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Additional areas where further analysis of y..'elfare gains could be undertaken
include re-estimating the parameters of Douglas and Miller's schedule delay formula,
deriving a sliding scale for value of schedule delay time for both business and leisure
passengers, and interrogating airline timetables to refine our estimates of the impact of
changes to direct flight availability. However, while these areas of further analysis
would increase the accuracy orour estimates, we believe any resultant changes to the
totals would be marginal.
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The Austr~ian Go.vernmeot Policy 00 reduction of greenhouse gas emissions
announced m 1990 mcludes exploring the scope for immediate, low cost reductions.
S~c.h ~easur~s can be taken as including 'no regrets' policies: those that, in addition to
nnngatmg clImate change, confer economic gains (including other environmental
benefits) which exceed their costs.

Some possible 'no regrets' opportunities and policies are identified relevant to energy
use by the road transport sector over the period to 2020. The MARKAL-MENSA
~ulti-period linear programming model of the Australian energy sector is used to
mvesngate the cost-effectiveness of these policies. .
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Introduction
In 1990 the Australian Government adopted an interim planning target which involves,
frrst, stabilising non-CFC greenhouse gas emissions by the year 2000 at the 1988 levels
and second, reducing the emissions of these gases by 20 per cent relative to the 1988
levels by the year 2005. An important condition: was that any actions taken were not to
'have net adverse economic impacts nationally or on Australia's trade competitiveness in
the absence of similar action by major greenhouse gas prodUcing countries' (Kellyand
Kerin 1990). This interim planning target currently remains in place, although it does
involve larger cuts in emissions than is implied in the recently completed UN Convention
on Climate Change.

At the same time, the Government referred to the need to explore the scope for
immediate, low cost reductions in emissions by such means as increased energy
efficiency and energy conservation and the use of new technology. It has been argued that
some of the actions which could be taken in these areas would be 'no regrets' options­
that is, they would not only help to mitigate any effects of climate change arising from
increased emissions of greenhouse gases, but would at the same time also result in net
economic benefits (or at least no economic cost) to the economy. In other words, it would
make good economic sense to undertake these actions irrespective of the benefits of lower
greenhouse gas emissions.

In a market economy, the presence of unrealised opportunities to make economic
gains implies both the existence of some fann of <market failure' (defined below) and the
prospect of policy intervention to correct this failure. However, it is not clear that all
market failures are amenable to cost-effective intervention. Also, in responding to a given
market failure, there is typically a range of policy options, and care is needed in choosing
the most cost-effective level and fonn of intervention.

In this paper, some of the possible market failures that have been identified in the
Australian road transport sector are reviewed and possible strategies to overcome these
are examined to detennine whether they constitute 'no regrets' options for reducing
greenhouse gas emissions. To detennine whether these strategies would lead to Ix>th net
economic benefits and a lower level of greenhouse gas emissions, simulations were
undertaken using the MARKALJMENSA model of the Australian energy sector. The
conclusion reached from the model results is that care must be taken in identifying 'no
regrets' policy options in the road transport sector because there is a danger that some
intuitively attractive policies may mm out to be costly.

Before examining some possible areas of market failure which have been identified
in the road transport sector, the use of energy in this sector and the level of associated
greenhouse gas emissions are outlined.
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Road transport energy use and greenhouse. gas emissions in Australia

~n 1989-~, road transport accounted for around 30 per cent of final energy consumption
III Australia, petroleum products being vinually the only energy source in this sector
(Jones, Bush, Kanakaratnam, Leonard, and Oillan 1991). Automotive gasoline, which is
predominantly used in light vehicles such as cars, is the most important road transport
fuel, provided around 73 per cent of the total energy consumed in the sector. Automotive
diesel oil (ADO), which is mainly used in heavy vehicles, accounted for 24 per cent., and
LPG, which is used in taxis and other light vehicles covering high annual distances,
provided 2.5 per cent Within the road transport sector, cars are the most important mode
of transport and account for most of the fuel used.

It is useful to review the characteristics ofcar usage in Australia, because this
vehicle type is the focus of strategies examined below. The rate of ownership of cars
(including station wagons) in Australia in 1990 was around 451 per thousand of total
population (ABS 1992a). This compares with rates of ownership of 384 and 554 per
thousand of total population in the OECD generally and the United States specifically
(table 1). Passenger occupancy is estimated at 1.6 persons per trip, but only 1.2 in urban

Table 1: Comparison of car characteristics in Australia and other OECD countries

Average annual Cars/WOO Fuel consumption per car
distance population

travelled (a) New (b) Fleet average (c)

1970 1987 1980 1988 1980 1988
km L/IOO km 11100 km L/100 km L/l00 km

Australia 15600 301 (d) 450 (d) 10.2 9.1 12.0 11.8

W.Germany 14600 na na 9.0 7.9 10.8 10.7
Italy 11700 na na 7.7 6.8 8.5 7.6
J_ 10100 85 251 8.3 8.6 11.8 10.7
United Kingdom 14650 na na 9.6 7.4 na na
United States 15900 423 (el 554 (el 10.0 8.2 15.5 10.8
OECDEurope na 171 319 na na na na
DEeD na 242 384 na na na na

SOllICe: OECD/Intemational Energy Agency (1991).

(a) 1988. except Japan (1987). (b) Measures ofefficiency available for new vehicles cannot be directly
compared because of differences in test procedures between countries. Also, <it is extremely unlikely thal
the average driver in nonnal conditions will match new fuel efficiencies determined in test cycles.' (c)
1988, except for Japan (1986); calculated on Lhe basis ofon-road consumption. (d) Includes New Zealand;
figure for Australia alone in 1988 was 470. (e) Includes Canada. na: Not available.
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commuting (BTCE 1991a). Cars accounted for as ~uch as 88 percent of energy used in
urban passenger transport in 1988 (BTCE 1991a). In Sydney, private cars accounted for
65 per cent and public transport 30 per cent of conunuters' travel (Newman and
Kenworthy 1989).

As regards emissions of the greenhouse gas carbon dioxide from the energy sector
as a whole, coal accounts for as much as 40 per cent of these carbon dioxide emissions
while road transport fuels account for 24 per cent. The proportion from coal is high
because coal is the most carbon-intensive fuel, and in Australia is the source of 77 per
cent ofprimary energy in electricity generation;compared with the OECD average of 42
percent

While carbon dioxide is the principal greenhouse gas associated with transport use,
other greenhouse gases are also emitted from cars or in car manufacture. These include
carbon monoxide, methane and CFCs (air conditioners and upholstery blowing agents)
(Walsh 1990). While nitrogen oxides are major toxic components of vehicle exhausts, the
greenhouse gas nitrous oxide (N20) is not a significant component of these emissions.
Carbon dioxide is the dominant emission from the Australian road transport sector in
terms of global wanning effect, accounting for 95 per cent of the total greenhouse gas
emissions from the sector on that basis (Australian Draft Inventory Preparation Group
1991).

Types of energy-related market failure in road transport

'Market failure' can be defined as any misallocation of resources (which, in a perfect
market, would not occur) due to some imperfection in the market mechanism.Three broad
types of market failure relevant to the policy options are examined in this paper. The first
two, namely imperfect knowledge and externalities, are types of market failure in the
strict sense. The third, interventionjailure (Barde and Button 1990), is failure not of the
market mechanism itself but of some social attempt to improve on its perfonnance. From
an economic standpoint, if a policy change can bring about a net economic gain - as is
envisaged here - some market failure must previously have occurred.

Energy market failures arising as a result of imperfect knowledge are those in which
decision makers forgo, because of lack of information, opportunities to improve their
economic position by reducing their energy requirements. For example, a consumer may
not be fully aware of the extent of future fmancial benefits from saving energy. In many
cases the opportunity for saving energy involves the use of more energy efficient
equipment of higher capital cost. Due to uncertainty about, or underestimation of, the gain
from energy saving, some energy saving investment that is economically justified may
not occur. Relevant evidence from awide range of studies of energy-using domestic
appliances is discussed by Cherooff (1983).

Note that comparison between present investment and future savings, even with
penect infonnation, depends on the discount rate which the user applies to future
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benefits. In practice, however, it is difficult to distinguish between the effect of
inadequate infonnation and the effect of a high private discount rate.

An externality, in relation to any decision, is a cost or benefit which does not affect
the prices which the decision maker faces. Energy market failures associated with
externalities occur where the benefit of redu<;ing energy consumption (or activities
involving energy consumption) cannot be fully appropriated by the decision maker, who
therc:rore has insufficient incentive to undertake a socially beneficial reduction. Typically,
unpnced effects of economic activity upon third parties are involved. The possible
exacerbation of global wanning by greenhouse -gas emissions from the energy sector is
itself an example. Local examples are urban traffic congestion and urban air pollution
from traffic exhaust.

The private discount rate employed in energy-saving investment decisions may
exceed the discount rate of society as a whole. lbis would imply that society's present
evaluation of the benefit from future energy saving is greater than that of the private
decision makers, even if they will receive that saving in full.

Imerventionjailure, in the context ofenergy marlcets, refers to a policy which
reduces economic efficiency of energy use through the distortion of an otherwise effective
price mechanism It includes the case of a policy (perhaps a response to a perceived
externality) which is inefficient in the sense of involving higher costs than are necessary
to achieve a given benefit Examples include the underpricing (for whatever reason) of
energy from publicly owned power generators, and the tax treatment of corporate cars
(BTCE 1991b). In both these cases, a policy whose purpose is unrelated to energy
efficiency may encourage excessive energy consumption.

Some of the market failure issues associated with the potential for improvements in
fuel efficiency in a number of sectors in the economy, including road transport,~have
recently been explored by Hinchy, Naughten, Donaldson, Belcher and Ferguson (1991).
Hinchy et al. concluded that, in many cases, further empirical study is needed to assess
the extent of energy market failures affecting energy efficiency. Sutherland (1991) has
also examined the possibilities for achieving increased energy efficiency by correction of
market failure, and is critical of the notion that such opportunities are widespread.

Assessment of some possible policy responses

There is a range of policies which could be used to overcome or compensate for perceived
market failure in the road transport sector. Four types of action are here assessed to
detennine whether they can be regarded as 'no regrets' strategies. These are policies
which would bring about:

the use of more efficient motor vehicles;
a combination of traffic management and behaviour changes;
the earlier scrapping of older (less fuel efficient) vehicles; and
the increased use of natural gas as a vehicle fuel.
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The MARKAL/MENSA model of the Australian energy sector is used in assessing
whether these changes would lead to net economic benefits. MARKAL is a. multi-period
linear programming model of the energy sector developed for the International Energy
Agency during the 1970s and which now exists in versions specific to several countries.
MENSA is a regionalised AustraJian version which was developed in CSIRO (Musgrove,
Stocks, Essen, Le and Hoetzl1982; Stocks and Musgrove 1984) and has since been
produced in the PC version (Intelligent Energy Systems 1991) used in ABARE.

It is a data-intensive mooel in which linear programming techniques are used to
detennine optimal configurations of the energy sector as a whole over a specified time
period. The mooel enables the user to take account of the complex technical, regional and
market interactions within the energy sector. The model framework is illustrated in figure
1. The database and assumptions of the model are documented by Jones, Naughten, Peng
and Watts (1991); the specification of the road transport sector employs data obtained
from the Bureau of Transport and Communications Economics (BTCE 1991a).

1 Regionalised representation of part of a typical energy system in MENSA

~

In this paper, the model is used 10 discover whether the above changes enter into
those solutions which minimise the total discounted cost of the energy sector as a whole
over the period from 1990 to 2020, while providing the levels of the various energy
services (such as travel in passenger-kilometres) that are currently projected for those
years. The changes specified will enter into the model solutions if they :eetuce the total .
discounted cost of the energy sector compared with the standard (baseline) model solunon
which does not include these policies. In this way, illNSA is useful in identifying
policies which are 'no regrets' options in the sense that, while mitigating climate change
by reducing greenhouse gas emissions. they also provide other net economic benefits
unrelated to this objective. The results of the model simulations, discussed below, are
summarised in table 2. Note that the solutions reported are for a siruation in which no
constraim is imposed on carbon dioxide emissions.
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Table 2: Effects of selected policies on the cost of energy services in Australia and the
level of CQz emissions (a)

Change in CO2
Change in costs (b) emissions: 2005

Including EXcluding Road Total
fuel tax fuel tax transport energy sector

Policy $ billiou $ billion % %

High energy efficiency cars -3.5 0.3 -13.1 -2.1

Improved traffic management
and driver behaviour -7.7 -5.6 -5.9 -0.8

Early scrapping of cars (c)
-all cars 79.7 85.2 -18.3 -3.4
- all 'leaded' cars 19.8 24.9 -11.1 -2.0

Use of cleaner fuels (d) -2.2(e) 0.2 (e) -5.1 0.6

(a) Comparisons are with the standard model solution which excludes mese policies. (b) 1990 real tenns. Total real

costs over the period 1990-2020 discounted to 1990 at 8 per cent. Some implementation costs not included (see

text). (c) High energy efficiency cars. as above, are also assumed available. (d) No tax on natural gas as a vehicle

fuel umi12005, then tax at 50 per cent of the rate on conventional fuels. The comparison is wim a SlaIldard case

from which natural gas vehicles have been excluded. (e) Does not include benefits due to lower urban pollution.

The costs represented in the model include all fuel costs, capital costs and operating
costs of energy-using equipment (power stations, cars, domestic appliances, for
example). Costs over the period are discounted back to 1990 at a real rate of 8 per cent.
This was also the rate used in :MENSA analyses for the Ecologically Sustainable
Development Working Groups (Jones, Naughten, et al. 1991) and is the rate
recommended for use by the Commonwealth Department of Finance (1991).

The model results presented in table 2 require some qualifications. These results are
based on 'representative' vehicle types specified in the model database. For example, the
'representative' car is assumed to travel 16 000 km annually, which is consistent with the
average annual distance travelled by cars in Australia. However, it needs to be recognised
that many cars travel less than this distance each year. For example in 1988, 16 per cent
of cars travelled less than 5000 km per annum (ABS 1992b). Owners of vehicles which
travel less than the average distance could well respond differently to the policies
simulated because they face different incentives. For example, the pay~backperiod for
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conversion of a petrol car to compressed natural gas. would be shorter (the rate of return
greater) the longer the distances travelled each year.

Use of more efficient motor vehicles

A study by Difiglio, Duleep and Greeue (1990) in the United States suggests that a range
of technical approaches are available now, or wiU be-in the near future, which will allow
for significant and cost-effective improvements in car fuel efficiencies. Difiglio et al.
conclude that. in the period to the year 2000, average fuel efficiencies for new cars could.
be improved by over 20 per cent (to 6.5 L/lOO km), at an additional capital cost of only
around 5 per cent per vehicle. Von Hippel and Levi (1983) estimated that improvements
in efficiency to 4.6 Ul00 km were possible for a maximum additional capital cost of 25
per cent per vehicle. The Difiglio study has been replicated under Australian conditions in
a study for the Commonwealth Department of Transport and Communications (Nelson
English, Loxton and Andrews 1991), with similar conclusions on the costs.

In the baseline version of the model, the fuel efficiency of the 'nonnal' new car is
set to improve from 10.4 UlOO km at present to 8.8 LIlOO km ('on road' basis) over the
period to 2005, which accords with what is publicly acknowledged as achievable by the
automotive industry (FCAI 1991). For this policy simulation, two categories of high
energy efficiency cars were also included in the model. First. 'high' energy efficiency
cars, providing improvements in fuel efficiency to 6.5 Ul00 km (J.3 Ul00 km 'on
road'), were allowed to enter the database from the year 2000 at the higher capital cost
indicated in the Nelson et al. study. Second, a 'very high' energy efficiency car of 4.6
Ul00 km (5.2 Ul00 km 'on road'), as in von Hippel and Levi and at their suggested
maximum cost. were allowed into the database from the year 2005. The latter was the
representative energy efficient car used in one recent study of the costs to the Australian
economy of meeting a greenhouse gas target (Marks, Swan, McLennan, Schodde, Dixon
and Johnson 1991).

Relative to the standard case, inclusion of high energy efficiency vehicles in the
model resulted in a decline in carbon dioxide emissions from cars of 16 per cent (and in
the road transport sector 13 per cent) by 2005, and a reduction of $3.5 billion in the total
costs associated with providing energy services to Australia over the 1990-2020 period.
This is a saving of around 0.1 per cent of discounted GDP over the period to 2020 (on
the assumption that GDP grows at 3 per cent per annum to 2000 and 1.5 per cent
thereafter).

However, only the 'high' energy efficiency car appeared in the solutions reported in
this paper. The 'very high' energy efficiency car was found to be included in the solution
only when a sufficiently stringent carbon dioxide target (such as the Government's
interim carbon dioxide target) was imposed as a constraint, or (equivalently) when a
sufficiently high carbon tax was imposed. Hence the 'very high' energy efficiency car
characterised above could not be regarded as a 'no regrets' option.

It is important to note also that the price of transport fuel specified in the model
includes fuel taxes, Which constitute 35-40 per cent of the pump price of gasoline.
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Hence, the measured decline in discounted costs ass~ciated with lower fuel consumption
includes reduced expenditure on fuel taxes. It could be argued that. from an economy­
wide perspective, these fuel taxes are not an economic cost but a transfer from the energy
sector (defmed here to include motorists) to the government. If the fuel tax is accordingly
subtracted from the minimised cost in both this and the standard model solution, the
difference in costs between the two solutions is very small.

However, it is reasonable to regard at least some component of the fuel tax as
effectively a response to external costs associated with fuel use (traffic congestion, toxic
exhaust emissions), and thus as representing a net COSt to society. On that view, the net
economic benefit of introducing high energy efficiency cars wi11lie somewhere between
the two discounted cost estimates. Subject to any implementation costs of the policies
encouraging use of these vehicles, this would appear to be an instance of 'no regrets'
reduction in greenhouse gas emissions.

Significant market penetration by more energy efficient cars along such lines may
not occur without policy intervention. According to several US studies reviewed by
Greene (1983), there is some evidence that in making the trade-off between capital cost
and fuel efficiency, motorists implicitly apply high discount rates (in other words, require
short pay-back periods) for the energy efficiency benefits. These studies indicated that
implicit discount rates of 20-40 per cent are common.

These discount rates are higher than the rates of return found by Difiglio et al. in
respect of gains in fuel efficiency, which were in the region of 10 per cent. They are also
higher than the 8 per cent discount rate used in the present analysis as being appropriate to
society as a whole. Hence, the market penetration of these vehicles may be limited unless
policies were introduced which had the effect of reducing the private discount rates used
by motorists, or incentives were imposed such as increased fuel taxes. Some such
policies might entail costs of their own which could bring into question the 'noregrets'
status of this option. However, one probably low COSt way to reduce the discount rate
effectively used by car purchasers might be to improve public information on high
efficiency cars (Hinchy et al. 1991). For example, compulsory energy efficiency labelling
of cars could improve market acceptance and knowledge, and reduce any privately
perceived risk associated with the higher capital investment involved.

In Australia, the availability and adoption of more fuel efficient cars will also be
affected by international developments. The market conditions necessary for the
commercial development of high energy efficiency cars both in Australia and overseas are
likely to depend on international judgments about the need to reduce greenhouse
emissions and any consequent overseas government interventions promoting energy
efficient technologies and their use (Ecologically Sustainable Development Working
Groups 1991).

Improved traffic management and other non-vehicle measures

The pattern of land use within cities, including population densities, is a major
detenninant of the level of transport energy use. Because urban fonns are a complex

737



Barry Naughten, Bruce Bowen and Tony Beck

I

result of market and government planning decisions, it is conceivable that instances of
'market failure' arising from externalities, imperfect-information and 'intervention failure'
could arise.

To date, urban planners and administrators in Australia have not emphasised
reducing energy use as an important planning criterion. Typically, Australian cities have a
suburbanised structure with low population densities, favouring the use of private cars
relative to public transport. By OECD standards, Australians use a relatively high level of
energy in urban transport (Newman 1992).

Newrnan and Kenworthy (1988) also make the point that the common response to
the problem of traffic congestion, namely the building of more freeways, may increase
the energy intensity of cities by encouraging more road traffic. They argue that congestion
has a useful function as a 'proxy price' having the effect of limiting car transport in cities.
However, both this and the 'pro-freeway' position may neglect the perspective that peak
traffic congestion is an external effect (Neutze 1965), at least in a situation in which
efficient road pricing is infeasible. An appropriate system ofroad pricing, or rate of fuel
tax, will tend to correct this traffic congestion externality by having some disincentive
effect on the marginal user. Such policies will also tend to improve fuel efficiency, reduce
fuel usage and consequently reduce greenhouse gas emissions. To the extent that toxic
exhaust emissions are exacerbated by congested traffic conditions, road pricing or fuel
taxes may also reduce urban air pollution.

There is a range of policy actions which could reduce the energy required to perform
a given total private car transport task in cities without changing the composition of the
car fleet. These include regulations and incentives designed to improve vehicle
maintenance, vehicle occupancy rates and driving habits, and further improvement of
traffic management. There is also a second class of policy responses, the aim of which is
to reduce the car road transport task itself while still achieving the pwpose of any
journey. These include not only modal shifts (including increased use of public transport)
but substitutes for travel through changes in urban structures and innovations in
telecommunications. TIlls second class of changes was not examined in the present
exercise.

The potential benefits from a range of policies designed to reduce the energy
required to perform a given transport task, without involving any change to vehicles,
were included in a simulation. Improved occupancy rates and improved on-road fuel
efficiencies were assumed for all classes of car represented. 10 this simulation average car
occupancy was assumed to improve marginally from 1.60 to 1.66 by the year 2005 and
remain at that level to 2020. Improvements in driver habits and urban traffic management
were assumed to increase on-road fuel efficiency by a factor of 1.07 to 2005 and by 1.25
from that date to 2020 (see Watson 1992).

Results from this model simulation show a saving of $7.7 billion in total cost
associated with providing energy services when the fuel tax component is included, and
of$5.6 billion when it is excluded. Compared with the standard case there is a decline of
7-J% cent in carbon dioxide emissions from cars by the year 2005. The apparent cost

Energy market failure in the road sector: scope for 'no regret' greenhouse gas reduction?

reduction from this policy option is larger than that ~n the first simulation. However (as in
the first simulation) the costs encountered in implementing the policies were not taken into
account. These will therefore be 'no regrets' policies (on the basis of the MENSA model
results) if the costs of implementing these policies is less than the estimated savings
identified above.

In addition, some associated costs not modelled here may not be readily measurable
in financial terms - for example, disutility felt by some motorists as a result of higher car
occupancy mtes or more conservative driving habits. On the other hand. not all such costs
will necessarily be positive - for example, there may be safety benefits, in addition to
improved fuel efficiencies, associated with speed limits and 'traffic calming'.

Earlier scrapping of vehicles

Motor vehicle industry representatives have proposed that policies should be introduced
to encourage the earlier scrapping of cars as one means of reducing road transport carbon
dioxide emissions (pCAI 1991; Industry Commission 1991). All else equal, this
approach by lowering the fleet average age would increase the average fuel efficiency of
the car fleet and hence reduce greenhouse gas emissions. Though the average design life
of new cars internationally has significantly increased over recent decades, the average
lifetime of Australian cars is particularly high compared to other industrialised countries.
Forty per cent of cars in the Australian fleet are now over 10 years old (BPAC 1991) and
the average age of cars on the road exceeds 9.7 years (ABS 1992a). The warm, dry
climate (which reduces corrosion problems) and high tariff-inclusive real price of new
vehicles could be among the factors accounting for the longer average lifetime of
Australian cars.

In this policy simulation, the lifetime of a car (not to be confused with the average
age of the fleet) was reduced from 15 years in the baseline model to an internationally
more typical value of 10 years. 10 this simulation it was also assumed that 'high'
efficiency cars are available as in the first simulation.

The model results indicate that an 'early scrapping' policy, at least in this simple
form, would be a very high cost method of reducing carbon dioxide emissions, both in
total cost and per unit reduction in emissions. Carbon dioxide emissions in 2005 from
cars is reduced by 27 per cent, from road transport as a whole by 18 per cent, and from
the energy sector as whole by 3 per cent. The latter figure is only one percentage point
more than is the case with high efficiency vehicles alone, without the scrapping policy,
and this relatively minor fW1her reduction is at an additional cost of around $80 billion,
over the period 1990-2020, which is 1.5 per cent of discounted GDP over that period.
On this basis such a universal earlier scrapping policy could be characterised as a potential
'intervention failure'.

As a further indication of the relatively high cost of this vehicle scrapping policy, it
may be compared with the Cost estimate, from a previous MENSA model study, for
meeting Australia's interim carbon dioxide target: approximately $40 billion (0.7 per cent
of discounted GDP) (Jones, Naughten et aI. 1991). In that case the reduction in the year
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2005's carbon dioxide emission level was 35 per cent, as compared with the 3 per cent
reduction here. (The 1991 study indicated that the cost-effective combination of changes
that would meet the target would have as its principal element significant fuel switching
from coal- to gas-fired electricity generation.)

A variant on this 'early scrapping' simulation involved a somewhat more selective
early scrapping. In this case, the reduction in car lifetime to 10 years was confined to
those existing vehicles using leaded petrol. In the model database, the fuel efficiency of
the older leaded gasoline cars averages 11.9 L/l00 km whereas. as mentioned above, that
for 'nonnal' efficiency new cars is assumed to improve from 10.4 U100 km to 8.8 L/lOO
km over the period to 2005. In tenns of potential 'no regrets' opportunities, this case is of
particular interest since this is the category ofvehicles which in nonnal operation is
considered most polluting in tenns of toxic exhaust emissions. (Exceptional conditions of
operation are considered below.) This category of vehicles also has the poorest
perfonnance in terms of energy efficiency and hence carbon dioxide emissions.
Modelling indicated a reduction in carbon dioxide emissions from the road transport
sector by 2005 of 11.1 percent at a cost ofamund $20 billion, or 0.4 per cent ofGDP.
While this additional cost is only about a quarter of that of the scrapping policy involving
the whole fleet, it is still clearly a considerable cost with only relatively modest reductions
in carron dioxide emissions resulting. Such a policy could not be regarded as a 'no
regrets' approach to reducing greenhouse gases simply on the basis that it also happens to
involve. as a secondary benefit, some reduction in toxic exhaust emissions.

It is likely that much more selective approaches to the problem of exhaust emissions
will be more cost-effective than such broad-ranging scrapping policies. Evidence from
infrared monitoring, involving a sample of 500 000 cars, has shown that as much as 50
per cent of car exhaust emissions are produced by only 10 per cent of vehicles in the fleet
(P. Anyon. Federal Office of Road Safety, personal communication, April 1992).
Furthennore, it has been estimated that poor emission perfonnance once identified can be
rectified for an average cost of less than $200 per vehicle (Anyon, April 1992).

Use of non-conventional fuels

The use of alternative or non-conventional fuels in road transport can have significant
implications both for toxic emissions and, with some fuels, for the emission of
greenhouse gases. Recent research has focussed on the case of natural gas vehicles. As
well as producing less carbon dioxide per unit of effective energy than do conventional
fuels, natural gas as an automotive fuel has lower emissions of non-methane
hydrocarbons, carbon monoxide and nitrogen oxides. Currently, although there is no
excise tax on compressed natural gas used in vehicles, market penetration is low because
of the lack of infrastructure and specialised vehicles and the perceived risk of a change in
fuel tax policy. On the last point, in recognition of the 'clean fuel' status of natural gas
there may be a case for guaranteeing both a further defined taX-free period and a
subsequent concessional rate of fuel tax on compressed natural gas for motor vehicles. A
credible guarantee along these lines could be regarded as a response to a problem of
'imperfect infonnation'.
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In this policy simulation, a tax scenario favourable to natural gas vehicles was
represented by setting excise at zero until 2005 and at 50 per cent of the excise rate on
conventional fuels thereafter. The result was a decrease in energy sector costs, including
fuel tax. of $2.2 billion. This reduction in cost was similar to the reduction in tax revenue
due to the concessional treatment of natural gas. Carbon dioxide emissions in the year
2005 from the road transport sector declined by 5 per cent However. carbon dioxide
emissions increased slightly for the energy sector as a whole, because a bidding up of the
price of gas occurred which reduced its substitution in electricity generation for the much
more carbon~intensivefuel. coal. Thus, care needs to be taken with policies that affect gas
use if gas supply at a given cost is limited.

ABARE is currently undenaking further research to identify scope for the adoption
of natural gas vehicles in Australia.

Conclusion

The above estimates of additional costs (or economic gains) and changes in carlxm
dioxide emission from the various policies simulated should not be treated as precise.
Nevertheless, the simulations at least give an indication of the magnitudes of likely costs
or gains. which is a key issue in identifying 'no regrets' policy options. While there may
be instances in which new government policy initiatives could be used to rectify 'market
failures' in road transport, leading to net economic benefits as well as a reduction in
greenhouse gas emissions. considerable care is required in selecting such policy
measures. Poor policy responses to 'no regrets' opportunities may instead lead to
excessive costs: a fonn of 'intervention failure'. For example, policies involving the
regulated early scrapping of cars appear to be a costly way to reduce greenhouse gas
emissions, notwithstanding associated benefits from reductions in toxic exhaus.t
emissions. On the other hand. compulsory labelling indicating the energy efficiency
perfonnance of cars appears more likely to be an example of a 'no regrets' policy
approach to the reduction of greenhouse gas emissions.

741



Bany Naughten, Bruce Bowen and Tony Beck

References

ABS (Australian Bureau of Statistics) (1992a), Motor Vehicle Census, Australia, 30
Sept. 1991, Cat. no. 9309.0, Canberra.

-- (1992b), unpublished infermation supplied to ABARE based on Survey ofMotor
Vehicles Usage, 1988, Cat. no. 9208.0.

Australian Draft Inventory Preparation Group (1991), Draft Australian Greenhouse Gas
Emission Inventory 1987·88, number 10 in a series of greenhouse studies,
Commonwealth Deparnnent of Arts, Sport, Environment and Territories, Canberra.

Barde, J.~P. and Button, K. (1990), Transport Policy and the Environment, OECD,
Earthscan, Paris.

BTCE (1991a), Greenhouse Gas Emissions in Australian Transport: Submission to the
Industry Commission Inquiry into the Costs and Benefits ofReducing Greenhouse
Gas Emissions, Bureau of Transport and Communications Economics, Canberra,
May.

__ (1991b), Reducing Greenhouse Gas Emissions: Some Tax Policy Options,
Canberra, October.

Chemoff, H. (1983), Individual purchase criteria for energy-related durables: The misuse
of life cycle cost', The Energy Journal, vol. 4, no. 4, pp. 81--6.

Department of Finance (1991), Handbook ofCost-benefit Analysis, AGPS, Canberra.
Difiglio, C., Duleep, G. and Greene, D.L. (1990), 'Cost effectiveness of future fuel

economy improvements', The Energy Journal, vol. 11, no. 1, pp. 65-85.
Ecologically Sustainable Development Working Groups (1991), Transport, Canberra.
EPAC (Ecooomic Planning Advisory Council) (1991), Managing Australia's Natural

Resources, Council Paper No. 49, Canberra.
FCAl (Federal Chamber of Automotive Industries) (1991), Evidence submitted to

Industry Commission Inquiry into the Costs and Benefits of Reducing Greenhouse
Gas Emissions, Canberra.

Greene, D.L. (1983), 'A note on implicit consumer discounting of automobile fuel
economy: reviewing the available evidence', Transportation Research, vol. 17B, no.
6, pp. 491-9.

Hinchy, M., Naughten, B., Donaldson, K., Belcher, S. and Ferguson, E. (1991), The
Issue ofDomestic Energy Market Failure, ABARE Technical Paper 91.5, AGPS,
Canberra.

Industry Commission (1991), Inquiry into the Costs and Benefits ofReducing
Greenhouse Gas Emissions, AGPS, Canberra.

Intelligent Energy Systems (1991), MENSA/PC Version 2.0. A Regionalised Energy
Systems Analysis Modelfor Personal Computers, Sydney, December.

Jones, RP., Bush, S., Kanakaratnam, A., Leonard, M. and Gillan, P. (1991),
Projections ofEnergy Demand and Supply: Australia 1990·91 to 2004-05, ABARE,

January.
Jones, B.P., Naughten, B., Peng, Z-Y. and Watts, S. (1991), 'Costs of reducing carbon

dioxide emissions from the Australian energy sector', in Ecologically Sustainable
Development Working Groups, Economic Modelling, Canberra.

742

I

Energy market failure in the road sector: scope for 'no regret' greenhouse gas reduction?

Kelly, R. and Kerin, J. (1990), Joint Statement - Government sets targets for
reductions in greenhouse gases. Press release, Commonwealth of Australia, Canberra,
11 Octobet.

Marks, R., Swan, P., McLennan, P., Schodde, R., Dixon, P.B. and Johnson, D.T.
(1991), 'The cost of Australian carbon dioxide abatement', The Energy Journal, vol.
12, no. 2, pp. 135-52.

Musgrove, A.R. deL., Stocks, K., Essam, P., Le, D. and Hoetz~ J.V. (1982),
Exploring Some Australian Energy Alternatives Using MARKAL, CSIRO, Lucas
Heights.

Nelson English, Loxton and Andrews Pty Ltd (1991), Study on Potential to Improve
Fuel Economy ofPassenger Motor Vehicles, Report to Federal Office of Road Safety,
Commonwealth Department of Transport and Communications, Canberra, November.

Neutze, M. (1965), Economic Policy and the Size ofCities, Australian National
University, Canberra.

Newman, P. (1991), 'Viewpoint: cities and oil import dependence', Cities, August, pp.
170-3.

-- and Kenworthy, J. (1988), 'The transport energy trade-off: fuel-efficient traffic
versus fuel-efficient cities', Transportation Research, vol. 22A, no. 3, pp. 163--74.

OECD/lnternational Energy Agency (1991), Energy Efficiency and the Environment,
Paris.

Stocks, K. and Musgrove, A. (1984), 'MENSA - a regionalized version of MARKAL,
the lEA linear programming mood for energy systems analysis', Energy Systems and
Policy, vo!. 8, no. 4, pp. 313--48.

Sutherland, R.J. (1991), 'Market barriers to energy efficient investments'. The Energy
Journal, vol. 12, no. 3, pp. 15-34.

von Hippel, F. and Levi, B. (1983), 'Automobile fuel efficiency: the opportunity and
weakness of existing market incentives', Resources and Conservation, vol. 10, pp.
103-24.

Walsh, M.P. (1990), 'Global trends in motor vehicle use and emissions', Annual Review
of Energy, vol. 15, pp. 217--43.

Watson, H.C. (1992), 'New technology responses', in Energy Consumption: Where to
Now? (Papers presented at ERDC workshop, Canberra, February 19), Energy
Research and Development Corporation, Canberra.

743


