Draft RIS - Euro 5/6 Emission Standards for Light Vehicles

1 increasing international concern over air pollution problems, as more
scientific knowledge has highlighted detrim ental effects on human
health; and

1 increases in the size of vehic le fleets and vehicle usage, particularly in
urban areas.

In recent years there has been a greater international alignment with the
vehicle emissions standards set by the UN ECE. The Australian Government
has committed to adopting UN ECE standards as this approach provides the
desired environmental outcome and facilitates international trade in motor
vehicles. Globalisation of the motor vehicle industry, and the small size of
the vehicle market in Australia make the development of unique Australian
standards undesirable from both a government and manufacturing
perspective.

The UN ECE is the only body for vehicle safety and emissionsregulations

that meets the definition of an international standardising body under the
Worl d Trade Or ganton aechnicahBarsiersAoglragee rme n
April 2000, the Australian Government made a commitment to harmonising
with UN ECE vehicle standards by acceding
agreement on harmonised automotive safety and emissions standards
(known as the 1958 Agreement). The Agreement provides a framework for
mutual recognition of automotive product (including vehicles) approved by
contracting parties that have adopted the ECE Regulations. This agreement
does not require Australia to adopt particula r UN ECE standards in Australia,
but in considering the case for vehicle standards regulation, UN ECE
regulations are the preferred approach.

Through its participation in international activities, the Australian

government also promotes the UN ECE agthe international technical
regulations setting body for the global automotive industry and encourages
other APEC economies to harmonise their national technical regulations with
the ECE Regulations. It is not proposed to revisit the arguments regarding
the decision to align with UN ECE standards in this RIS, as this has previously
been addressed in the 1999 RIS accompanying the packageof 2002/3
standards.

The current ADRfor light vehicle emissions set limits on the emissions of
hydrocarbons (HCs), oxides d nitrogen (NOx), carbo n monoxide (CO) and
particulate matter (PM).

In 2005, the Australian Government gazetted a package of new emissions
ADRs for light and heavy vehicles. While aligned with the technical
requirements of the UN ECEstandards, the Australian emissions standards
have delayed introduction dates.

9 The UN Economic Commissi&uifope includes body known as the International Forum for the Harmonization of
Vehicle Standards, which sets the UN ECE vehicle standards. The Forum is a body open to representation by all
member countries of the UN. Australia is representedion the For



Draft RIS - Euro 5/6 Emission Standards for Light Vehicles

The commencement dates for ADRs commonly involve a 1 year phase in
period, which usually requires new models to comply with the standard from
the implementation date of 1 January of the first year , with existing models
complying by 1 January of the following year.

1.5.2 International Vehicle Standards

Given Australiads policy to harmonise with
focus of this analysis is on the costs and benefits of the Euro 5 and Euro 6

emissions standardsfor light vehicles which will begin to take effect in the

EU from September 2009'°. Table 2 illustrates the planned introduction

dates for t he Euro 5/6 standards in the EU™.

Table 2iImplementation Dates tBuro5/6Standards in Europe

Euro5

1/9/09 new model passenger cars afweNitles < 1305kg ref mass
1/9/10 new model commercial vehicles (N1 >1305kg ref mass)

1/1/11 all model passenger cars and N1 vehicles < 1305kg ref mass
1/1/12 all model commercial vehicles (N1 >130%kss)ef

Euro 6

1/9/14 new model passenger cars and N1 vehicles < 1305kg ref mass
1/9/15 new model commercial vehicles (N1 >1305kg ref mass)

1/9/15 all model passenger cars and N1 vehicles < 1305kg ref mass

1/9/16 all model commercial vehicles (RikglEef mass)

*N1 = light commercial (goods carrying) vehicles

Table 3 compares the emissions limits in the Euro 5/6 light vehicle standards
relative to Euro 4 (the current standard).

10 In the context of this Statement, referetheeBuo%/6 emissigtandards for light vehicles covewtadieled
road vehicld@s3.5 tonnes GVM which operate on petrol, diesel, LPG or NG.
1 The updated version of the ECE Regulation ifmissfross light vehicles (ECE R83/06) which adopts the Euro 5

standards is currently being finalised. The basic timing for Euro 5 specified in the draft ECE R83/06 matches that
applying ithe EU R83/06 also includes the particle number standarsly ftenttied fotroduction in

Europe between Euro S5Emd 6, but delays their introduction until 2 years after the gtant datefiolboa s e 0

5. Particular OBD requirements also take effect from later dates.

10
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Table 3 Comparison of Euro 4, 5 and 6 re: HC, NOx and PM Ennisségamder the
Type | Tedbr Passenger Cdfs
Standard Limits on Emission&ype | Test)
Petrol, LPG & NG Vehicle! Diesel Vehicles
HC NO HC NOx PM Particles
(g/km) (no.)
(g/km) (g/km) (g/km) (g/km)

Euro 4 0.1 0.08 0.045 0.25 0.25 NA
Euro 5 0.1 0.6 0.035 0.18 0.005 6x10!
Euro 6 0.1 0.06 0.026 0.08 0.005 6x10!

In addition to lowering the HC, NOX and PMemissions limits under the
Type | test, the Euro 5/6 standards:

1 apply longer durability requirements for emissionscontrol systems
(increased to 160,000km from 100,000km in Euro 4) which are
designed to more closely align with the expected life of vehicles and
ensure that these systems continue to function throughout the life of
the vehicle;

1 enhance the on-board diagnostics (OBD) requirements to provide
greater assurance of in-service compliance;

1 extend the low temperature emissions (Type VI) test (albeit with less
stringent emissionslimits) to all light vehicle categories - Euro 4 only
applies this test to passenger vehicles and the lighter catego ries of
goods vehicles. This test ensures quicker catalyst operation on
vehicles which are started from a cold condition (not just at the  -7°C
test condition);

1 require all passenger vehicles, regardless of mass, to meet the same
emissionslimits under the Type | test (Euro 4 allowed vehicles over
2,500 kg to meet the more lenient standards applicable to the
heaviest category of light goods vehicles);

1 introduce a particle number standard (on a delayed timeframe),
which is designed to reduce the emissions of ultrafine particles which
are of greatest health concern. The introduction of this new
requirement is expected to ensure that manufacturers fit high
efficiency particulate traps to diesel vehicles; and

1 extend the PM mass limit to direct injection petrol  engines
(previously only applied to diesel vehicles).

12 A full listing of all Typestl @enission limits for light vehicles unde6Esiad Appendix Fhe Type | test is the
core exhaust emissions test in the standard.

11
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1.5.3 Australian & European Fuel Standards

In recognition of the importance of fuel quality in reducing the overall
environmental impact of the vehicle fleet, the Australian Government
enacted the Fuel Quality Standards Act 2000 (FQS Act) The Act provides
the framework for the establishment of national fuel standards for
automotive use. The main objects of the Act are to regulate the quality of
fuel supplied in Australia in order to:

a) reduce the lev el of pollutants and emissions arising from the use of
fuel that may cause environmental and health problems;

b) facilitate the adoption of better engine technology and emissions
control technology; and

c) allow more effective operation of engines.

The first set of standards under the FQS Act for petrol and diesel came into
effect on 1 January 2002. This RIS considers those fuel parameters that may
be critical to enabling the adoption of vehicle technology required to meet

new emissions standards. In the context of this RIS, the sulfur content of
petrol and LPG is considered the only relevant parameter.

Australia adopted sulfur limits that link to Euro 3 equivalent sulfur limits for
petrol (150ppm) from 1 January 2005 and the Euro 4 equivalent sulfur limit
for diesel (50ppm) from 1 January 2006, to support the introduction of the
equivalent vehicle emissions standards. From 1 January 2008, a 50ppm limit
was applied to higher octane grades of unleaded petrol (95 RON PULP)* to
support Euro 4 petrol vehicles. T he maximum sulfur level allowable in LPG
is currently 100ppm and is currently under review. Since 1 January 2009,
the sulfur limit in diesel was further reduced to 10ppm, primarily to support
the introduction of new emissionsstandards for heavy diesel vehicles.

While a further sulfur reduction from the levels already legislated  would be
beneficial, the fuel sulfur reductions embodied in the national fuel quality
standards to 2006 would have already delivered the majority of direct air
quality benefits av ailable from sulfur reduction.  The indirect impact of fuel
sulfur relates to the sulfur sensitivity of certain vehicle technologies that
could be employed to meet emissions standards. It is these indirect
technology-enabling effects of low sulfur fuels t hat may be relevant to the
standards under consideration in this RIS, and this interaction is discussed in
section 1.5.4.

This RIS focuses solely on the sulfur limit standards for petrol, as diesel
sulfur levels have already been reduced to 10ppm in line w ith international
best practice and no further changes are considered necessary in the
context of this review. In relation to sulfur, the European fuel standards
currently specify a sulfur limit of 20ppm for both petrol and diesel vehicles.

13 RON = Research Octane Number; ULP = Unleaded Petrol (minimum 91 RON); PULP = Premium Unleaded Petrol
(minimum 980ON)

12
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1.5.4 Fuels and Technology Context

While there is not a direct legislative link between the UN ECE vehicle
emissionsstandards and European fuel standards, there is a clear

recognition of the relationship between fuel quality and vehicle technology.

In this context, whe re necessary, changes are made to fuel standards on an
appropriate timeframe to support the introduction on new vehicle  emissions
standards.

In broad terms, the sulfur content of petrol in Europe was set at 150ppm to
support the Euro 3 standards, and 50ppm for Euro 4. The decision to adopt
10ppm standards was made primarily to support carbon dioxide emissions
standards by assisting improvements in fuel efficiency, not to support air
pollution standards such as Euro 5/6.

The use of fuel with low sulfur le vels enables the adoption of improved
engine and emissions control technologies and increases the longevity of
that technology. Apart from a 25% reduction in NOx emissions, the
emissions limits for petrol and LPG vehicles in Euro 5/6 do not change
relative to those in the Euro 4 standards, but the durability requirements
are significantly increased .

Petrol engined vehicles rely largely on the three -way catalytic converter, in
combination with the engine management system, to control emissions.
While these catalysts operate effectively at current sulfur levels (150ppm or
less), it is widely recognised that in -service catalyst durability is affected by
fuel sulfur. The durability question becomes more critical in the context of
Euro 5/6 as these standards would require manufacturers to demonstrate
compliance with the emissionsstandards at 160,000km (compared to
100,000km in Euro 4).

There is considerable variability in the sulfur tolerance of advanced
emissions control technologies , and their performance at various sulfur
levels. A 2000 report prepared for the European Commission ** concluded
that that Euro 4 compliant vehicles will function properly on 50ppm sulfur
petrol, noting that the advantages of even lower sulfur levels were linked to
improved fuel consumption/greenhouse outcomes, not emissions
compliance.

In Australia, the sulfur content of PULP is 50ppm, while the sulfur content

of ULP remains at 150ppm. When these standards were set, there was an

expectation that with the introduction of Euro 3 and Euro 4 emissions

standards, there would be a significant shift to higher octane fuel (95 RON

PULP) for new vehicles, and that 91 RON ULP would essentially become a

0l egacydé fuel for older technology vehicl e

14 AEA (200@onsultation on the Need to Reduce the Sulphur content of Petrol and Diesebpimels below 50
Policy Makers Summeport prepared for the European Commission, DG Environment, by Marsh, G, Hill, N and
Sully, J of AEA Technologyeridoer 2000.

13
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However, the use of PULP has grown only slowly from 11% of petrol sales in
2003 to 17% in 2008. This reflects changes in the vehicle fleet, with older
vehicles using ULP being retired, and the introduction of a larger, but still
relatively low, number of new vehicles into the fleet which requi  re
operation on PULP. There is no evidence to suggest that the proportion of
new vehicles requiring PULP is likely to significantly increase under current
policy settings. To illustrate this, all but one (the VW Golf) of the top 20
selling light vehicles on the Australian market in June 2009 were supplied as
suitable for operation on ULP *°,

In broad terms, lagging in key fuel quality parameters can negatively impact

on the development of the vehicle industry. As the Productivity

Commi s s i oRelGiewv ofAQt@nidtive Assistancenot ed o0é | ower [ | a»
fuel standards might well be a further con:
and development of engine technologies necessary to remain competitive in

gl obal Marketso

Based on the European approach, it would appear that a 50ppm sulfur level
would be adequate to support Euro 5/6 petrol and LPG vehicle technologies.
However, the impact on the emissions performance of Euro 5/6 vehicles
operating on petrol with sulphur levels greater than 50ppm, and/or using
petro| with an octane level less than 95 RON is unclear.

While it is well understood that sulfur in fuels can accelerate degradation of
catalytic converters, the review was not able to access any definitive
information to assess the impact of this particular level of sulfur on
technologies likely to be used for Euro 5 standards.

1.6 Why is Government Action Required?

Urban communities have an expectation that the level of air pollution in
Australiads major cities does not endanger
health, and are concerned about the impact of vehicles on the

environment®’. Vehicles are significant contributors to key urban air

pollutants which at sufficiently levels of exposure can adversely affect

acute and chronic health conditions. While Australi ads wur ban air qual.i
generally good, concerns remain regarding the contribution of vehicle

emissions to photochemical smog (particularly in Sydney) and the health

impacts of PM and NG, emissions, particularly in an environment of

increasing population growth in our major urban centres and resultant

increases in vehicle numbers.

15 Sourcewww.greenvehicleguide.gdNoger In some cases, some variants of models listed as ULP compatible
(usually higher performance versions) required operation on PULP.

16 ProductiyitCommission (20B2Vview of Automotive Assistamcgiiry Report No.&Ggust 2002 at:
http://www.pc.gov.au/__data/assets/pdf file/0003/25284/auto.pdf
17 ANOP (2008)at o n a | Sur vey Reportireparedrfar the AushraliantAttombhiledAssociation at:

http://www.aaa.asn.au/documents/opinion%2F2005%2FANOP_exec_05.pdf
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In economic analysis terms, noxious vehicle emissions are an externality

which can lead to significant health impacts on people, particularly  in urban

areas, and which are not effectively addressed by the operation of market

forces. Government actions to strengthen vehicle emissions standards and

improve fuel quality are internationally recognized *® as very effective

measuresto reduce urban air pollution dand such standards have managed

to deliver improvements in urban air quality despite growth in vehicle use

As stated in a 2004 World Bank report*® on reducing urban air pollution ,

0é the imposition and enforcement of (vehicle emissiong standards have

proven a very effectveenvi r onment al policy in many court

While the technology and manufacturing steps required to comply with the
Euro 5/6 emissionsstandards are well known, there are nevertheless costs
associated with making those changes which inhibit their voluntary adop tion
by manufacturers (particularly for diesel vehicles).  As discussed in section
4.2 of this RIS, estimatin g actual costs can be difficult. H owever taking the
European Commission estimates from Table 6 (see section 4.2) as an guide,
the average cost increase of $980 for a diesel vehicle to comply with Euro 6
standards relative to the current standards (Euro 4), if fully passed on to the
consumer, would represent a price increase of around 4.5% for a $22000
vehicle and 2.5% for a $40,000 vehicle®.

If a case is made for further reductions in emissions from the vehicle fleet,
voluntary standards, or other approaches based onindustry self -regulation,
are unlikely to be effective in delivering those reductions , as there is no
clear market incentive for manufacturers to provide vehicles meeting
emissions outcomes that do not have a high profile in the mind of new
vehicle consumers (unlike vehicle safety , for example ). As noted by the EC
in its consideration of the case for Euro 5/6 emissionsst andar ds, osel f
regulation would imply a significant departure from an approach that is well
established all over the world and has proven its effectiveness and
proporti onal i?t Jhe EQalso roted thattsniedsure
compliance under a voluntary approach, gover nments and manufacturers
would need to establish processes which would essentially duplicate those
which already operate under the type approval system for mandatory
standards, thus increasing cost and complexity. These issues are discussed
in more detail in Section 3 (Option 1).

18 Forexample, see OECD (2024) Cars Come Clean? Strategies for Low EmissioatVehicles
http://www.oecdbookshop.org/oecd/display.asp?k=5LMQCR2JFVECMIN(REOVEhicle Emission
Reductiorat: http://www.internationaltransportforum.org/europe/ecmt/pubpdf/01VehEmis.pdf

19 World Bank (Gwilliam, K, Kojima, M & Johnso#) R¢dR6hg Air Pollution from Urban TréviepdmBank,
Washington DC, June 2004tpt//www.cleanairnet.org/cai/1403za3@thtml

20 These estimates should be consaeirdicative only, as the cost of emission control systems (such as particle
traps) can vary with the engine exhaust output. Thi ¢
vehicles with larger engines will generally be more.expensive

21 Commission of the European Communities SEC (2005) 174568mi(202%.12.2005 at:

http://www.europautopa.eu/reqgistre/docs _autres_institutions/commission_europeenne/sec/2005/1745/COM_SE

C(2005)1745_EN.pdf
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In the Australian context, the effectiveness of a strategy based on

mandatory standards can be illustrated by the data in Figure 3, which is an

extract from the 2" National In-service Emissions Study(NISE 2§°. The

study teste d a large sample of in -service vehicles in the Australian fleet,

and the results illustrate the dramatic improvements in emissions
performance of petrol l' ight wvehicles 1in
cycle based on Australian urban driving patterns . The age groupings utilised

in Figure 1 reflect the timeline for changes in mandatory emissions

standards for new vehicles.

NISE2 Fleet: Average NOXx

Errorbar shows maximum recorded result in that vehicle category
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Note: no ADR limit line shown for older SUV-L and LCV categories as some vehicles in the 1994-
2003 age groups were built to ADR36/00.

Note:P\LS, PW, PV = small, medium and large passenger vehicles SSW\~ compact and large
sports utility vehiclgSVL= light commercial vehicles

SourceDEWHANISE P
Figurel  NOx Emissions of-BervicelLight PetroVehicleg19942007)

In considering this data, it is important to recognise that the overwhelming
contributor to this improvement is the adoption of ve  hicle emissions control
technologies implemented to meet mandatory emissionsstandards dthere
have been no changes to state based in-service emissions requirements over
this period.

As noted above, emissionscontrol technologies dparticularly those
intr oduced in recent years dalso require suitable quality fuel in order to

22 DEWHA (2008gcond Nationakkrvice Emissions Study (NISE2)l Repoat:
http://www.environment.gov.au/atmosphere/transport/nise2.html
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deliver the reductions in emissions expected from the standards . More
stringent fuel standards can also deliver benefits across the fleet as a
whole, not just from new vehicles. However, with the significant
improvements in fuel quality that have already been delivered since 2002 ,
the principal reasons for considering the case for further tightening of fuel
standards are linked to emissions performance of new technology vehicles,
including the operation and durability of emissions control equipment.

The sulfur content of petrol is the only fuel parameter considered relevant
to this RIS, which isexamining the case for adopting Euro 5/6 standards .
Diesel standards are already largely in line with latest international
standards, particularly on the key parameter of sulfur, which is set at a
maximum of 10ppm.
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2 OBJECTIVES OF GOVERMNENT ACTION

The objective of Government action is to improve urban air quality and
reduce the adverse impacts of urban air pollution on human health .

18
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3 DESCRIPTION OF OPTNS

3.1 Summary

Vehicle Standards

When considering a possible approach for Australia to reduce noxious

emissionslevels from new light vehicles, the options are effectively to

maintain the current ADRs (thestatusquooro do not hi nog&dopbpti on)
the Euro 5 and/or Euro 6 standards (under a range of potential timelines).

As noted in section 1.6, c onsideration of voluntary standards are not

appropriate in the context of this review .

In broad terms, the aim of emissionsstandards is to reduce emissions from
vehicles to as low a level aspractical t o assi st Australiads maj
airsheds to achieve compliance with the Air NEPM Standards identified in

Table 1 (section 1.1). Itis not possible t o identify a specific optimal

emissions level for the contribution from motor vehicles alone, as

compliance with the NEPM standards is also affected by other, non -vehicle,

sources of emissions. In addition, as noted in section 1 (and Appendix A),

continui ng research into the impacts of key pollutants such as PM, has yet to

conclude a safe threshold level for these pollutants , and some NEPM

standards are likely to become more stringent over time

As indicated in section 1.5.2, the Euro 5 light vehicle emiss ions standards
begin to take effect in Europe from late 2009, and the Euro 6 standards
from 2014. If the case is made for adopting these standards in Australia, a
balance needs to be found between the earliest possible introduction, which
would maximise e missions benefits, and a delayed introduction, which
allows vehicle manufacturers sufficient time to amortise their investment in
achieving compliance with one standard before being required to upgrade to
meet the next.

In relation to light vehicles, Aus tralia has already adopted the Euro4

standards for both petrol and diesel vehicles, with the Euro 4 standards fully

implemented for diesels by the end of 2006, and for petrol vehicles by mid

2010. As noted earlier, the Obasicdé Euro
implementation from September 2009 in Europe, with some later start dates

for elements relating to the new particle number measurement and OBD

requirements. These base timings are also reflected in the revised ECE

Regulation 83/06 which would be the standa rd the ADRs would reference to

adopt the Euro 5/6 emissionsstandards.

In considering the international situation, and the lead time question, it
would appear that 2012 would be the earliest feasible date for mandating
compliance with the Euro 5 light duty vehicle standards. Given the later
implementation of Euro 4 for petrol vehicles in Australia, some
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consideration could be given to a later timeframe for petrol vehicles. This
timing question is explored in the options set out in this section 3.

This Options section of the RIS considers

1 the emissions and air quality benefits expected from the emissions and
fuel standards already in place;

1 the additional benefits that would derive from the adoption of more
stringent standards, specifically the Euro 5 and E uro 6 emissions
standards for light vehicles;

1 the costs associated with the adoption of the Euro 5 and Euro 6 emissions
standards; and

1 the most appropriate timing for the introduction of any new standards.

In broad terms the options can be described as foll ows:

Option 1
Option 2
Option 3

Option 4

Option 5
Option 6

No change to vehicle or fuel standards
Introduction of Euro 5/6 on earliest practical timeframes

As for Option 2, except delayed timeframe for petrol and LPG
vehicles

As for Option 2, except apply to diesel vehicles only (no
change to petrol standards)

Introduction of Euro 5 only on earliest practical timeframes

Introduction of Euro 6 only on earliest practical timeframes

Table 4 outlines the key elements of each of the six options, which are
considered in detail in sub -sections 3.2 83.7. These options also form the
basis of the cost benefit analysis discussed in Section 4 of this RIS. All
references to years in the options below assume a 1 January start date.
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Table 4 Summary of Options
Option Vehicle Standards
No.
Euro Level Vehicle Group Date of Effect
(1 January....)
New Models All Models
1 No Change (Euro All light vehicles NA NA
Euro 5 All light vehicles 2012 2013
? Euro 6 All light vehicles 2016 2017
Petro& LPG ehicles 2013 2014
=10 o 1 2 e A A
A IS S Diesel vehicles | 2012 2013
Euro 6 All light vehicles 2016 2017
Euro 5 Diesel Vehicles 2012 2013
) Euro 6 Diesel vehicles 2016 2017
_________ EwoS | Allightvenicles | 2012 | 2013
° Euro 6 N/A N/A N/A
_________ Ewos | NA_ | oNa | NA
° Euro 6 All lignt vehicles 2016 2017
Note:  The 2 year date combinations for the vehicle standards refer to the dates applicable to new model vehicles and all

model vehicles, respectiety.example, in the case of 2013 th means that from 1 Januaryd&12
new modétypefirst produced with a dateasfufacture afte¥dnuary 20X2ust comply with tesv

standardand from 1 Januarg24ll new vehicles (regardless of the first production date for that particular model)

must comply.

Fuel Standards

As noted in section 2.3, there is a risk that current sulfur levels in both
petrol and LPG may impact on the durability of the emissionscontrol

systems utilised for Euro 5/6 vehicles.

This RIS has not attempted to

undertake a benefit -cost analysis of fuel sulfur reductions, as the
determination of fuel quality standards is subject to a separate regulatory
assessment process under theFuel Quality Standards Act 2000.
Consequently, the options considered in this review do not specifically
address the fuel sulphur issue.
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3.2 Option 1: Status Quo

A status quo or o0do nothingd approach woul
emissions and fuel standards to deliver lower fleet emissions and

improvements in air quality. The standards introduced over the 2002 -2010

period will deliver reductions in those emissions which contribute to air

pollution, with the most significant being the:

9 reduction in NOx and PM emissions from the introduction of Euro 2
and Euro 4 standards for light diesel vehicles

1 reduction in NOx and PM emissions from the introduction of Euro 3, 4
and 5 standards for heavy diesel vehicles; and

9 reduction in NOx and HC emissions from the introduction of the
Euro 3 and Euro 4 standards for light petrol engined vehicles.

The BITREemissions projections undertake n for this RIS out to 2040,
indicate that in the light vehicle sector:

1 NOx emissions reductions will fall significantly until about 2025 after
which they will slowly trend upwards (Figure 2); and

1 PM emissions will fall significantly until about 2016, after which they
are predicted to rise steeply (Figure 3).
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\__//
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Source: BITRE Estimates (2009)

Figure2 Projectedmpact orNOx Emissionsfthe Light Vehicle Fleet from
Existing Standards
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Figure3 Projectedmpact orPMEmissionsofthe Light Vehicle Fleet from
Existing Standards

Sothis existing package of standards will provide air quality benefits , but
the projections indicate it may be insufficient in the longer term in
delivering reductions in levels of photochemical smog ( NOx emissions are a
precursor to smog formation) and most particularly PM emissions This is
largely attributable to significant increases in vehicle numbers and vehicle
kilometres travelled, parti cularly in light commercial vehicles.

In the absence of any new vehicle standards, a proportion of imported
vehicles will comply with one of the more stringent overseasstandards in
place at the time of their manufacture, even though those standards have
not been adopted in Australia. Thus Australia will benefit, to some extent,
from the more stringent overseas standards, even without adopting them in
Australia. The magnotbdeebitthssdoffeeul i
accurately, as it depends on decisions by individual manufacturers on the
economicsof 0 d-s p e c i f y i Rcgrtifying aandoded fer the Australian
market. However, previous experience indicates that many models are not
upgraded to meet more stringent standards until the latest practical
timeframe.

It is also reasonable to conclude that where it is cost effective to provide

older technology vehicles for markets with less stringent standards, some

manufacturers will also choose to provide those models to the Austr alian
market in the absence of more stringent mandatory standards. This
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practice has been clearly illustrated from the test data collected in the
recent 2" National In-service Emissions Study (NISE 2yvhere light
commercial and large 4WD models were subject to a significantly less
stringent standard (ADR36/00) than other light ve hicles, and many models
continued the use of older engine technology and minimal emissions
controls until the introduction of tighter mandatory standards in 2002/3,
even though such technology had not been in common use in other light
vehicles for many years. Figure 4 from NISE 2 illustrates this circumstance
for HC emissions whereby large SUVs and light commercial vehicles did not
provide comparable emissions performance as other light vehicles until they
were brought in under the same standards umbrella a s other light vehicles
from 2004 (similar patterns are also observed for CO and NOx emissions).

NISE2 Fleet: Average THC
Errorbar shows maximum recorded result in that vehicle category
3.00 i |
5.9 -
35 === ADR THC Limit (MA) WPV-S
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Note: no ADR limit line shown for older SUV-L and LCV categories as some vehicles in the 1994-
2003 age groups were built to ADR36/00.

Note:P\,S, PW, PV = small, medium and large passenger vehicles SSW\~ compact and large
sports utility vehicles; LCV = light commeatésl Vel@ = total hydrocarbons

Source: NISE 2
Figure4  HC Emissions of-Bervice Light Petrol Vehicles (1:2987)

This practice is particularly likely with respect to standards controlling
urban air pollution, as such emissionsdo not have a high profil e in the mind
of new vehicle consumers (unlike vehicle safety for example), and thus
consumers are less likely to drive demand for vehicles meeting more
stringent emissionsstandards.
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Inbroadterms, the 6 do not hi nagdincanpigientavihdhe i s
Government 6s policy to harmonise with inter

have negative ramifications for the international competitiveness of the
Australian vehicle manufacturing industry.
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3.3 Option 2: Introduction of Euro 5/6 on earliest practical

timeframe s
Action: Mandate Euro 5/6 standards for light vehicles
Timeframe 23: 2012-13 (Euro 5)

2015-17 (Euro 6)

In terms of air quality, the adoption of the  Euro 56 light vehicle standards
would build on the NOxemissionsbenefits of the status quo scenario
outlined in Option 1, and reverse the projected growth in PM emissions (see
comparative analysis in section 4.1 for more detail) .

At a vehicle level, the adoption of the Euro 56 standards would deliver the
following key benefits in the new light vehicle fleet  (relative to the current
Euro 4 standards embodied in Option 1):

i For all vehicles:

0 anincrease in the durability requirement for vehicle  emissions
control systems from 100,000km to 160,00km;

o the removal of concessional limits for heavy passenger vehicles;
and

o enhanced on board diagnostics (OBD) requirements to detect
emissionsrelated faults in-service.

1 For petrol vehicles :
0 a 25%reduction in NOx emissions;

o the extension of low temperature test to all light petrol vehicles ;
and

o the application of PM emissionslimits to direct injection petrol
engines (in recognition of the significantly higher rate of PM
emissions from these engines relative to conventional petrol
engines).

I For diesel vehicles:

0 a 25% reduction in HC emissiors at the Euro 5 level, and 40 -50%by
Euro 6

23 See Note to Tabléo#explanation of dates
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0 a 30%reduction in NOx emissions at the Euro 5 level, and 70% by
Euro 6

0 a 80-90% reduction in PMmasslimits from Euro 5 (no change for
Euro 6) with all light vehicle categories meeting the same limit;
and

0 a particle number standard as a secord stage element for Euro 5
and continuing for Euro 6.

As the formal determination of any new ADR to adopt Euro 5 would not
occur until early 2010, a new model start date of 1 January 2012 is
considered the earliest practical date for manufacturers to achie ve without
unduly disrupting business planning.

It is logical to consider Euro 5 and Euro 6 as a package of progressive linked
standards. The petrol and LPG emissionslimits do not change from Euro 5

to Euro 6, except for the introduction of PM number limi  ts at a second stage
of Euro 5 and progressive changes to on board diagnostics (OBD) elements.
In the case of diesel vehicles, Euro 6 also tightens the HC and NOx limits
relative to Euro 5. If the case is made for introducing the standards,
establishing a timeframe for both Euro 5 and Euro 6 now, will assist vehicle
manufacturers in planning for compliance.

For manufacturers, the steps required to achieve compliance with the
Euro 5/6 standards will vary between petrol and diesel vehicles, and are
more significant for diesel vehicles.

For petrol vehicles, there are no major technological/manufacturing process
changes required and compliance is likely to be achieved by upgrading
existing catalyst performance through the use of increased precious metal
loadings and/or refinements of engine/fuel management systems.

For diesel vehicles also, there are no major changes to manufacturing
processes, but the new standards will effectively require the fitment of high
efficiency particulate filters, which are, in m  ost cases, not necessary to
achieve compliance with current Euro 4 standards. Diesel vehicles are also
likely to require adjustments to engine/fuel management systems, and in
some cases, improved oxidation catalyst performance.

All of the technology req uired to achieve compliance is fully commercialized
and the engineering processes to achieve these emissionsreductions are
well understood.

These differential impacts on manufacturers are reflected in the estimated
costs. From a cos perspective relative to Euro 4, in 2005/6 the EC**
estimated the incremental cost of a petrol vehicle complying with the

24 OriginaEC2005/6 cost estimates in Euros converted to A$ at exchangeQ@te oftA%durcedl from
Commission of the European Communities SEC (2005) 1745, COM(2005)683 Final 21.12.2005 at:
http://www.europarl.europa.eu/reqgistre/docs_autres_institutions/commission_europeenne/sec/2005/1745/COM_SE
C(2005)1745_EN.adfl European Commission, Impact Assessment for Euro 6 emission limits for light duty
vehicles 20.09.2006 at:
http://ec.europa.eu/enterprise/automotive/pagesbackground/pollutant_emission/impact _assessment_euro6.pdf
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Euro 5/6 standards was around $85, with significantly higher costs for diesel
vehicles around $630 for Euro 5 and an additional $355 for Euro 6. The costs
and benefits of this option are discussed in detail in the comparative

analysis in section 4.2 of this RIS.
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3.4 Option 3: As for Option 2, with delayed timeframe

Action: Mandate Euro 5/6 standards for light vehicles

Timeframe 2°: 2012-13 (Euro 5 - diesel vehi cles)
2013-14 (Euro 5 - petrol & LPG vehicles)
2015-17 (Euro 6 dall vehicle s)

Option 3 is identical to Option 2 , except that a 1 year delay is applied to
petrol and LPG vehicles for compliance with Euro 5 .

For petrol and LPG vehicles, t his relaxed tim eframe would provide a larger
gap (3.5-4.5 years) between implementation of the current standards

(Euro 4) and the Euro 5 standards. The Euro 4 standards for diesel vehicles
were fully implemented in Australia by the end of 2007, so the 2012 date
already provides a 5-6 year gap between the change in standards.

This delay would provide manufacturers supplying petrol and LPG models
that achieved compliance with the Euro 4 standards relative ly late in the
allowable timeframe, more time to amortise developme nt costs for those
vehicles, ahead of the introduction a Euro 5 compliant model. Th e delay
would not have a noticeable impact on the long term emissions outcomes.
The costs and benefits of this option are discussed in detail in the
comparative analysis in section 4.2 of this RIS.

2 See Note to Tabléodexplanation of dates.
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3.5 Option 4: As for Option 2, except apply to diesel
vehicles only

Action: Mandate Euro 5/6 standards for diesel vehicles only

Timeframe 2°: 2012-13 (Euro 5 - diesel vehicles)
2015-17 (Euro 6 ddiesel vehicles)

Option 4 is identical to Option 2, except that the new standards only apply
to diesel vehicles. Under this option, petrol emissionsstandards would
remain at Euro 4.

It is clear that the substantial reduction in PM emissions from diesel vehicles
from the introductio n of the Euro 5/6 standards dominate the overall health
benefits. And as noted in Option 2, the diesel standards also deliver HC and
NOx benefits, as well as other improvements in durability and in -service
compliance. Thus in overall terms, this option w ill deliver health benefits
almost as large as Option 2, despite the removal of any benefits attributable
to the application of Euro 5/6 emissionsstandards to petrol vehicles (which
provide a 25% reduction in NOx emissions relative to Euro 4.

This is a consequence of the relatively low avoided health cost values
assigned to NOx emissions which in the BCA are not sufficient to offset the
vehicle costs in the first 20 years (even though those costs are also
relatively low).

Nevertheless, petrol vehicles rem ain the dominant source of NOx emissions
from the light vehicle fleet (even though on a per vehicle basis, diesel
vehicles emit higher levels of NOx). In addition, as noted in Option 2, the
adoption of Euro 5 for petrol vehicles will remove some concessions
available under Euro 4, and like diesel vehicles, will deliver improvements
in durability and in -service compliance. Exclusion of petrol vehicles from
the application of the Euro 5 standards would also mean that direct

injection petrol engines, which a re known to produce much higher levels of
PM emissions than conventional petrol engines, would not be subject to any
limits on PM emissions (as these emissions are currently not regulated under
the Euro 4 standards for petrol vehicles).

From a vehicle cost perspective, the major per vehicle costs are
significantly higher for diesel vehicles than petrol vehicles.  The costs and
benefits of this option are discussed in detail in the comparative analysis in
section 4.2 of this RIS.

26 See Note to Tabléo#d explanation of dates.
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3.6 Option 5: Introduction of Euro 5 only on earliest
practical timeframes

Action: Mandate Euro 5 standards only for light vehicles

Timeframe 2’ 2012-13 (all vehicles)

Option 5 is identical to Option 2, except that only the Euro 5 standards are
adopted for both petrol and dies el vehicles.

This most significant impact of this approach, relative to Option 2, is that
the HC andNOx emissions reductions from diesel vehicles under Euro 6
would not be delivered.

As noted in the discussion of Option 2, it is logical to consider Euro 5 and
Euro 6 as a package of progressive linked standards. The primary (but not
sole) objective of the Euro 56 standard is to address the emissions from
light diesel vehicles. It was recognised by the European Commission that
the availability of high e fficiency PM traps enabled the PM issue to be
largely tackled in a single step (Euro 5) dalthough more time was need to
address the PM number aspects. However, it was also acknowledged that
the industry needed more time to develop and implement the techn  ology
required to lower NOx emissions from diesel vehicles, and thus it was
decided to effectively set a two stage target for NOx (30% reduction by
Euro 5, 70% by Euro 6).

From a vehicle cost perspective, the incremental cost of complying with
Euro 6 is estimated to be significantly less th an the step from Euro 5 to
Euro 6. If the case is made for introducing the standards, establishing a
timeframe for both Euro 5 and Euro 6 now (rather than revisiting the Euro 6
issue in a few years time), will assist v ehicle manufacturers in planning for
compliance. The long lead time for compliance with Euro 6 (at least 5
years), would also assist in ameliorating the costs of compliance for
manufacturers.

In conclusion, there would appear to be significant merit in co nsidering
Euro 5 and Euro 6 as linked standards, and for a decision on their joint
implementation to be made in the context of this RIS (and not deferred).

This RIS does not propose to evaluate this option further.

27 See Note to Tabléo#explanation of dates
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3.7 Option 6: Introduction of Euro 6 only on earliest
practical timeframes

Action: Mandate Euro 6 standards only for light vehicles

Timeframe 2%; 2015-17 (all vehicles)

Under Option 6, the Euro 5 standards would not be adopted, and Australia
would move to adopt the Euro 6 standards at the earliest possible
timeframe (2015 -2017, depending on vehicle type).

By oO0ski ppi rhigappréachmwouldBelay the health benefits which
would have otherwise been delivered by t he Euro 5 standards (under
Option 2) for 3-5 years. It would defer compl iance costs for some
manufacturers where it was cost-effective to continue to manufacture
Euro 4 compliant models until the introduction of the Euro 6 standards.

Inthecaseoflight di esel vehicles, Aust(Euwld)iaeds curr e
closely aligned with the UN ECE standardstimeframe 0 consistent with
Australiads policy to harmonise with inter:
The delay inherent in this Ofightidiesel woul d me.
emissions standards will have remain unch anged for almost 10 years (Euro 4

for diesels was fully i mplemented on 1 Jani

diesel emissionsstandards well behind UN ECE standards (where Euro 5
began to take effect from September 2009).

On balance, provided industry is provi ded with adequate lead time to

comply with Euro 5, there does not appear to be a strong case for skipping

the Euro 5 standard and simply implementing Euro 6 in 5-7 years time. Such

an approach would delay significant health benefits and be inconsistent wi th

the Australian Governmentds broad vehicle

This RIS does not propose to evaluate this option further.

28 See Note to Tabléo#explanation of dates
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4 COMPARATIVE ANALYSISF OPTIONS

To assistthe assessment of the implications for strengthening vehicle
emissions andfuel quality standards post -2010, the Bureau of Infrastructure,
Transport and Regional Economics (BITREundertook a range of analyses to
underpin a benefit -cost analysis (BCA for the options described in Section 3
of this draft RIS. The full details of the BCA are at Appendix C.

Under this benefit dcost analysis, the base and price year is set to 2009 with
the evaluation period extending to 2040. Following the recommendations in
the Best Practice Regulation Handbook published by the Office of Best
Practice Regulation®®, the discount rate used to estimate the net present
value is 7%. The key indicators for economic viability are net benefit
expressed as Net Present Value (NPV) and the BenefitCost Ratio (BCR). The
BCA also includes a number of sensitivity analyses.

4.1 Impact on Vehicle Emissions

The main pollutants of concern for air quality are HC, NO , and PM
(particulates).

As summarised in Table5, if adopted, the Euro 5/6 light vehicle standards
would lead to significant reductions in NOx emission s from petrol vehicles,
and HC and NOx emissions from diesel vehicles, and dramatic reductions in
PM emissions from diesel vehicles The introduction of the new particle
number limit standard and the other measures listed in section 1.5.1 will
further enh ance the emissions impact of the Euro 5/6 standards.

Table 5 Emissions Reduction from Adoption of Euro 5 and Hight&/ehicle
Standards
Vehicle Fuel Typeg Emissions Reduction (%)*
Euro4E Euro5 Euro5E Euro6
HC NOXx PM HC NOx PM

Petrol/LPG - 25 NA - - -
Diesel (and DI pet; 25 30 8090 2640 55 -
* To nearest 5%, a range indicates -t hiandithat @eerrce nd lagreg e
29 OBPR (2007) Best Practice Regulation Handhttpokvetrw.finance.gov.au/obpr/docs/handbook.pdf
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The European Commission has concluded that the introduction of the Euro  5/6
standards would have a negligible impact on fuel consumption and CO , emissions.

For this RIS emissions of these pollutants from the Australian light vehicle
fleet were modelled using a suite of BITRE fleet and projection models.
These models are desaibed in a variety of BITRE publications (refer to
Appendix B for more information). These BITRE models allow for the effects

of increasing traffic congestion levels within our urban areas, which leads

not only to higher rates of fuel consumption than wou Id otherwise have
occurred, but also to higher rates of urban air pollutants being emitted from
the affected vehicles.

The BITREestimated the impacts of Options 2 , 3 and 4 on total light vehicle
fleet emissions, relative to the Option 1.  All options in corporate the

foll owing Obase cased assumptions:

1 oil prices remain at current levels ($60 -70 US per barrel);

1 population grows accordingtothemid -r ange 0 Series BO6 scena
values of the la test ABS population projections;

1 income grows in line with the Treas ur y6s | at est Budget st a
short term and the Inter-generational report for longer term;

1 average fleet travel behaviour remains roughly the same as now (e.qg.
cars average about 15000 km per annum), but with overall per capita
travel approaching saturation levels with re spect to average income
levels;

1 new vehicle sales growth is driven by overall (i.e. economy -wide)

travel demand and annual vehicle scrappage rates **;
no change to current fuel standards;

diesel vehicles continue to increase their mar ket share in line with
current growth trends, so that they will dominate LCV sales by 2040.
They are a major component of SUV sales, but still account for only a
small proportion of sedan sales. By 2040, diesel vehicles are forecast

30

31

Commission of the European Communities SEC (2005) 1745, COM(2005)683 Final 21.12.2005 at:

http://www.europarl.europa.eu/registre/docs_autres_institutions/commission_europeenne/sec/2005/1745/COM_SE

C(2005)1745_ EN.adfl European Commisslomact Assessment for Euro 6 emission limits for light duty
vehicle®0.09.2006 at:

http://ec.europa.eu/enterprise/automotive/pagesbackground/pollutant_emission/impact _assessment_euro6.pdf
Estimatesf dotal daily travel demand by Australians for each forecast year are based on relevant demographic and

economic conditions, projected out to-jfeaending ABS projections of national population and Treasury

projections of economic growth. Modwdplg estimate the amount of this total (annual) travel to be performed

by light vehicles, which in turn (using trends in average travel per vehicle) estimate the aggregate car stock required

to perform the estimated total VKT task for that yeaof Wdbidédsfleet dynamics estimate how many cars will
leave the fleet each year (with estimated survival curves applied td esacih thaagkler vehicles are much
more likely to be scrapped in any particular year than newer vehicles).ahepesatesar projection year

are then estimated as the difference between that

intervening scrappage amount.
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to achieve an overall market share of about 36 % of annual light
vehicle sales; and

1 emissionscontrol technologies experience m id-range deterioration
rates, such that most vehicles are still within the standards after
about 10 years. A small proportion of the fleet, growing with  vehicle
age, will be high emitters , accounting for vehicles with poor service
records or malfunctioning emissionscontrol systems

The only difference between Option 3 and Option 2, is a one year delay
in the introduction of petrol and LPG vehicle standard s, so not
unexpectedly, the BITRE analysis indicates that Option 3 delivers almost
identical emissions outcomes to Option 2 over the analysis period.
Consequently, the values for Option 2 displayed in the charts below can
be considered to mirror the expected outcomes from Option 3.

As indicated in Figure 5, the BITRE analysisindicate s that introduction of
Euro 5/6 emissions standards for light vehicles would begin to deliver net
emissions reductions in total NOx emissions in the light vehicle fleet

from about 2015 and in the longer term result in a significant reduction
in total annual emissions- 53% lower in 2040 relative to Option 1 (no
change).
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Introduction of Euro 5FmissionsStandards

Figure 6 also indicates net reductions in PM emissions from the introduction
of the standards from around the same time frame, but over the longer

term the magnitude of the reductions is much more sig nificant - 78% lower
in 2040 relative to Option 1 (no change). In addition, the PM reductions
from the introduction of the standards would be delivered against an
otherwise steeply rising trend predicted in the absence of any new
standards.
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Introduction of Euro S5EmissionsStandards

4.2 Costs
Starting Costs

The starting point cost estimates for compliance with the Euro 5/6
emissionsstandards (Table 6) were sourced from the impact statements
prepared by the European Commission (EC) to support the introduction of
these specific standards*2. These ECestimates were converted to Australian -
dollar estimates using the average exchange rate over the past few years.

% Original EC 2005/6 cost estimates in Euros converted to A$ at excharg&ratd o- hlrcedfrom 0. 6

Commission of the European Communities SEC (2005) 1745, COM(2005)683 Final 21.12.2005 at:
http://www.europarl.europa.eu/registre/docs_autres_institutions/commission_europeenne/sec/2005/1745/COM_SE
C(2005)1745_EN.adfl European Commission, Impact Assessment for Euro 6 emission limits for light duty

vehicles 20.09.2006 at:

http://ec.europa.eu/enterprise/automotive/pagesbackground/pollutant_emission/impact _assessment_euro6.pdf
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Table6 Incremental Vehicleo§ts 0 a n/dehiéled
a A$
Euro4to| Euro5to | Euro4to| Euro5to | Euro 4 to
Euro 5 Euro 6 Euro 5 Euro6 | Euro 6
Petrol vehicle 51 0 85 0 85
Diesel vehicle 377 213 628 355 983

Note: A$1# Q.

The applicability of the cost estimates in Table 6 to the Australian context is
difficult to judge, however they are based on the most detailed technology
assessment conductedto determine the costs of compliance with the

Euro 5/6 standards, and represent the best available international figures.
For the purposes of this draft RIS, it is reasonable to use these estimates as
the starting point, particularly given that approximately 85% of light

vehicles supplied to the Australian market (and 100% of diesels ) are fully
imported. If domestic manufacturers are able to supply more accurate
estimates during the public consultation phase on this RIS, these can be
taken into account in the BCA undertaken for the final RIS.

The ECestimates reflect the estimated costs to manufacturers assuming
vehicles are in full production . These costs directly relate to the technology
improvements required to meet the tighter emissionslimits under the Euro
5/6 standards (see discussion under Option 2). The EC concluded that t he
increased durability requirements and OBD provisionswould not incur any
significant additional costs.

In general terms, o btaining reliable cost estimates for emissions technology
and resultant vehicle on-costs to consumers is very difficult as both
component and vehicle manufacturers consider such information
commercially sensitive dthis problem was noted by the consultant engaged
by the EC to develop cost estimates for the Euro 5 standards™.

The European Automobil e Manywasceticalafer s 0
the EC analysis, and commissioned a report® into the basis for the cost
assumptions. The report concluded that th ere was a lack of adequate cost
data available to enable a reliable assessmentof t he Commi s s i
conclusions.

AS S |

onos

33 TNO (2005) Euro 5 technologies stedard_igiduty vehicles, TNO Report 05.0R.VM.032.1/NG at:
http://ec.europa.eu/environment/air/pdf/euro_5.pdf

34 Nieuwenhuis and Wells (28Qly of the Euro 5 Impact Assessmef@0BE)C1 746entre foAutomotive
Industry Research, Cardiff University and ESRC centre for Business Relationships, Accountability, Sustainability
andSociety athttp://www.brass.cf.ac.uk/projects/Sustainable Mobilgy&taimabmobility
EnvironmentBegulation.htmi
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In contrast, the industry association representing emissionscontrol
technology manufacturers (Association for Emissions Control by Catalyst)

concluded that for both petrol and diesel
achievable by currentl yinelatantdpetol e t echnol o
vehicles, could be achdosted at overy | imit.

A US report®® examining the cost of emissions standards compliance noted

that 0 . vehicles are designed as integrated systems and a single vehicle

part may serve multiple funct ions. Thus, accurately apportioning the costs

of emissionssystems to only actual emissions control can be difficult. 6 The
report al s oincreasesdndcapitahcasts reéulting from regulation

were partially offset by corresponding increases in qua lity related to

devel opments in emissions technology. 6

Cost Adjustments Over Time

For the purposes of this draft RIS, the ECestimates have been adopted as

the starting point in the BCA However, international experience®’ suggests

early cost estimates te nd to overstate actual costs, due to the rapid decline

in unit costs as technology matures and production volumes increase . This

is often known as the oOexperience curvebob.

The presence of this phenomenon appears to be supported by previous
experience in Australia. In recent years, Green Vehicle Guide®® data
illustrate that significant numbers of vehicle models meeting more stringent
standards than the minimum specified, have been supplied to the Australian
market ahead of the implementation dates for late r, more stringent
standards. Many of these models are price competitive with models

meeting the mandatory minimum standard only. Some of these were high
volume models, indicating that the additional cost of complying  with Euro 4
(for example) did not have a significant impact on vehicle prices when

Euro 3 was the minimum standard. There have also been upgrades of
models from one emissionsstandard to the next without increases in the
vehicle price.

Thus, in estimating the additional unit vehicle cost ov er time, the BCA
assumes that the incremental vehicle technology costs (reported in  Table 6)
decline as the market expands for the new technology. The EC estimates
include a 33%cost reduction in its analysis, but t his is only projected to
2020. As noted earlier, a report ** commissioned by the European vehicle

35 AECC (200BECC Response to Stakeholder Consultation on Euro 5 Emission Limit¥&ridlegat Duty
http://www.aecc.be/content/pdf/AECC%20Response%20to%20Stakeholder%20for%20Light
duty%20Vehicles%20070905.pdf

36 Chen et al (200&ffect of Emissions Regulation on Vehicle Attributes, CostUandBityeof California,
Davis athttp://www.its.ucdavis.edu/publications/2008880D4-38.pdf
37 See, for exampléng (2008)he King Review of low carbon cars Pecbthmendations for action

http://lwww.htreasury.gov.uk/budget/budget_08/reviews/bud_bud0&n&ihig-cfa008)ransport and
Energy The Challenge oin@Gite Change, Research Findiegsig May 2008 at:
http://www.internationaltransportforum.org/Topics/Workshops/WS1Conclusions.pdf
38 Seewww.greenvehicleguide.gov.au
39 Nieuwenhuis and Wells (28Q)y of the Euro 5 Impact Assessment SEC (2@s)tde i Automotive
Industry Research, Cardiff University and ESRC centre for Business Relationships, Accountability, Sustainability
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manufacturers questioned the reasoning behind this cost reduction

estimate, but the report nevertheless notest hat o0t here i s plenty
evidence to suggest that mass production has the effect of reduc ing unit

costso.

Other reports suggestthat the actual cost reduction over time could be
significantly higher than the EC estimate. For example, a 2006 Dutch
report *° which reviewed actual (ex -post) costs for a range of emissions
standards concluded that cost estimates made at the time of standards
development were in general double the observed costs following full
implementation (within 10 years). A US report* notes that the US EPA
assumed that costs would fall by 80% for Tier 2 emissionsstandards after
two years in production.

Taking the above factors into account, the assumed cost adjustment process
for this analysis fo llows the path shown in Figure 7, that is, the additional
unit vehicle costs to comply with the standards are kept constant to 2020,
then drop by half by 2030 and remain at that level after 2030.
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N
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Figure7 Assumed cost adjustment path

Delayed Benefits

Emissionsreducing technology on vehicles purchased during the latter part
of the evaluation period 2009 to 2040 will continue to gene rate benefits
beyond the end of the evaluation period in 2040. In benefit &cost analyses,
where assets generate benefits beyond the evaluation period, the usual
approach is to estimate the benefits from those assets over their entire lives

andSociety athttp://www.brass.cf.ac.uk/projects/Sustainable Mobilgy&taimabmobility
EnvironmentBegulation.htmi

40 Jantzen and van der Woerd (Z8@@)st Estimates@dsts to Business of EU Environmental Policies, Institute
for Applied EnvironmeBtainomics (TMiE)http://ec.europa.eu/environment/envecol/ex_post/pdf/transport.pdf
41 Board on Environmental Studies and Toxicolo§ya20a6) Federal Standards for {8lobitee Emissions

The National Academies Rxelstp://books.nap.edu/openbook.php?ide®d 586&page=196
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andtoinclude, as a O6residual valued, the present
accrue after the end of the evaluation period.  For the present application,

such an approach would entail a heavy calculation burden. Since the

benefits from emissionsreducing technology are fairl y constant over the

lives of the vehicles, a good approximation is obtained by prorating the cost

of the technology over the lives of the vehicles, then only counting costs

attributed to the years before 2041.

The average vehicle life was assumed to be 17 years. For vehicles
purchased during the last 16 years of the evaluation period, the cost of the
emissionsreducing technology was annuitised over 17 years at the discount
rate. The annual costs for the years before 2041 were discounted to the
present as implementation costs. Annual costs for years 2041 onward were
omitted, consistent with the benefits for years 2041 onward being absent.

The d9@pt@ad cur v e(®landhDlFshowy the effects on costs per
vehicle of excluding annualised costs afte r 2040 of emissions-reducing
technology for vehicles purchased over the last 16 years of the evaluation
period. The pro-rata curves approach zero by the end of the period, with
vehicles purchased in 2040 having only one year of cost included.

1200

1000

800

600

400

D1 ~.
200 P1 \\

0 IIIIIIIIIIIIIIIIIIIIIIIII_I-I.]-_FT-F.T
2009 2014 2018 2024 2029 2034 2039

Figure8 Additional Vehicle Cost Estimates (A$/vehicle)

Compliance Levels

In estimating the total implementation costs, two further assumptions were
made regarding the proportion of vehicles complying with the new standard

First, it was assumed that around hal f of the vehicles sold in the
introduction year of each standard would already comply with the new
standard, so only 50 %of the new sales would attract an additional cost.

Second, it was assumed for all other years that some proportion of new
vehicles would have met the lower emissons level even without the new
standards implementation. For petrol vehicle s, the proportion was set to
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30%throughout the evaluation period. For diesel vehicles, the proportion
was set to 30%when moving from Euro 4 to Euro 5 standards and to 5%from
Euro 5 to Euro 6 standards (Figure 9). The benefits from the lower
emissions of these vehicles were not included in the benefits of introducing
the new standards because these benefits accrue regardless.
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Figure 9 Proportiorof New Vehicles Already Complying with
the New @indards (%)

4.3 Health Benefits

In the vehicle emissions context, an accepted method to measure the health
benefits from | ower e mi shealthocness tis a pop rusac ha.n
In such an approach, monetary values (measured as $/tonne) are assigned to

individual pollutants (in this case HC, NOx and PM). These dollar values are

derived from an assessment of human morbidity and mortality impacts from

exposure to these pollutants, and the monetary costs associated with

addressing those impacts.

The methodology employed to estimate the health benefits is described by
the following formula:

Avoided Health Cost ($) = Emissions Saved (tonnes) x Unit Health Cost ($)

The first step is to quantify the emissio ns of pollutants for the scenarios
under investigation and estimate tonnes of emissions saved for each vehicle
standards option (relative to the base case). The second step is to establish
a value for an average health cost ($ per tonne of emissions) from existing
studies. The final step is to calculate the total health benefit (or health

cost avoided) by multiplying tonnes of emissions saved by unit value(s) for
health costs.

The emissionsestimates for the first step are provided by the analysis
outlined in section 4.1 of this RIS
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Il n determining unit health costs, the ideal
up approacho to analyse the hemidsione i mpact
standards. Such an approach would follow the methodology recommended

by Jalaludin, et al ** and would comprise a series of steps to quantify and

value air pollution in each major city, taking into account the effects of

technology. However, the simplified approach outlined below is considered

adequate for this analysis.

The approach adopted for this study is to utilise the existing studies to
derive plausible estimates of $/tonne health costs from air pollution.

Table 7 presents estimates of $/tonne health costs obtained from a number
of transport -related health impact studies for Au stralia. Two general
observations can be made with respect to Table 7 - first, unit cost estimates
exhibit a considerable range of variation; second, more recent estimates
tend to be much higher than those prior to the year 2000.

Table 7 Average Capit&@lity Health &t A$/tonne of emissions)

Source Health Cost bgmissionsType (A$/tonne)
CcoO HC NG PMo
Coffey Geosciences (2003 13 2,200 59 232,000
Watkiss (2002) 2 875 1,750 217,415
Beer (2002)Ozone include|
Upper bound 9 72,500 900 221,100
Best estimate 3 19,331 870 147,429
Lower bond 2 11,700 280 108,300
Beer (2002)Ozone excludg 3 18,719 11 147,429
BTRE (2005) na na na 167,628
Environment Australia (20( 12 1,440 1,385 17,600
NSW EPA (1998) na na 68 310
NSW EPA (1997) 25 960 1,490 1,810

Note: 2 Simple average for inner and outer areas of major capital citiesqcépdatudiex®Br detailed Watkiss
(2002) results).

b Estimate for the year 2000, derived from results reported in BTRE (2005).
Source: Coffey Geoscien¢2603), Watkiss (2002) and BTRE [(2@@5)oeference list in Appendor @etails]

42 Jalaludin B., Salkeld G., Morgan G., Beer T. and Nisar X.\Beth@d®)ogy for GRmsnefit Analysis of
Ambient Air Pollution Health ImpanatbReport, funded by the Department of the Environment, Water, Heritage
and thérts though the Clean Air Research Program.
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Unit health costs vary from location to location and according to populat ion
and meteorological factors. To analyse the impact of the proposed new
vehicle standards on emissions (in terms of tonnes of pollutants emitted),

the best disaggregation of the location dgiven the available data dis to split
the total emissions into those for capital cities and the rest of Australia. To
calculate the total health benefit, estimates of unit health costs are

required for each of the two areas concerned.

The procedure employed to estimate unit health cost values included the
following steps:
1 Only the three most recent studies | isted in Table 7 (excluding BTRE
(2005)) were selected as input for estimation - Coffey Geosciences
(2003), Watkiss (2002) and Beer (2002);

1 Unit values for capital cities were calculated by taking the simple
average of the estimates from the three studies;

1 Unit values for the rest of Australia were base d on the simple average
of the estimates for Band 3 and Band 4 contained in Watkiss (2002);

1 Given the uncertainties surrounding the unit value estimates, an
upper bound and a lower bound w ere established (an average +50%)
on the basis of observations made by Coffey Geosciences (2003); and

1 Unit values presented in Table 7 were assumed to be in 2003 prices,
and were updated to 2009 prices using the CPI.

Table 8 presents the recommended unit values for calculating the health
benefit and undertaking sensitivit y analysesfor this BCA.

Table 8 Updated Average Health Cost ($/tonne of emissions)
by Aea (in 2009 prices)
Area & Sensitivity Health Cost bigmissionsType ($/tonne)
HC N PMLO
Central
Capital cities 8,832 1,056 235,261
Rest of Australia 103 1 55,827
Upper bound + 50%
Capital cities 13,248 1,584 352,891
Rest of Australia 155 231 83,740
Lower bounes0 %
Capital cities 4,416 528 117,63(
Rest of Australia 52 77 27,913

Source: Derived from the results from Coffey Geoscienc&8gR2@838J2002) and Beer (2002).
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The introduction of a particle number standard, while not quantified will
also deliver significant health benefits as it will directly reduce the number
of ultrafine particles emitted from Euro 5/6 vehicles. Of all the veh icle
pollutants reduced by the new standards, ultrafine particles have the
strongest association with adverse health effects.

The health benefits are dominated by the PM reductions delivered by the
new vehicle emissionsstandards, with the reductions in NOx also
contributing to total benefits.

It is not possible to isolate and quantify the benefits from the increased
durability standards and the upgraded OBD requirements for both petrol and
diesel vehicles under the new standards, and thus these have not d irectly
factored into the health benefit estimates. Nevertheless, as noted in the EC
impact assessment, increasing the durability requirements (reinforced by
the OBD provisions) will provide a greater level of assurance that emissions
control systems on vehicles will continue to function over the expected life

of the vehicle. The value of increased durability in emissionscontrol
systems is illustrated by the sensitivity analyses (see Section 4.5), where the
sensitivity testing for deterioration rates (the  corollary of durability)
indicates that increased rates of deterioration in  emissionscontrol systems
can significantly impact emissions outcomes.

4.4 Summary of Net B enefit

As illustrated in Tables 9 and 10, the BCA results show that both Option 2
and Option 3 provide net benefits over the 2010-2040 period under the base
case assumptionsidentified in sections 4.1 04.3.

A further analysis was conducted to assess the impact of removing petrol
(and LPG) vehicles from the application of the Euro 5/6 standar ds. This was
undertaken by apportioning the costs and benefits applicable to petrol
vehicles under Option 2 as accurately as possible, and undertaking the BCA
under the same assumptions for Option 2. This is presented as Option 4 (see
section 3.5). As illustrated in Table 11, the BCA results show that net
benefit of Option 4 (the diesel onl y option) relative to Option 2 or 3, is
approximately $ 300 million higher over the 2010 -2040 period.
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Table 9 Summary of Net BenefitrfOptior2
Undiscounte€ash Flow Discount Discounted Cash Flow ($m)
Year ($m, in 2009 prices) T ($m, in 2009 prices)
Cost Benefit | Net benefit (7%) Cost Benefit | Net benefit

2009 0.0 0.0 0.0 1.0000 0.0 0.0 0.0
2010 0.0 0.0 0.0 0.9346 0.0 0.0 0.0
2011 0.0 0.0 0.0 0.8734 0.0 0.0 0.0
2012 79.1 12.7 -66.4 0.8163 -64.6 10.4 54.2
2013 -162.7 38.5 -124.2 0.7629 -124.1 29.3 -94.8
2014 -167.6 66.2 -101.4 0.7130 -119.5 472 72.3
2015 -172.5 95.4 -77.1 0.6663 -114.9 63.6 -51.3
2016 -185.4 127.3 58.1 0.6227 -115.5 79.3 -36.2
2017 -336.2 162.0 1743 0.5820 -195.7 94.3 -101.4
2018 -347.2 198.9 -148.3 0.5439 -188.9 108.2 -80.7
2019 -357.6 238.2 -119.4 0.5083 -181.8 121.1 -60.7
2020 -362.8 278.7 84.1 0.4751 1724 132.4 -40.0
2021 -360.0 320.1 -39.9 0.4440 -159.8 142.1 17.7
2022 -350.7 360.1 9.4 0.4150 -145.5 149.4 3.9
2023 -340.8 399.7 58.8 0.3878 -132.2 155.0 22.8
2024 -330.4 4426 112.2 0.3624 -119.7 160.4 40.7
2025 -308.7 485.7 177.0 0.3387 -104.6 164.5 60.0
2026 -285.6 528.5 242.9 0.3166 -90.4 167.3 76.9
2027 2615 569.5 308.0 0.2959 77.4 168.5 91.1
2028 -236.7 609.1 372.4 0.2765 -65.5 168.4 103.0
2029 2114 647.2 435.8 0.2584 54.6 167.3 112.6
2030 -186.3 683.4 497.2 0.2415 -45.0 165.1 120.1
2031 -166.2 717.7 551.4 0.2257 -37.5 162.0 124.5
2032 -151.0 750.0 599.0 0.2109 -31.9 158.2 126.4
2033 -139.6 784.8 645.2 0.1971 275 154.7 127.2
2034 -127.0 812.4 685.4 0.1842 -23.4 149.7 126.3
2035 -113.1 838.7 7255 0.1722 -19.5 144 .4 124.9
2036 -98.1 866.5 768.4 0.1609 -15.8 139.4 123.7
2037 -81.6 892.5 810.9 01504 -12.3 134.2 122.0
2038 -63.7 914.7 851.0 0.1406 9.0 128.6 119.6
2039 -44.2 941.3 897.1 0.1314 5.8 123.7 117.8
2040 -23.0 963.7 940.7 0.1228 2.8 118.3 115.5
Total | -6,050.9| 14,746.1 8,695.2 -2,457.5 | 3,707.0 1,249.5

Benefiticost Ratio = 1.51 NP\= $1,250n
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Table 10

Sunmary of Net BenefitrfOption 3

Undiscounted Cash Flow Discount Discounted Cash Flow ($m)
Year ($m, in 2009 prices) T ($m, in 2009 prices)
Cost Benefit | Net benefit (7%) Cost Benefit [ Net benefit
2009 0.0 0.0 0.0 1.0000 00 0.0 0.0
2010 0.0 0.0 0.0 0.9346 0.0 0.0 0.0
2011 0.0 0.0 0.0 0.8734 0.0 0.0 0.0
2012 56.4 12.3 -44.2 0.8163 -46.1 10.0 -36.1
2013 -140.0 37.2 -102.8 0.7629 -106.8 28.4 78.4
2014 -167.6 64.6 -103.0 0.7130 -119.5 46.1 735
2015 1725 93.9 -78.6 0.6663 -114.9 62.6 52.4
2016 -185.4 125.8 59.7 0.6227 -115.5 78.3 37.2
2017 -336.2 160.4 -175.8 0.5820 -195.7 93.4 -102.3
2018 -347.2 197.4 -149.8 0.5439 -188.9 107.4 815
2019 -357.6 236.7 -120.9 0.5083 -181.8 120.3 61.5
2020 -362.8 277.3 -85.6 0.4751 1724 131.7 -40.6
2021 -360.0 318.7 41.3 0.4440 -159.8 1415 -18.3
2022 -350.7 358.7 8.0 0.4150 -145.5 148.9 3.3
2023 -340.8 398.4 57.5 0.3878 -132.2 154.5 22.3
2024 -330.4 4413 111.0 0.3624 -119.7 160.0 40.2
2025 -308.7 484.5 175.9 0.3387 -104.6 164.1 59.6
2026 -285.6 527.4 241.8 0.3166 -90.4 167.0 76.5
2027 2615 568.5 307.0 0.2959 77.4 168.2 90.8
2028 -236.7 608.2 3715 0.2765 -65.5 168.2 102.7
2029 2114 646.4 435.0 0.2584 54.6 167.0 112.4
2030 -186.3 682.8 496.5 0.2415 -45.0 1649 119.9
2031 -166.2 717.1 550.8 0.2257 37.5 161.9 124.3
2032 -151.0 749.5 598.5 0.2109 -31.9 158.1 126.2
2033 -139.6 784.2 644.6 0.1971 275 154.6 127.1
2034 -127.0 812.2 685.2 0.1842 -23.4 149.6 126.3
2035 -113.1 838.5 725.4 0.1722 -19.5 144.4 1249
2036 -98.1 866.3 768.3 0.1609 -15.8 139.4 123.6
2037 -81.6 892.4 810.8 0.1504 -12.3 134.2 121.9
2038 -63.7 914.6 850.9 0.1406 9.0 128.6 119.6
2039 -44.2 941.2 897.0 0.1314 5.8 123.6 117.8
2040 -23.0 963.6 940.6 0.1228 2.8 118.3 115.5
Total | -6,05.5| 14,720.1 8,714.5 -2,421.7) 3,695.1 1,273.5
Benefiticost Ratio = 1.53 NPV = $1,274n
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Table 11 Summary of Net Benefit (@ption 4

Undiscounted Cash Flow

Discounted Cash Flow ($m)

Discount
Year ($m, in 2009 prices) T ($m, in 2009 prices)
Cog Benefit [ Net benefit (7%) Cost Benefit [ Net benefit
2009 0.0 0.0 0.0 1.0000 0.00 0.0 0.0
2010 0.0 0.0 0.0 0.9346 0.00 0.0 0.0
2011 0.0 0.0 0.0 0.8734 0.00 0.0 0.0
2012 56.4 12.60 438 0.8163 46.07 10.3 -35.8
2013 -117.3 3803 79.3 0.7629 89.53 29.0 60.5
2014 122.3 65.32 57.0 0.7130 87.22 46.6 40.6
2015 127.2 94.14 -33.1 0.6663 84.78 62.7 221
2016 -140.2 125.30 -14.9 0.6227 87.32 78.0 9.3
2017 -291.0 159.07 -132.0 0.5820 -169.39 926 -76.8
2018 -302.1 195.28 -106.8 0.5439 -164.32 106.2 58.1
2019 -312.5 233.76 -78.8 0.5083 -158.88 118.8 40.0
2020 -318.5 273.57 -44.9 0.4751 -151.30 130.0 -21.3
2021 -316.9 314.26 26 0.4440 -140.70 1395 1.2
2022 -3095 353.56 44.0 0.4150 -128.44 146.7 18.3
2023 -301.6 392.55 90.9 0.3878 -116.98 152.2 353
2024 -293.1 434.86 141.7 0.3624 -106.25 157.6 51.4
2025 2745 477.37 202.8 0.3387 -93.00 161.7 68.7
2026 -254.6 519.52 264.9 0.3166 -80.61 164.5 83.9
2027 -233.6 560.01 326.4 0.2959 69.11 165.7 96.6
2028 -211.8 599.04 387.3 0.2765 -58.55 165.6 107.1
2029 -189.3 636.59 447.3 0.2584 48.92 164.5 115.6
2030 -166.9 672.31 505.4 0.2415 40.31 162.4 1221
2031 -149.0 706.05 557.1 0.2257 -33.63 159.4 125.7
2032 -135.4 737.92 602.6 0.2109 -28.55 155.7 1271
2033 -125.2 772.20 647.0 0.1971 -24.68 152.2 127.6
2034 -113.9 799.40 685.5 0.1842 -20.98 147.3 126.3
2035 -101.5 825.34 723.8 0.1722 -17.48 142.1 124.6
2036 -88.0 852.79 764.8 0.1609 -14.16 137.2 123.1
2037 -73.3 878.54 805.3 0.1504 -11.02 132.1 121.1
2038 57.2 900.47 843.3 0.1406 -8.04 126.6 1185
2039 -39.7 926.73 887.0 0.1314 5.22 121.7 1165
2040 207 948.90 928.2 0.1228 -2.54 116.5 114.0
Total | -5,243.4| 14,505.5 9,262.1 2,087.95 3645.6 1557.6
Benefificost Ratio = 1.75 NPV = $1,558
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4.5 Sensitivity Analyses

Given the inevitable uncertainties with some of the assumptions used inth e
base case, a number of sensitivity analyses were undertaken on the
assumptions for:

1 Fleet parameters (diesel penetration and durability of emissions
controls);

Unit health costs ;
Vehicle costs;

= 4

Discount rates; and
i Value of statistical life .

Asthe BCAresults for Options 2 and 3 are so similar (especially over the
longer term), sensitivity testing was done for Option 2 only. Sensitivity
analyses were also not undertaken for Option 4, as the only sensitivity test
which might affect the result (diesel veh icle penetration) was shown to have
limited effect on the overall results.

These analyses indicate that Option 2 (and by implication Option 3) deliver
net benefits under all circumstances, except where a very low unit health
cost value is applied.

Chanees to Fleet Parameters

The first set of sensitivity tests (ST1) is for diesel vehicle penetration. The

6l owd case has new sales remaining roughly
total sales (leadingtoaround 1 7% of 2040 sales) and the 06h
strong increases in diesel vehicles sales (with the result that about half of

2040 car sales, and most of LCV sales, are diesels).

The second set of sensitivity tests (ST2) is for durability of the emissions

control technology. The o6l owd <c as e tirarstessehtezerdet eri or a
forallpost-2010 model s, and the O6highd6 case has
values doubled for all post -2010 models.

If the changed deterioration rates applied only to the Euro 5 and 6
technology, the zero deterioration assumption would lead to higher benefits

(the 6highd case), and conversely for doub!
parameter (t h é&owdverpthe@harogasdoethe deteriorat ion rate

parameter are appliedtothe Optonlcase as wel | as the o6new
case, and they affect the statusquor esul t s more than they aff

st andar ds Gongegusntlyl thesavings in emissions are lower for the
sensitivity run with zero deterioration (m
for the run that doublesthe deter i or ati on rate (maki®ng it th

a3 When the changes to the det

e
deterioration becomes the 6h
BCR of 1.06.

ation rate par ameter

rior
ighdéd case wiwithlh a BCR of
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The impact of these sensitivity tests on PM emissions (which is the dominant
emissions factor in the BCA) is illustrated in Figure 10. The chart indicates
that under all test conditions, Option 2 (and implicitly Option 3) deliver
emissions reductions relative to the base case (Option 1). The chart
indicates that PM emissions are more sensitive to changes in deterioration
rates than diesel penetration, presumably because the PM emissionsrate
from diesel vehicles meeting Euro 5 is not markedly different from those of
petrol vehicles.
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FigurelO Projectedmpact orPM Emissionsfthe Light Vehicle Fleet from the
Introduction of Euro 5EmissionsStandardsinder Different Diesel
Penetration and Durability Sensitivity Tests
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The results of sensitivity tests for ST1 and ST2in terms of the BCAare
presented in Table 12. While there are still net benefits under all tests,

as

noted above, it appears that the results are more sensitive to the changes in
the deterioration rates than diesel penetration rates .

Table 12 Impact of Changes 8pecified-leet Parameters

Scenarios NetBenefit Benefiéicost Ratio
($m)

Base Case 1,250 151
ST1(diesel penetration)

Low 857 1.47

High 1,331 152
ST2(deterioration rates)

Low 476 1.19

High 2,037 1.83

Changes to Unit Health Costs

The two test s for health costs were simply to apply a £50% factor to the
base case estimates. As shown in Table 13 under the unlikely scenario

where unit healt h cost values (i.e. the benefits measured in terms of

avoided health costs) are reduced by 50% there is a net cost over the

analysis period.

Table 13 Impact of Changes to Unit Health Costs

Scenarios Net(grenr;efit Benefifcost Ratio
Base Case 1,250 151
LowAvoided Coft50%) 1 604 0.75
HighAvoided Cogt 50%) 3,103 2.26
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Changes to Implementation Costs

As noted earlier, th ere are considerable uncertainties in the assumed cost
adjustment proc ess illustrated in Figure 9. An alternative assumpti on tested
in this RIS is to assume no downward cost adjustment over time. The result
of the testing is presented in Table 14. Even with this very conservative
assumption, there are still net benefits over the analysis period

Table 14 Impact ofChangedo Implementation Costs

Scenarios Net(zre}]r;eflt Benefificost Ratio
Base Case 1,250 1.51
High Cost
(no downward cost adjustme| 780 1.27

Changes to Discount Rites

The results of sensitivity testing in relation to the disc ount rates are shown
in Table 15. There are net benefits under all three rates, w ith the 3%
discount rate preferred by BITRE delivering a significantly higher net benefit
than the base case.

Table 15 Impact ofChanges to Discount Rates

Scenarios Net(gre}]r;efit Benefificost Rat
Base Cas@g%) 1,250 1.51
Low (3%) 3,964 2.02
High (11%) 300 1.18

Changes to Value of a Statistical Life

As noted in section 4.3, the estimates for avoided health costs can vary
widely, and in part this is affected by the assumed value of a statisti  cal life
(VSL). The implied average VSL used by the three most recent studies
evaluated in the BCA was $6 million and was derived from a consistent
methodology (willingness to pay). This is consistent with a 2008 report ** for

44 Access Economics (200%) Health of Nations: The Value of a Statid@epbtdtifior the Office of the
Australian Safety and Compensation Couityeil/atwvw.safeworkaustralia.gov.au/NR/rdonlyres/AAFOF980
FAAZ10FR837CA7C448DD5EFB/0/Health_national_value_Statistical_life_full_version.pdf

52


http://www.safeworkaustralia.gov.au/NR/rdonlyres/AAF0F980-FAA3-410F-837C-47C448DD5EFB/0/Health_national_value_Statistical_life_full_version.pdf
http://www.safeworkaustralia.gov.au/NR/rdonlyres/AAF0F980-FAA3-410F-837C-47C448DD5EFB/0/Health_national_value_Statistical_life_full_version.pdf

Draft RIS - Euro 5/6 Emission Standards for Light Vehicles

Australian Safety and Compensation Council, which, while also noting the

i nherent uncertainties in VSL estimates su:
$6 million for VSL, with sensitivity analysis recommended at $3.7 million and

$8.1 million. To assess the influence of changes in VSL on the BCA

outcomes, a sensitivity test using the VSL estimate preferred by the OBPR

($3.5 million) was conducted. The result of the testing is presented in

Table 16. Using this very conservative assumption, the net benefits are

considerably reduced, althou gh still positive over the analysis period.

Table 16 Impact of Changes to Value of Statistical Life Estimates

Assumed VSL NepBeneqt Benefificost Ratio
($m)
Medium Case ($6m) 1,250 1.51
Low Case ($3.5m) 191 1.08

53



Draft RIS - Euro 5/6 Emission Standards for Light Vehicles

5 CONSULTATION

This RIShas been release in draft form for public comment. The release
enables industry, motoring associations, transport and environment agencies
and the broader community to respond to the options presented in the RIS.

The inclusion of a draft benefit -cost analysis (BCA)as part of the draft RIS

enables stakeholders to evaluate the assumptions and estimates of costs and

benefits used to derive the net benefit calculation, and ultimately the

recommended option. The Australian Government is particularly interested

in comments on these assumptions and estimates, and the provision of any

alternative data is invited. The Government is also interested in

stakehol dersd views on the appropriateness
adopted in the BCA, including the rationale for any alterna tive timeframe

proposed.

While the fuel sulfur question is not addressedin the BCA, the Government
is interested in also receiving any data to improve the understanding of this
issue so as to assist any further analysis that may be conducted under the
auspices of the Fuel Quality Standards Act 2000. This draft RIS will be
provided to the Fuel Standards Consultative Committee which has been
established under the FQSAct to provide advice to the Minister for the
Environment, Heritage and the Arts.

Notificat ion of this draft proposal will also be sent to the World Trade
Organisation, consistent with Austral i ads obligations under
Barriers to Trade agreement.

A summary of the public comment will be included in the final RIS that is
used for decision making.

All submissions will be treated as public documents, unless requested to be
treated as confidential by the author.

All comments must be in writing and should be directed to:

Euro 5/6 Emissions Review

Energy and Environment Team

Department of Infrastructure, Transport, Regional Development and Local
Government

GPO Box 594

CANBERRA ACT 2601

Or email to: E5-6RIS@infrastructure.gov.au

Comments must be received by 1 March 2010 .
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6 CONCLUSIOMND RECOMMENDED OROMN

6.1 Conclusion

The benefit -cost analysis undertaken in the preparation of this draft RIS has
demonstrated a net benefit in adopting the Euro 5/6 emissionsstandards for
light vehicles. Sensitivity analyses also indicated a net bene fit under all
reasonable scenarios.

The review makes no specific recommendations regarding fuel standards ,
but suggests that the Fuel Standards Consultative Committee consider any
potential impacts for fuel quality which may arise from the adoption of

Euro 5/6 standards for light vehicles.

6.2 Recommended Option

Subject to any additional information provided via the public consultation
process, the review favours the implementation of Option 3 in accordance
with the details set out below. This option min imises compliance costs for
vehicle manufacturers and provides additional lead time for providing
compliant vehicles , without any measurable detriment to the health
benefits arising from the introduction of the new standards.

While Option 4 provides greate r net benefits that Option 3 (because it is
limited to diesel vehicles only), the review notes that Option 3 provides
around 82% of the net benefit from Option 4, as calculated by the BCA, and
by including petrol vehicles, Option 3 also delivers the additi onal benefits
which would flow from adoption of Euro 5/6 standards for petrol vehicles
(and were not quantified in the BCA) . These include:

1 the increased durability of emissionscontrol systems;

9 greater confidence with in -service compliance through enhanced OBD
systems

1 removal of current concessional provisions which allow heavier
passenger cars to meet more lax emissionslimits ; and

1 controls on PM emissions from direct injection petrol engines .

While data is not available to enable the BCA to quantify the additional
benefits from these elements, it is reasonable to conclude they would
improve the net benefit over the longer term.

From a cost perspective, the EC estimates which underpinned the BCA
either include the costs associated with these measures (s uch as the
removal of concessions for heavier cars) or conclude that they add no
additional costs (increased durability).

Petrol vehicles remain the dominant vehicle type in the light vehicle sector
and their exclusion from the Euro 5/6 standards, while allowable under our
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current treaty obligations under the 1958 Agreement, would nevertheless be

i nconsistent with the Audotdevalbpiaman Gover nmen:
internationally competitive vehicle industry. As noted in the 2008 Review of

Au st r Adtomatiesndustry **:

0The harmonisation of Australian Design Ru
Commission for Europe regulations removes barriers to trade, and facilitates
participation in global markets by the Aus:

Thus, on balance, the review recommends the implementation of Option 3.

45 Revi ew of ordotive Industry Rinal Répot2008) p.90 at:
http://www.innovation.gov.au/automotivereview/Documents/aug08%20final%20report_secure.pdf
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6.2.1 Euro5

The review recommends that the Euro 5 vehicle emissionsstandards be
adopted in Australia through :

1 determining a new ADR79/03 Emission Control for Light Vehicles
which adopts the final text of ECE Regulation 83/06; and

1 requiring the new ADR79/03 to apply the Euro 5 requirements in a
staged manner consistent with a lagged implementation of the
timeframes set out in UN ECE Regulation 83/06*°, as set out in
Table 17 below:

Tablel7 ImplenentationTimetable for Proposed ADR79/03

ADR79/03 MinimunRequirements Applicable | Date of Effett
Implementatior| Vehicle
Stage Categories | (1 Jamary..)
New All
Models| Models
fi B aEum 6 PetralLPG& 15513 | 2014
(including concessions rega@igPM | NGvehicles
threshold fdd and N category vehicles 4
Stage 1 specified in 3.3.2 ahax 11 of EGEB3/06 ,
o T s Diesel
and NOx emissions monitoring as sigaci vehicles 2012 | 2013
3.3.3.1 of Annex 11 of B8&/0H
Stage 1withOBD PM thredld concession| Diesel & dire
Stage 2 removeblusPM and Particle Number lin injectiongdrol| 2013 | 2014
based on new test procedure vehicles
Full complianegth ECR83/06, including § PetrglLPG&
Stage 3 OBDrequirements of Annex 11 of/RB3EM6| NGvehicles 2015 | 2015

The 2 year date combinations for the vehicle standards refer to the dates applicable to new model
vehicles and all model vehicles, respectively. For example, in the-@&EEofl#813eans that

from 1 January 2012 any nesehftype) first produced with a date of maraffacture

1Januar012 must comply with the new standard, and from 1 January 2013 all new vehicles
(regardless of the first production date for that particular model) must comply.

All dates of effect atdeast one year later than the equivalent applicability date in ECE83/06

* To avoid the introduction of a multitude of implementation dates, it is proposed that Stage 3 be
i mpl emented at a singl e fal | mantatidreoftiisphasior (1 Jan
in ECE 83/06 for all models from 1 Jaridary 20

46 Curent text of ECE R83/06 isité://www.unece.org/trans/doc/2009/wpPBECEVP2P00957e.pdf
R83/06t is anticipated that ECE R83/06 will be agreedNoEtieat the December 2009 meeting.
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6.2.2 Euro 6

The Euro 6 vehicle emissionsstandards have been agreed in the European
Commission (EC) process, but ECERegulation 83 has not yet been amended
to adopt the emissionslimits specified for Euro 6. The review recommends
that once ECERS83 is amended to adopt the Euro 6 emissionslimits, a new
ADR79/04be introduced to take effect from 2016 for new models and 2017
for all models. This timing is based on the assumption that the current EC
timing for Euro 6 (see section 1.5.1) is substantially reflected in ECE R83.
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7 IMPLEMENTATION AND RVIEW

The ADRs are national standards under the Motor Vehicle Standards Act
1989 and are subject to periodic review in light of internatio nal
developments in the UN ECE regulationsadopted in the ADRs. In the case of
the emissions standards, such reviews (including this RIS) usually consider
the merits of more stringent standards, as ECE regulations for emissions are
progressively tightened in line with technology improvements to address
potentially adverse impacts on urban air quality from increased vehicle use.
However, where it can be demonstrated that technology or fuel changes
render an emissionsrelated ADR as no longer being necessaryto delivering
improved air quality outcomes, a review would be conducted.

Any new emissions ADRs are jointlyagreed by the Australian Transport
Council (ATC) and the Environment Protection and Heritage Council (EPHC),
with formal endorsement being the r esponsibility of the Ministers of the
Australian Transport Council (ATC). Under the Motor Vehicle Standards Act
1989, final responsibility for determining an ADR rests with the
Commonwealth Minister for Infrastructure, Transport, Regional Development
and Local Government.

Given that ECE R83/06 at this stage only adopts the Euro 5 emissionslimits,
it is proposed that the ADRvehicle emissions package be presented to ATC
and EPHCMinisters in two parts as follows:

1 Part 1 would ask the Councils to recommend that the Minister for
Infrastructure, Transport, Regional Development and Local
Government determine as soon as possiblea new ADR79/03 which
adopts the final text of UN ECE R83/06 (Euro 5emissionsstandards
for light duty petrol, diesel, LPG and NG vehicés in accordance with
the provisions of section 6.2.1; and

1 Part 2 would ask the Councils to recommend that the Minister for
Infrastructure, Transport, Regional Development and Local
Government determine a new ADR79/04 which adopts the version of
UN ECE RBwhich adopts the Euro 6 emissionsstandards for light
duty petrol, diesel, LPG and NG vehicles(when finalised) in
accordance with the provisions of section 6.2.2.
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APPENDIX A SUPPLEMENTARY INFARIKAN ON URBAN
AIR POLLUTION

Health Impacts of Key Urban Air Pollutants

While urban air quality in Australia is generally good, there are still
significant health concerns in relation to the concentrations of air
pollutants. The air pollutants relevant to this RIS are particulate matter
(PM) - especially fine a nd ultrafine particles - nitrogen oxides, and ground
level ozone - an indicator of photochemical smog. Motor vehicles are a
major contributor to these pollutants in urban air, and vehicle numbers and
usage continue to rise.

Studies conducted in cities in the US, Europe, Australia and New

Zealand'" 4849395152 haye repeatedly found associations between short -term
increases in ambient levels of PMo and PM 5> and daily mortality, and
cardiovascular and respiratory morbidity. The risk of these effects increas es
wi t h e ac Rincte@s®ig PMrevels. These associations are observed
even when air pollutant concentrations are below national standards.

While most research has been conducted using PMg as an indicator, recent
research indicates that short -term exposure to PM, 5 in urban air is
associated with mortality from cardiopulmonary diseases, hospitalization

and emergency department visits for cardiopulmonary diseases, increased
respiratory symptoms, decreased lung function, and physiological changes or
biomarkers for cardiac changes. Long-term exposure to PM; s is associated
with mortality from cardiopulmonary diseases and lung cancer, and effects
on the respiratory system such as decreased lung function or the
development of chronic respiratory disease.

PM from motor vehicle exhaust in particular is the subject of increasing
concern amongst health researchers, with linkages between adverse health

47 Barnett AG; Williams GM; Schwartz J; Neller AH; Best TL; Petroeschevsky AL; Simps@oRo{2005).
and child respiratory health: actassover study in Australia and New Zéalandl American Jalof
Respiratory and Critical Care Medicine, 1127272

48 Barnett AG; Williams GM; Schwartz J; Best TL; Neller AH; Petroeschevsky AL; SimpiserefRbt$2106).
air pollution on hospitalizations for cardiovascular disease in eldésipalimheand New Zealand, cities
Journal Environmental Health Perspectives, 1023018

49 Jalaludin B; Morgan G; Lincoln D; Sheppeard V; Simpson R; CorBst&i@a06) between ambient air
pollution and daily emergency department attbdaacdiovascular disease in the elderly (65+ years),
Sydney, AustraliBpurnal of Exposure Science and Environmental Epidemic®gy, 16:225

50 Rodriguez C; Tonkin R; Heyworth J; Kusel M; De Klerk N; Sly PD; Franklin P; Runnion T; Btockley A; Landau
Hinwood AL (200Me relationship between outdoor air quality and respiratory symptoms in young children
Journal International Journal of Environmental Health Researe36@.7(5):351

51 Simpson R; Williams G; Petroeschevsky A; Best T; Morgan G;Hhewiood A; Neville G (20@5short
term effects of air pollution on hospital admissions in four Australiamatifiastralian and New Zealand
Journal of Public Health, 22213

52 U.S. EPA. (200A)r quality criteria for particuatierU.S. Environmental Protection Agency. Research
Triangle Park, NC. EPA/699/602akBF.
53 PMoand Pidlsrefer to particles of diameter of 10 microns and less, and 2.5 microns and less, respectively.
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effects and exposure being demonstrated at increasingly lower levels of PM
in the atmosphere. New research s uggests the risks of cardiovascular
effects may be particularly great for exposure to fine (<2.5 nm) and ultrafine
(<0.1mm) exhaust particles >*,

While the number of studies of exposure to ultrafine particulate (UFPS) is
still limited, there is a large body o f evidence from controlled human
exposure studies using fresh exhaust from diesel engines which
demonstrates effects on the cardiovascular system >°. Diesel exhaust PM is
dominated by UFPs. These studies®>" 8596061 gyggest that exhaust
particles affect vas cular function in both healthy individuals and those with
pre-existing cardiovascular disease.

Many studies also suggest that the surface of particles or substances
released from the surface (e.g. transition metals, organics) interact with
biological substrates, and that surface -associated free radicals or free
radical -generating systems may be responsible for toxicity, resulting in
greater toxicity of UFPs per particle surface area than larger particles.
Additionally, smaller particles may have greater p otential to cross cell
membranes and epithelial barriers ®2. For a given mass, the enormous
number and large surface area of UFPs highlight the importance of
considering the size of the particle in assessing response. For example,
UFPs with a diameter of 20 nm, when inhaled at the same mass
concentration, have a number concentration that is approximately 6 orders

54 Yue W; Schneider A; Stolzel M; RudRgryRJ; Pan X; Zareba W; Koenig W; Wichmann HE; Peters A (2007).
Ambient sourepecific particles are associated with prolonged repolarization and increased levels of inflammation
in male coronary artery disease pal@mnisal Mutation Researchtafuental and Molecular Mechanisms of
Mutagenesis, 62160

55 U.S. EPA (2009). Second External Draft of the Integrated Science Assessment of Particulate Matter. U.S.
Environmental Protection Agency, Washington, DC, BBA/&3B/R009.

56 Adar SDGold DR; Coull BA; Schwartz J; Stone PH; Suh H (2007). Focused exposures to airborne traffic particles
and heart rate variability in the elderly, Journal Epidemidiag, 18:95

57 Lundback M; Mills NL; Lucking A; Barath S; Donaldson K; NewbyrDE; BlEmdséaiy A (2009).
Experimental exposure to diesel exhaust increases arterial stiffness in man, Journal Particle and Fibre Toxicology,
6:7.

58 Mills NL; Térnqgvist H; Gonzalez MC; Vink E; Robinson SD; Soderberg S; Boon NA; Donaldson K; Sandstrom T;

Blanberg A; Newby DE (2007). Ischemic and thrombotic effects ofditatestliebellation in men with
coronary heart disease, Journal New England Journal of Medici#h®8257:1075

59 Peretz A; Sullivan JH; Leotta DF; Trenga CA; Sands FN;l¢tkenCl; \Wadkinson CW; Gill EA; Kaufman JD
(2008). Diesel exhaust inhalation elicits acute vasoconstriction in vivo, Journal Environmental Health Perspectives,
116:93B42.

60 Rodriguez C; Tonkin R; Heyworth J; Kusel M; De Klerk N; Sly PD; FrankKinBlpBkiap A; Landau L;

Hinwood AL (2007). The relationship between outdoor air quality and respiratory symptoms in young children,
Journal International Journal of Environmental Health Researe36@.7(5):351

61 Tornqvist H; Mills NL; GonzaleZldf;WWR; Robinson SD; Megson IL; MacNee W; Donaldson K; Soderberg S;
Newby DE; Sandstrom T; Blomberg A (2007). Persistent endothelial dysfunction in humans after diesel exhaust
inhalation, Journal American Journal of Respiratory and Critical Cavéidegiche,

62 U.S. EPA (2009econd External Draft of the Integrated Science Assessment of Partitli&te Matter
Environmental Protection Agency, Washington, DC, BBA/&8B/R009.
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of magnitude higher thanfora2.5 -Om di ameter particl e. Par t
area is also greatly increased with ultrafine PM 2,

In recent years the re has been an increased focus among the international
scientific community on gaining a better understanding of the potential
health effects associated with exposure to UFPs, especially from traffic
exhaust, and more research is being conducted that exami nes associations
between particle number concentrations and health effects.

The current consensus is that there is no safe level of exposure to PM and
that any reduction in particle concentrations would improve population
health outcomes ®4%%°%:67,

Ozone isa secondary pollutant formed from the interaction of hydrocarbons
(HCs), often referred to as volatile organic compounds (VOCs), and NOXx.
Ambient levels of ozone, below the current standards, are linked with
increases in mortality and morbidity, including hospital admissions and
emergency department attendances, exacerbation of asthma, decreases in
lung function and increases in respiratory symptoms ®#°7%71 - As with
particulates, it is not possible to detect a distinct threshold for ozone,

below which no individual would experience a given adverse health effect,
especially given some members of a population are sensitive even at very
low concentrations 2.

Nitrogen oxides (NOx) emitted from motor vehicles contribute to the
formation of both ozone and fine pa rticles. The nitrogen oxides (NOXx) are
comprised mainly of nitric oxide (NO, approximately 95%) and nitrogen

63 U.S. EPA (2009econd External Draft of the Inte§adede Assessment of Particulate Ntager
Environmental Protection Agency, Washington, DC, BBA/&3B/R009.

64 Daniels MJ; Dominici F; Zeger SL; Samet JM (2004). The national morbidity, mortality, and air pollution study Part
Ill: PM10 coastratiomesponse curves and thresholds for the 20 largest US cities. Report.

65 Samoli E; Analitis A; Touloumi G; Schwartz J; Anderson HR; Sunyer J; Bisanti L; Zmirou D; Vonk JM; Pekkanen J;

Goodman P; Paldy A; Schindler C; Katsouyanni K (200%) .tEstéxptisuresponse relationships between
particulate matter and mortality within the APHEA multicity project, Journal Environmental Health Perspectives,

113:895.

66 Schwartz J; Coull B; Laden F; Ryan L (2008). The effect of dose and éimihg afslosation between
airborne particles and survival, Journal Environmental Health Perspe@fives, 116:64

67 Schwartz J (2004). The effects of particulate air pollution on daily deittttase madsisover analysis,
Journal Occupational Bndironmental Medicine, 62656

68 Barnett AG; Williams GM; Schwartz J; Neller AH; Best TL; Petroeschevsky AL; Simps@oRiNo{2005).

and child respiratory health: actassover study in Australia and New Zaéaleindl American Jowhal
Respiratory and Critical Care Medicine, 11271272

69 Erbas B; Kelly AM; Physick B; Code C; Edwards Mr(@6I08)on and childhood asthma emergency hospital
admissions: estimating-otyaregional variatidnsernational Journal ofr&mviental Health Research,-15:11
20.

70 Simpson R; Williams G; Petroeschevsky A; Best T; Morgan G; Denison L; Hinwood ATReshex® (2005).

term effects of air pollution on hospital admissions in four Australiamatifiastralian and Realand
Journal of Public Health, 22213

e U.S. EPA (2008jr quality criteria for ozone and related photochemicalokidentsUnited States
Environmental Protection Agency.
72 U.S. EPA (2008jr quality criteria for ozone and relatechphtcal oxidarW®lume I. United States

Environmental Protection Agency.
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dioxide (NO,, approximately 5%). In the atmosphere, nitric oxide oxidises to
the more toxic nitrogen dioxide.

There are strong associations between levels of nitrogen dioxide in the air
and daily mortality, hospital admissions for asthma, chronic obstructive

pulmonary disease and heart disease. Numerous studie

37475 in Australian

cities have found increases in NO, are associated with increased daily
mortality, hospital admissions of children for respiratory disease and of the
elderly (>65 years) for cardiovascular disease ®. These effects are reported

at levels below the current air quality standards. A 2004 study in Perth

77

reported increases in c ardiovascular mortality with each 1 ppb increase in

NGp.

Au st r aAmbieat@is Quality Standards
In June 1998, the NEPC made the National Environment Protection Measure

for

Ambient Air Quality (the AAQ NEPM), whi

ambient air quality standards. The AAQ NEPM sets national standards for
the six criteria pollutants specified in Table Al. The goals for each
pollutant set out in Table Al apply in the Commonwealth and each State
and Territory of Australia and must be met by th e year 2008.

73
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Erbas B; Kelly AM; Physick B; Code C; Edwards Mr(@6I08)on and childhood asthma emergency hospital
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20.
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term effects of air pollution on hospital admissions irliaaroitiedfournal Australian and New Zealand
Journal of Public Health, 22213

Barnett AG; Williams GM; Schwartz J; Best TL; Neller AH; Petroeschevsky AL; SimpiserefRbt$21f06).
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Journal Environmental Health Perspectives, 1023018
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TableAl A u s t rAmbienteAd Quality NEPM Standards

Criteria Pollutant Averaging Maximum (an_1b|ent) ~Air Quality Goal
Period Concentration (maximum allowable exceedenc
Carbon monoxide (CO) 8 hours 9.0ppm 1 day a year
1 hour 0.12ppm 1 day a year
Nitrogen dioxi¢ldQ) PP yay
1 year 0.03ppm None
Photochemical oxidant§ 1 hour 0.10ppm 1 day a year
ozone) 4 hours 0.08ppm 1 day a year
1 hour 0.20ppm 1 day a year
Sulfur dioxide (80 1 day 0.08ppm 1 day a year
1 year 0.02ppm None
Lea 1 year 0.50 pg/m3 None
Particles as M 1 day 50 pg/m3 5 days a year
Goal is to gather sufficient data
. 1 day 25 pg/m3 nationally to facilitate a review of {
Particles as M 1 year 8 pg/m3 standard as part of the review of
Measure, which aopnced in 2005

A review of the AAQ NEPM standards is underway.

Current Status of Urban Air Quality in Australia

As noted earlier, the quality of air in Australian cities is generally good, but
some pollutants remain a concern, including some of those derived from
motor vehicle emissions. The status of those AAQ NEPM criteria pollutants
which are relevant to the standards being considered in this RIS ( viz ozone
and PM) are summarised below.

Ozone

High solar radiation levels, high summer temperatures and location in
coast al basins surrounded by hills
susceptible to photochemical smog and to its recirculation over areas of the
airshed. Ozone concentrations are monitored under the AAQ NEPM as an
indicator of photoch emical smog. Ozone is not directly emitted from motor
vehicles, but direct emissions of HCs and NOx react in the presence of
sunlight to form ozone. Ozone levels remain a problem in Sydney and
represent a potential problem in some of our other larger cit ies.

Compliance with the AAQ NEPM goal for ozone requires that from 2008, the
1-hour and 4-hour standards are exceeded on no more than one day per
year. To a large extent, the frequency of exceedences from year to year is
dependent on the seasonal summer conditions. Hot stable weather will
produce higher ozone levels, while cooler wetter summers lead to reduced

ma k e
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levels. Under unfavourable meteorological conditions, Sydney, Melbourne,
Brisbane and Perth can experience ozone levels above the NEPM standards.

The Sydney region in particular faces a significant challenge in complying
with the NEPM goal for ozone, as it has exceeded either or both of the

1-hour and 4-hour standards every summer since 1996 (see FiguresAl and
A2). In a 2007 report 8, the then N SW Department of Environment and
Climate Change (DECC) noted that severe bushfire events clearly contribute
to ozone exceedences, but also notes that even in years of little bushfire
activity, significant ozone exceedences can still occur. DECC concluded

that o0...anthropogenic emissions alone
widespread exceedences of the Air NEPM standards (e.g. the 2000-01 and
20060 7 seasons) 0. The report also noted

improvement in ozone since 1998, and that a larg e area within the Sydney
region is susceptible to ozone level exceedences.
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FigureAl

Australian Cities

78

NSW DECC (20@Qrrent and projected air quality imiNSW
http://wwwnvironment.nsw.gov.au/resources/air/07529cpairqual.pdf

Number of Days NEPM 1hr Ozone Standard (0.10ppm) Exceeded in Four
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FigureA2 Number of Days NEPM 4hr Ozone Standard (0.08ppm) Exceeded in Four
Austalian Cities

Data from Melbourne indicate that while the number of days on which the
4-hour standard is exceeded is relatively low compared to Sydney there can
be a significantly higher number of days in the summer months where the
peak ozone levels approach the 4 hour standard, even in years where the
standard is not actually exceeded. In 2001 in South East Queensland, the
ozone standards were met, but maximum concentrations were up to 94% of
the standard. These results highlight the ozone potential of these cities and
point to the likelihood of exceedences in future summers where the
meteorological conditions are favourable to ozone formation.

Particulates

Particle emissions are monitored in Australian cities, and some regional
areas (as both PMo and PMs). Multiple exceedences of the PM 1o standard
occur every year in many cities in Australia. In most cases vehicles are not
the principal contributors to the exceedences, which are triggered by
extreme weather events such as bushfires and dust storms. Nevertheless,
vehicle emissions, particularly from diesel vehicles, significantly elevate the
background level of particulates in the urban atmosphere and can be a
significant contributing factor to exceedences of the standards.

There are no Australian standards for ultrafine particles. UFPs are best
measured in terms of their number concentration, because their particles
numbers are large (usually >10,000/m %), whereas their mass is small (usually
a f e w % OGanpamed with the mass of larger particles.  Only rarely is
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there a correlation between particle number and mass concentrations *~;

79

therefore on the basis of existing mass concentration data, it is normally not
possible to evaluate the health effects of UFPs.

Contribution of Motor Vehicles to Air Po  llution

Motor vehicles are one of the major emitters of air pollutants in urban
Australia, contributing more than 80% of the CO emissions, 60 -70% of the
NOx and up to 40% of the HCs. Light petrol vehicles are the major transport
contributors to CO, HC and NOx emissions, with diesel vehicles making a
disproportionate contribution to NOx emissions. For example, in the
Sydney airshed, diesel vehicles make up only 8% of the fleet, but are
responsible for an estimated 22% of NOx emissions from transport.

While vehicles are not the major source of particle emissions in most urban
airsheds, fuel combustion sources such as motor vehicles are a significant
contributor to the overall particle load in urban airsheds. In Sydney for
example, it is estimated that r oad transport contributes around 12% of
annual anthropogenic PMy emissiong®. A recent study found motor vehicles
contribute about 30% of particulate pollution in Melbourne. PM levels tend
to be highest near busy roads and levels sometimes do not meet th e PM
standards®.

Significantly, particulate emissions from diesel vehicles are almost all from
the UFP fraction, and, as noted earlier, it is these fine particles that are
considered to present the most significant human health risk.

The absolute contri bution that vehicles make to urban air pollution is
determined by the total emissions from the vehicle fleet and the complex

nteraction of those emi ssions with each

overall urban structure. When considering the emission s component of this
interaction, the key factors are:

1 the emissionsstandards to which different vehicle types were

certified (as new) and the stringency of those standards;

the distribution of vehicles in the fleet meeting specified emissions
standards;

the age profile of the fleet and the deterioration of emissions control
systems over time on emissions performance of vehicles;

79

80

81

Aalto P; Hameri K; Paatero P; et al. (2005) Aerosol particle number concentration measurements in five European
cities using FS022 condensation particle counter ovetyadhmeriod duringalth effects of air pollution on

susceptible subpopulations. Journal of the Air & Waste Management Assoerdion, 55, 1064

NSW DECC (20@Qrrent and projected air quality imiNSW
http://www.environment.nsw.gov.au/resources/air/07529cpairqual.pdf

EPA Victoria (200@gview of air quality near major. Ruatnlgcation 1025. February 2006. Environment

Protection Authority Victoria.
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1 the total VKT of the vehicles in each of these age/emissions standard
groups in the fleet; and

1 the parameters of the market fuels and the mix of fuel types.

The penetration rate of new vehicles into the fleet means there is a lag of
approximately 10 years before new emissions standards begin to have a
significant impact on total fleet emissions.

Air Quality Trends in Australian Cit ies

Although there have been considerable improvements in emissions
performance of the vehicle fleet in Australia, motor vehicles continue to be

an ongoing threat to Australian urban air quality, principally due to the
growth in vehicle numbers and use. Recent Bureau of Infrastructure,
Transport and Regional Economics estimates (BITRE, unpublished) imply
growth in total motor vehicle travel (VKT) of 45% between 2000 and 2020
under business as usual conditions, with passenger car VKT growth at 37%
and light commercials at 73%. This VKT growth is expected to occur even
though projections of car ownership rates (number of cars per person) are
predicted to essentially plateau by around 2015. Some urban regions face
more rapid growth rates, with increasing VKT putting pressure on the
capacity to meet some NEPM air quality standards in certain urban airsheds.

The BITRE emissions projections to 2040 undertaken for this RIS concluded

that under a Obusiness as usenasbians scenari o,
standards being introduced over the 2006 -2010 period, emissions of ozone

precursors (HC and NOXx) from the light vehicle sector will decline

significantly until about 2025, after which they stabilise and then trend

slightly upward. In contrast, PM emissions from li ght vehicles are expected

to fall significantly until about 2016, then trend steeply upward. Refer to

section 3.2 to view the relevant charts for NOx and PM.

While these emissions projections demonstrate the benefits of new vehicle
emissions standards, the pattern and scale of urban development in parts of
Australia, and the associated increase in vehicle use, is clearly having an
effect on the long term trends and will place increasing pressure on the
challenge to maintain improvements in urban air qualit vy, particularly ozone
and PM.

The NSW Department of the Environment, Climate Change and Water has

concluded that the Sydney Greater Metropolitan Region (GMR) faces an

ongoing challenge in meeting the Ambient Air Quality NEPM standards for

ozone in the fut ure because of the pressures of population growth, urban

expansion and the associated increase i n m
population is expected to reach 4.6 million by 2016 and 5 million by 2026

(increases of 19% and 29%, respectively, over 2001 levds), with significant

population growth also expected in the lllawarra and the lower Hunter.

Additionally, the benefits from cleaner vehicles and fuel standards alone are
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not expected to be enough to offset the impacts of the increase in total
VKT, which will continue to place pressure on air quality in the GMR.
Modelling undertaken by the NSW DECC to evaluate how to tackle the ozone

chall enge al so concl ud athe Sydtnaytregiondasz one f or ma:
more sensitive to motor vehicle control strategiest han to control strategies
applied to d her sourcesbd

The Port Phillip airshed in Victoria encompasses Melbourne and Geelong.
Melbourne is undergoing rapid population growth with the population
predicted to reach 5 millioniobiefore 2030.
expected to increase by 1.8 million between 2006 and 2036 . Geelong is
also predicted to have rapid population growth over that period.  This
increase in population is likely to result in a significant increase in air

pollution in the Port Phillip Region. Modelling conducted by EPA Victoria as
part of the development of the draft Air Quality Improvement Plan for the
region indicates that reductions in emissions due to improvements in vehicle
technology would be offset by increased VKT leading to in creases in air
pollution out to 2021. Although air quality in the region generally meets air
guality standards currently, the pressure on air quality in the region due to
increases in population and VKT, as well as changing climatic conditions ,
may change that situation in the future.  Motor vehicles remain the major
contributor to air pollution in the Port Phillip Region.

South East Queensland is also predicted to experience significant growth
over the next 20 years, with 1996 population in the region of some 2.3
million predicted to increase to 3.8 million by 2021. This will be
accompanied by dramatic growth in transport activity, which the
Queensland EPA concludes is likely to reduce air quality even allowing for
advances in vehicle technology. This is reinforced by the latest estimates
for the SE QId region that expect VKT to increase at more than twice the
rate of the population, principally because of trends to greater use of
private vehicles, lower vehicle occupancies and longer trip lengths. The
Queensland EPA also concludes that while there have been no exceedences
of the ozone standards since 1998, under more conducive meteorological
conditions the SE QId region could fail to comply, particularly with the
increasing pressure on the airshed from r apidly increasing population and
resultant vehicle use.

Similar to other capital cities, it is exp
and high vehicle ownership is likely to place increasing pressure on

maintaining acceptable air quality. To date,t hreequar ter s of the st a
rapid population growth hasoccurred in the Perth metropolitan area ®*.

Pert hds pasatdunea2008was 1.6 million, with p rojections

82 NSW DECC (20@D)rrentrad projected air quality in BSW
http://www.environment.nsw.gov.au/resources/air/07529cpairqual.pdf

8 Victorian Governm@@to8Melbourne @ 5 Milkitin
http://www.dse.vic.gov.au/DSE/nrenpl.nsf/fid/93E1884BDDA65F63CA25762500047CES5

84 ABS(2009Cat. 3218.0, 2008, Summary at:

http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3828.020Ddcument
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suggesing this could increase to 2.4 million by 2026, and over 4 million by
2056. In addition, vehicle ownership is also increasing. The ABSmotor
vehicle census identified Western Australian as having the highest rate of
passenger and total vehicle ownership across Australia, with 603 and 813
vehicles per 1000 residents, respectively ®. The WA Department of
Environment and Conservation currently records irregular exceede nces of
the ozone Ambient Air Quality NEPM standards, with the most recent
occurrence in January 2009. As motor vehicles are the single largest source
of air pollution in the Perth metropolitan region it is expected that any
tightening of the emissions limits will have a positive impact on air quality.

In summary, total emissions from individual motor vehicles are expected to
decline steadily over the next twenty years with imp roving vehicle
technology, but will remain high due to increasing traffic and a growing
population.

& ABS(2009) Cat. 930980, March 2008 SMStummary at:
http://www.abs.gov.au/ausstats/abs @.nsf/mediareleasesbytitle/28861A19CCDB9441CA25753D001B59DA?0OpenD
ocument
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APPENDIX B TABLE OEMISSIONSMITS FOR EURGEURO 6 LIGHT VEHISLE

Emissions Limits for Eugxd Euro 6

(g/km)

Emissionsand Vehicle Type Petro] LPG& NGVehicls Diesel Vehicte

Euro 2 Euro3 Euro4 |Euro5 Euro6 |Euro?2 Euro 3 Euro4 | Euro5 | Euro6
Carbon Monoxide Limits
Passenger Cars 2.200 2.300 1.000 1.000 1.000 1.000 0.640 0.500 0.500 0.500
LCVs with Ref mass < 1305kg 2.200 2.300 1.000 1.000 1.000 1.000 0.640 0.500 0.500 0.500
LCVs with Ref mass 1BD&0kg 4.000 4.170 1.810 1.810 1.810 1.250 0.800 0.630 0.630 0.630
LCVs with Ref mass > 1760kg 5.000 5.220 2.270 2.270 2.270 1.500 0.950 0.740 0.740 0.740
Total Hydrocarbon Lits
Passenger Cars 0.250 0.200 0.100 0.100 0.100 0.105 0.084 0.045 0.035 0.026
LCVs with Ref mass < 1305kg 0.250 0.200 0.100 0.100 0.100 0.105 0.084 0.045 0.035 0.026
LCVs with Ref mass 1BD&0kg 0.300 0.250 0.130 0.130 0.130 0.15 0.108 0059 0.044 0.029
LCVs with Ref mass > 1760kg 0.350 0.290 0.160 0.160 0.160 0.18 0.129 0.069 0.053 0.032
Oxides of Nitrogen Limits
Passenger Cars 0.250 0.150 0.080 0.060 0.060 0.595 0.500 0.250 0.180 0.080
LCVs with Ref mass < 1305kg 0.250 0150 0.080 0.060 0.060 0.595 0.500 0.250 0.180 0.080
LCVs with Ref mass 1BD&0kg 0.300 0.180 0.100 0.075 0.075 0.850 0.650 0.330 0.235 0.105
LCVs with Ref mass > 1760kg 0.350 0.210 0.110 0.082 0.082 1.020 0.780 0.390 0.280 0.125
Particulat€mass)Limits
Passenger Cars NA NA NA NA NA 0.080 0.050 0.025 0.005 0.005
LCVs with Ref mass < 1305kg NA NA NA NA NA 0.080 0.050 0.025 0.005 0.005
LCVs with Ref mass 1BD&0kg NA NA NA NA NA 0.120 0.070 0.040 0.005 0.005
LCVs with Ref mass > 1760k NA NA NA NA NA 0.170 0.100 0.060 0.005 0.005

71



Draft RIS- Euro 5/6 Emission Standards for Light Vehicles

Notedo AppendixtBble

(1) Referenc@Rrefimass is a testing parameter defitleelataden mass of the vehicle + 100kg
(2) Under E1, E2, E3 and E4, passenger vehicles which exceed 2500 kg GV hhalesstisieictteamissionsmits for that standardtfieelimits applicable
to LCVs with Ref mass >1760). Euro 5 and 6 remove this concession for heavy passenger vehicles.

(3) There is no separate HC limit for diesel vehicles. For Euro 1 esdl&tirer2 dias only a combined HC+NOXx limit. From Euro 3 onwards, diesel vehicles ha
a combined HC+NOX limit and a separate NOx limit. In diesel vehicles, the NOx emissions are the domiranN@spattoratbthenvith observation
of ceification data suggesting an approximate 1.5:8.5 (HC:NOx) split of the combined HC+NOxX limit is apprdyerdateplies tatibhddtC+NOX
emissionkmits for light duty diesels to determine all the HC values for dieselainl¢tss aladivees the NOx values for Euro 2 diesels (the NOx values for

the later standards are the actual regulated limits).
(4) ECE 83/06 requiréssglehicleto meet particle number lifrom01/01/2013.
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APPENDIX C BITRBBENEFHCOST ANALYSIS

The Department of Infrastructure, Transport, Regional Development and
Local Government engaged its Bureau of Infrastructure , Transport and
Regional Economics(BITRE)to model the emissions impacts of the
introduction of the Euro 5 and Euro 6 emissionsstandards as proposed in this
Regulation Impact Statement, and to prepare the associated benefit -cost
analysis.

The comparative analysis in Section 4 of this RIS, is based on the analysis in
this Appendix B.

Note: in this Appendix , the BAU, 1A and 1B Scenarios, are i dentical to
RIS Options 1, 2 and 3, respectively. The analysis for Option 4 and
the sensitivity analysis for the value of statistical life were derived
from the BCA set out in this Appendix (but are not included here) .
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Benefitccost Analysis of Euro 5nal 6 Standards

(14 September 2009)

Introduction

This study assesses benefits and costs associated with the introduction of Euro 5 and 6
standards into the Australian light vehicle fleet. Two regulatory options are analysed
reflecting variations on the tig of introduction. The description of the two options is
contained in Table 1. Sensitivity tests are carried out to deal with uncertainties in the base
case scenarios, unit health cost values, implementation costs and discount rate.

Table 1 Regulatory gtions

Scenario| Standard | Vehicle Group Date of Effect
Fuel Sulphur Description of Scenario
New All Levels
Models Models
All light Earliest practical introduction for vehicle
Euro 5 | vehicles 1/01/2012 | 1/01/2013 standards, allowing mimum 2 years lead
time from gazettal, and minimum 1 year
St No Change after introduction in Europe (except E6 &
All light model LCV date only 3 months after
Euro 6 | vehicles 1/01/2016 | 1/01/2017 Europe).
Petrol & LPG
vehicles 1/01/2013 11/01/2014 Delayed introduction date for E5 petrol
and LPG models, 3 years from gazettal.
S1A Euro 5 Diesel vehicles | 1/01/2012 | 1/01/2013 | No Chage Unchanged implementation dates for E5
standards reflects earlier introduction of
All light E4 for diesels.
Euro 6 | vehicles 1/01/2016 | 1/01/2017

The main quantifiable benefit identified is the health cost avofedie to lower levels of
pollutants emitted as a result of higheehicle emissiostandards. The identified cost
mainly relates to additional vehicle expenses involvetheeting the new emission
standards.

Due to data and time constraints, a simplified approach is used to assess the health impact
of the reduced pollution due to the introduction of Euro 5 and 6 standards. The analysis
relies heavily on a small sampletbé most recent available studies (Coffey Geosciences

8 There are other costs associated with aitlption, such as reduced visibility and increased corrosion,

that are difficult to quantify and are likely to be small.
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(2003), Watkiss (2002) and Beer (2002)) for deriving unit health cost values ($ per tonne of
pollutants emitted).

The BCA results show that both regulatory options (S1 and S1A) are economically viable
under the standard assumptions, unless a very low unit health cost veB0&4) is applied
in calculating the health cost savings.

Methodology for estimating health benefits

The methodology employed to estimate the health benefits is described in FigUieeXHirst

step is to quantify the emissions of pollutants for the scenarios under investigation and
estimate tonnes of emissions saved for each scenario of alternagiviele emission

standards (relative to the base case). The second step is to ektablalue for an average
health cost ($ per tonne of emissions) from existing studies. The final step is to calculate the
total health benefit (or health cost avoided) by multiplying tonnes of emissions saved by
unit value(s) for health costs.

Figure 1 The Study Approach

Emissions saved
(tonnes of pollutants from the Australian light vehicle fleet)

Total health cst avoided

Emissions of air pollutants
The main pollutants of concern for air quality are HC, &ltdl PM, (particulates).

Emissions of these pollutants from the Australian light vehicle fleet were modelled using a
suite of BITRE fleaind projection models (including CARMOD, a model of the dynamics of
the Australian car fleet; MVEm_Car, a detailed model of exhaust and evaporative emissions
from Australian cars; and MVEm_LCV, a detailed model of exhaust and evaporative
emissions from Adgalian light commercial vehicles).
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These models are described in a variety of BITRE publications, such as BTRE (2002, 2003, and
2006). Note that the BITRE models allow for the effects of increasing traffic congestion

levels within our urban areas, for @&xple see BTRE (2007). Congestion imposes significant
costs on society with interruptions to urban traffic flow lengthening average journey

times, making trip travel times more variable, and making vehicle engine operation less
efficient. This leads notrdy to higher rates of fuel consumption, than would otherwise have
occurred, but also to poorer urban air quality (with vehicles under congested conditions

typically emitting far higher rates of air pollutants than under more freely flowing

conditions).

Average Health Cost

Ideally, a bottoraup approach would be used to analyse the health impact of the proposed
new fuel standards. Such an approach would follow the methodology recommended by
Jalaludin, et al. (2009) and would comprise a series of stepsaotifiyiand value air

pollution in each major city, taking into account the effects of technology. However, this
approach was not feasible for the current study due to data and time constraints.

The approach adopted for this study is to piggyback on th&tiagi studies to derive
plausible estimates of dollgver-tonne health costs from air pollution. Disaggregation of the
average costs by area has to rely on very limited information available from existing studies.

Table 2 presents estimates of doHaer-tonne health costs obtained from a number of
transportrelated health impact studies for Australia. Two general observations can be made
with respect to Table 2: first, unit cost estimates exhibit a considerable range of variation;
second, more recent estiates tend to be much higher than those prior to the year 2000.
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Table 2 Average capital city health cost ($/tonne of emissions)

Emission Type CO HC NQO, PM;q
Coffey Geosciences (2003) 13 2,200 59 232,000
Watkiss (2002) 2 875 1,750 217,415

Beer (2002}, Ozone included

Upper bound 9 72,500 900 221,100
Best estimate 3 19,331 870 147,429
Lower bond 2 11,700 280 108,300
Beer (2002} Ozone excluded 3 18,719 11 147,429
BTRE (2005) na na na 167,626’
Environment Australia (2000) 12 1,440 1,385 17,600
NSW EPA (1998) na na 68 310
NSW EPA (1997) 25 960 1,490 1,810

Note: ¢ Simple average for inner and outer areas of major capital cities (see Table 3 for detailed Watkiss (2002) results).
P Estimate for the year 2000, derived from results repomeBTRE (2005).

Source: Coffey Geosciences (2003), Watkiss (2002) and BTRE (2005).

Coffey Geosciences (2003) is the first comprehensive benefit analysis of the fuel
guality and vehicle emissions standards in Australia. In estimating the health Iseofettte
new fuel quality and vehicle emissions standards, the study adopted a batfpapproach
that allowed explicit assumptions to be made in relation to a number of key parameters
such as Relative R¥land unit values of mortality and morbidity. Fexample, Coffey
Geosciences (2003) assumed an expog@sponse relationship value of 1.043 for leng
term mortality in response to a change in 10ud/ooncentration, which indicates that the
number of deaths from all causes would rise to 1.043 times tieentirate for a 10ug/m
increase in average Plconcentration. In terms of unit value for life, the study adopted a
value of $5m, largely in line with those derived from the willingrespay approach.

The average health cost from Rjor the eight Auralian capital cities estimated by Coffey
Geosciences (2003) was the highest ($232,000 per tonne) among the studies reviewed.

An estimate of the magnitude of the association between exposure and disease that indicates the
likelihood of developing the diseasenong persons who are exposed relative to those who are not.
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Unfortunately, the study did not make any distinction in the average health cost between
inner and outer areas of major capitaties nor between large and small capital cities. This
gap in knowledge can be patrtially filled by relying on an earlier study undertaken by Watkiss
(2002).

Watkiss (2002) estimated air pollution costs in Australia by transferring European health
cost esimates from the ExternE stutfy adjusted for the demographic characteristics of
Australian urban areas. Based on European data, Watkiss (2002) estimated the relationship
between average emission costs and population density and provided separate unit healt
cost estimates that vary according to population density. For conservative pollutants, costs
per tonne emitted are proportional to population density, and for ozone precursors, costs
per tonne are equal throughout the metropolitan areas of the capitéiand zero

elsewhere.

Table 3 presents the detailed results from Watkiss (2002) for average health costs from air
pollutants by area. For particles, which are the dominant source of health impact, the unit
health cost estimate for major cities is rougldf the same order of magnitude
($217,415=[$341,650+%$93,180]/2) as some other Australian studies such as Coffey (2003)
and Beer (2002), although it can vary significantly within the major capital cities.

Table 3 Average health cost ($/tonne of emissionsby area

Emission Type Band 1 Band 2 Band 3 Band 4
Inner areas of large capital Outer areas of  Other urban areas
cities (Melbourne, Sydney, large capital (Canberra, Hobart Non-urban
Brisbane, Adelaide and Pertr cities and Darwin) areas
Particles 341650 93,180 93,180 1,240
CO 3.0 0.8 0.8 0.0
NG 1,750 1,750 260 0
THC 875 875 175 0
SQ 11,380 4,380 2,800 5,205
Benzene 2,425 660 660 0
1,3-butadiene 90,730 24,745 24,745 0

Source: Watkiss (2002).

8 The ExternE project was jointly funded by the Research Directorate of the European Commission and

the United States Department of Energy. The costs from air pollution were estimated fgea la

number of sites across Europe, (covering 12 countries and almost 50 individual locations).The ExternE
dddzRe dzaSR (GKS WLYLI OGO tlidiKgleég YSGKz2Bpdhdes Ay ¢
functions are employed to estimate health impact. Moityakost of air pollution was based on Value

of Statistical Life (A$6m) but adjusted to reflect years of life lost (VLYL).
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The validity of Watkiss results is highly dependamthe tenability of the assumption made
about the same rates of background incidence for Europe and Australia. Watkiss (2002)
argues that there are likely to be differences in the Australian population, especially with
respect to health status, age, liexpectancy, mortality and morbidity rates, as well as other
factors (incidence of smoking, affluence, etc), that will mean different background rates of
health effects occur relative to Europe.

. SSND&a ounnuv SaldAYl GSa 2 tmaesohtie afslshodt K O2 & G &
term health costs of the four criteria pollutarifeublished in National Environment

Protection Measure for Ambient Air Quality and estimates of the contribution of vehicles to
concentration of criteria pollutants. The implie th & @ f dzS 2F t AFS dzaSR 7
was $7.2m. While the central health cost estimate for;PWas $147,429 per tonne, the

dzLJLISNJ 62dzy R 2F (GKS . SSNDa SadAvYlIidSa obPHHMIMA
estimates of Coffey Geosciences (2003) Wratkiss (2002).

BTRE (2005) adopted the European approach (Impact Pathwayuantify the economic
costs of the health effects of transper¢lated air pollution in Australia. The total costs of
motor vehiclerelated PM pollution for Australian capit cities were estimated to be

$2.33b for the year 2000. Total RjMemissions were estimated to be 13.9 kilotonnes per
year? These led to a unit health cost value of $167,626 per tonne af,BMitted. The unit
value of life used in BTRE (2005) was ddrivem the human capital approach and was
relatively low ($1.3m). Had BTRE (2005) used a higher unit value of life (like those derived
from the willingnesdo-pay approach), the reported unit health cost would have been
higher than those estimated by Coff¢2003) or Watkiss (2002).

Unit health costs vary from location to location and according to population and
meteorological factors (Coffey Geosciences 2003). For analysing the impact of the proposed
new fuel standards on emissions (in terms of tonnesadfypants emitted), the best
disaggregation of the location we can haygiven the available datais to split the total
emissions into those for capital cities and the rest of Australia. In order to calculate the total
health benefit, estimates of unitealth costs are required for each of the two areas

concerned.

The procedure that was employed to estimate unit health cost values include the following
steps:
1 Only the three most recent studies listed in Table 2 (excluding BTRE (2005)) were
selected asnput for estimation, namely, Coffey Geosciences (2003), Watkiss (2002)
and Beer (2002);

1 Unit values for capital cities were calculated by taking the simple average of the
estimates from the three studies;

8 These were CO, NONMHC and PM,.

% See footnote 73.

o There are large uncertainties in measuring p®&missions from motor vcles due to data
limitations. This would affect the reliability of the estimated unit health cost values.
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1 Unit values for the rest of Australia were basedtba simple average of the
estimates for Band 3 and Band 4 contained in Watkiss (2002);

1 Given the uncertainties surrounding around the unit value estimates, an upper
bound and a lower bound were established (an averag&0%) on the basis of
observationagnade by Coffey Geosciences (2003); and

1 Unit values presented in Table 2 were assumed to be in 2003 prices. These values
were updated to 2009 prices using the CPI.

Table 4 presents the recommended unit values for calculating the health benefit and
undertaking sensitivity analyses.

Table 4 Updated average health cost ($/tonne of emissions)
by area (in 2009 prices)

HC NG, PMyo
Central
Capital cities 8,832 1,056 235,261
Rest of Australia 103 154 55,827
Upper bound + 50%
Capital cities 13,248 1,584 352,891
Rest of Australia 155 231 83,740
Lower bound-50 %
Capital cities 4,416 528 117,630
Rest of Australia 52 77 27,913

Source: Derived from the results from Coffey Geosciences (2003), Watkiss (2002) and Beer (2002).
Benefit¢cost analysis

Fa the purpose of benefgcost analysis, the base and price year is set to 2009 with the
evaluation period extending to 2040. Following the recommendations irBtst Practice
Regulation HandboofOBPR 2007), the discount rate used to estimate the netegmteglue
is P6 with sensitivity tests at 3 and W

The key indicators for economic viability are Net Present Value (NPV) and BeasfiRatio
(BCR).

Scenarios
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