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1 EMISSION TRENDS

1.1 Emission cuts need to be deeper, sooner

Intergovernmental Panel on Climate Change (IPCC) Assessment Reports are
justifiably regarded as authoritative, however it is also increasingly recognised
that they do not represent the leading edge of climate science due to the
long delays built into the drawn  -out peer review process and the political
interference of some member governments (Adam & Traynor 2007; Zarembo
& Maugh 2007).

Research that emerged too late for inclusion in the latest IPCC Assessment

Report is now painting a picture of natural systems undergoing significant and

rapid change (Spratt & Sutton 2008; Darby 2008). Many of these changes

herald the initiation of serious positive feedback loops such as the melting of

i ce caps (and associated 0al bedo flipd), t h
permafrost and added stress on natural carbon sinks that face increasing

drought and bushfires.

In some ways the rapid pace of polar ice loss and other sign s of warming
should not be surprising. Global emissions and average temperatures are
surpassing even the most pessimistic predictions of the IPCC and serve as a
warning that the situation is much more serious and urgent than many people
recognise (Rahmsto rf et al 2007).

Extreme weather events such as cyclones and other storms, floods, droughts
and heatwaves are more frequently showing Australians the consequences of
rampant emissions growth. A rapid reduction in emissions down to levels at
which natural sinks can absorb excess carbon is now seen as a necessity to
prevent significant risk of catastrophic climate change (Spratt & Sutton 2008;
Matthews & Caldeira 2008). The scale and the speed of the required cuts in
emissions go well beyond current policy in Australia.

The non-linear nature of many climate processes, such as the feedbacks

mentioned above, also mean that it is extremely foolhardy to talk of

O6bal ancingd emission cuts with economic growtt
motor vehicle use (Barker et al 2007; Hansen et al 2007). Itis not enough to be

6a little bit sustainabled as this effectivel
change. The stability of the global climate and of the social and economic

systems that rely upon it are dependent upo n rapid decarbonisation of

society and the economy.
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Figure 1.1: The rapid disintegration of the Wilkins Ice Shelf, Antarctica

Febwuary 28, 2008
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Source: National Snow and Ice Data Center/NASA

The Interim Report of the Garn aut Climate Change Review has proposed four
possible emission paths: business as usual; partial ad hoc mitigation; effective
firm global mitigation (550ppm) and effective ambitious mitigation (450ppm).

In light of the latest scientific evidence on acceler ating climate change, we
propose a fifth path: prudent science -based mitigation (~350ppm). Clearly
there is some degree of overshoot associated with this path, however there is
credible evidence pointing to this as a requirement to avoid dangerous
climate change (Weaver et al 2007; Hansen et al 2008), and it is important
that we know how to get there sooner rather than later.

Public Transport Users Association 2



1.2 The impact of transport is often underestimated

1.2.1 Transport is already a major source of emissions
1.2.1.1 Current emissions trajectory

0 Bmsport emissions are one of the strongest sources of emissions
growth in Australiabd
(National Inventory Report 2005)

The transport sector is one of the largest and fastest growing sources of

emissions in Australia. If the Australian transport sector wer e a country, it

would be one of the worlddés top 50 greenhous
sectords average growth rate over the last 15
will go close to the total level of emissions allowed across all sectors under a

weak 60 % emissions reduction target 1. This rapid growth in transport emissions

could place additional pressure on other sectors to seek increasingly costly

abatement options in order to keep the economy within the overall carbon

budget, and would make stronger t argets impossible to achieve.

Figure 1.2: GHG emissions growth 1990 -2005
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Source: Australian Greenhouse Office

Transport is also the dominant source of emissions for most households.
Transport emissions from a typical household can be nearly 20 times higher
than emissions resulting from lighting which is the target of the incoming ban

on incandescent light bulbs. This makes transport one of the most significant

1 Based on Kyoto accounting. As discussed under Section 1.2.2, emissions across the
full transport system cycle would probably exceed the entire national carbon
O0bdiget 6.
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items that can be addressed by individuals and households - provided that
government policy and programs support more sustainable transport choices.

Figure 1.3: Household emissions
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Lighting

Cooking

Refrigeration

Hot water

According to the Australian Greenhouse Office (AGO 2006) current measures,

such as existing state government programs to improve public transport use,

wi || only reduce transport emi ssions by 5% co
There is a clear nee d for more ambitious measures to reduce transport

emissions.

1.2.1.2 Cars are the dominant source of transport emissions

Passenger cars account for the vast majority of vehicle use in Australia (Figure
1.4), so it is hardly surprising that they are also responsible for the majority of
GHG emissions from the transport sector  (Figure 1.5). The large volume of cars
on the roads is also the main cause of traffic congestion which increases the
emissions intensity of all vehicles on the network (BTE 2000), including trucks
and buses.

The bulk of road infrastructure expansion is also driven by the perceived need

to cater for expanding traffic volumes. Whether such road expenditure is
framed as improving the productivity of f reight transport or improving road
safety, the inescapable reality is that low  -occupancy passenger vehicles
dominate use of that infrastructure. As discussed in Section 2.5.2, road
capacity expansion has been proven to encourage a dditional passenger
and freight vehicle traffic and consequently increase transport emissions. By
encouraging greater use of private vehicles, road infrastructure expansion

also undermines the viability and quality of public transport and rail freight,
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leading to further modeshift away from low carbon modes towards private
car use and road freight (Mogridge 1990; Lewis & Williams 1999; PTUA 2008,

pp.15-17).

Figure 1.4: Share of vehicle kilometres of travel  in Australia
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Passenger cars make up three quarters of the traffic on Australian roads The
proportion is higher in urban areas where congestion is mostly concentrated.
Source: ABS 2007
Figure 1.5: Tansport sector emissions in Australia (2005)
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Source: Australian Greenhouse Office
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1.22 0Ot her d emi ssi ons

1.2.2.1 Other sectors

Arangeoftransport -r el at ed emi ssions are not allocated
analyses of GHG emissions. These transport -related non -transport emissions

would fall along with transport emissions if more sustainable transport patterns

were adopted. These 60otherd emissions includ
fuel production and emissions resulting from the production of biofuels,

vehicle s and transport infrastructure. For example, use of natural gas may

offer lower vehicle CO 2 emissions compared to diesel, however this would be

offset by increased methane emissions from the natural gas supply chain

(Weiss et al 2000). A proportion of em issions attributed to stationary energy,

mining, agriculture and fugitive emissions could therefore be allocated to

transport.

The BTCE (1995) estimated that emissions across the full transport system cycle

are about one third greater than direct emission s resulting from end use. This

adjustment would take transport -related emissions from about 80 million

tonnes per annum to over 107 million tonnes per annum, which would be

equivalent to doubling direct emissions from light commercial vehicles, heavy

truc ks and buses. On current growth trends it would also take full transport

system cycle emissions in 2050 to over 230 million tonnes per annum, which is

hi gher than Australiads entire national <carbon
reduction target and over twice the total budget with an 80% reduction

target.

1.2.2.2 Other gases

Although ozone in the stratosphere protects us from harmful solar radiation,

ozone in the troposphere (lower atmosphere) is both a GHG and an air

pollutant that is damaging to health and a gricultural productivity (Shindell et

al 2006). Although ozone per se is not covered by the Kyoto Protocol and

0zone -causing emissions are not generally reported as GHG emissions, ozone

iI's responsible for a significant aemncoppbrti on of
al 1994; Hansen & Sato 2001; Shindell et al 2006).

Ozone is formed by photochemical reactions involving oxides of nitrogen

(NOx), carbon monoxide (CO), volatile organic compounds (VOC) and

met hane. Mot or vehicles areeaat £0r 6 oamicesi oonf
and Figure 1.6 shows that the contribution of transport emissions to global

warming through ozone production equates to about half the level of

warming attributed to CO 2 (Fuglestvedt et al 2007). While this does n othing to

lessen the need for deep cuts in CO 2 emissions, it does highlight that focussing

on CO 2 or Kyoto GHGs to the exclusion of other significant forcings may

squander opportunities to achieve cost -effective abatement (Hansen et al

2007).
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Figure 1.6: Radiative forcing by substance and transport sub -sector
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Source: Fuglestvedt et al 2008

Reductions in vehicle emissions could also have a double dividend of
reducing climate forcing and reducing negative health impacts from the air
pollution that is taking a major toll on public health ( Kjellstrom et al 2002; Beer
2004). In other words, the health benefits of reducing vehicle emissions will

help to pay for the costs of abatement.

Recent research has also indicated that climate change could further
increase ozone levels and nullify efforts to clean up motor vehicle tailpipe
emissions, with serious consequences for public health (Jacobson 2008;
Engelhaupt 2008). There is therefore little scope for complace ncy on air
pollution from motor vehicles, and ozone precursor emissions should be part

of the broader GHG emissions reduction strategy. Although inclusion of
indirect GHGs may raise the baseline from which emissions must be reduced,

it also opens up a ran ge of additional abatement opportunities that may
provide more cost -effective and rapid emissions reductions.
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1.2.3 Transport carbon intensity may get worse

The transport sector consumes the largest share of energy in Australia, with

road transport a ccounting for about three quarters of
consumption and air transport forecast to rise rapidly over the next two

decades (ABARE 2007).

Figure 1.7: Energy use by sector
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The | arge discrepancy between transportds shar

and its share of GHG emissions is largely explained by the relatively low

carbon intensity of transport fuel compared to stationary energy at present

(Figure 1.8). To put the high level of transport energy consumption in
perspective, increasing the carbon intensity o
same level as electricity consumption in NSW would increase transport GHG

emissions by over 4 times. This incre ased level of emissions would equate to

nearly 60% of total current GHG emissions in Australia, or about 10% higher

than emissions from stationary energy.

Continuing high oil prices have led to increased interest in substitutes for
conventional petroleum (SCP). Many of these substitutes, such as heavy oil
and coal liquefaction, have substantially higher carbon intensity than
conventional petroleum which currently dominates transport fuel supply (Sims

et al 2007; Lovell 2008). Given the current high level of transport energy
consumption, an increase in the life  -cycle carbon intensity of transport fuel
would result in a large increase in GHG emissions.

Public Transport Users Association 8



Brandt and Farrell (2008) have estimated that increased use of SCPs could
lead to as much as 21 gigatonne s of additional carbon in the atmosphere by
md-century, or nearly 40 times Australiads tota

Figure 1.8: Full fuel cycle e missions per unit of final energy
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Source: Dep artment of Climat e Change 2008

There is now mounting evidence that global conventional oil production will

peak within the next decade, if it has not done so already (Hirsch et al 2005;
Hirsch 2007; State of Queensland 2007). Australian production of crude olil
and conde nsate peaked in 2000 -01 and has since declined by over a
quarter. Without major reductions in transport fuel consumption, depletion of
conventional oil will lead to increased reliance on deep sea reserves and on

heavy or synthetic oils that provide a much reduced Energy Return on
Investment (EROI). In other words, much higher energy consumption (and
exploration and development expenditure) will be required to maintain a

given level of oil production, and massively higher life -cycle emissions for
transport fuels will result (Moriarty & Honnery 2007 a).

To the extent that internal combustion engines are substituted with electric
motors, this will also substitute a relatively low carbon -intensity fuel (i.e.
conventional petroleum) with a high carbon -intensity fuel (i.e. coal) and
could significantly increase the scale and complexity of the task of
decarbonising the stationary energy sector (Moriarty & Honnery 2007 a).

Despite these doubts about the ability to maintain or increase production of
conventional oil , it is widely accepted that oil and gas reserves are sufficient

to take atmospheric carbon concentrations close to or beyond the threshold

for dangerous climate change and that current trends point to all readily -
available reserves being exploited (Legget t 2005, pp.127 -8; Hansen et al
2007). The inescapable conclusion that follows is that there is almost no
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scope for further emissions from other fossil fuels such as coal, shale oil or tar
sands, and that conventional oil and gas supplies should be stretch ed while
energy production is decarbonised (Hansen et al 2007). Squandering such
energy -dense and low carbon intensity fuels on inefficient transport systems
effectively increases the urgency of decarbonising other sectors while
simultaneously making such decarbonisation more difficult (e.g. by using gas
supplies that could instead be used to displace coal for stationary energy).

OAfter 2015, easily acces.
of oil and gas probably will no longer
keep up with demand. ¢

Jeroen van de r Veer, CEO, Royal Dutch Shell, January 2008
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2 ABATEMENT OPTIONS

2.1 Transport is central to effective mitigation

The trends outlined in Section 1 clearly show that transport emissions are a
large and growing contributor to climate ch ange, and that the transport
sector (including the upstream transport energy industry) must be a core part

of any emissions reduction strategy such as an emissions trading scheme.

Exclusion of transport from a pricing scheme would limit the range of
abate ment options available in the scheme and leave included emitters with
potentially higher cost abatement options. A range of low cost abatement

options are believed to exist in the transport sector (e.g. McKinsey &
Company 2008), especially if co -benefits are considered (Section 2.6.5). The
higher abatement costs resulting from a scheme with restricted coverage

would need to be passed on to consumers in the form of higher prices for
electricity and everyday goods and services.

The transport sector also offers some quick wins that are both important and

achievable. Tropospheric ozone is relatively short  -lived compared to CO 2, so

rapid and deep cuts in ozone precursors could significantly reduce positive

forcings in the medium tePrm and take advantage of the weart
inertia to keep warming below crucial tipping points (Hansen et al 2007).

Pollution from motor vehicles also harms the effectiveness of natural carbon

sinks, so reducing transport emissions would allow plants to m ore effectively

extract carbon from the atmosphere (Loya et al 2003; Hopkin 2007).

This section | ooks at how the transport sector
ensure greater success in reducing overall emissions without imposing an
unfair burden on o ther sectors such as electricity generation or agriculture.

2.2 The target for transport

Australian governments have already committed to reducing GHG emissions
by 60% by 2050. At the very least there is now implicit acknowledgement that
Australia must go s ubstantially further than this target, with proposed targets
ranging from 80% up to effectively 100% from a growing number of scientists
(e.g. Weaver etal 2007; Hansen et al 2008).

Without endorsing it as adequate, an 80% target provides a mid -point
betw een 60% and 100% and can provide a broad indication of the scale of
emission cuts required. This gives the transport sector a target of cutting
emissions from their current level of over 80  million tonnes per annum to below
15 million tonnes per annum by  mid-century. Given the current emissions
trajectory, this is formidable challenge and one that becomes less and less
achievable the longer serious action is delayed.
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Although current policy only targets reductions of 60%, 80% is already the
commonly acce pted minimum benchmark for global GHG emission
reductions, and consensus may quickly move beyond this to yet more
ambitious targets. It is therefore important to ensure government policy and
programs are not inconsistent with targets that are more ambitio us than 60%.

At the very | east this means ofirst, do no har

developed under the Bali Roadmap. As discussed below, this implies a
moratorium on motorway construction (Section 2.5).

2.3 Vehicleeffici ency 1 sndt enough

2.3.1 The potential of technical efficiency

Discussions on abatement measures in the transport sector are often heavily
focussed on improving the efficiency of motor vehicles. Although
improvements in vehicle efficiency are clearly needed, t here are limits to the
scale and speed of emission reductions available from such measures. As

long ago a s 1865, British economist Wiliam Jevons recognised that
improvements in the efficiency of energy consumption can actually increase
demand by making t he process more productive and profitable to
undertake.

More recent evidence on the effects of reducing motor vehicle operating

costs (e.g. reducing fuel consumption) has shown that each 10% increase in
vehicle efficiency results in an additional 2% of ve hicle use (Litman 2008b). In
other words, the net benefits in terms of reduced energy consumption and
emissions are only about 80% of the improvement in technical efficiency, or a

10% improvement in vehicle efficiency will only reduce emissions by up to 8 %.

Due to this 6rebound effectd a 90% i
therefore still fall short of an 80% emissions reduction target.

Average passenger car emissions of 110 -130 g/km have been suggested as
plausible by the automotive industry (Brook Lyndhurst 2006, p.19). Even
assuming no growth in motor vehicle use due to population growth or other
causes, and no rebound effect from increased efficiency, average emissions

in this range would result in passenger car emissions of 17  -20 million tonnes per
annum 2 which is somewhat higher than the target of 15 million tonnes for the
transport sector as a whole including aviation, railways, trucks and buses. A
technical efficiency or efficient vehicle approach is therefore totally
inadequate, even for we  ak targets such as 60%. An efficient transport  system
or social efficiency approach is therefore needed that addresses access
rather than getting caught up in mobility by individual motorised transport
(Litman 2005; Moriarty & Honnery 2007 a; Moriarty & Ho nnery 2008 b).

2 Based on 156,184 million kilometres in the 2006 ABS Survey of Motor Vehicle Use. This
also implies full system cycle emissions of 22 -27 million tonnes per annum (see Section
1.2.2.1).
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Assuming an average of 120g/km and cars maintaining their current share of

total transport emissions 3, the amount of travel undertaken by cars in 2050 will
have to be reduced by at least 57% 4 from current levels if the emissions target
for transport is to be achieved. If any other transport sub -sectors (such as
aviation or trucks) increase their share of total transport emissions, there will
need to be a corresponding reduction in passenger car use beyond this 57%
figure. Since at least som e of the reduced car travel will need to be
absorbed by public transport & not all of which will be zero emissions & it would
be reasonable to assume that car use should fall by over 60%.

Furthermore, achieving an average of 120g/km in practice is by no m eans
assured even if certain models perform better than this figure. Average
vehicle fuel consumption has proven remarkably stubborn despite
technological advances and, more recently, steep increases in petrol prices.

Not only is the average fuel consump  tion of passenger vehicles in Australia no
better now than when EH Holdens were fresh off the production line nearly

half a century ago, the high price of petrol shows little sign of reversing the
strong growth in sales of large, heavy Sports Utility Vehic  les (ABS 2008; AAP
2008).

Figure 2.1: Average passenger car fuel consumption 1963 -2007
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The likelihood of average fuel consumption fa lling to these levels through
voluntary measures appears slim. Environmental impact hardly rates as a

3 Cars currently produce 54.34% of tr ansport emissions.

4 Allowance for cars in 2050 would be 54% of 14.9 million tonnes = 8.1 million tonnes.
This would allow 67,529 million kilometres pa assuming 120g/km, or 43% of passenger
car kilometres in 2006. 100% - 43% = 57%.
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consideration for new car buyers in Australia (ABS 2006a) and international
research shows that few car buyers would pay more for a less environmentally
harmful vehicle (Porter 2008). Significant advances in vehicle efficiency
therefore seem unlikely in the absence of strong disincentives against the
purchase and use of inefficient vehicles.

Figure 2.2: Base case projected average new passenger car fuel consumption
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Vehicles built around 2020 will still form a significant proportion of the vehicle fleet
towards the middle of the century. This will influence average fleet emissions as
demonstrated by the d ifference between new vehicle consumption in this chart and
average fleet consumption in Figure 2.1. Source: BTRE

The take up of efficient vehicles, if available, is likely to be a slow process due

to the low turnov er of the national car fleet. With the large reduction in
vehicle use that is required to meet the emissions reduction target, new car

sales and fleet turnover would also be likely to fall and the take up of more
efficient vehicles would slow even further (Moriarty & Honnery 2008 a). In this
context an efficient  system becomes more important than ever.

2.3.2 Hybrid and electric vehicles

Hybrid petrol -electric vehicles can offer reduced fuel consumption compared

to conventional petrol -only vehicles. This impro ved technical efficiency is
interpreted by some as demonstration that current transport patterns are
sustainable. In practice, hybrid technology has been used to improve vehicle
performance as much as to reduce fuel consumption and emissions (Wald
2005). Emissions from some hybrid passenger vehicles are nearly double the
target of 110 -130g/km.
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The adoption of hybrid technology does not offer anywhere near the scale of
emission reductions required to prevent dangerous climate change. A study

for APEC con cluded that fuel consumption would still grow by 16% from 2006

to 2015 even if hybrids comprised 20% of new car sales (APEC 2005). Similarly,
California predicts that hybrid vehicles will merely slow down the rate of
growth in fuel consumption rather than reverse it (California Energy
Commission 2005).

The advent of plug -in hybrids and fully electric vehicles could lead to the
convergence of transport carbon intensity with that of the stationary energy
sector (see Section 1.2.3). The amount of primary energy produced by the
stationary energy sector would also have to be significantly higher than the
energy consumed when operating the vehicle since a large amount of
energy is lost during battery charging. Similar problems exist wi th the
production of hydrogen for transport (Ramesohl & Merten 2006). The resulting
demand for electricity could also lead to an increase in water use by the
stationary energy sector (King & Webber 2008), which is already a major user
of water 5. With significant water supply problems facing most parts of
Australia, attempting to meet demand for water through desalination would
act as a positive feedback and further complicate the already huge task of
reducing emissions (Dickie 2007).

2.3.3 Embedded energy

Although relatively minor compared to energy consumption and emissions
resulting from vehicle use, the manufacture and servicing of motor vehicles

also result in significant energy use and emissions (Hendrickson et al 2006).
Around one third ofthe GHG emis si ons gener ated acrcgckks a vehic
can be from activities other than operation of the vehicle itself (Hendrickson

et al 2006, p.74). These emissions are often counted under sectors other than
6transportdo (e.g. man uf acties)andrarg a foequendlyx t r act i ve
overlooked when estimating the emission reduction potential of encouraging

the purchase of new, more efficient cars. For example, the manufacture of

the 835,000 new passenger cars and SUVs sold in Australia in 2007 is likely to

have resulted in GHG emissions of over 8 million tonnes 8, which is equivalent

to a 10% increase in emissions from Australiabd

The embedded energy of hybrid and electric vehicles can also be higher
than that of conventional vehicles, alth ough total life -cycle energy use will
tend to be lower (Tahara etal, 2001).

Replacing old, dirty cars with newer cars will often not be the optimal all -
round solution since older cars are frequently a second or third car and/or

5 Loy Yang A, Loy Yang B and Yallourn power stations in the Latrobe Valley, which

together supply nearly three quarters diflonVi ctori ad
litres of water a year 9 about two thirds of the capacity of the proposed south

Gippsland desalinationpla nt , and a fifth of Mel bourneds total w
6 Based on ~10 tonnes CO 2-e per car in Hendrickson et al 2006.
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owned by a low -income hous ehold. In such cases, it will often be more
socially and environmentally beneficial to provide better non -car alternatives
instead of perpetuating high levels of car dependence , especially in an era
of high fuel prices.

2.3.4 Cleaning up the current vehicle f  leet
2.3.4.1 Vehicle maintenance

Adequate maintenance and servicing can prevent major deterioration in
vehicle emission levels. The difference between well -maintained cars and
identical poorly -maintained cars can be much greater than the difference
between differ ent models in similar condition (AATSE 1997; EPA 2006). Some
jurisdictions have mandatory periodic emissions and safety testing, however

this is not yet universal.

2.3.4.2 Vehicle operation

Reduced driving speed can significantly reduce air pollution (Newman &
Kenworthy 1992; EFT&E 2005), especially if drivers adopt more economical
driving styles as many have advocated (Table 2.1). Some of the more
significant future improvements in vehicle efficiency are also expected to be
obtained by designing only for low speed operation such as 30 -50km/h
(Moriarty & Honnery 2007 a).

Reduced speed limits would also make urban environments less dangerous

and intimidating for pedestrians and cyclists ( Samuels 1997; Archer et al 2007;
Woodcock et al 2007) and encourage a shift away from driving to walking

and cycling (see Section 2.7).

Table 2.1: Change in emissions with speed change from 50km/hto 30  km/h

Driving Style
Emission 2nd gear aggressive 3rd gear calm
Carbon monoxide -17% -13%
Volatile Organic Compounds -10% -22%
Oxides of nitrogen -32% -48%

Source: Newman & Kenworthy 1992

2.3.5 Car pooling

Vehicle occupancy rates have been in long -term decline in Australia as in
most ot her high -income countries (Moriarty & Honnery 2007  a; Mees, Sorupia &
Stone 2007, p.7). There appears to be little prospect for any significant
improvement in car occupancy since car pooling sacrifices the advantages

of single occupant car use (e.g. privac y, convenience, autonomy) without
benefiting from the advantages of an effective public transport system such
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