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Greenhouse Gas Emissions from Australian 
Transport: Long Term Projections

Report
This Report provides a 'business as usual' scenario for the emission of 
greenhouse gases from the Australian transport sector for the period 1993-94 
to 2014-15. Models for emissions from cars, trucks, rail, sea and air transport 
reflect sectoral activity, fuel intensity and emission intensity factors. The models 
indicate that emissions from the Australian car fleet over the next two decades 
will decline while emissions from trucks and aircraft are likely to grow quite 
strongly. Background information and historical data series are also provided.
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FOREWORD 

In his 21 December 1992 Statement on the Environment, the Prime Minister 
announced that  the Bureau of Transport and Communications Economics 
(BTCE) would be  commissioned to provide a comprehensive  analysis of the 
range of possible measures for reducing  greenhouse  gas  emissions in the 
transport  sector. 
This  Report  contributes to the BTCE study by providing a 'base  case' or 
'business  as  usual'  scenario  for  the  emission of greenhouse gases from 
Australian  transport. That is,  the base  case is an estimate  of  expected  future 
emission  levels assuming that Australian governments take no action  to 
reduce  greenhouse  gas  emissions from the  transport  sector. Any measures 
proposed to reduce  greenhouse  gas  emissions  should be assessed  against  tlus 
'base  case'  scenario. 

The BTCE is frequently  approached for advice on matters  such  as  the  task 
performed by the  various  transport modes or fuel usage rates. To assist  other 
researchers and to help inform public  debate  about  greenhouse  gas  emissions, 
historical  data and  commonly requested dormation such as  urban/rural 
shares of the  transport  task have also been included  as  part of the  study. 
Substantial  contributions to the  research,  analysis,  figures and report  writing 
were made  by David Cosgrove (research  leader),  Trisha Dermody, Dr David 
Gargett, Lynton Higgs,  Aruta  Scott-Murphy and Karen Subasic.  Additional 
assistance was provided by  Damien Eldridge.  Valuable input was also 
provided by other members of the  Transport  Externalities  branch  of  the BTCE. 
The research team received  valuable  assistance from a number of people. In 
particular,  the BTCE would like to thank Professor Harry  Watson for 
reviewing  the  report. In addition,  special  thanks  are  expressed to Shane Bush 
and Luan Ho Trieu of the  Australian Bureau of Agricultural and Resource 
Economics (ABARE), Bill Bourke from Qantas,  Neil Chambers from the 
Australian  National Maritime Association (ANMA) and Marcus Wigan, 
Visiting  Professor  at  the  Institute  of  Transport  Studies, Sydney. 

Dr Leo  Dobes 
Research Manager 

Bureau of  Transport and Communications Economics 
Canberra 
March 1995. 
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UNITS 

The basic units used in the  Report  are joules U), grams (g), metres (m) and 
litres (L). Standard metric prefixes  are: 

kilo (k) = 103 (thousand) 
mega (M) = 106 (million) 
giga (G) = 109 bibon) 
tera (T) = 1012 

peta (P) = 1015 

The  main prefix and unit combinations found in this Report are petajoules (PJ) 
and gigagrams (Gg). Gigagrams are  equivalent  to  the commonly used unit of 
kilotonnes (kt). Another unit occasionally  used is terametres (Tm). A terametre 
is equivalent  to one billion  kilometres. In tables, 0.0 is used to denote an 
amount that is assumed negligible,  n.a.  denotes  not  available and .. denotes 
not  applicable. 
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ABSTRACT 

This Report  provides a 'business  as usual' scenario  for  the  emission of 
greenhouse  gases from the  Australian transport sector for the  period 1993-94 
to 2014-15. Models for  emissions from cars,  trucks, rail, sea and air  transport 
reflect  sectoral  activity,  fuel  intensity and emission  intensity  factors. The 
models indicate  that  emissions from the  Australian  car  fleet  over  the  next two 
decades will decline while emissions from trucks and aircraft  are  likely to grow 
quite  strongly. Background information and historical  data  series  are also 
provided. 
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SUMMARY 

Considerable  attention  has been devoted in recent  years to the problem of 
global warming and the  associated  increase in greenhouse  gas  emissions  as a 
result  of human activity. h 1991,  Australia ranked  about sixteenth among 
major  greenhouse  gas  producing  countries. 

The National Greenhouse  Response Strategy  (endorsed by Australian 
governments in December 1992) aims to reduce  greenhouse  gas  emissions in 
Australia to 1988 levels and below within a decade. The BTCE has been 
commissioned to estimate  the  costs of potential  abatement  measures in the 
Australian  transport  sector. 

Australian  transport  accounts for about 12 per  cent of all Australian 
greenhouse  gas  emissions due to human activity (from energy  use,  industrial 
processes,  agriculture, land-use  changes, forestry, and waste disposal). 
Transport  accounts for about 25 per  cent of emissions from Australian  energy 
use. The transport  sector is therefore  important in any overall  Australian 
strategy to reduce  greenhouse  gas  emissions. If the  cost to the  Australian 
community of reducing  emissions is to be minimised,  however, it is  essential 
that  policy  decisions be based on comparisons of  the  marginal  costs of any 
potential measures in the  transport  sector with similar  costs in other  sectors. 

In order to evaluate  abatement  measures in a specific  sector, it is necessary to 
establish a base case (or 'business  as  usual'  scenario) of greenhouse  gas 
emissions, to provide a point of reference into the  future.  Estimates can then 
be made of the  effect (and the  associated  cost) of each  measure. rIlus Report 
provides  the  first  step by developing  base  case  projections  separately for road 
passenger  vehicles,  road  freight  vehcles,  rail  transport,  slupping and aviation. 

Because  the  atmospheric effect of greenhouse  emissions  poses a long-term 
problem,  long-term  abatement  measures need to be considered,  as  well  as 
more immediate policies.  Equally,  the  longer-term  effects of short-term 
policies need to be assessed. The BTCE has  chosen to analyse  measures and 
emissions to the  year 2015, even though projections  over such a long period 
are  obviously  subject to a great  deal  of  uncertainty and reliance on underlying 
assumptions. 
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Long-term  projections  should ideally be based on simple models that capture 
only  major  underlying  forces  or  trends. Variables that explain  variation  solely 
in the shorter term are often  not  suitable  for  modelling  long-term  behaviour. 
Because the structure  of the models  used  in this Report has been kept as 
simple as possible, the results obtained  should match qualitative  expectations. 
The models reflect forces that affect sectoral  activity,  fuel  intensity  (for 
example, litres per 100 kilometres  for  road  vehicles)  and  emission  intensity 
(that is, grams of greenhouse gases emitted per unit of fuel  consumption). 

Future  passenger  vehicle travel is likely  to  be  influenced  by a marked  slowing 
in the growth  of  Australian car ownership (cars per person).  Slow  expected 
population  growth  for  Australia will slow the growth  in  numbers  of passenger 
cars even  further. New car fuel and emission  intensities are likely to  be 
reduced  by the scheduled  implementation  of  automobile  industry  product 
plans. The net  result  of these forces is a projected decline in  greenhouse gas 
emissions  (of  about 10 per cent)  from the Australian car fleet over the next two 
decades. 

Emissions'from  trucks, on the other  hand, are likely to  continue to grow  quite 
strongly,  in line with expected  growth  in the Australian  economy.  Expected 
growth in road  freight  activity  over the next  two  decades is of the order  of 4 
per cent per annum. The limited potential  for  reductions  in the fuel  intensities 
of  truck  engines restricts the scope  for  achieving  reductions  in  emissions 
through the introduction  of new vehicles.  Emissions  from  road  freight 
vehicles are projected  to be one  of the two fastest growing  emission  categories 
in the Australian  transport  sector  to the year 2015, approximately  doubling 
over the period. 

The other  fast-growing area is likely to  be air transport. BTCE projections 
suggest  that  annual  growth in domestic air passenger  travel  of 4 per cent is 
likely. Some decline  in  fuel  intensities is possible  over  the  period  to 2015, but 
the  low  densities  of many of  the  domestic  routes somewhat limits the  potential 
effectiveness  of  measures  such as encouraging  increased aircraft size. Overall, 
it is likely that the rapid  growth  in  projected  aviation  activity will translate 
fairly directly  into  rapid  growth  of  greenhouse  emissions. The BTCE projects 
emissions  from  domestic  aviation  to  double by 2015. 

Projected  growth  in  total  emissions  from  domestic  transport is expected  to  be 
of the order  of 1.2 per cent per year between  1993  to 2015; an  increase  in 
emissions  of  about a third  over the period.  Figure  7.1  illustrates the expected 
long-term  decline  in the relative importance  of  emissions  from cars, and the 
rapid  increase  from  trucks. By about the year 2015, road  freight  vehicles  could 
account  for as much annual  greenhouse  emissions as cars. Although  emissions 
from  international  aviation  have  not  been  attributed  to  Australia, the BTCE 
has estimated the emissions  resulting  from the use of Australian  bunker  fuel 
by international aircraft (figure  7.2). If international  aviation  emissions are 
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Summary 

included, BTCE projections have cars,  trucks and aircraft accounting for 
roughly equal  shares of total transport  emissions in 2015 (with about 34, 37 
and 22 per  cent  respectively). The BTCE projects  the  contribution of rail 
transport and shipping to total  emissions to remain small (with shares of 
about 2 and 4 per  cent  respectively). 

Emission levels  presented in this Report  are  generally  those  resulting  directly 
from the combustion of fuel within transport  engines;  so-called  'end-use' 
estimates. However, electric  vehicles themselves  emit no greenhouse  gases, 
although power stations  using  fossil  fuels to generate  the  electricity would do 
so. It is  therefore important to use 'full fuel cycle'  estimates that include 
energy  used to extract,  process and distribute  the  fuel  to  the  end-user. Full 
fuel  cycle  estimates  permit  comparisons between petrol-driven road vehicles 
and transport modes such as  electric  trains. On a full  fuel  cycle  basis,  the 
greenhouse  gas  emissions  attributable to the  transport  sector were about 13 
per  cent  higher  than on  an end-use basis in 1992-93. 

Further  refinements  are  possible, takmg into  account  the  energy  use  associated 
with manufacture of  vehicles and the  construction and maintenance of 
transport  infrastructure.  Estimates of the  additional  emissions  associated with 
these  activities  are  also  presented in the  Report. 

Background information  that is  often sought by researchers and policy-makers 
is provided in appendices to ths Report, which include  historical  data on 
transport  tasks, a detailed 1992-93 greenhouse  gas  emission  inventory, and 
details of the  emission  projections. 

On the  basis  of  the methods of analysis and the  projections  developed in this 
Report,  the BTCE will conduct work on costing  greenhouse  gas  abatement 
measures  over  the  course of the coming year, with the aim of identifying a 
least-cost  set of measures for the  transport  sector. 
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CHAPTER 1 INTRODUCTION AND BACKGROUND 

Emissions from the  transport  sector, and particularly from road vehicles, can 
have detrimental effects on both h u m a n  wellbeing and the  natural 
environment. 

The primary  adverse  impacts on the environment due to  emissions from the 
transport  sector  relate to: 

local  air  quality, 
- through  the  emission  of  noxious  gases such as  carbon monoxide 

and nitrogen  dioxide,  causing  increased  susceptibility to respiratory 
infections; 

- by the  formation of low-level ozone (the main component of smog); 
- from increases in urban levels of toxic  substances such as  lead, 

benzene and cadmium; 

- by the  formation of hghly reactive compounds (called  atmospheric 
oxidants)  capable of damaging crops and buildings; 

- through  the  emission  of  sulfur  dioxide,  the main cause  of  acid  rain; 
and 

- by the  generation of suspended particle hazes (called  aerosols), 
which reduce visibility and influence  cloud  formation; and 

global  atmospheric  change, 
- through the  depletion of stratospheric ozone, due to the  release of 

chlorofluorocarbons (CFCs) from air-conditioners and refrigeration; 
and 

- from the warming effect of certain gaseous  emissions (commonly 
called  the greenlzouse effect). 

The gaseous  pollutants  generated by transport  activities vary  considerably in 
their  chemistry,  rates of emission, atmospheric concentrations and 
environmental effects.  Considerable  attention  has been devoted in recent  years 
to  the nnthropogenic (that is, of human origin) greenhouse effect. However, 
many studies on greenhouse gas emissions  focus  solely on the major 
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contributor,  carbon  dioxide (CO,). Most noxious  emissions  contribute  both to 
local  air pollution and to the  greenhouse  effect and are  often  easier to reduce 
than CO, emissions. Any debate  concerning  transport  emissions should 
therefore be based on an analysis of all the  major  gases  emitted and their 
effects, not on CO, alone. 

A full assessment of transport  emissions and measures to reduce them needs 
to consider all  costs and benefits  involved  (including an examination of 
resource  use,  environmental  effects and social  aspects). 

Analysis of the  benefits to Australia of reducing  greenhouse  gas  emissions is 
complicated by the  fact  that greenhouse  emissions have a global  effect: in this 
sense  they  are  analogous to a joint product.  Uncertainty  regarding  the global 
climatological,  social and economic effects of reduced  emissions means that 
any estimate of benefits  could be only indicative. The current work program of 
the BTCE does not envisage  estimates of the  benefits to Australia of a 
reduction  in  greenhouse  emissions from the  transport  sector. 

Working Paper 10 (BTCE 1993a)  outlines  the BTCE approach to identifying a 
least-cost combination of measures for reducing  greenhouse  emissions in the 
transport  sector. 

A necessary  first  step in assessing  the  effect of any measure is  the  estimation of 
a base  case  ('business  as  usual')  level of emissions from the  transport  sector. 
Comparison of the  social  costs of implementing  each measure against a 
common reference  level  permits  assessment of the  relative  cost-effectiveness of 
different measures. This Report  provides  base  case  projections for the  period 
1993-94 to 201615. 

BACKGROUND 

The greenhouse effect 

The natura2 greenhouse effect maintains  the earth's temperature at a level 
suitable for sustaining  life  (a summary of the  process  is  contained in NGAC 
1992). 

Some of the  solar  radiation  received by the  earth  is  reflected back into space by 
the  planetary  surface and atmosphere,  including  clouds. The remainder is 
mostly  absorbed by the  earth's  surface,  thereby warming it. The infra-red 
radiation  subsequently  emitted upwards from the  heated ground is absorbed 
by a number of atmospheric  constituents,  the so-called greenhouse gases. 
Greenhouse gases  re-emit  infra-red  radiation both upwards and downwards 
(and  are  said to be rudiatively active), serving to maintain  the  global  surface 
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Chapter 1 

temperature at around 33 degrees  Celsius warmer than it would otherwise be 
(IPCC 1994, p. 7). 

The major  greenhouse  gases  are  water vapour (H,O), carbon  dioxide (CO,), 
methane (CH,), nitrous  oxide (N,O), chlorofluorocarbons  (CFCs) and ozone 
(Os). With the  exception of CFCs (which are man-made) all occur  naturally. 
However, concentrations of some greenhouse gases are  increasing 
substantially  as a result  of human activity,  creating  the enhanced or 
anthropogenic greenhouse effect. 

The major  contributor to the  greenhouse effect  is water  vapour. However, 
water vapour is not normally  considered in greenhouse  gas  inventories, 
because human output is  negligible when compared to the day-to-day 
precipitation  cycle. The next most significant greenhouse gas is carbon 
dioxide, which is  the major  gas  associated with the  anthropogenic  greenhouse 
effect. 

The transport  sector  generates  both direct (radiatively  active) and indirect 
greenhouse gases. The  main direct greenhouse gases  emitted from the 
transport  sector  (apart from water  vapour) are  carbon  dioxide, methane, 
nitrous  oxide and chlorofluorocarbons.  Indirect  greenhouse  gases such as 
carbon monoxide (CO), oxides  of  nitrogen  other  than N,O (NO,) and non- 
methane volatile  organic compounds  (NMVOCs) do not have a strong 
radiative  effect  themselves, but influence  atmospheric  concentrations of the 
direct greenhouse  gases. Sulphur oxide (SO,) emissions  are  also known to 
influence  climatic  change. The negative  radiative  forcing due to sulphate 
aerosols show large  regional  variations with the  largest  effects in the Northern 
Hemisphere (IPCC 1994, p. 8). Because  the  exact  nature and magnitude of the 
effects of atmospheric  sulphur  oxides  are  stdl  very  uncertain, SO, emissions 
are  excluded from the  projections  given in this  Report. The physical and 
chemical  aspects of transport-related  emissions  are  described in appendix I. 

Many studies on greenhouse  gas  emissions  focus  solely on the output of CO,. 
However, such studies do not take  sufficient  account of the complex chemistry 
of transport  emissions and the  intricate  relationships between local and global 
air  quality.  Results  obtained may therefore be misleading. Wherever possible, 
BTCE analysis  includes  the  estimated  effects due to all  the major  greenhouse 
gases. 

To represent  the  total  greenhouse  effect of the  emissions of several  different 
gases  those  emissions need to be expressed in terms of a common unit. It is 
standard to use CO2 equivalent  emissions,  calculated on the  basis  of  the global 
warming potential (GWP) for each  gas  (see  appendix 11). The GWP is an index, 
defined to be the warming effect over a given  period due to an emission of a 
particular  gas,  relative to an equal mass of CO2 (for example, if the GWP of 
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methane is 24.5,  then 1 kg of CH, emissions has the average  global  warming 
effect of  24.5 kg of CO, emissions). 

Representative GWP values  for the main  greenhouse gases have  been 
calculated by the Intergovernmental  Panel  on Climate Change (IPCC). Due to 
the varying  atmospheric lifetimes of  greenhouse gases, GWP figures  depend 
on the assumed time period  over which the effects of  emissions are 
considered. The IPCC (1990,  1992,  1994) has estimated GWP values  which 
range  over  various time horizons,  including  20, 100 and 500 years. Reports 
dealing with greenhouse  gas  emissions  (such as IEA 1993  and BTCE 1991a) 
have typically used the 100-year  values  derived  by  the IPCC. This  Report is 
also  based on a GWP horizon  of 100 years. 

Due to the presently  incomplete  understanding  of the complex  atmospheric 
processes  involved  in the indirect effects, GWP values  for  indirect  greenhouse 
gases were not  given  in the latest IPCC revisions (IPCC 1992,  1994).  Since 
there is considerable  uncertainty  about the indirect  values (their refinement 
being a topic  of  current research), care must  be  exercised  in  applying GWPs. 
IPCC (1994,  p.26) states that GWPs are difficult  to apply to gases with short 
atmospheric lifetimes (such as NO, and NMVOCs), and that the  'calculation  of 
many indirect GWP components is not  currently  possible  because  of 
inadequate  characterisation  of many of the atmospheric  processes  involved'. 
The IPCC (1992,  1994) states that on current  knowledge the scientific 
community is confident  only that: 

the indirect GWP for  methane is a positive  number,  possibly  comparable 
in magnitude  to its direct  value; and 

CO, NMVOCs and NO, emissions 'will affect the radiative  balance  of the 
atmosphere  through  changes  in  tropospheric  ozone'.  Limited  data  suggest 
that tropospheric  ozone  in the Northern Hemisphere may have  doubled 
since  pre-industrial times, resulting  in a global  radiative  forcing  of 
between  13  and  38  per  cent  of that for CO,. 

The GWPs used  in the BTCE analysis, based  on  various IPCC results, are 
given in table  1.1. The IPCC (1994, p. 28) is reasonably  confident that the GWP 
values  for  direct effects are of the right order with a typical uncertainty  of  plus 
or minus 35 per  cent.  However, the current  uncertainty  surrounding the 
indirect effects hampers  quantitative  analysis  of  transport  emissions.  The 
BTCE has included  analysis  of the indirect effects based  on the GWP scenario 
in table 1.1, on the understanding that the results  derived  need  to  be  suitably 
qualified. 

The GWPs specified  in  table 1.1. allow  total CO, equivalent  emissions  for 
Australian  transport  to be calculated. The BTCE estimates that Australian 
transport  vehicles  accounted  for  around 80.4 million  tonnes  of CO, equivalent 
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TABLE 1.1 OVERVIEW OF AUSTRALIAN GREENHOUSE  GAS EMISSIONS, 1990 

Contribution  Contribution 
to Australian  Australian of transport 

Global  warming equivalent emissions Australian 
potential emissions (gigagrarns emissions 

Gasa (G WP) (per  cent) of gas) (per  cent)b 

Energy  TotaF  Energy  TotaP 

c02 human-sourced  vehicles to 

use  use 

Direct 
Carbon  dioxide 1 58.6  288  353  426  088  23.2  15.7 
Methane 24.5  21 .o 1 054 6 244  2.1  0.4 
Nitrous  oxide 320  2.7  3.7  60.3  61.4  3.8 
CFCs 8 500d 9.5" 13 5f 

Indirects 
Carbon  monoxide 1 3.6  4470  26  082  85.4  14.6 
Nitrogen  oxides 8 2.1 1 276 1 949  39.0  25.5 
Non-methane  volatile 
Organic  compounds 8 2.5  628 2 238  82.9  23.3 

Total CO, equivalent l00 335 100 727 OOOe 25.4  11.7 

a 

b. 

C. 

d. 

e. 

f. 

g. 

Notes 

not  applicable 
The  major  contributor  to  the  greenhouse  effect is water  vapour.  However,  water 
vapour is not  normally  considered in greenhouse  gas  inventories,  because  human 
output  is  negligible when  compared to  the  day-to-day  precipitation  cycle. 
Includes  emissions  from  military  transport  and  emissions  due  to  Australian  bunker  fuel 
consumption  by  international  transport. 
Includes  all man-made sources  and  sinks  for  emissions  from  energy  use,  industrial 
processes,  agriculture,  land  use  change  and  forestry,  and  waste  disposal. 
GWPs (1 00-year  time  horizon)  for  various CFCs range  from 4 000 to 11 700. The 
value  given  here  is  for CFC-12, the  main  gas  used  in  vehicle  air-conditioners. 
The net  warming  effect of CFCs is uncertain,  since  CFC-induced  depletion  of 
stratospheric  ozone  results  in  negative  (global  average)  radiative  forcing.  Since  the 
late 1970s, the  negative  indirect  effect  has  been  of a similar  magnitude to the  positive 
direct  effect (IPCC 1994, p. 5). Estimated  total CO, equivalent  emissions  less CFCs 
are 658 000 Gg for  Australia in 1990, of which CO, accounts  for 65 per  cent. 
Emissions  during  vehicle  operation  would  account  for  around  only 5 per  cent  of 
national CFC output. The share  is  considerably  higher  (up  to 18 per  cent) when 
allowance  is made for CFC release  due  to  vehicle  servicing,  accidents,  manufacture 
and  disposal. 
Does not  include  indirect  effects  due to carbon  emitted  as CH4, CO or NMVOCs 
(which  are  eventually  converted to CO, in  the  atmosphere)  since CO, estimates  are 
made  on  the  assumption  of  total  conversion  of  fuel  carbon  content to CO,. The GWP 
for methane  includes  both  direct  and  indirect  effects. 
1. The figures  provided in the  table  refer  to  'end-use'  emission  estimates.  That is, for 

2. Gigagrams  equals 109 grams,  commonly called a kilotonne. 
transport,  the  emissions  resulting  solely  from  vehicle  operation. 

Sources NGGIC (1994c, pp. 12-13): DME (1990, pp. 22-23); IPCC (1990, pp. 11-13; 1992 
pp. 19-21;  1994, p. 28); Cosgrove (1992, p. 7); BTCE estimates. 
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emissions in 1993,  excluding CFCs (85.3 million  tonnes  including  CFCs). The 
contribution of each  greenhouse  gas,  both  direct and indirect,  to  total CO, 
equivalent  emissions from transport  vehicles  is  displayed in figure  1.1. 

The international  greenhouse debate 

Concern about  the  effects  of  global warming has prompted a number of 
international  conferences in recent  years. One of  the most influential has been 
The Changing Atmosphere: Implications For Global  Security Conference,  held in 
Toronto in June 1988.  This  conference  urged all governments to adopt action 
plans aimed at reducing  annual CO, emissions to 20 per  cent below 1988 
levels by the  year 2005. The outcome has  since become known as  the Toronto 
tauget. 

The principal  international body investigating greenhouse issues,  the 
Intergovernmental  Panel on Climate Change (IPCC), was established in 1988 
by the World Meteorological  Organisation (WMO) and the  United  Nations 
Environment Programme (UNEP). Its  three Working  Groups (Science, 
Impacts, and Response Strategies) have  been tasked with assessing  the 
scientific  basis of global  climate  change,  evaluating  the  environmental and 
socioeconomic  impacts, and formulating  possible  response  strategies. 

CO 4% 

Total CO, Equivalent  Emissions: 80.4 million  tonnes 
Note Emissions  relate to energy  end-use  (excluding  CFCs). In 1993 road  sector CFC 

emissions  are  estimated to be  around 4.9 million  tonnes in CO2 equivalent  terms. 
Excludes  emissions  from  military  transport. 
Includes  international  transport  emissions.  That  is,  emissions  generated  from 
bunker  fuel  uplifted in Australia  and  consumed  by  international  sea  and  air  carriers 
travelling to and  from  Australia. 

Source BTCE estimates. 
Figure 1 .l Share of greenhouse  gases in  Australian  transport  emissions,  1993 
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International  negotiations commenced in January 1991 for a Framework 
Convention on Climate Change. The text of the  Convention  adopted at  the 
United  Nations  Conference on Environment and Development (UNCED) held 
at Rio de Janeiro  in June 1992 was signed by  more than 150 countries. 

The  Framework Convention  does  not  contain a binding target, but calls on 
developed  countries and others  identified  in Annex 1 to the  Convention to 
aim to return  their  greenhouse gas emissions to 1990 levels by the  year 2000. 
The Convention requires  participating  countries to maintain  inventories of 
greenhouse  gas  emissions, to co-operate  in  international  research and to 
develop strategies for emission  reduction. 

The Convention includes a number of  caveats,  taking  into  account  the 
individual  circumstances of countries,  their economic structures and their 
resource  bases.  Also recogused is  the need to maintain  strong and sustainable 
economic growth, as  well  as  the need for an equitable  contribution by each of 
the  Parties to the  Convention to the global effort to h t  greenhouse gas 
concentrations in the atmosphere to a safe  leveI (UNEP/WMO 1994). 

The Convention  entered into force on 21 March 1994,  ninety  days  after  the 
required fifty ratifications. The first ’Conference of the  Parties’(CoP 1) to the 
Convention is scheduled to be held in Berlin from 28 March to 7 April 1995. 
Activities  at COP 1 will include  decisions on implementation issues, review of 
the adequacy of commitments (contained in Article 4.2 (a,  b)) of the 
Convention and a review of first National Communications submitted by the 
Parties. An Intergovernmental  Negotiating Committee (INC) has been 
negotiating  since December 1992 to prepare for COP 1. 

Yet even worldwide adoption of  the  targets  currently  being  discussed in major 
international forums would probably not prevent  the  enhanced  greenhouse 
effect. The IPCC has calculated  that  stabilisation of atmospheric  concentrations 
of the main greenhouse  gases at 1990 levels would require  reductions in 
anthropogenic  emissions of as much as 60 per  cent for carbon  dioxide, 20 per 
cent for methane, 80 per  cent  for  nitrous  oxide and 85 per  cent  for CFCs (IPCC 
1990). 

Australia’s response to the  international greenhouse debate 

In October  1990,  the  Australian Government adopted an Interim  Planning 
Target (PT) for greenhouse  gases  based on the Toronto  target. The attn of  the 
Interim Planning Target  is: 

to stabilise greenhouse gas emissions (not controlled by the Montrenl Protocol on 
Substances that Deplete  the Ozone Layer) based en 1988 leoels, by the  year 2000 and 
to reduce these  emissions by 20 per  cent by the  year 2005 ... subject to Azrstrnlia not 
implementing response nzenszlres thnt zootrId Jmae net ndaerse ecomnzic impacts 
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nationally or on Australian  trade  competitiveness,  in the absence of similar  action by 
major  greenhouse  producing  countries (Commonwealth of Australia 1992). 

Australia  signed  the  United  Nations Framework Convention on Climate 
Change at UNCED in June 1992 and ratified it in December 1992. Because  the 
Convention requires a reduction by the  year 2000 of greenhouse  gases to 1990 
levels, it is in fact  less  stringent than  the  Interim  Planning  Target  because 
Australian  greenhouse  gas  emissions in 1990 were greater  than  those in 1988. 

Australian governments endorsed a National Greenhouse  Response Strategy 
(NGRS) at  the 7 December 1992 meeting of the Council of Australian 
Governments.  The Interim Planning Target was used as a basis for 
development of the NGRS, which contains  mainly 'no regrets' measures (that 
is, measures which have net  benefits, or at  least no net  cost, in addition to 
addressing  the enhanced greenhouse effect (Commonwealth of Australia 
1992)). 

The Ecologically  Sustainable Development (ESD) Strategy,  also  endorsed by 
the Council of Australian Governments on 7 December 1992, sets out the 
broad strategic and policy framework under which governments are to make 
decisions  co-operatively and to take  actions to pursue ESD in Australia. 

Both the NGRS and ESD strategies  contain a number of response  measures 
relating to the  transport  sector,  including  undertaking  further  research. In this 
context,  the Prime Minister announced in his 21 December 1992 Statement on 
the Environment that  the BTCE would be commissioned to provide a 
comprehensive analysis of the range of possible measures for reducing 
greenhouse  gas  emissions in the  transport  sector. 

This  Report  contributes to the BTCE study by providing a 'base  case' or 
'business  as  usual'  scenario for the  emission of greenhouse  gases from the 
Australian  transport  sector.  That  is,  the  base  case is an estimate of expected 
future  emission  levels assuming that  Australian governments take no action to 
reduce  greenhouse  gas  emissions from the  transport  sector. Any measures 
proposed to reduce  greenhouse  gas  emissions  should be assessed  against  this 
base  case  scenario. 

Chapters 2 to 5 detail models of transport  activity  levels  derived by the BTCE 
to allow  the  projection of transport  emissions. Each of the  econometric models 
presented in the  Report  are  based on the  assumption  that  transport demand 
elasticities  are  constant  over  time. To express such models in linear form, all 
regression  equations  are  stated in log-log terms (that  is,  the  natural  logarithm 
is taken of both the  dependent and independent variables). 
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International  greenhouse  emissions 

A report by the World Resources Institute (WRI 1994) has  ranked the 
contribution to global greenhouse gas  emissions by various  countries. 
Estimates  are  based on anthropogenic  sources  of CO, (fossil  fuel combustion, 
cement manufacture and deforestation), CH, (landfdls,  coal  extraction,  oil and 
gas  production, wet rice  agriculture, and livestock  production), and the two 
main CFCs  (CFC-11 and CFC-12). 

Global  emissions  of  greenhouse  gases in 1991 were estimated  to be about 34 
billion  tonnes of CO2 equivalent.  Australia  accounted  for around 1.13 per  cent 
of  global  emissions,  ranking  sixteenth among countries  that  contribute  to the 
greenhouse effect  (table 1.2); and ninth in per capita terms (WRI 1994). Table 

TABLE 1.2 MAJOR GREENHOUSE GAS-PRODUCING  COUNTRIES, 1991a 

Country Per cent of global  emissions World ranking 

United  States 
Former  Soviet  Union 
China 
Japan 
Brazil 
Germanyb 
India 
United  Kingdom 
Indonesia 
Italy 
IraqC 
France 
Canada 
Mexico 
Poland 
Australia 
South  Africa 
Spain 
Venezuela 
Republic of Korea 

19.1 4 
13.63 
9.92 
5.05 
4.33 
3.75 
3.68 
2.37 
1.89 
1.72 
1.71 
I .63 
1.62 
1.43 
1 .l6 
1 .l3 
1.12 
1.01 
1.01 
0.98 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

a.  The  World  Resources  Institute  ranking of countries is based  on  the  emissions of 
carbon  dioxide,  methane  and  chlorofluorocarbons.  Other  greenhouse  gases  such  as 
nitrous  oxide  and  ozone  are  excluded.  Indirect  greenhouse  gases  such  as  carbon 
monoxide  and  nitrogen  oxides  are  also  excluded from the  analysis.  Inclusion of these 
other  gases  could  alter  the  rankings. 

former  German  Democratic  Republic. 

temporarily  high  ranking  for 1991. 

b. Data  for Germany include  both  the  former  Federal  Republic of Germany  and  the 

c.  Emissions  from  the  oil  well  fires in Kuwait  were  assigned to Iraq,  resulting  in a 

Source WRI (1994,  p.201). 
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1.2 provides an overview of emissions from the major  greenhouse  gas 
producing  countries. 

Average global CO, emissions  per  capita  increased from around 2.7 tonnes in 
1955 to 4.2 tonnes in 1991 (WRI 1994, p. 366). However, because of different 
levels of development,  population growth and energy intensities of human 
activities  (including  transport  systems),  there  is  considerable  variation in the 
contribution of the  major  regions to greenhouse  gas  emissions.  Table 1.3 
provides 1991 estimates of CO, emissions  per  capita for each major region of 
the world. 

An example of differences in transport  systems can be seen in car ownership 
rates.  Globally,  the number of  passenger  cars doubled  between 1970 and 1987 
(table 1.4). However, in 1987 car ownership  ranged from one car  per 1 075 
people in the  People’s  Republic of China to one car  per 1.8 people in the 
United States (OTA 1991). In 1991, Australian car ownership was 
approximately one car  per 2.2 persons. 

TABLE 1.3 CARBON DIOXIDE  EMISSIONS BY REGION, 1991 

Share of global CO, emissions 
Region CO, emissions  (tonnes  per  capita)  (per  cent) 

North  America 
Former USSR 
Oceaniaa 
Europe 
Asia 
South  America 
Africa 

13.5 
12.3 
11.2 
8.2 
2.1 
2.0 
1 .o 

25.4 
15.8 
1.3 
18.1 
29.4 
2.6 
3.0 

a.  Primarily  Australia. 
Source WRI (1994, pp. 362-363). 

TABLE 1.4 PASSENGER  CAR  NUMBERS  BY REGION 

Region 

Passenger cars (‘000) 
Growth per  year 

1970 1987 (per  cent) 

North America 95  846 
Australia-New  Zealand 4 703 
OECD-Europe 63  908 
OECD-Total 173  236 
World l93 516 

l49  417 
8 802 

l30  310 
31 8 007 
395  048 

2.65 
3.76 
4.28 
3.64 
4.29 

Source ECMT (1990, p. 18). 
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TABLE 1.5 CARBON DIOXIDE  EMlSSlONSa FOR SELECTED  COUNTRIES, 1990 

Energy  Energy Contribution 
use  use Transport  Transport of transport 

Population  emissions  emissions  emissions  emissions to energy use 
1990 (million  per  capita  (million  per  capita  emissions 

Country  (millions)  tonnes)  (tonnes)  tonnes)  (tonnes)  (per  cent) 

Australia 
Belgium 
Bulgaria 
Canada 
Denmark 
Finland 
France 
Hungary 
India 
Indonesia 
Italy 
Japan 
New Zealand 
Nigeria 
Philippines 
Poland 
Sri Lanka 
Sweden 
Switzerland 
Turkey 
United  Kingdom 
United  States 

OECD 
World 

17.1 
10.0 
8.8 
26.5 
5.1 
5.0 
56.4 
10.6 
850 
178 
57.7 
I24 
3.4 

115.5 
61.5 
38.2 
17.0 
8.6 
6.7 
56.1 
57.4 
250 

839 
5 292 

288.4 
122.1 
81.5 
452.7 
55.5 
60.6 
350.5 
75.2 
563 

118.2 
371.8 

I 074.7 
26.2 
71.6 
38.4 
473.5 
3.5 
56.3 
45.9 
182.5 
564 
5224 

10  300 
22  700 

16.88 
12.26 
9.24 
17.07 
10.80 
12.14 
6.21 
7.13 
0.66 
0.66 
6.45 
8.67 
7.68 
0.62 
0.62 
12.40 
0.21 
6.58 
6.84 
3.25 
9.83 
20.90 

12.12 
4.29 

67.0 
36.3 
11.8 
144.9 
15 
15 

116.7 
10.4 
66 

30.7 
101.6 
21 4 
10.3 
6.2 
13.5 
34.6 
2.1 
24.3 
16.9 
21.6 
120.7 
1 527 

2 800 
4 370 

3.87 
3.64 
1.34 
5.46 
2.92 
3.01 
2.07 
0.99 
0.08 
0.17 
1.76 
1.73 
3.02 
0.05 
0.22 
0.91 
0.12 
2.84 
2.52 
0.39 
2.1 0 
6.1 1 

3.34 
0.83 

23.2 
29.7 
14.5 
32.0 
27.0 
24.8 
33.3 
13.8 
11.7 
26.0 
27.3 
19.9 
39.3 
8.7 
35.2 
7.3 
60.0 
43.2 
36.8 
11.8 
21.4 
29.2 

27.2 
19.3 

a. CO, only,  as  distinct  from CO, equivalent  emissions (as in table I .2). 
Notes 1. Emissions  include  those  due to bunker  fuel  consumption. 

2. Many of the  estimates  in  this  table  are  based on limited or preliminary  data  and  are 
therefore  very  approximate. 

Sources World  Bank (1992); ECMT (1994, pp. 4-12); BTCE estimates  (based  on OECD/IEA 
1991 ; OECD 1994). 

The contribution  of  transport  to CO-, emissions  resulting from energy  use will 
vary between countries,  reflecting  the  different  composition  of  their  transport 
systems. For example, in 1990 India’s  transport  sector  accounted  for only 12 
per  cent of national CO-, emissions from fuel  combustion,  while Swedish 
transport  accounted  for  about 43 per  cent  (table 1.5). 

In 1990, Australian  transport  accounted  for  about 23 per  cent of energy  use 
CO, emissions,  sirmlar  to  the OECD average for transport of around 27 per 
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cent.  Though  substantially  lower  than the United  States  (but  close  to the 
OECD average),  Australia’s  transport  emissions per capita are considerably 
higher (nearly 5 times greater) than the world average. 

EMISSIONS FROM  THE AUSTRALIAN TRANSPORT SECTOR 

The various  industry  sectors  of the Australian  economy  contribute  differing 
amounts to  total CO, emissions  resulting  from  energy  use  (figure  1.2),  ranging 
from  only 2 per cent  for  agriculture  to  38 per cent  for  manufacturing  and 
construction.  Domestic  transport  (including  emissions  due  to the generation  of 
electricity for electric rail and to the refining  of  petroleum  for  transport  fuel) 
accounts  for a quarter  of  total CO, emissions  from  Australian  energy  use. 

In order  to estimate the levels  of  current  and  future  greenhouse  gas  emissions 
from  transport, it is necessary to first estimate the Australian  transport task 
and the amount of fuel  consumed  in  performing this task. 

Appendix I11 provides time series estimates of  aggregate  transport  activity  for 
each of the main  components of  Australian  transport. Time series  estimates for 
transport  fuel  consumption are detailed  in  appendix IV. The methodology  for 
estimating  transport  greenhouse gas emissions  from  both  fuel  combustion  and 
fugitive releases (fuel  evaporation  and  air-conditioner  refrigerant  leakage) is 
provided in appendix V. 

The BTCE estimates that about  61.7 million tonnes  of  carbon  dioxide were 
emitted  by  domestic  civil  transport  (including  oil  and  gas  transport  by  major 
pipelines)  energy  end-use  in  Australia in 1993. Military transport  emitted a 
further 1 million  tonnes  of CO, in  1993.  In CO, equivalents,  domestic  civil 
transport  emissions  for  1993 are 73  million  tonnes  and military transport 
emissions are about 1.1 million  tonnes. 

Figures  1.3  and 1.4 show that road  transport is the sector that contributes  by 
far the largest  proportion  of  domestic  transport  emissions  (about  87 per cent). 
The road share falls slightly  (to  around 79 per cent  of  total  transport 
emissions) if emissions  due  to  Australian  bunker  fuel  use  by  international sea 
and air transport are included (figure 1.5),  but is still dominant.  Passenger cars 
are the major  contributor, at about 52 per cent  of  total  transport  emissions, 
followed  by  commercial  vehicles (light commercial  vehicles  and  trucks) with 
about  25 per cent. 

However, the proportions  of  total CO, equivalent  emissions  given  in  figures 
1.4  and  1.5  for  aviation  (5.5  and  11.3 per cent  respectively) are lower  bounds. 
Because the warming effects of substances emitted are dependent  on the 
altitude at which they are released, the use  of  constant GWP values  across 
modes  would  underestimate the contribution  of air travel to  total  emissions. 
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Aircraft  emissions (NO,,  NMVOCs and water  vapour) contribute to the 
production  of ozone and the formation of ice  clouds in the upper troposphere. 
Although the magnitude of  these effects is very  uncertain,  they  could  be  as 
important to  global warming as the carbon  dioxide  emissions from aircraft 
(RCEP 1994, p. 72). If further research  validates the effects of non-CO, aircraft 
emissions  having such a strong  impact, then the contribution  of  aviation  to 
total CO, equivalent emissions could  roughly  double. 

Other 2% 

~ 

Residential 16% Agricu,ture 2yo 

Total = 270 million  tonnes CO, 
Notes 'Other'  includes  non-combustion  activities  such  as  direct  emissions  from  coal  mining 

and  petroleum  production,  petrochemical  feedstocks,  lubricants,  bitumen,  solvents 
and  waxes.  Emissions  due to electricity  generation  and  other  energy  transformation 
(including  petroleum  refining,  coke  ovens,  briquetting  and  gas  industry  own  use  and 
losses)  have  been  apportioned  amongst  the  industries in which  the  (secondary) 
energy was used. 

Sources Bush S., Leonard M,, Bowen  B.:  Jones 8.: Donaldson K.: and Ho Trieu L., 
(1993, p.18, 100); BTCE estimates. 

Figure 1.2 Australian  domestic CO, emissions by sector, 1990-91 
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Maritime 3.8% R 
Aviation 6.1% 

Motorcycles 0.4% 

ail  2.6% 

Buses 2.0% U 

Total CO2 Emissions: 61.7 Mt 
Notes Emissions  relate to energy  end-use  (excluding  CFCs).  Pipeline  emissions  are  those 

due to major  oil  and  gas  transmission, and do not include  the  urban  distribution of 
gas  and  water.  Figures  may  not  add to 100 per  cent  due to rounding. 

Source BTCE estimates. 
Figure 1.3 Carbon  dioxide  emissions  from  Australian  domestic civil transport, 1993 

Maritime 4.3% 2.7% 
Aviation 5.5% 

Motorcycles 0.5% 

Commercial  vehicles 

Buses 1.8% U 

Total CO2 Equivalent  Emissions:  73.2 Mt 
Notes  Emissions  relate to energy  end-use  (excluding  CFCs).  Pipeline  emissions  are  those 

due to major  oil  and  gas  transmission,  and  do  not  include  the  urban  distribution of 
gas  and  water.  Figures  may  not  add to 100 per  cent  due to rounding. 

Source BTCE estimates. 
Figure 1.4 Carbon  dioxide  equivalent  emissions  from  Australian  domestic  civil 

transport, 1993 
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Rail 2.5% 

Aviation 1 I .3% 

Motorcycles 0.4% 

Commercial  vehicle! 
" 

Buses 1.7% 

Total CO2 Equivalent  Emissions: 80.4 Mt 
Notes  Emissions  relate to energy  end-use  (excluding  CFCs).  Pipeline  emissions  are  those 

due to major  oil  and  gas  transmission,  and  do  not  include  the  urban  distribution of 
gas  and  water.  International  transport  emissions  are  those  due to Australian  bunker  fuel 
consumption  by  international  sea  and  air  carriers  travelling to and  from  Australia. 

Source BTCE estimates. 
Figure 1.5 Carbon  dioxide  equivalent  emissions from Australian  domestic  and 

international  transport, 1993 
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CHAPTER 2 ROAD TRANSPORT 

PASSENGER VEHICLES 

Road passenger  transport  currently  accounts for about 60 per  cent of the  total 
carbon  dioxide  equivalent  emissions from the  Australian  transport  sector. 
Most of this comes from cars, with only 1.8 per  cent of transport  emissions due 
to buses and 0.5 per  cent  to  motorcycles. 

There  has  been an increasingly  obvious  trend toward saturation of the market 
for  personal  automobiles in the  last 10 years in terms of ownerslup  per  person. 
Growth in  total use of fuel  has been restrained by ths trend. The average rate 
of fuel  use  has  also been influenced by two other opposing factors:  the move 
to larger  average  engine  sizes and the  decreasing  fuel  intensity  (litres  per 100 
kilometres) of newer engines per unit of poruer output (that  is,  per  kilowatt or 
horsepower).  Average  velucle  kilometres  driven  each  year have been relatively 
constant  over  the  last 20 years. The net  result  of  all  these  factors has  been for 
total passenger  car  fuel  use (and hence CO, emissions, which are  related 
directly to the quantity of fuel  use) to grow quite  slow~ly in recent  years. 

Cars also produce ~zon-CO, greenhouse  gases; and their  emission  rates  vary 
with factors such as weather  conditions,  the  presence of catalytic  converters 
and smoothness of traffic flot47. Overall  greenhouse  emissions (CO, and non- 
CO,) from cars  are  therefore a function not only of fuel  use, but also of the 
emission  intensity (grams emitted  per litre  of  fuel consumed) of the  fleet. 
Though non-CO, gases  are  emitted in much smaller  quantities than CO,, their 
contribution  to  total CO, equivalent  emissions is  significant (around 18 per 
cent) when  GWPs are  taken  into  account. 

Over the  last 10 years,  there has been both a slowing in the growth of  total  fuel 
use by cars and a reduction in the  emission  intensity  of newer Australian  cars. 
Emission intensity has  declined due primarily to the  increasing proportion of 
cars  fitted with catalytic  converters, which dramatically lower non-CO, 
emissions,  after  the  introduction  of  unleaded  petrol in 1986. The growth in 
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total  greenhouse gas emissions has therefore  been  relatively  slow  (about 1.7 
per cent per annum). 

On the basis  of  long-term  historical  data, BTCE projections  have  motor  vehicle 
ownership  in  Australian  starting  to  level  out at about 500 cars per  thousand 
persons  by the beginning of the next  century.  Because  Australia’s  population 
will continue  to  grow,  overall car numbers will also  continue  to  grow,  but at a 
decreasing rate. Continued  technological  developments are likely to result in 
significant  decreases  in  fuel  intensity  and  reductions in emissions  of non-CO, 
gases  from new cars, an effect that will become  increasingly  apparent as older 
cars are scrapped.  Even in the  absence of specific abatement  measures, 
therefore,  greenhouse  gas  emissions  from cars are likely to  decline  during this 
decade  and well into the next  century. 

The first section  of this chapter sets out the evidence  for a declining  trend  in 
car emission levels. Past studies  of car numbers  and car fuel  use are reviewed, 
and the nature of the BTCE projections is set out  in terms of  disaggregated 
elements.  Subsequent  sections present the modelling  and  reasoning  behind the 
individual  elements  of the forecasting  process.  Overall  projections of 
emissions  from  road  passenger  transport are then presented,  together with 
some analysis of the sensitivity  of the results  to  changes  in  forecasting 
assumptions. 

Previous studies of cars,  car fuel use  and  emissions 

In 1964, the then Commonwealth Department of  Shipping  and  Transport 
(1964, p. 15)  used a logistic  (S-shaped)  curve  to  predict the growth in the 
number of cars per 1000  population  in  Australia. It concluded that  the number 
of cars per 1000  population was likely to reach a saturation  level  of  about  500 
to  550 early in the next  century. This now appears prescient,  since  during the 
1990s the number of cars per  1000  persons seems to  be  slowing  toward a 
saturation  level of the order  of  500  (figure 2.1). 

Gruebler  and  Nakicenovic  (1991,  p.  58)  present  data  on  automobile  stocks in 
twelve  developed  countries. All were found  to  follow  logistic  growth  curves 
for the number of cars per 1000  of their population. The Australian  saturation 
level was estimated  to  occur early next  century at between  440  and  550 cars 
per 1000 population (a range  given a 90  per cent probability  of  covering the 
’true’  value).  Gruebler  and  Nakicenovic  estimated  growth  in  total car numbers 
from  1995  to  2000  to  be  1.6 per cent per annum (table  2.1). 

A study by the National  Institute  of  Economic  and  Industry Research in 
Melbourne (NIEIR 1994,  pp.  3.31-3.38 ) modelled  vehicle  scrappage  and new 
car registrations  separately in order  to  project the vehicle  stock  from  1995 to 
2000. NIEIR assumed a 1.1 per cent per year increase  in average vehicle 
kilometres  travelled (VKT) for the Australian car fleet, resulting  in a projected 
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600 r- 

Year 
Sources ABS (1 994b.  1992b); BTCE estimates. 
Figure 2.1 The number of cars p e r  thousand  population in  Australia 

TABLE 2.1 HISTORICAL AND  PROJECTED  GROWTH IN FUEL  CONSUMPTION  BY 
AUSTRALIAN CARS 

(per  cent  per annum) 

Gruebler 
and 

Nakicenovic NlElR ABARE AIP BTCE FORS 
Component Historic (1991)  (1994)  (1991)  (1994)  (1995)  (1991) 

Period 1984-1994  19952000  199522000  1995-2000  199522000  19952000  19952000 

Number of cars 1.9 1.6 1.8 0.9  1.6 2.0 

Average VKT per 
car 0.3 1 .l 2.0 0 -0.4 

Total VKT 2.2 2.9 2.9 1.6 1.6 

Fuel  intensity -0.2 -1 .o -1 .o -1.1 -1.0 

Total  car  fuel  use 2.0 1.9 1.9 1.5 0.5 0.6 

not  applicable 

2. Fuel  intensity is typically  measured in litres  per 100 kilometres. 
Notes 1. VKT is vehicle  kilometres  travelled. 

Sources Gruebler & Nakicenovic  (1991, p. 58); NlElR  (1994, pp. 3.31-3.38); ABARE (1991); 
Bush et al.  (1993);  AIP(1994, p. 7); FORS (1991b, p. 33); BTCE (1991~); 
BTCE estimates. 
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annual  growth  in total VKT of  about 2.9 per cent. NIEIR also  assumed a 1 per 
cent  annual  drop in fuel intensity,  resulting  in an annual  growth rate in car 
fuel  consumption  of  about 1.9 per cent. Because NIEIR did  not  assume a 
logistic pattern in the total car stock, its projected  growth rate for car numbers 
and  total VKT is at the high end  of the range  of  studies  considered here. 

Car fuel  use  projections  derived  by the Australian  Bureau  of  Agricultural  and 
Resource  Economics (ABARE) (Bush et al. 1993, pp. 63,112; Donaldson,  Gillan 
and  Jones 1990), are based  on a logistic  curve  for  motor  vehicle  ownership. 
Hensher  and  Young (BTCE 1991c) report  disaggregated  elements of ABARE 
projections  done in 1989 for the period 1990 to 2000. The  model  yielded a 
projected  growth  of 0.9 per cent per year in  the  total number of cars. ABARE 
assumed  an  increase in average VKT of 2.0 per cent per year, giving  total VKT 
growth  of  about 2.9 per cent per annum over the period 1995 to 2000. This 
high growth rate, which is due to the fairly large assumed  increase in average 
VKT, puts ABARE’s forecast of  total VKT at the high  end  of the range  of 
studies  considered. An annual  decrease  of 1.0 per cent in the fuel intensity  of 
cars was assumed  by ABARE, giving a projected  annual  increase  in  total car 
fuel  use  to 2000 of 1.9 per cent. 

The Australian  Institute  of  Petroleum (AIP 1994, p. 7) presented  forecasts of 
the growth in total car fuel use (petrol  and LPG) of 1.5 per  cent per year from 
1995 to 2000. No details  of the assumptions that went into this forecast were 
available. 

The Federal Office of Road Safety (FORS 1991b, p. 33) modelled new 
registrations  and scrappage separately to arrive at the vehicle  stock  in the year 
2000. The assumed  growth  in car numbers was about 2 per cent per year for 
the period 1995 to 2000. With an  assumed  decrease  of 0.4 per cent per year in 
average VKT, growth  in  total VI<T was about 1.6 per cent  per year for the 
period. FORS also  modelled a 1 per  cent fall in fuel  intensity, with the result 
that  projected  fuel  use  rose  by 0.6 per  cent per year. 

The current BTCE study  projects  the number of cars to grow  on  average  by 1.6 
per  cent  annually  from 1995 to 2000. The BTCE also  assumes that average 
annual VKT per car will remain  constant (since average VKT has varied  by 
only  around 5 per cent  over the last 20 years). The BTCE projects  annual 
growth  in  total VKT from 1995 to 2000 to  be 1.6 per cent,  somewhat  below the 
historic  growth rate of 1.9 per cent. 

The BTCE has assumed that the fuel  intensity  of cars will decrease  by 1.1 per 
cent a year in the period  from 1995 to 2000, which is similar to  the 
assumptions  by NIEIR, ABARE and FORS. The historical  record  for the period 
1984 to 1994 shows that the fuel  intensity  of the fleet decreased  by a much 
smaller amount than the 1 per cent common among the forecasts  to 2000. 
Should the trend  to larger engine sizes not cease (as assumed  by  most 
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forecasters) but rather continue to offset  decreases  in fuel intensity per unit of 
power output, then  the models of NIEIR, ABARE, BTCE and FORS will 
underestimate  the  projected  annual growth in  car  fuel consumption by about 1 
per  cent. In this  case,  the BTCE projection of 0.5 per  cent  annual growth in  fuel 
consumption would  become 1.5  per  cent. However, the BTCE considers that 
the assumed decreases in fuel  intensity  are  likely under the  industry  product 
plans  adopted  or  currently  being  proposed  in  Australia and overseas, and that 
0.5 per  cent  per annum is a realistic  projection  of  the growth in car  fuel 
consumption to the  year 2000. The BTCE has  included  the  effect of industry 
plans in the  base  case  because  these  plans were announced as  early  as  1991, 
and are  predicated on levels  of  technology  readily  achievable in the  early 
1990s. Any further  reductions  negotiated between government and the motor 
vehicle  industry  in  the  future  should be treated  as  part of emission  abatement 
measures. 

Car emissions  -the framework of the BTCE projections 

A general framework was developed by the BTCE to project emissions from 
cars  to  the  year  2015. 

A model of  fuel consumption is  the main component of  the framework. The 
model decomposes fuel consumption into four components: 

Fuel = Vehicles X Population X \KT X Average fuel 

Consumption Population per  vehicle intensity 

(litres)  (cars  per (thousand  (annual (litres  per 
thousand  persons)  kilometres  kilometre) 
persons)  per car) 

Figures  2.1 to 2.6 show graphically  the  results of this  process. 

Figure  2.1 shows the  logistic shape assumed for  the number of cars  per 1000 
people, which is  currently about 430 and is  projected to level off at between 
500 and 520 by early  next  century Fipre 2.2, based on recent ABS projections 
(ABS 1994b), shows the  assumptions about population growth over  the 
period.  Multiplying  the two components together  results  in  the  projection of 
total velucle numbers (figure 2.3). 

As  shown in  fi,we 2.4, a constant  average  annual vehcle kilometres  travelled 
per car is assumed, in  line with the  hstorical  trend  over  the  last  decade. 

Fleet  average  fuel  intensity, in litres consumed per 100 kilometres  travelled 
(L/lOO km), is estimated  to  decline from 12.08 in 1993 to 9.22 by 2015 (figure 
2.5), as industry  efficiency programs are assumed to reduce new car  fuel 
intensities. 
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Figure 2.2 Annual  change in  the  Australian  population 

12 r 

- 8  E 

BTCE 
0 I I I I I I 

1985 1990 1995 2000 2005 201 0 201 5 

Year 
Sources ABS (199213); BTCE estimates. 

Figure 2.3 Number of cars in  Australia 
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Sources ABS (1993a); BTCE estimates. 

Figure 2.4 Average  annual  kilometres  travelled  per  car 
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Sources ABS (1993a); BTCE estimates. 

Figure 2.5 Average  fuel  intensity of the  car fleet 
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Sources ABS (1993a); BTCE estimates. 
Figure 2.6 Total fuel consumed by Australian  cars 

In summary car numbers are  expected  to rise by about a third by 2015, VKT is 
assumed to remain constant, and the average fuel intensity  of  the car fleet is 
projected  to drop by  a quarter by 2015. 

The net result is almost no change in total  fuel consumed  by cars by 2015, 
although consumption  does rise slightly around the turn of the century before 
receding  again  (figure 2.6). 

The second component of the  projection framework is a  model for  estimating 
emissions, gven fuel use. There are  essentially two types of  emissions  of 
greenhouse gases from cars: CO, and  non-CO, gases. Carbon dioxide 
emissions  are  linked directly to  fuel consumption:  each  carbon atom in the  fuel 
combines with two atmospheric oxygen  atoms to produce  about 3 times the 
weight of  the  original  fuel in the form of CO, emissions  (figure 2.7). 
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Figure 2.7 Carbon  dioxide  emissions  per  litre of fuel consumed 
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Figure 2.8 Non-carbon  dioxide  emissions  per litre of  fuel consumed 
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Figure 2.9 Average  carbon  dioxide  equivalent  emissions  per  litre Of 
fuel consumed 
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Figure 2.10 Carbon  dioxide  equivalent  emissions  from  cars 

Projecting  emissions of non-CO, greenhouse gases is more complex. In 
Australia,  emission  standards  for  new7  cars were set in 1986, and are  expected 
to be made more stringent  in 1997. The gradual  replacement of  older  vehicles 
in the  fleet with newer,  lower-emission  vehicles is  therefore  reflected in the 
model. The results  are shown in figure 2.8. Emissions of non-CO, gases from 
cars  are  expected to decline  dramatically  as  vehlcles  purchased  after 1986 and 
1997 come to predominate in the  fleet. Non-CO, greenhouse  emissions  vary in 
their  global warming potential. The GMT values in ths Report  are gven in 
table 1.1. 

The BTCE projects  the  emission  intensity  for  cars (in grams of COz equivalent 
emissions per litre of fuel) to fall by about 10 per  cent by the  year 2015 (figure 
2.9). With fairly  constant  overall  fuel  usage,  overall  greenhouse  gas  emissions 
from Australian  cars  are  hkely  to fall by about 10 per  cent between 1993 and 
2015 (figure 2.10). This  projection is conditional on the  modelling and 
assumptions  used in each of the  steps  above. The following sections examine 
the components of the  analysis in more detail. 

Cars per thousand population 

The  number of  cars  per 1000 population  has been modelled  as a logistic (S- 
shaped)  function. 'This is in line with experience  in a number of overseas 
economies, where exponentially  increasing growth until the 1960s or 1970s has 
been replaced with slowing growth in the 1980s and 1990s. 

Gruebler and Nakicenovic (1991) review  overseas  experience. In all twelve 
developed  countries  reviewed, a logistic  formulation  fits  the  data  extremely 
well.  Saturation  rates  are in the  range 550-700 cars  per 1000 population in 
North America, 300-550 in Europe and 200-250 in Japan. Some of these 
countries have already  reached  saturation;  others  are  approaching it. 
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Fitting a logistic  function  to cars per 1000  population  produces a forecast 
which depends  only  on time. Although the approach  works well, the actual 
mechanism  underlying the effect is not  precisely known. It appears  to  be 
based  on the tendency  of  differently  aged  cohorts within a population  to 
behave in broadly  predictable ways. It is possible that radical shifts in cohort 
behaviour  could  undermine this average system behaviour (Gallez 1994). 
However, logistic  growth is a common pattern  in many biological  phenomena, 
in  product marketing, in modal  competition  and  in  other areas. Its application 
to car ownership rests on  generalised  tendencies  to  product  saturation  and 
also on the limits to the 'carrying capacity' of the road systems of  individual 
countries  (based on the travel time costs  of  using  personal  vehicles in 
congested traffic). It may be  argued  that  saturation  occurs  more  in terms of 
personal  travel (that is, cars per person times VKT per car) than  in  vehicle 
ownership.  However, the BTCE has kept cars per person  and VKT per car 
separate in the analysis  to  allow the assessment of  future  policy measures 
which may influence the elements  of  personal  travel  in  different ways. 

Based on  curve fitting, the BTCE has estimated that the  saturation  for  the 
Australian car fleet has a likely range  of  490  to  540 cars per 1000 population, 
with saturation  effectively  attained  during  the first half of the next  century 
(figures  2.1,  2.11).  Gruebler  and  Nakicenovic  (1991)  derive a range  of 440 to 
550  for the Australian  value of the saturation  level,  occurring at about the 
same time as the BTCE projections. 

The basic  form of the logistic  equation  relating cars per  1000  population 
(MVPER) to time (t) is the following: 

MVPER = k 
1 + a e -bt 

where 

k is the saturation  level  of  the  logistic  function,  or  upper  bound  on cars per 
1000  population  (figure 2.11); 
a and b are constants. 

The combination ln(a)/b gives the time of  the  inflection  point  (that is, the  point 
halfway to  saturation). 

The saturation  level was obtained  by a linear  regression  of the percentage 
growth rate, (annual  change  in MVPER) / MVPER, against MVPER, resulting 
in a 'best fit' estimate of k = 520  (and an initial estimate of b). Final values  for a 
and b were then estimated  by  using the predicted  value  of  520  for k, and 
regressing ln((k-MVPER)/MVPER)  against time. The results of the estimation 
are presented  in  table  2.2  and  figure  2.11. 
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TABLE 2.2 ESTIMATION OF A LOGISTIC CURVE FOR CARS PER 1000 POPULATION, 
AUSTRALIA 

Dependent  variable: M W E R  (cars per 1000 population) 

Form of equation: "ER = k 
1 + a e -bt 

where, k is the saturation  level,  estimated as 520 cars per 1000 population 

Estimation  method:  Iterative Ordinary Least Squares 

Estimation  period:  1957-58  to  1984-85  (t=1 in 1928-29) 

Adjusted R squared:  0.999 

Parameter Estimate  Standard  error t ratio 

A 32.5957  0.8500  38.35 

b 0.0891 0.0006 145.71 

Sources BTCE estimates; CBCS (1973, pp. 30, 31); ABS (1994a, p. 6 and  earlier). 
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Source ABS (1 993a and  earlier, 1994d); BTCE estimates. 

Figure 2.1 1 Form of logistic  curve  for motor vehicle  ownership 

The model  estimation was restricted to the  period  before  1985, due to 
discontinuities in data  for WPER during  the  post-l985  period. There was one 
downward shift in the curve related to a sharp jump in car prices in 1986,  and 
another  related  to  vehicle  type  definition  changes (with motor  vehicle 
registry statistics) in  1991. 
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Population 

Recent  projections  of the Australian  population  by the Australian  Bureau  of 
Statistics (ABS) are available on the basis  of  several  scenarios. The one  chosen 
for BTCE projections  of  fuel  consumption is the 'A and B' scenario (ABS 1994a, 
p. 48). This scenario assumes medium levels  of fertility and  low  levels  of 
immigration,  resulting  in a projected  Australian  population  in  2014-15  of  21.6 
million  people  (up by 22 per cent on the 1993  level). 

Average  kilometres travelled per vehicle 

Average vehicle  kilometres  travelled per car was assumed to  remain  constant 
at 15  500 km per year; in  keeping with the trend  over the last 10 years. There 
are several  factors that might  influence the average  distance a car is driven. 
On the one  hand,  increasing  incomes  would  tend  to  increase the demand for 
mobility,  and  therefore the utilisation  of cars. On the other  hand, traffic 
congestion  in  Australian cities is likely to  increase  over the next  20 years, as is 
the incidence  of  two  and three-car households,  tending  to  lower the average 
utilisation per vehicle. 

On balance, it was considered that an  assumption  of  constant VKT was a 'best 
guess' at future  utilisation per vehicle. 

Average fuel  intensity of the car  fleet 

The average  fuel  intensity  (L/lOO km) of the cars in the Australian fleet is a 
crucial variable in  forecasting  fuel  consumption.  To  forecast  fuel  intensity 
adequately, it is necessary  to  adopt  an  approach that monitors  vehicles  of 
different  vintages  from their entry  into the fleet through  to the time that they 
are scrapped. The BTCE has modified a model  constructed  by  the  Federal 
Office of Road Safety (FORS 1991b) that permits a vintage-by-vintage 
approach. 

Connected with each vintage are fuel  intensity characteristics. In  making  the 
forecasts, it was assumed that the fuel  intensity  (L/100 km) of new cars 
entering  the fleet falls from its 1992-93  level  of  near 9 to  8.06 in 2004-05  (equal 
to the car industry  product  plan [FORS 1991a,  p.  S]).  Fuel  intensity is assumed 
to fall further  to  6.4  L/100 km (a maximum technology  scenario  for  2004-05) 
by 2014-15 (FORS 1991a, p. 8). That is, the BTCE assumes that what is 
considered the maximum fuel  efficiency  attainable  in  2005  (using  currently 
known technologies)  becomes the readily  achievable  level  10 years later. 
Implicit in these projected  declines in fuel  intensity is the  assumption that the 
shift to higher engine sizes apparent in the 1980s ceases. 

In  order  to  run the FORS model to track the penetration  of the fleet by new 
and  more  fuel  efficient  vehicles,  assumptions were made about  scrappage 
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rates. The average  scrappage rate was assumed to  fall  slightly from a 1993 
level of about 4 per  cent  per  year to 3.7 per  cent by 2014-15. Scrappage rates 
have exhibited a long-term downward trend  since  the mid 1970s because 
manufacturers produce increasingly longer lived  vehicles. The BTCE 
scrappage rate  projections  represent a continuation  (yet  moderation)  of  this 
trend. 

Emission intensities 

The BTCE model also allows the  tracking  of average fleet emission 
characteristics  (that  is,  the  emissions  of non-CO, greenhouse  gases  per litre). 

It was assumed that new car  emission  rates were equal to those of the  post- 
1985 fleet  (see  table V.6) until 1997, when  new emission  standards  are  expected 
to come into force for vehcles  sold  after  that  date.  Studies have shown that,  in 
fact, most new vehicles have better on-road  emission  performance than these 
emission  standards. However, emission  rates  generally  increase as a vehicle 
ages  (particularly  since  catalytic  converter  efficiency  decreases  over  time)/ so 
the maximum standard  has been  adopted as an approximation of average 
emissions  over a vehicle’s  lifetime. The 1986 and 1997 emissions  standards  are 
detailed in table 2.3. As a result of the  increasing  penetration of catalytic 
converter  technology  throughout  the  fleet,  the BTCE expects  that  there will be 
a halving of non-CO, greenhouse  gas  emissions from cars by early  in  the  next 
century. 

Buses 

Fuel  usage by buses was assumed to grow in line with the  Australian 
population. This has roughly been the  experience of the  industry,  except for a 
period of stronger growth following  coach  deregulation in the  early 1980s 
(Cosgrove & Gargett 1992, pp. 238-239 ). It was assumed that  half of the urban 
bus fleet would be using CNG by 2015. Petrol and LPG use by buses is small, 

TABLE 2.3 INDUSTRY-AGREED EMISSION STANDARDS FOR NEW PASSENGER 
CARS 

Emission  standard la/km) 
Year of introduction CO HG NO, 

1986 

1997 

9.3 

2.1 

0.93 

0.26 

1.93 

0.63 

HC Hydrocarbons 
Source FORS (pers. comm. 1994). 
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and was assumed to  remain  constant  to  2015. Diesel use is calculated as the 
remainder  of the projected  total  fuel  usage. 

Emissions  in CO, equivalents  from the fuel  usage  projected  for  buses  in 
2014-15 are about  20 per cent  above  1992-93  levels. 

Passenger vehicle projections 

The final fuel  consumption  projection  for the Australian car and  bus fleets to 
2015 are given  in  table  2.4. The mix  of  fuel types changes  markedly  in the case 
of LPG and CNG, but  total  fuel  consumption is relatively  unchanged. 

Using projected  fuel  consumption,  emissions  of  individual  gases  (and of an 
overall  total  in CO, equivalents) are given in table  2.5.  Total  emissions  from 
the road  passenger  sector  (including  buses) are expected  to  decline by about 
10 per cent  from  1993  to  2015.  Detailed  results are presented in appendix VI11 
(based  on  emission  factors  given in appendix V). 

Sensitivity analysis 

The main  assumptions that might  change the results  of the BTCE projections 
relate to the fuel  consumption  forecasts  for cars. Ignoring the population 
component,  this  leaves  three  major  forecasting  assumptions that might change 
the results:  the  saturation  level (k) of cars per thousand  population (MVPER), 

TABLE 2.4 FUEL  CONSUMPTION  PROJECTIONS FOR ROAD  PASSENGER VEHICLES 
(megalitres) 

Sector 1992-93  2014-15 Per  cent changea 

Passenger  vehiclesb 16079  16330  1.6 
Passenger  cars 15608 
Petrol 14067 
ADO 456 
LPG 1082 
CNGC 3 

Buses 
Petrol 
Diesel 
LPG 
CNGC 

471 
26 
428 
3 
14 

15754 
13500 
480 
1460 
31 4 
576 
26 
403 
3 

144 

0.9 
-4.0 
5.3 
35.0 

10370.0 
22.3 
0.0 
-5.8 
0.0 

928.6 

a. Per cent change between 1992-93 and 201  4-1 5. 
b. Excludes motorcycles. 
c. Megalitres of petroleum displaced by compressed natural gas (CNG). 
Source BTCE estimates. 
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TABLE 2.5 GREENHOUSE  GAS EMISSION PROJECTIONS FOR  ROAD  PASSENGER 
VEHICLES, 2014-15 

Emissions 
(gigagrams) 

Change 
in CO, 

CO, equivalenta 
Vehicle  type CO, NO, CH, N M V O C  CO N20 equivalent  (percent) 

Cars 34192  112 6.0 1 1  1 412  3.74  37734  -9.5 
Buses 1403  12.8 0.6 3.1 12.1 0.04 1568 18.1 

Passenger 
Vehiclesb 35595  124.8 6.6 114.1  424.1  3.78  39302  -8.6 

a.  Per  cent  change in CO2 equivalent  emissions  between 1992-93 and 2014-15. 
b. Excludes  motorcycles, for which  emissions  are  assumed to remain  constant  at 1992-93 

levels (330 Gg). 
Source BTCE estimates. 

average  vehicle  kilometres  travelled (VKT) per  car and the  fuel  intensities of 
new vekucles. 

Assuming fleet  fuel  intensity is fixed,  percentage  variations  in  the  values of 
MVPER and VKT assumed for 2015 flow through to equal  percentage  changes 
in fleet  fuel usage. Thus, if the  value of MVPER for 2015 were taken  as 530 
instead of 508, projected  car  fuel consumption would be about 4 per  cent 
higher than that of the  flat base  case  curve. Combined with a 10 per  cent drop 
in emission  per litre  of  fuel consumed, ths results  in an alternative  projection 
of a 6 per  cent drop in emissions  (versus  the  base  case  projection of a 10 per 
cent drop). The VKT assumption  can be varied in a  similar  fashion. For 
example, takmg average VKT in 2015 to be 16 000 km rather t h a n  15 500 km 
would change the  base  case (from a 10 per  cent  drop)  to  a  projected 7 per  cent 
drop in  emissions. 

The fuel  intensity assumptions must  be tested using a model of fleet 
replacement  dynamics. The BTCE has tested two additional  scenarios  related 
to assumed new vehcle fuel  intensities: 

High Fuel intensities remain unchanged to 2005 '(that  is, a continued shift 
to  larger engines  balances an increase in engineering fuel 
efficiency),  followed by a  decrease  to  the  2005  industry  product 
plan standard of 8.06 L/100 km by 2013. 

Low Fuel intensities drop to the  lowest  attainable  value  (using  current 
technologies) of 6.5 L/'100 km by 2005 (according  to FORS 1991a) 
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and stay at that level  until  2015.  Such a drop is probably  reasonable 
only if new car purchases shift towards the mini  and small car 
ranges. 

The results  of these two scenarios are shown in  figures  2.12  and  2.13. The high 
scenario has fuel  consumption  up 10 per cent  and  emissions  about  constant by 
2015. The low  scenario has fuel  consumption  dropping by 12 per cent and 
emissions  coming down by 20 per cent  from  1993  to  2015. 

Overall, the sensitivity tests suggest that unless all three assumptions  turn  out 
to be biased in  one  direction, the basic finding  of a fairly flat to  declining  trend 
for car emissions is quite  robust. 
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Figure 2.12 Car  fuel  intensity  scenarios:  total  fuel consumption 
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Figure 2.13 Car  fuel  intensity  scenarios:  carbon  dioxide  equivalent  emissions 
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FREIGHT  VEHICLES 

Road freight  transport  is a derived demand, depending basically on economic 
activity.  Activity  levels could  therefore be expected to show the same 
exponential growth as  the  general economy.  Continued growth in fuel  use and 
emissions by trucks is  therefore  likely. Trucking  (including urban and non- 
urban tasks)  currently  accounts for about 28 per  cent of CO, equivalent 
emissions from Australian  domestic  transport, making it an important (and 
growing) part of  transport  sector  emissions. 

Figure 2.14 shows the number of ’commercial  vehicles’ on register  since  1929, 
together with estimates of the trucking  task from 1960-61  to  1992-93. Two 
patterns  are  apparent. The first  is  the broad  agreement  between movements in 
the  task (measured in tonne-kilometres) and in the number of commercial 
vehicles. The second is  that  the  task  is growing faster than  the number of 
commercial vehicles. Data from the Survey of Motor Vehicle Use (ABS 1993a 
and earlier) imply that  average  truck  sizes have been increasing, with the 
average  carrying  capacity  (per  vehicle)  of  the  fleet growing by around 3 per 
cent  per annum. 

Previous  studies of road freight  activity 

Two types of previous  studies  are  relevant  for comparison with the  findings in 
the  present  study. One type  gives  estimates of road freight demand elasticities 
(both income and price). The other  type  presents  previous  forecasts of truck 
fuel use. Summaries of several  studies of both  types  are  presented  below. 

2000 

1929  1939  1949  1959  1969  1979  1989  1999 
Year - Total freight - Commercial vehicles on register 

Sources ABS  (1994a and earlier); Cosgrove and Gargett (1 992); BTCE estimates. 

Figure 2.14 Commercial  vehicles  and  the  freight  task,  Australia 
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Table 2.6 presents  results from previous  studies  of income and price  elasticities 
for road  freight to compare with the  findings in this  Report. 

Income elasticities range from +0.67 to +1.49, with the  larger  elasticities 
associated with models of  Australian  intercity  freight  that  lacked a price 
variable. The income variable  used in intercity models was non-farm gross 
domestic  product (NFGDP), as  this more closely  reflects  the  source  of demand 
for interstate trucking than total  gross  domestic  product (GDP). The income 
variable used in the BTCE model was GDP because  the dependent variable 
was total  Australian  road  freight, which has a substantial farm component. 

TABLE 2.6 PRICE AND  INCOME ELASTlClTlES OF DEMAND FOR TRUCKING 

Independent Unit of Area Nature of 
variable demand analysed ElasticitF  Elasticity  Source 

INCOME 
GDP 

NFGDP 

GDP 

NFGDP 

G D P  

PRICE 
real  freight 
rate 
real  freight 
rate 
relative 
freight  rate 
real  fuel 
price 
real  freight 
rate 

VKT 

tonnes 

tonnes 

tonnes 

tonne- 
kilometres 

tonnes 

tonnes 

modal  share 

fuel  use 

tonne- 
kilometres 

United  long 
Kingdom 
Australia,  long 
intercity 
Australia,  long 
intercity 
Melbourne-  long 
Sydney 
Australia  long 

Melbourne-  long 
Sydney 
Canada,  cross- 
regional  section 
Canada long 

Japan  long 

Australia  long 

+0.67 

+l .49 

+l .40 

+l .04 

+l .l 

-0.7 

-0.3 to 
-1 .o 
-0.2 to 
-0.5 
-0.4 

-0.9 

Latham (1 983, 
P. 20) 

(1991c, p. 5) 

P.13) 

P. 27) 

BTCE 

BTE (1 978, 

BTCE (1 990, 

BTCE 
estimates 

BTCE (1 990, 
P. 27) 
Oum (1 979a, 
p. 129) 
Oum (1 979b, 
p. 162) 

Latham (1 983, 
P. 20) 
BTCE 
estimates 

GDP gross  domestic  product 
NFGDP non-farm  gross  domestic  product 
a.  Whether  long-term,  short-term  or  based  on  cross-section  data. 
Sources As noted. 
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The income elasticity  derived by the BTCE (estimated at +1.1) falls  in  the 
middle of the  range. 

Price  elasticities  are  available from a more varied group of  studies.  Generally, 
they  range from 4.3 to -1.3, with the BTCE estimate of -0.9 toward the high 
end of the  range. The lower elasticities of Oum (1979b)  are  partly  explained by 
the  use of mode share  as  the dependent variable. The freight-generating  effect 
of any general  decline  in  freight  rates would be missed  in  this  formulation. 
This  Report and a previous BTCE (1990) study were based on a period  in 
which real road freight  rates  fell a massive 50 per  cent  over a decade. 
Associated with tlus  price  fall were large improvements in  vehicle  efficiencies 
and in  road  capacities. In addition,  there was a significant  switch toward large 
articulated  vehicles. Thus the -0.9 price  elasticity  of  the  present study 
probably  reflects a long-term  restructuring of demand in  response to a large 
fall  in  price. It might not necessarily  predict  the  possible  response  (either long- 
or short-term) to price rises. 

The base  case  scenario for real road freight  rates assumes a slow (0.75 per  cent 
per  year)  decline through to the  year 2015, so that  maintaining  the  current -0.9 
elasticity  is  probably warranted. However, policy  simulations  that assumed 
price  rises may require some judgmental alteration of the  price  elasticity of 
demand. 

In table 2.7, forecasts  of annual increases  in  fuel  use by the  trucking  sector 
drawn from three  studies  are compared with the  current BTCE forecasts. 

The forecasts by ABARE and NIEIR are  based on projections of truck numbers 
and average  vehicle  kilometres  travelled (VKT), without direct  reference to 
underlying demand. There is considerable  variation in the  total VKT 
estimates, with the  current BTCE estimates  at  the hgh end of  the  range. BTCE 
assumptions of  future  declines  in  fuel  intensity  are  roughly  equal  to  the 
average  decline  forecast by NIELR. The highest growth forecast for fuel  use  in 
table 2.7 (that by the AIP) is not strictly comparable to the  others. The BTCE, 
ABARE and NIEIR projection  (given  in  the  table)  are  for rigid and articulated 
truck  fuel  use,  whereas  the AIP value  includes  diesel  use  in  the  fast-growing 
light commercial vehicle (L,CV) sector. 

Model for projecting road freight d e m a n d  

The  model adopted by the BTCE for  freight demand (measured in tonne- 
kdometres  performed) is a standard  derived demand model. Freight demand 
is determined by real GDP and by real road freight  rates. For much of the  task, 
opportunity for mode  swithg is  limited. For  example, if one assumes that 
only intercapital  freight  is  contestable by rail, only about 15 per cent of the 
current  road  task is  affected. 
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TABLE 2.7 PROJECTED  GROWTH IN FUEL  USE  BY RIGID AND ARTICULATED 
TRUCKS, 1995-2000 

(annual per  cent change) 

Component AIP A B A R E  NIEIR BTCE 

Number of  trucks 
Rigid 
Articulated 
Average VKT 
Rigid 
Articulated 
Total VKT 
Rigid 
Articulated 
Fuel  intensity 
Rigid 
Articulated 
Total  fuel  use 
Rigid 
Articulated 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 
3.6a 
n.a. 
n.a. 

2.0 
1.3 

0.5 
0.4 

2.5 
1.7 

-0.3 
-0.2 

2.2 
1.5 

1.9 
1.5 

1 .l 
1 .l 

2.9 
2.6 

-0.4 
-0.5 

2.5 
2.1 

2.2 
3.3 

0.0 
0.0 

2.2 
3.3 

0.0 
-0.7 

2.2 
2.6 

n.a.  not  available 
VKT vehicle  kilometres  travelled 
a. Includes  light  commercial  vehicles. 
Notes 1. NlElR  forecasts  are  for 1993-94 to 1998-99. 

2. Fuel  intensity  is  typically  measured in litres  per 100 kilometres  travelled. 
Sources Bush  et al. (1993, p. 65); NlElR (1994, pp. 3.31-3.38); AIP (1994, p.7); 

BTCE estimates. 

Thus: 

In TOTFRT= 4.46 + 1.058  In RGDP - 0.923  In RROADLH 
(-3.6)  (14.9)  (-12.8) 

where t ratios are given  in  parentheses, 

TOTFRT is the estimated total Australian  road  freight task (billion  tonne- 
kilometres), 

RGDP is real GDP (in  1989-90 dollars), and 

RROADLH is an  index of real long-haul road freight rates (derived from 
contract prices paid by large fleet operators). 
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The results of estimating  this  equation  are p e n  in table 2.8. The diagnostics 
are  satisfactory and the agreement  between actual and predicted is good,  even 
out of sample (for example,  see 1992 and 1993 values in figure 2.15). As 
expected,  the  real  road  freight  rate  has a very  si,Mcant  effect in the  equation. 
Real  rates  fell by almost 50 per  cent  over  the 1970s and 1980s. However, the 
rate of decline has  eased  since 1985 (figure 2.16) and this  is a contributing 
factor to the  lower growth rates  seen in trucking  since  then. The freight  rate 
used was a long-haul rate, but short-haul  rates show almost identical 
movement. 

Assumptions  and projected truck fuel consumption 

In order  to  project  future demand for road freight, red GDP was assumed to 
grow by 3.2 per  cent  per  year  to 1997-98 and by 3.3 per  cent from 1997-98 to 
2014-15. These assumptions were derived from BIS Shrapnel  long-term 
forecasts for the  Australian economy (BIS Shrapnel 1993). 
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Figure 2.15 Actual  and  estimated  road  freight 
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Figure 2.16 Real  road  freight  rates 
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TABLE 2.8 RESULTS OF ROAD FREIGHT MODEL 

Dependent  variable: In (TOTFRT) 
Estimation  method: Cochrane-Orcutt 
Estimation  period: 1964-65 to 1990-1  991 

Adjusted R squared: 0.99 

Independent variable  Coefficient Standard error 

Constant 
In (RGDP) 
In (RROADLH) 

~~ 

-4.46 

1.058 

-0.923 

~~ ~ 

1.24 

0.071 

0.072 

Source BTCE estimates. 

Real road freight rates were assumed to fall by 15 per cent  over the period 
from 1992-93 to 2014-15. The BTCE has assumed that heavier  loads will be 
carried per truck as B-doubles  and  other trailer combinations spread though 
the Australian  truck fleet, with resulting  decreases  in  freight rates. Load 
factors  should  also increase with the spread of  improved  communications 
technology,  allowing better route  scheduling  (such as more  backloading). 

Using the above  assumptions  about real GDP and real road  freight rates 
results  in a projected freight task in the year 2014-15 of 232 billion  tonne- 
kilometres, a growth  of  about 4 per  cent per year. 

To allocate the growth  of 4 per  cent  per year between vehicle types, the 
following  assumptions were made: 

tonne-kilometres  undertaken  by  rigid  trucks were assumed to grow  by 3 
per  cent  per annum (similar to 1970s and 1980s rates); 
tonne-kilometres  by light commercial vehicles were assumed to grow by 
5.8 per cent per year (similar to  growth  during the 1980s); 
the remainder of the growth  in  projected  tonne-kilometres was allocated 
to  articulated  trucks  (which were thus  assumed to perform 3.8 per  cent 
more  tonne-kilometres  each year to 2014-15). 

The average  load  of  articulated  trucks was assumed to grow  by 0.7 per  cent 
per year, similar to growth  during the 1980s. Fuel  intensity (L/100 km) was, 
however,  assumed  to  decrease  over the forecast  period  by 10 per cent  for 
petrol  vehicles  and 15 per cent  for  diesel  vehicles.  Overall, a decrease 
approaching 20 per cent in fuel consumption per tonne-kilometre was 
assumed  for  articulated  vehicles  between 1993 and 2015. Loads  of rigid trucks 
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were assumed to increase by 1 per  cent  per  year,  while  their  fuel  intensities 
remained  unchanged. Though these  assumptions  are fairly arbitrary,  they  are 
not unrealistic, given  past  trends and likely  future  technologies. 

Average  loads for urban light commercial vehicles (LCVs) were assumed to 
increase  at 1.6 per  cent  per  year, and those for non-urban LCVs by 2.3 per  cent 
per  year (roughly equal  to growth rates  in  the 1980s and early 1990s). LCV fuel 
intensities were assumed to remain  unchanged. Thus technological  advances 
in LCV design were  assumed to allow larger  vehicles to operate  at  the same 
average  fuel  intensity (L/lOOkm) as the  current LCV fleet. 

The different  freight  vehicle  types  use  quite  different  proportions  of  the  road 
transport  fuels  (petrol,  diesel, LPG and CNG). Articulated  trucks  are  almost  all 
diesel  fuelled, and it was assumed that  all but 1 per  cent  of  fuel used by 
articulated  trucks  in 2014-15 would be diesel. 

For rigid trucks, it was assumed that  the shdt from petrol to diesel  is almost 
over, and that  the 15 per  cent  of rigid trucks  using  non-diesel  fuel in 1990-91 
would be similar to the  non-diesel  percentage in 2014-15. Currently most new 
rigid truck  registrations  are  diesel  vehicles. The non-diesel component was 
apportioned between CNG, LPG and petrol  (see appendix Vm). 

For LCVs, it was assumed that LPG would comprise 10 per  cent  of  total  fuel 
by 2000 and CNG a further 6 per  cent. It was assumed that  each  fuel would 
account for 10 per  cent of LCV fuel by 2015. The remainder of the  projected 
fuel  use was assumed to be split in the  proportions 78/22 between petrol and 
diesel. Again,  these  are  arbitrary  assumptions, but they  are  based on an 
evaluation of likely  incentives for fuel switchmg and on past  trends. 

Fuel  usage by other  trucks  (that  is,  specialist  vehicles such as cranes or 
ambulances) was assumed constant, and divided  into  diesel and LPG/petrol, 
based on the  proportions  obtaining in 1990-91. 

Final  fuel usage forecasts by type of truck  are shown in  table 2.9. Details  are 
provided  in  appendix \TU. 

Emission projections for road freight  vehicles 

The emissions  implied by the  freight  task and fuel  use  projections  (split by 
vehde and fuel  type)  are shown in  table 2.10. Detailed  estimates  (based on 
emission  factors  given in appenhx V) are  given in appendix V D .  In contrast 
to cars,  the  road  freight  sector  maintains a fairly  strong  (exponential) growth 
in fuel usage and emissions  because it is  strongly dependent on growth in  the 
economy. Even if the mass of freight  transported does not continue  to grow as 
strongly  as in the  past, due to  the  decreasing  material  content of (non-food) 
goods, the volume transported probably will. With improvements in 
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processing  technology, the mass of  most  manufactured  goods has reduced 
over time, but their volume has not  reduced  to the same extent. The volume of 
trucking  (and  subsequent  fuel  consumption)  required  to satisfy demand will 
probably  therefore  continue  to  correlate  closely with economic  growth. 

Since the emission  projections  for  freight  vehicles are based  on  constant 
(current  day)  emission rates, they will tend  to  be  upper  bounds  on likely 
future  emissions.  Imported freight vehicles will tend  to  have  reduced non-CO, 
emission rates in the future, as stringent  overseas  (United States, European 
and  Japanese)  emission  standards  bring new engine  designs  into the market. 

TABLE 2.9 PROJECTIONS  OF  FUEL  CONSUMPTION  BY ROAD FREIGHT  VEHICLES 

Fuel consumption (megalitres) 
Per  cent  increase 

Vehicle  type 1992-93  2014-15 1 992-93 to 20  14-  15 

Articulated  truck 
Diesel 
LPG or C N G  

Rigid  truck 
Petrol 
Diesel 
LPG 
C N G  
LCV 
Petrol 
Diesel 
LPG 
C N G  

Other  truck 
Petrol 
Diesel 

Total 
Petrol 
A D O  
LPG 
C N G  

21  85 
21  76 

9 

1825 
198 
1564 
62 
1 

3289 
2324 
689 
272 
4 
44 
30 
14 

7343 
2552 
4443 
338 
10 

3754 
371 6 
38 

2821 
244 
251 4 
62 
1 

8428 
5259 
1483 
843 
843 
44 
30 
14 

15003 
5533 
7727 
924 
863 

72 
71 
322 

55 
23 
61 
0 
0 

156 
126 
115 
21 0 

20975 
0 
0 
0 

104 
117 
74 
173 
8530 

LCV light commercial  vehicle 
Notes 1. C N G  figures  refer  to  the volume of  diesel  displaced by C N G  use. 

2. Other  trucks  include ambulances, cranes  and  other  non-freight-carrying  commercial 
vehicles. 

Source BTCE estimates (more detailed  data  are  provided in appendix VIII). 
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TABLE 2.10 EMISSION  PROJECTIONS  FOR ROAD FREIGHT  VEHICLES, 2014-15 

Change in 
CO, equivalent 

Emissions (Gg) 1992-93 to 
Vehicle 2014-15 
type CO,  NO,  CH, NMVOC CO N,O CO, (percent) 

LCV 18383 97 13  142 1032 I 21881 148 
ROT 7490 38 1 14 84 0 8070 61 
AT 9829 136 1 25 83 0 11293 -75 

Total 35703  272  15  181  1200 1 41243  103 

LCV light  commercial  vehicle 
ROT rigid  and  other  trucks 
AT articulated  trucks 
Note 1. Columns  may  not  exactly sum vertically,  due  to  rounding. 
Source Emissions  calculated  from  fuel  consumption  forecasts in table 2.9. Appendix Vlll 

provides  time  series  for  emissions  from  road  freight  vehicles. 
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CHAPTER 3 RAIL TRANSPORT 

Rail  transport  accounts  for  close  to 5 per cent of  current  domestic  transport 
emissions (in carbon dioxide  equivalent  terms) if emissions due to the 
generation of electricity for electric  railways  are  included. End-use emissions 
from diesel  trains account for around 2.7 per  cent of domestic  transport 
emissions. The BTCE projects  that by the  year  2015  rail's  share  of  transport 
emissions will have risen  only  slightly  (accounting  for around 2.8 per  cent of 
total carbon  dioxide  equivalent  emissions from transport  energy  end-use or 6 
per  cent if electricity  generation  is  included). 

Diesel-powered trains  are used mainly for  the movement of  freight on 
government or  privately owned railways.  Private  railways  carry  mostly  bulk 
commodities, especially iron ore. Over 75 per  cent of government bulk  freight 
is  coal and grain. Non-bulk commodities constitute  approximately  15  per  cent 
of the  total  freight  carried on government railways (BTCE 1991b, p. 7). 

Railways presently account for only a small  share of Australia's  total 
passenger  task. Urban railways (most of which are  electrified) are still 
important for passenger movements w i t h i n  capital  cities. However non-urban 
passenger  railuTay  use is diminishmg due to  the  quicker  services  offered by air 
and the more convenient  road  services  available (BTCE 1991b, p. 51). Most 
interstate  rail  passengers  are  tourists. 

In 1991-92  Australian government and private  railways  accounted  for 29.3 
petajoules (PJ) of energy  end-use,  including  about 5.7 PJ of  electricity, 22 PJ of 
automotive  diesel oil (ADO) and 1.7 PJ of industrial  diesel  fuel (IDF) (Bush et 
al. 1993, p. 112).  Electricity is used m d v  for the movement of urban rail 
passengers, although a small amount is used for  the movement of government 
freight (Apelbaum 1993, p. 100). 

RAIL MODEL SPECIFICATION 

The BTCE is unaware of any published models for  projecting  fuel 
consumption by the Austrahan rail system. ABARE (pers. comm. 1993)  does 
long-term  projections  of  rail  fuel consumption, but these  are based on 
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forecasts  and  surveys  undertaken  by the rail authorities.  Forecasts by the rail 
authorities are based on  previous  trends,  and  no  formal  econometric  models 
are used. 

The Railway Industry  Council (RIC 1990)  developed a base case scenario  for 
urban  and  non-urban  passenger  numbers  and  freight  carried. It describes the 
expected  development  between the years 1986-87  and  2001-02.  Econometric 
models were not  used  by the RIC, the  projections  being  based on the 
extrapolation  of  existing  trends. The RIC (1990, pp. 27, 46)  forecast  urban 
passenger  journeys  to increase by  36 per cent  between  1986-87  and  2001-02, 
and  non-urban  freight  tonne-kilometres  to  increase  by  58 per cent  during the 
same period. 

The BTCE model  uses a combination  of mathematical and  econometric  models 
to  project rail task levels and the resulting  fuel  consumption.  Because railways 
use  both  liquid  fossil  fuels  and electricity, ’fuel  consumption’ is expressed  in 
petajoules  of  energy.  Fuel  consumption is modelled as the product  of the 
railway task and  of  fuel  intensity. The railway task is broken down into  five 
sectors:  urban  passenger,  non-urban  passenger,  government  bulk freight, 
government  non-bulk  freight,  and  private  freight.  Passenger  numbers  and 
freight  tonnages are modelled and then  multiplied  by  average  distances 
travelled  to  obtain task levels  in  passenger-kilometres (pkm) and  tonne- 
kilometres  (tkm). 

The main  bulk  commodities  carried  on  government railways are coal  and 
grain, which are carried  mostly  from  inland  Australia  to  coastal  ports  for 
export. The tonnage  of  government  bulk freight carried is therefore  modelled 
as a function  of  total  coal  and  grain  export levels (BTCE 1991b, pp. 10-11). 

The main  commodity carried  by  private railway systems is iron  ore. 
Production  levels  of  iron  ore are therefore  used as the explanatory  variable 
when modelling the tonnage  of  private freight carried. 

Non-bulk freight tonnes carried on the government railways are assumed to 
be a function  of  income, as measured  by  the real gross  non-farm  product 
(BTCE 1991b, p. 8).  Freight rates were found  to  be statistically insignificant 
and were not  included as an  explanatory  variable. 

Non-urban  passenger  numbers are modelled as a function  of  income (as 
measured by the real gross  non-farm  product).  Originally fare levels were 
included in the model,  but these were found to  be  insignificant as explanators 
of the number of  passengers  carried. 

Urban rail passenger numbers  include  passengers  travelling  on  both  trains 
and trams. The major  variables  found  to explain the number of  urban rail 
passengers were income  levels  and fares. Income levels are measured by 
Australian  private  final  consumption,  and the fares variable (AUSTFAR) is an 

44 



Chaptel. 3 

average  over all urban public  transport  systems. As public  transport  fares 
increase  (other  things  being  equal) it is expected that fewer  people will travel 
by train or tram. 

Long-term projections  are  arguably  best  carried out using  relatively  simple 
models that  rely only on variables  of most significance in the  longer  term. The 
final  specification of the model used by the BTCE is outlined in equations (1) 
to (6). See table 3.1 for summary statistics and diagnostics of the  regression 
models. 

TABLE 3.1 RESULTS OF THE RAIL MODEL 

Dependent 
variable  Diagnostics 

Independent  Standard 
variables  Coefficient  error 

In GBT 

In GNBT 

In PFT 

In PASNU 

In PASU 

Adj. R2 = 0.99 

Period: 1978 to 1993 (A) 
EM: OLS 
Adj. R2 = 0.85 

Period: 1981  Q4 to 1993Q3 
EM: OLS 
Adj. R2 = 0.95 

Period: 1978 to 7 993 (A) 
EM: OLS 
Adj. R2 = 0.54 

Period: 1977Q1 to 199304 
EM: OLS 

DW = 1.74 

DW = 1.30 

DW =2.31 

DW =1.36 

Adj. R2 = 0.78 

Period: 1984Q3 to 1993Q1 
EM: OLS 

D W =  1.46 

constant 
In CGEXP 

constant 
In RGNF 

constant 
In IOP 

constant 
In RGNF 
SERDUM 
ADUM 
AIRDUM 
DUM 
BIDUM 
constant 
In RAUSPFC 
In AUSTFAR 
DlSP 
BlDUM 
SERDUM 

10.93 
0.67 

-9.42 
1.01 

0.33 
0.99 

6.08 
0.15 

-0.1 3 
-0.1 0 
0.02 
-0.07 
0.05 
-2.18 
0.96 
-0.59 
-0.06 
0.04 
-0.05 

~ 

0.21 
0.02 

0.73 
0.06 

0.28 
0.06 

0.60 
0.05 
0.04 
0.02 
0.04 
0.02 
0.03 
0.77 
0.12 
0.14 
0.02 
0.01 
0.02 

Notes 1. Adj R2 refers  to  the  adjusted R2 statistic. 
2. DW refers to the  Durbin-Watson  statistic. 
3.  Period  refers to the  estimation  period,  where Q denotes  quarterly  data  and 

4. EM refers  to  the  estimation  method  used,  where OLS denotes  Ordinary  Least 
A denotes  annual  data. 

Squares  estimation. 
Source BTCE estimates. 
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Fuel consumption is derived by multiplying the  task  level for each  of  the  rail 
sectors by the  estimated  fuel  intensity for each  sector, and summing across  all 
sectors. 

(1) FC = {(GBTKM X FIGB) + (GNBTKM FIGNB) + (PFTKM FIpp) 

where FC is total  rail fuel consumed (measured in petajoules  of  energy), 
GBTKM is government bulk freight  tonne-kilometres  (measured in billion 
tonne-kilometres), FIGB is  the  fuel  intensity of trains  carrying government bulk 
freight (measured in megajoules per  tonne-kilometre), GNBTKM is 
government non-bulk freight  tonne-kilometres  (measured in billion tonne- 
kilometres), FIG,, is  the  fuel  intensity of trains  carrying government non-bulk 
freight (measured in megajoules  per  tonne-kilometre), PFTKM is  private 
freight  tonne-kilometres (measured in billion  tonne-kilometres),  FIpF  is  the 
fuel  intensity of trains  carrying  private  freight (measured in megajoules  per 
tonne-kilometre), PASKMNU is the number of non-urban passenger- 
kilometres  travelled (measured in billion passenger-kilometres), FIpASw is 
the  fuel  intensity  of non-urban trains  carrying  passengers (measured in 
megajoules  per  passenger-kilometre), PASKMU is urban passenger-kilometres 
(measured in billion  passenger-kilometres) and FIpASu is  the  fuel  intensity  of 
urban trains  carrying  passengers (measured in megajoules  per  passenger- 
kilometre). 

Government bulk freight  tonnes  carried  are  modelled  as a function of the 
combined export  level  for  coal and grain. The  model is estimated on the  basis 
of Ordinary  Least  Squares  estimation (OLS) using  annual  data. 

(2) In GBT = 10.93 + 0.67 In CGEXP 

where GBT is government bulk  freight  tonnes  carried (measured in tonnes) 
and CGEXP is  the  aggregate  level of coal and grain  exports  (measured in 
thousand tonnes). 

Government bulk  freight  tonne-kilometres  travelled  is  derived by multiplying 
government bulk freight  tonnes  carried by an average  haul  distance. 

(2a) GBTKM = GBT X average  haul  distance 

where GBTKM is government bulk freight  tonne-kilometres, GBT is 
government bulk  freight  tonnes  carried and the  average  haul  distance is  the 
average distance  travelled by government bulk freight (measured in 
kilometres). 
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Government non-bulk freight  tonnes  carried  are  modelled  as a function of 
income, as measured by real  gross non-farm product. The  model is estimated 
on quarterly  data using OLS. 

(3) In GNBT = -9.42 + 1.01 h RGNF 

where G M T  is government non-bulk freight  tonnes  carried  (measured in 
million tonnes) and RGNF is  the  real  gross non-farm product. 

Government non-bulk  tonne-kilometres  travelled  are  derived by multiplying 
the government  non-bulk  tonnes carried by  an average  haul  distance. 

(3a) GNBTKM = GNBT X average  haul  distance 

where GNBTKM is government non-bulk freight  tonne-kilometres, GNBT is 
government non-bulk freight  tonnes  carried and the  average  haul  distance is 
the  average  distance  travelled by government  non-bulk freight (measured in 
Mometres). 

Private  freight tonnes carried  are modelled as a function of iron ore 
production levels. The  model is estimated on annual data using OLS. 

(4) In PFT = 0.33 + 0.99 In IOP 

where PFT is  private  freight tonnes  carried  (measured in d o n  tonnes) and 
IOP is  the  level of iron  ore  production  (measured in thousand tonnes). 

Private freight tonne-kilometres  travelled  are  derived by multiplying  private 
freight  tonnes  carried by an average  haul  distance. 

(4a) PFTKM = PFT X average haul distance 

where PFTKM is private  freight  tonne-kilometres, PFT is  private  freight tonnes 
carried and the  average haul distance  is  the  average  distance  travelled by 
private  freight (measured in kilometres). 

Non-urban passenger numbers are  modelled  as a function of real gross non- 
farm product. The  model also  includes a number of d~unmy variables  to 
capture  the  effects of service  frequency  cuts in Victoria,  the  introduction of 
discount  airfares, rail strkes, and the  Bicentenary  celebrations in 1988. The 
model is estimated on quarterly  data using OLS. 

(5) In PASNU = 6.08 + 0.15 h RGNF - 0.13 SERDUM - 0.10 ADU?\/I 
+ 0.02 AIRDLW - 0.07 DUM + 0.05 BIDUM 

where PAShKJ is  the number of non-urban passengers, RGNF is  real  gross 
non-farm product, SERDW is a dummy variable  to  account for service 
frequency  cuts in Victorian trains from 199383 (that is, the  third  quarter of 
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1993) onward, ADUM is a dummy variable which accounts for the 
introduction of discount  airfares  (from 1991 onwards), AIRDUM is a dummy 
variable  to  allow for the  airline  pilots'  dispute (in 1989-90), DUM is a d u m m y  
variable  for a low traffic  period from 1979Q3 to 1980Q2 and BIDUM is a 
dummy variable  for  the  Bicentenary (198881 to 1988Q3). 

Non-urban passenger  kilometres (PASKMNU) are  derived by multiplying 
non-urban passenger numbers (PASNU) by  an average trip distance, that is 

(5a) PASKMNU = PASNU X average trip  distance. 

Urban passenger numbers are modelled as a function  of  real  Australian 
private  final consumption and  a real urban public  transport  fares  index. The 
equation  also  includes a number of d u m m y  variables  to  capture  the  effects  of 
the  Bicentennial  celebrations in 1988, rail  disputes and service  frequency  cuts 
in Victoria. The  model is estimated on quarterly  data  using OLS. 

(6) In PASU = -2.18 + 0.96 In RAUSPFC - 0.59 In AUSTFAR - 0.06 DISP 
+ 0.04 BIDUM - 0.05 SERDUM 

where PASU is  the number of urban passengers, RAUSPFC is  real  Australian 
private  final consumption, AUSTFAR is a real urban public  transport  fares 
index  (across  all  public  transport  modes), DISP is a dummy variable used to 
capture  the  rail  dispute from 1989Q3 to 1990Q2, BIDUM is a d u m m y  variable 
to account  for  the  Bicentenary (1988Q1 to 1988Q4), and SERDUM is a d u m m y  
variable used to  capture  the  effects of train and tram  service  frequency  cuts 
from 1993Q3 onward. 

Urban passenger  kilometres (PASKMU) are  derived by multiplying urban 
passenger numbers (PASU) by  an average trip distance,  that  is 

(6a) PASKMU = PASU X average trip distance. 

Data collected  for each of  the  variables in equations (1) to (6) are  detailed in 
appendix IX, table IX.l. 

All models assume constant  elasticities and are  estimated  using  Ordinary 
Least  Squares. The government bulk  tonnes (GBT) model  and the  private 
freight tonnes (PFT) model are  estimated on annual data whereas the 
government non-bulk  tonnes (GNBT), non-urban passenger (PASNU) and 
urban passenger (PASU) models are  estimated  using  quarterly  data (which are 
then summed to  give  yearly  estimates). Annual data for the  latter  three 
models did not offer much variation in the  task  levels. 

Figures 3.1 to 3.6 graph the  historical  (or  'actual') and the  fitted  (or  'predicted') 
values  for  the dependent variables in each of the  models.  Utilising  equation 
(l), each of  the  calculated rail tasks  can be multiplied by its  relevant  fuel 
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intensity and the  tasks can be summed to obtain an estimate of the  total  rail 
fuel consumption. 

Variables used in the  analysis  are  specified  as  follows: 

RGNF. The seasonally  adjusted  real gross non-farm product is an income 
variable and uses  1990  as  the  base  year. It has been increasing  since  1978, with 
declines in some years. It can be expected that as income levels  rise  the 
number of non-urban rail passengers n-dl increase,  as will government non- 
bulk freight tonnes  carried. 

GNBT. Government non-bdk freight  tonnes  refers to tonnes  carried, which 
differs from tonnes  consigned. Tonnes carried is calculated  for  each  State, even 
when the  load  travels from one State to another, and will be approximately 2.3 
times  the  level  of  tonnes  consigned  (based on Apelbaum 1993, p. 37). Non- 
bulk commodities include  beverages,  tobacco, manufactured goods, 
machmery, transport equipment and live animals. Between 1983 and 1993  the 
level  of government  non-bulk tonnes  carried  has  increased by 35 per  cent. 

GBT. Government bulk freight  carried  consists of crude  materials,  mineral 
fuels,  lubricants, animal and vegetable oils, fats and waxes, chemical  products, 
briquettes,  grains, food, cement, gypsum, bulk fertiliser,  iron,  steel and 
petroleum. The major commodities,  coal and grain, constitute  approximately 
75 per  cent of the bulk goods carried on government railways (BTCE 1991b, p. 
10). Between 1983 and 1993 bulk freight  tonnes  carried  increased by 68 per 
cent. It is expected  that  as  export  levels of coal and grxin increase  the l e ~ l  of 
bulk  freight  tonnes  carried will also increase. 

PFT. The major commodity carried on private  railways is  iron  ore, though 
sugar and coal  also  constitute a substantial  proportion of the  freight  carried. 
Between 1983 and 1993  tonnes  carried by private  railways  increased by 45 per 
cent. 

Xnil passenger mnzbers (PASNLI, PASU). Urban passenger numbers have 
increased by 12 per  cent  over  the  last 10 years,  wkile non-urban rail  passenger 
numbers have declined b~7 9 per  cent  during  the same period. 

AUSTFAX. AUSTFAR is an index of real urban public  transport  fares  (across 
all public  transport modes) and uses 1990 as  the  base  year. The data is 
collected from each  State for the BTCE (1994a)  Indicators  Database.  Since  1990, 
real  fares have risen by approximately 12 per cent. It is expected  that  as  fares 
increase  fewer  passengers will travel by public  transport,  including  rail. 

Average distnmces. Average distances were derived  separately  for  each  se,ment 
of the  rail  sector. 
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Figure 3.1 Government  non-bulk freight tonnes carried:  actual and  predicted 
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Figure 3.2 Government bulk  freight tonnes carried:  actual and predicted 
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Figure 3.3 Private  freight tonnes carried:  actual and  predicted 
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Figure 3.6 Rail  energy  consumption:  actual  and  predicted 
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For  the government freight  sector  average  distances  travelled were calculated 
from data  contained in Apelbaum (1993, p. 37) and from the ABS (1986a, p. 4) 
for the  years 1977-78 to 1983-84. A figure  for 1990-91 was calculated  using 
data from Apelbaum (1993, p. 37). The average  distance  travelled was set  to 
increase from 1984-85 at a trend growth rate  to Apelbaum’s figure for the  year 
1990-91. The 1990-91 figure was assumed to remain constant  for  the  years 
1991-92 and 1992-93. 

The private  freight  average  haul  distance was calculated by dividing  tonne- 
kilometres  travelled by tonnes  carried. The historical  data needed are  available 
for  the  years 1977-78 to 1990-91 in Cosgrove and Gargett (1992, pp. 234,236). 
Data for 1991-92 and 1992-93 were obtained from the BTCE Indicators 
Database (BTCE 1994a). 

For  both urban  and  non-urban passengers, average trip lengths were 
calculated by dividing  passenger-kilometres by passenger numbers from data 
available in Cosgrove and Gargett (1992 pp. 238-239) and the BTCE Indicators 
Database (BTCE 1994a). However, this was possible only from 1977-78 to 
1990-91 for non-urban passengers; and the 1990-91 figure was assumed to 
remain constant to the  year 1992-93. 

TABLE 3.2 RAIL: AVERAGE DISTANCES TRAVELLED 
(kilometres) 

Year Urban  Non-urban Private Bulk Government 
passengers  passengers freight  freight non-bulk freight 

1977-78 
1978-79 
1979-80 
1 980-81 
1981  -82 
1982-83 
I 983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1989-89 
1989-90 
1990-91 
1991-92 
1992-93 

13.6 
13.6 
14.0 
14.1 
14.2 
14.2 
14.3 
14.3 
14.5 
14.6 
14.6 
14.6 
14.9 
14.7 
14.5 
14.5 

300.0 
303.5 
307.0 
31  7.8 
320.5 
314.2 
309.8 
292.9 
303.1 
293.4 
300.6 
287.9 
260. l 
260.5 
260.5a 
260.5a 

234.7 
224.6 
226.0 
233.1 
226.4 
227.3 
215.7 
220.2 
231.7 
229.5 
227.9 
212.6 
219.6 
223.4 
232.6 
224.9 

208.2 
203.2 
21  6.9 
21  1.3 
239.5 
224.6 
224.8 
224.9 
225.1 
225.3 
225.5 
225.6 
225.8 
226.0 
226.0a 
226.0a 

490.0 
505.8 
444.1 
548.6 
495.5 
485.6 
545.0 
557.7 
570.4 
583.1 
595.9 
608.6 
621.3 
634.0 
634.0a 
634.0a 

a. Assumed values due to lack of data. 
Sources BTCE estimates; ABS (1986a, p. 4); Apelbaum (1993, p. 37); Cosgrove & Gargett 

(1992, pp. 234,  236,  238,  239);  BTCE  (1994a) Indicators Database. 
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Table 3.2 records  the  average  distances  travelled  for  each  of  the  five  rail 
categories. 

Fuel intensity. Fuel consumption is modelled as the  product of the  task and the 
fuel  intensity (measured  in  megajoules of energy  used  per unit task). The task 
comprises  the  five  categories:  private  freight  tonne-kilometres, government 
non-bulk tonne-kilometres, government bulk tonne-kilometres, urban 
passenger-kilometres and non-urban passenger-kilometres.  Historical  fuel 
intensities were derived by dividing  the  energy consumed for a particular 
sector by its  task  level  (table 3.3). 

Due to lack of data on the amount of fuel consumed by each  category,  fuel 
intensities could  only be calculated  for  the  years  1984-85,  1987-88 and 
1990-91. Time series  for  each  category were derived by applying  the  trend 
growth rates for intervening  years.  Table 3.4 details  the  derived  fuel  intensity 
series  for  each of the  rail  tasks. 

For 1977-78,  the assumed fuel  intensity  for  each  task was determined by 
applying  the change in the  total  average  fuel  intensity for rail (Average FIyear) 
from 1977-78  to  1984-85  to  each  of  the  specific  rail  tasks. 

An average  fuel  intensity  index for the total rail  sector can be calculated  (using 
1987-88  as a base  year) by applying  the  1987-88  fuel  intensities to each of the 
rail  tasks  for each  pear (to determine an estimate of what annual fuel 
consumption MTOU~C€ have been without any fuel  efficiency  improvements). 
The corrected  fuel consumption (CFC) series  divided by the  actual annual fuel 
consumption given  in Bush et  al. (1993, p. 112) multiplied by 100 gives an 
average  fuel  intensity  index. In 1987-88 (the  base  pear),  the  average  fuel 
intensity index eqLlals  100.  Equations (S) and (9) summarise the  calculation. 

(9) Average l3 (index) = (CFC / FC) X 100 

where CFC is  the  corrected  fuel consumption  jdetrendmg for fuel  intensity 
decreases), Task is the  specific rail task, F119SS,n is the  specific  fuel  intensity in 
1987-88 and FC is the  actual  total  fuel consumption.  (Appendix U(, table 2 
presents  the  average  fuel  intensity  series for rail transport.) 
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TABLE 3.3 ENERGY  CONSUMPTION,  TASK  AND DERIVED FUEL INTENSITY FOR RAIL 

1984-85  1987-88  1990-9 1 

Energy Task Fuel  Energy  Task  Fuel  Energy  Task  Fuel 
Rail  sector  consumption  intensity  consumption  intensity  consumption  intensity 

Freight 

Government bulk 
electric 
non-electric 
Total 

Government 
non-bulk 
Private 

Passenger 

Urban electric  rail 
electric  tram 
non-electric 
Total 

Non-urban 

(PJ) 

0.42 

12.21 
11.78 

9.63 
3.74 

(PJ) 

2.86 
0.22 
0.77 
3.85 
2.66 

(Billion 
tkm) 

n.a. 
n.a. 
30.42 

I 3.80 
28.40 

(Billion 
PkW 
n.a. 
n.a. 
n.a. 
6.43 
2.96 

(MJhkm) 

n.a. 
n.a. 
0.40 

0.70 
0.13 

(MJlpkm) 

n.a. 
n.a. 
n.a. 
0.60 
0.90 

(PJ) 

1.22 
10.59 
11.81 

9.95 
4.09 

(PJ) 

3.07 
0.21 
0.72 
4.01 
2.54 

(Billion 
t km) 

n.a. 

33.25 
n.a. 

17.25 
31 .OO 

(Billion 
Pkm) 
n.a. 
n.a. 
n.a. 
7.47 
2.93 

(MJ/tkm) 

n.a. 
n.a. 
0.36 

0.58 
0.1 3 

(M J/p km) 

n.a. 
n.a. 
n.a. 
0.54 
0.87 

(PJ) 

2.1 a 
6.96 
9.14 

9.93 
4.42 

(PJ) 

3.05 
0.21 
0.64 
3.91 
2.60 

(Billion 
tkm) 

n.a. 

36.00 
n.a. 

18.77 
35.30 

(Billion 
Pkm) 
n.a. 
n.a. 
n.a. 
7.52 
2.48 

(M J/t km) 

n.a. 
n.a. 
0.25 

0.53 
0.1 3 

(M Jlp km) 

0.46 
0.36 
1.30 
0.52 
1 :05 

n.a.  not  available 
pkm passenger-kilometre 
tkm  tonne-kilometre 
PJ petajoule 
MJ megajoule 
Notes 1. Energy figures  relate  to end-use. 

Sources BTCE estimates  using  data  contained in Bush et  al. (1  993, p. 1 12); Apelbaum (1 993, pp. 94-95,  98,  100,  153,  158 ); Cosgrove & Gargett 
2. It is assumed that  electricity  is consumed in the  freight  sector  only by trains  carrying  bulk  freight. 

(1992, pp. 234,  238); and BTCE (1994a) Indicators Database. 
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TABLE 3.4 DERIVED FUEL INTENSITY SERIES FOR RAIL 

Year  Urban Non-urban Government Government Private 
passenger passenger bulk freight non-bulk  freight freight 
(MJ/pkm) (MJ/pkm) (MJ / tkm) (MJ / rkm) (MJ / fkm) 

1977-78 
1978-79 
1979-80 
1980-81 
1981  -82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 

1988-89 
1989-90 
199c-91 
1991-92 
1992-93 

1987-88 

0.682 
0.670 
0.658 
0.646 
0.634 
0.623 
0.61 0 
0.599 
0.578 
0.558 
0.537 
0.531 
0.526 
0.520 
0.520 
0.520 

1.01 6 
0.983 
0.950 
0.917 
0.912 
0.908 
0.903 
0.899 
0.888 
0.877 
0.866 
0.928 
0.989 
l .050 
1.050 
1.050 

0.453 
0.439 
0.424 
0.409 
0.407 
0.405 
0.403 
0.401 
0.386 
0.370 
0.355 
0.321 
0.288 
0.254 
0.254 
0.254 

0.788 
0.762 
0.736 
0.71 1 
0.707 
0.700 
0.697 
0.657 
0.617 
0.577 
0.561 
0.546 
0.530 
0.530 
0.530 
0.530 

0.149 
0.144 
0.1 39 
0.134 
0.134 
0.133 
0.132 
0.132 
0.1  32 
0.132 
0.1  32 
0.130 
0.127 
0.125 
0.125 
0.125 

pkm passenger-kilometre 
tkm tonne-kilometre 
MJ megajoule 
Notes 1. The figures  for  the  years 1984-85,  1987-88 and 1990-91 are  calculated  actual 

figures. All other  figures  are  interpolated. 
2. 1991-92 and 1992-93 fuel  intensities  are assumed to  remain  unchanged  from  the 
199C91 level. 

3. Part of the  declines in urban  passenger  and  government bulk freight  intensities is 
due to  the  increasing  penetration of electric  rail.  Since  end-use  figures  do  not 
include  generation  and  transmission  losses  for  electricity, MJ per unit task  estimates 
for  electric rail are  substantially  lower  than  for  diesel  rail. 

Sources BTCE estimates  derived  from  data  contained  in  Apelbaurn (1993, pp. 94-95,  98, 
100,  153,  158); Bush et  al. (1993, p. 112); Cosgrove & Gargett (1992, pp. 234, 
238); and BTCE (1994a) Indicators  Database. 

Assumptions 

In order  to  project  total  fuel  consumption  to  the year 2014-15 it is necessary  to 
make assumptions  about the explanatory  variables in equations  (1) to (6). 

Real gross non-farm  product (RGXF) is assumed to increase by  3.2 per cent 
per annum to the )'ear 1997-98 and by 3.3 per  cent  per annm for the  years 
1998-99  to 201615. Red Australian private final consumption (RAUSPFC) 
was assumed to grow at the same rate as RGlNF. BIS Shrapnel  (1993, p. 138) 
also assume a growth rate of 3.2 per cent to  1998  and 3.3 per cent to the year 
2008 for real gross domestic  product. 
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Iron  ore  production  levels are forecast  by ABARE (1993a, p. 525)  to increase 
from  116.5  million  tonnes  in  1993  to  131  million  tonnes  in  1999. It was assumed 
that ABARE’s trend increase  over the period  from  1993  to  1999 will continue 
to the year 2014-15. 

ABARE (1993a, p. 509,487)  also  forecast increases in coal  and  grain  exports  for 
the period  1993  to 1999, an increase of  5560  thousand  tonnes per annum for 
coal  exports  and  372.63  thousand  tonnes per annum for  grain  exports. These 
trends were assumed to  continue  to the year 2015. 

The real urban fares index (AUSTFAR) was assumed to remain unchanged 
from the 1992-93  level  over the projection  period. 

Average  distances  travelled  by  passengers were assumed to remain constant at 
the 1992-93  level of 260  lulometres  for  non-urban  travel  and  14.5  kilometres 
for urban travel. 

Average freight haul distances were assumed to  remain  constant at their 
1990-91 levels  (634  kilometres)  for the government railways and  constant at 
their 1991-92  levels  (225  kilometres)  for  private railways. 

It was assumed  that  fuel efficiency (the inverse of fuel intensity) would 
improve  by  between 10 and  15 per cent  by the year 201445  (depending  on the 
sector, see table IX.l). This is a fairly arbitrary  assumption.  However, since rail 
is responsible  for  only a small proportion  of total energy consumption,  fuel 
intensity increasing or  decreasing  by, for example, an extra 5 percentage  points 
would  only  vary  projected  total  transport  energy  use  by less than 0.2 per cent. 

Fuel  projection  results and scenarios 

Using the BTCE model  and the assumptions  about the independent  variables 
detailed  above,  total rail energy consumption is projected  to increase from  28.8 
PJ in  1992-93  to  35.59 PJ in the year 2004-05  and  to  42.11 PJ in the year 
2014-15.  Bush et al. (1993, p. 112) project rail energy consumption  to increase 
to  36 PJ in  the year 2004-05.  Appendix IX (table  1)  details the results of the 
projection  models  for each of the variables.  Figure  3.7  graphs the projected rise 
in total rail energy consumption. 

Rail energy  end-use is estimated  to increase by  approximately  46 per cent 
between  1992-93 and 2014-15.  During the same period  government  non-bulk 
tonnes  carried is estimated  to  increase by 104 per cent, with government  bulk 
tonnes increasing by  54 per cent and  private  freight  tonnes  carried  by 42 per 
cent. For  passengers,  urban  numbers are estimated to increase by  91 per cent 
and  non-urban  passenger  numbers  by  only l1 per cent. Basically, after slowing 
throughout the recession, rail transport is projected  to  resume  reasonably 
strong  growth. 
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Table 3.5 details  the  effect of changing the assumption on fuel  efficiency 
improvements. As fuel  efficiency improves,  the  level of fuel consumption falls. 

GREENHOUSE  GAS EMISSIONS 

Railway traction consumes automotive diesel oil (ADO), industrial  diesel  fuel 
(IDF) and electricity. Each fuel source of energy is responsible  for  different 
rates of emission for each of the greenhouse  gases. Once projected, it is 
necessary to break total  fuel consumed down into the  separate  fuel  types in 
order to project  emission  levels. 

It is assumed that IDF consumption remains  constant at the 1992-93 level of 
2.1 PJ. Bush et  al. (1993, p. 112)  also assumed IDF consumption would remain 
constant for their  projections to the  year 2004-05. 
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Sources Bush et al.  (1993: p. 112); BTCE estimates. 
Figure 3.7 Actual  and  projected  rail  energy  consumption 

TABLE 3.5 RAIL FUEL  CONSUMPTION USING ALTERNATIVE LEVELS OF FUEL 
EFFICIENCY 

(peiajoules) 

fuel  efficiency  improvement by2014-l5 Fuel consumption 

0 per  cent 
10-1 5 per  centa 
20 per  cent 

46.8 
42.1 
36.6 

a.  Base  case  scenario.  The  base  case  scenario  has  slower  projected  efficiency  than 
historically,  for most sectors,  and  could  be  regarded as a likely  upper  bound. 

Source BTCE estimates. 
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Electricity consumption is assumed to  be  used  for the movement of  urban 
passengers  and  some  government freight. By multiplying  urban passenger- 
kilometres by the urban  passenger  fuel  intensity,  total  fuel  consumed  for the 
movement of  urban  passengers  can  be  calculated.  In  1990-91,  over  90 per cent 
of the urban rail passenger  transport task was accomplished by electric rail. It 
is assumed that  this proportion will not change over the period  1990-91  to 
2014-15. 

It is assumed that electricity will continue  to increase its share of  energy 
consumption  by  government  bulk rail freight. 

The level  of ADO consumed is the residual  of the total energy consumption 
projections  once the IDF and electricity consumption  projections  have  been 
subtracted.  Appendix IX (table  3)  details  the  projections  and  figure  3.8 graphs 
the projected  consumption  for each of the different  fuel types. 

Electricity consumption  by railways is projected  to  increase  from  5.63 I'J in 
1992-93  to  8.61 I'J in  2004-05  and  11.51 PJ in the year 2014-15:  an increase of 
105 per cent in two  decades. ADO consumption is projected to increase from 
21.1 I'J in  1992-93  to  24.9 PJ in  2004-05  and  28.5 I'J in 2014-15:  an increase of 35 
per cent. Bush et al. (1993, p. 112)  project electricity consumed  by rail to be 8.7 
PJ and ADO consumption  by rail to be 25.5 PJ in 2004-05. 

On an  end-use  basis, electricity use does not  result  in  emissions  of  greenhouse 
gases. Yet the  generation  of electricity is responsible  for  significant rates of 
emission.  Emissions  from the generation  of electricity to  be  used  by trains and 
trams are estimated  below. 

Emission  levels  depend  upon the primary fuel  used  to  generate the electricity. 
New South Wales, Queensland,  South Australia and  Western Australia use 
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Figure 3.8 Rail consumption of ADO, IDF  and  electricity 
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black  coal as the  major  fuel to generate  electricity, with smaller amounts of 
natural  gas also being  used.  Victoria  uses brown  cod and natural  gas. 

The energy needed to  generate  electricity depends on the  efficiency with 
which electricity  is generated, and this  varies from State to State. The 
efficiency of electricity  generation and transmission is  typically  stated in terms 
of the  percentage of energy input (PJ of coal,  say) which is transformed  into 
energy  output (PJ of electricity). Based on figures from Apelbaum (1993, p. 
155),  the  Australian  efficiency,  excluding  Victoria,  is 33.87 per  cent and for 
Victoria 26.88 per  cent. For every  petajoule of electricity consumed  by electric 
trains and trams,  approximately 3 PJ of primary energy  are  required to 
generate  the  electricity needed. It was assumed that the  efficiency of electricity 
generation will improve by- 10 per  cent by the  year  2015. 

Emission rates  differ between the  different  fuels used to generate  the 
electricity. For Victoria,  emission  rates will &ffer during  the day because 
brown coal  is used for  the  base  load and natural  gas for peak loads (Armour 
and Jordan  1992, p. 7). Using figures  contained in Armour and Jordan (1992, p. 
9) and statistics provided by the  Victorian  Public  Transport  Corporation  (pers. 
comm. October  1994) on proportions of rail car  kilometres  travelled during 
peak and off-peak  times, it is  calculated  that on average  approximately 283 
grams of CO2 are  released for every megajoule of end-use electricity 
consumed. For the rest of Australia,  approximately  271 grams of CO2 are 
released for every  megajoule of end-use electricity consumed (derived  using 
data  contained in NGGIC 19941, p. 11 and  Apelbaum 1993, p. 155). A 
weighted average  gives 273 grams of CO2 per  megajoule of electricity 
consumed for Australian  railways. Taking the  efficiency improvement 
assumption into  consideration,  the  electricity  emission  factor .c\3l decline by 
10 per  cent by the  year 201G15. 

Table 3.6 details  all conversion  factors used to  calculate greenhouse  gas 
emissions from the  generation of electricity used by trains and trams and from 
the  use of ADO and IDF. 

Multiplying the  fuel consumption of each fuel type by the  relevant  emission 
factor (and summing over all fuels), rail carbon dioxide  equivalent  emission 
levels  are  projected to increase from 3580 Gg in 1992-93 to 4610 Gg in 2004-05 
and to 5560 Gg in the  year  2014-15.  Excluding  emissions from electricity 
generation, carbon &oxide  equivalent  emission  levels  are  projected to increase 
from about  1990 Gg in 1992-93  to 2315 Gg in 200443 and to 2625 Gg in the 
year  2014-15.  Figure  3.9  graphs  the  rise in carbon  &oxide  equivalent  emission 
levels (including electricity  generation  emissions), and appendix IX (table 4) 
details  the  actual and projected  results. 
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TABLE 3.6 RAIL EMISSION FACTORS 
(grams per  megajoule) 

Gas Electricitp ADO IDF Black coal 

c02 273.0 69.70 70.20 
NO, 1.030 1.710 1.710 
CH4 0.01 6 0.006 0.006 
NMVOC 0.0 0.124  0.124 
CO 0.043 0.580 0.580 
N2O 0.002  0.002  0.002 

90.00 
0.300 
0.002 
0.0 

0.088 
0.001 

a.  These  factors  are  for  the  year 1992-93. I t  is assumed that  the  electricity  emission  factors 
will have  declined  by 10 per  cent  by  the  year 2014-1 5, which is approximately 0.4 per 
cent  per annum. 

Notes 1. 0.0 assumed negligible. 
2. Emission  factors  for  electricity  use  include  the  combustion of primary  fuels  by 
electric  power  stations,  whereas  all  other  conversion  factors  refer  solely  to  energy 
end-use. 

Sources IPCC/OECD (1994, p. 1.44); BTCE estimates  based  on NGGIC (1994a, p. 12); 
Armour & Jordan (1992, p. 9); and  appendix  V. 
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Figure 3.9 Projected  carbon  dioxide  equivalent  emission  levels  for  rail 

CONCLUSION 

The models used to  project fuel consumption  for rail depend  on  both the rail 
task levels and fuel  intensity. The BTCE models were derived  for  use  in  long- 
term projections  and  therefore  do  not  include all variables  which may be 
relevant  in the short-term. The results  of the BTCE projections  also  depend 
heavily on the assumptions  used. 
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CHAPTER 4 AVIATION 

Air transport is  currently  the second largest  source  of greenhouse  gas 
emissions in the  Australian  transport  sector behind road. Air transport 
accounts for around 11 per  cent of total  transport carbon  dioxide  equivalent 
emissions for Australia; with bunker fuel used by international  aviation 
accounting  for 53 per  cent, and domestic  aviation 47 per  cent  of  this  share. 

As yet,  there  is no international agreement on h o w  to  attribute  emissions from 
international  air  transport to individual  countries. The models developed by 
the BTCE project  emissions  resulting from the  fuel which is  uplifted in 
Australia,  but do not imply their  attribution to Australia. Around 42 per  cent 
of the  fuel  required for international  air  passenger movement to and from 
Australia is uplifted in Australia  (derived from figures  contained in Apelbaum 
1993, p. 113). 

If recent  trends  continue,  air  travel will become increasingly more affordable. 
Increased demand for travel will generally  lead to higher  levels  of  fuel use and 
thus higher  emissions. However,  improvements in fuel efficiency and 
emissions  reduction  technology, combined with higher  passenger  load  factors 
and larger  aircraft, should partially  counteract  the  expected  increase in 
emissions.  Nevertheless, by the  year  2014-15,  the BTCE expects  air  transport 
to  increase  its  share of total  Australian  transport  emissions to 24 per  cent,  or 
almost  double  the  current  share. 

Separate models are  estimated below for donmtic and intemafiomd air  travel. 
The domestic  aviation  industry is  essentially  split  into two groups, depending 
on the  type of fuel  used.  Aviation  gasoline  (avgas) is used  primarily by the 
general  aviation market and aviation  turbine  fuel  (avtur) is used  primarily by 
scheduled airline  services. The general  aviation market (consisting of 
commuter  and charter  services,  private and training  flights, and aerial 
agricultural work) is  relatively  small compared to  the  domestic airline market, 
accounting for less than 10 per  cent of domestic  aviation  fuel  use.  International 
aviation  uses only aviation  turbine  fuel. 
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AIRCRAFT  EMISSIONS 

Emissions  from aircraft depend  on  engine  technology  and the type and 
amount of  fuel consumed.  The main aircraft emissions are carbon  dioxide 
(CO,), carbon  monoxide (CO), nitrogen  oxides (NO,) and  non-methane 
volatile  organic compounds (NMVOCs) which essentially consist  of 
hydrocarbon (HC) species. Small amounts of  methane (CH,) and  nitrous  oxide 
(N,O) are also  emitted. 

Each combination  of aircraft type and  engine  model will have its own specific 
emissions  profile  (Alamdari  and Brewer 1994,  p.  149). CO, emissions are 
essentially proportional  to the amount of  fuel  burned. The rate at which the 
non-CO, gases such as CO, HC and NO, are emitted  varies  according  to  the 
stage  of an aircraft's operations, as shown in  table  4.1. Of the non-CO, gases, 
an aircraft will emit mainly NO, while cruising. An aircraft idling emits 
mainly HC. Take-offs use the most engine power  and emit a large  amount  of 
NO,. 

Of the non-CO, gases  from aircraft, nitrogen  oxides have the  highest  overall 
emission rate and are the most  difficult  to  control. Increasing fuel efficiency 
can reduce  emission  levels  of CO,, CO and HC. According  to  which  engine 
technology is employed,  however,  emission  levels  of NO, may increase 
(Alamdari  and Brewer 1994, p. 151). 

The effects of  nitrogen  oxides  (and  other  gaseous  emissions)  depend  on the 
altitude at which they are emitted.  Nitrogen  oxides  contribute  to two major 
environmental  problems:  ozone  formation  in the troposphere (the lower 
atmosphere)  leading  to  global warming,  and stratospheric  (above 15 
kilometres  altitude)  ozone  depletion  (Alamdari  and Brewer 1994,  p.  150). 

TABLE 4.1 AVERAGE AIRCRAFT EMISSION RATES 

Grams per  kilogram  of  fuel  burnt 
Average engine CO HC NO, 

Average time power 
Stage (of  aircraft spent in stage  (per  cent of 
operation)  (per  cent) maximum load) 

Idle 
Take-off 
Cruise 
Approach 

5 
1 
92 
2 

5 5 20 5 
100 0 0 40 
60 0 0 20 
30 5 2 10 

SOUrCf? Reproduced  from  Alarndari, F.E and  Brewer, D "Taxation  policy  for  aircraft  emissions" Transport Policy 
1994 (3) 149-159 by  permission of the  publishers,  Butterworth-Heineman  Ltd.0 
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Aircraft  emission  levels can be estimated  as  the  product of consumption of a 
particular  aviation  fuel and a conversion  factor which converts  fuel consumed 
into the quantity emitted of any particular  gas.  Aviation  turbine  fuel and 
aviation  gasoline have different  emission  factors  (table 4.2) for each of the 
greenhouse  gases, due to the  different  compositions of the two fuel  types. 
Averaging  over  the  composition of  the  domestic and international  airline  fleets 
(by main engine  type) and over  the  times  spent in their  various  operating 
modes gives  slightly  differhg  emission  factors  for  domestic and international 
avtur  use. For example, international  fights spend a greater  proportion of 
total flight time  cruising  than do domestic flights. 

For forecasting  purposes,  the  average  emission  factors shown in table 4.2 are 
assumed to remain constant  over  the  period from 1993-94 to 2014-15, due to 
the  lack  of  alternative  data. 

TABLE 4.2 AVERAGE AVIATION  EMISSION  CONVERSION  FACTORS 
(grams per  rnegajoule  of  fuel) 

Gas Avgas Dornesfic  avtur  International  avtur 

68.0 
0.076 
0.057 
0.513 
22.8 

0.0009 

67.8 
0.27 

0.001 1 
0.01 
0.079 
0.002 

67.8 
0.26 

0.0004 
0.004 
0.05 
0.002 

Source Appendix V. 

DOMESTIC AVIATION 

Domestic aviation  currently  accounts  for  about 47 per  cent  of total greenhouse 
gas  emissions (in CO, equivalent  terms) from the Australian aviation  industry 
If recent  trends  continue, air travel will become more affordable.  Increased 
demand for  travel, in turn, ~ v i l l  lead  to  higher  fuel  use and thus  higher 
emissions. 

Demand for domestic air services depends on both  the number of passengers 
and the amount of  freight  to be carried on the network. As passenger nunbers 
and freight increase, it can be expected  that more fuel w i l l  be consumed  due to 
higher  loads  carried  and/or  the need to employ more aircraft. 

Over the  last 10 years  domestic aircraft passenger numbers have grown 
steadily Between 1983 and 1993,  aircraft  passengers  increased by 65 per  cent. 
However, the  pilots’  dispute of 1989-90  resulted in a large fd in the number 
of passengers  carried on the  domestic network during that  year. 
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In terms of  tonnes carried, air freight is only a very small component of the 
total freight task within  Australia,  although the share is substantially higher in 
terms of the value  of the goods carried (BTCE 1991b, p. 13). Due to the short 
transit times offered by aircraft compared to road  and rail, air transport 
attracts mainly perishable, non-bulk  goods.  Scheduled  airline services carried 
approximately 98 per cent of total domestic air freight in  1990-91  (Apelbaum 
1993, p. 49). 

Tonnes of air freight carried remained fairly constant for the 10 years prior to 
the 1989-90  pilots’  dispute,  rising by only  12 per cent over the decade.  Since 
1989, however, the reporting of air freight statistics to the relevant  authorities 
has not  been  consistent;  and statistics are unavailable  for some airlines.  Since 
air freight is carried  almost  completely  on  regular  scheduled  passenger 
services, it has not  been  included  in the analysis as a determinant  of  the 
overall demand for aircraft fuel. 

Fuel  consumption models 

Hensher  and  Young (BTCE 1991c, p. 41) model the demand for avtur as a 
function  of the fuel price, aircraft weight, real gross domestic  product  and the 
demand for travel (depicted by the number of passenger-kilometres  flown), 
resulting  in the form of equation (1) below.  Passenger-kilometres are modelled 
as a function of real gross domestic product, real airfares, and petrol prices 
(used as a proxy for alternative modes of travel), as shown in  equation  (2).  The 
model is estimated  using the Three-stage Least Squares  (3SLS)  procedure  on 
quarterly  data for the period  1977 to 1988. 

The model  does  not  include a fuel  efficiency variable but  includes the average 
fleet weight per aircraft as a proxy. Hensher  and  Young (BTCE 1991c,  p. 41) 
state that for a sample of aircraft in the United  States the maximum landing 
weight of an aircraft can,  by itself, explain  93 per cent of the variation  in  fuel 
use. 

(1) In AD = - 8.46159 - 0.149002  In ARFP + 0.0553705 In PK + 0.348419 

(2) In PK = -0.288288 + 5.12733  In RGDP - 0.200787  In RAF + 0.129037  In RPP 
In AFW + 0.867561  In RGDP 

- 0.148932 D, - 0.425704 D2- 0.190482 D, + 0.261211 BD 
+ 0.092315 AMD + 0.142737 CGD 

where AD is avtur demand, ARFP is the avtur real fuel price, PK is passenger- 
kilometres, AFW is average fleet weight per aircraft, RGDP is real gross 
domestic  product, RAF is the real airfare, RPP is the real petrol price, D, is a 
first quarter dummy, D, is a second  quarter dummy, D, is a third  quarter 
dummy, BD is a Bicentennial year (1988) dummy, AMD is a 1980  airline 
merger dummy and CGD is a Commonwealth Games year (1982) dummy. 

64 



Chapter 4 

The Hensher and Young model (BTCE 1991c, p. 41) implies  that an increase in 
avtur demand will result from an increase in the demand for travel  (as 
measured by passenger-kilometres),  aircraft weight or an increase  in  real 
income. As expected,  the  fuel  price  has a negative  effect on the demand for 
avtur.  Passenger-kilometres  travelled will increase  as  airfares  decline,  as 
incomes increase or if the  cost of alternative  transport  choices  (as  depicted bp 
the  petrol  price  index)  increases. 

Bush et  al. (1993, pp. 62-63) model avtur consumption as a function of the 
number of  seat-kdometres flown (number of passenger  seats on aircraft  times 
the  distance flown by aircraft).  Seat-kilometres  are  derived by dividing 
passenger-kilometres  travelled by the  passenger  load  factor, avhch measures 
the  proportion of the  available  seats  that  are  utilised. 

Passenger-kilometres  are  modelled  separately  as a function of the  real  gross 
domestic  product,  real  airfares,  lagged  passenger-kilometres and a dummy 
variable  for  the  year  of  the  pilots'  dispute (1989-90). The  model  was estimated 
for the  period 1969-70 to 1990-91 with the following specification and results: 

(3)Iog PKM, = 0.56 + 1.37 log RGDP, - 0.27 log RAF, - 0.48 D + 0.34 log PKM ,.l 
(2.07) (9.75)  (-3.12)  (-10.99)  (3.81) 

Adjusted R2 = 0.98, Durbin's h statistic = 0.10 

(5) log DAC, = 0.38 + 0.70 102 SKM, 
(1.80)  (31.67) 

Adjusted R2 = 0.98, Durbin-Watson statistic = 1.46 

where t-ratios  are given in parentheses, PKM, is  the number of passenger- 
kilometres flown in year t, RGDP, is  the  real gross domestic  product, RAF, is 
real domestic airfares, D is a dummy variable  used  to allow for  the  effect  of  the 
pilots'  dispute (1989-90), SIC!, is seat-kdometres  travelled, U, is a system 
wide load  factor, PKM,' is  the  proj'ected  yassenger-kilometres  series from 
equation (3) and DAC, is  the  aviation  turbine  fuel consumption of domestic 
airline  operators. 

Passenger-kilometres  are shown to  increase  as  airfares  fall or as income levels 
rise;  as  passenger-kilometres  rise so will seat-kilometres  unless  offset by 
higher  load  factors. The  model implies  that  fuel  sales will also  increase  as  seat- 
kilometres  increase. 
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Bush et al. (1993, p. 30) use their model to  project  the  growth rate of  fuel 
consumption  for  domestic air carriers. 'Real air fares are assumed to  decline by 
1.3 per cent per year, the system wide  load  factor is assumed to  increase  from 
0.77 in  1992-93  to 0.80 in 2004-05,  and the real gross  domestic  product is 
assumed to grow at a varying yearly rate of between 3.0  and  4.5 per cent. 
Between  1992-93  and  2004-05  domestic  avtur  consumption is projected  to 
increase  by  approximately  4.6 per cent per annum (Bush et al. 1993, p. 30). 

The National  Institute  of  Economic and Industry Research (NIEIR 1990, p. 
2.25)  forecasts  domestic  avtur demand using  total  tonne-kilometres  (of 
passengers  and freight) flown.  Unspecified  assumptions are used  for the 
average  fuel efficiency of the existing fleet and  average system load  factors. 
Variations  in  passenger-kilometres  travelled are explained  by  income  per 
capita, real gross  non-farm  product  and real domestic airfare variables. 
Passenger-kilometres are then  transformed  to  total passenger tonne-kilometres 
using an average  passenger  weight (NIEIR 1990, p. 2.25). NIEIR (1990,  p.  2.26) 
projects  domestic  avtur sales to  increase  by  2.51 per cent per annum between 
1989  and  1995. 

Although the three models differ in their structure, the major  variable used to 
determine avtur  consumption is the task level  (generally  measured  by 
passenger-kilometres  flown). Real income  and airfare variations appear to 
explain  most  of the variation in the passenger task level. 

BTCE model specification 

Due to the long-term  nature  of the projections  (from  1992-93  to  2014-15), the 
specification  of the BTCE model is focused  on simplicity while incorporating 
the major  determinants  affecting  domestic  avtur  consumption. 

As the aim of the modelling  process is to assist in  projections  of  greenhouse 
gas  emission  levels, the derived  models are fairly aggregated. Military fuel 
use, for  example, is not  modelled separately (though it would  require  different 
explanators  to  those  for  scheduled  passenger  services).  Approximately  15  to 
20 per cent of  domestic  avtur  sales are to the military, but there is no time 
series available.  Consequently,  total  avtur  consumption is modelled  based  on 
the demand for  civil  aviation. 

Fuel  consumption is modelled as the product  of the domestic  aviation task 
level  (measured  by the number of seat-kilometres)  and the average fuel 
intensity  of the aircraft fleet (measured in litres consumed  per  seat-kilometre), 
which takes into  account changes in technology. As the fuel  efficiency  of the 
aircraft fleet improves,  fuel  consumption  required  to undertake the same task 
will decline. If the domestic task increased faster than the improvement in fuel 
efficiency  improved,  fuel  consumption  would be expected  to  increase. 
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The task  level, measured in seat-kilometres  travelled, can be derived by 
dividing  passenger-kilometres  travelled by the  passenger load factor. The 
passenger load factor measures the proportion of seats w h c h  are  filled by 
passengers. For example, if the  load  factor was 100 per  cent,  then all  the 
aircraft's  seats would be filled and seat-kilometres would be equal to 
passenger-kilometres. With a load  factor  of 50 per  cent, however, seat- 
kilometres  are  twice  the magnitude of passenger-kilometres. 

As seat-kilometres  increase, more fuel  is consumed because more aircraft  are 
required to undertake  the  task. An increase in seat-kilometres may result from 
an increase in passengers  travelling under the same load  factor or from the 
same  number of passengers  travelling under a reduced load factor.  Since 
aircraft  operators  tend to schedule  service  frequencies  to  maintain h g h  load 
factors,  forecasting  seat-kilometres  essentially  relies on forecasting  passenger- 
kilometres  travelled.  Passenger numbers are  modelled and then  multiplied by 
an average  distance  travelled to derive  passenger-kilometres. 

Passengers numbers have been split into two segments:  Australian  resident 
passengers  flying on the  domestic network (MASS) and foreign  passengers 
flying on the  domestic network (FPASS). The variables which affect  the 
number of  Australian  residents  are  likely to differ from the  variables  affecting 
foreigners  travelling on the  domestic  network. 

The major  variables which were found to affect  the number of Australians 
travelling on the  domestic air network are  the  level of income (depicted by the 
real gross non-farm product),  the  price of airfares  (depicted by  an index of 
average real  airfares for a medium distance  journey) and the  price  of 
competing modes of transport. 'The real  petrol  price index was used  as a proxy 
for travel by other modes (such  as  buses, rail or car).  Similar  variables were 
also used by Hensher and Young (BTCE 1991c, p. 41), Bush et al. (1993, pp. 
62-63) and NIELR (1990, p. 2.25). 

To determine  the number of  foreign  travellers on the  domestic air network, it 
is assumed that 75 per  cent of the  total number of foreign international 
passengers  arriving in Australia will make a journey on the  domestic  air 
network. The proportion of 0.75 is an estimate made by the BTCE (1991b, p. 
45) utilising  the International Visitors Stmey from the Bureau of Tourism 
Research  (reported in BTR 1992), u+uch  determines  the  average number of 
domestic air  passenger movements generated by each  short-term  (staying  in 
Australia for less than  12 months) foreign  arrival.  Foreign  arrivals were 
estimated  using  equation (25) below. 

Domestic  consumption of avtur is estimated on the  basis of the follow7ing set 
of equations. 

Fuel consumption is derived by multiplying seat-kilometres  travelled by the 
average aircraft  fleet  fuel  intensity 
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(6) FC = SKM X fuel  intensity 

where FC is  total domestic  aviation  turbine  fuel consumption  (measured in 
million litres), SKM is  the  total number of seat-kilometres flown on domestic 
flights (measured in million seat-kilometres) and fuel  intensity  refers to an 
average  domestic aircraft  fleet  fuel  intensity (measured in litres of fuel 
consumed per  seat-kilometre flown). 

Seat-kilometres  are  derived by dividing  passenger-kilometres flown by the 
passenger  load  factor, 

(7) SKM = PASSKM / LF 
where SKM is  the  total of domestic  seat-kilometres flown (measured in million 
seat-kilometres), PASSKM is  the  total number of domestic  revenue  passenger- 
kilometres flown (millions) and LF is the  average  passenger  load  factor 
(expressed as a proportion of aircraft  passenger  capacity). 

Total  domestic  passenger-kilometres  are  the sum of kilometres flown by both 
Australian  residents and by foreigners on the  domestic air network, 

(8) PASSKM = APASSKM + FPASSKM 
where PASSKM is the  total number of passenger-kilometres flown on the 
domestic network (millions), APASSKM is  the number of Australian  resident 
passenger-kilometres flown on the  domestic network (millions) and FPASSKM 
is the number of passenger-kilometres  travelled by foreigners on the 
Australian  domestic network (millions). 

Passenger-kilometres flown by residents on the  domestic network are  derived 
by multiplying  resident  passenger numbers by  an average  distance, 

(9) APASSKM = APASS X AVKM 

where APASSKM is  the number of Australian  resident  passenger-kilometres 
flown on the  domestic network (millions), APASS is  the number of Australian 
resident  passengers  travelling on the  domestic network (millions) and AVKM 
is an average  distance flown (kilometres). 

Australian  residents flying on the  domestic network are modelled as a 
function of real  gross non-farm product,  real (medium distance)  airfares and a 
dummy variable for the  pilots'  dispute in 1989-90. The  model is estimated 
using  quarterly  data and the  Cochrane-Orcutt  procedure.  See  table 4.3 for a 
summary of the  regression  statistics and diagnostic  results. 

(10) In APASS = -10.77 + 1.19 In RGNF - 0132 In RMEDF - 0.89 AIRDUM 
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where APASS is  the number of Australian  passengers  travelling on the 
domestic network (measured in millions), RGNF is  real  gross non-farm 
product, RMEDF is an index of  real medium distance  airfares and AIRDUM is 
the dummy variable  for  the  pilots'  dispute in 1989-90. 

Passenger-kilometres flown by foreigners on the  domestic network were 
estimated by multiplying total  short-term  foreign  international  arrivals by the 
average  distance flown and 0.75 (the BTCE estimate of the  proportion of 
foreign  arrivals  that  undertake a domestic trip by air), 

(11) FPASSKM = INPASS X 0.75 X AIWAl 

where FPASSKM is the number of  passenger-kilometres  travelled by 
foreigners on the  Australian  domestic air network (millions), INPASS is  the 
total number of short-term  foreign  arrivals  in  Australia (millions) and AVKM 
is the  average  distance flown (lulometres). 

Data collected for each of the  variables in equations (6) to (11) are  detailed in 
appendix X, table 1. 

Figure  4.1  graphs  the  historical  actual and predicted  levels of APASS using the 
BTCE model specification  (using annual summation of quarterly  data). The 
model assumes constant  elasticities.  Originally it was expected  that  income, 
airfares and the  real  petrol  price  index  (a proxy for  competition by road 
transport) would all  influence  the number of  Australian  residents  travelling 
on the  domestic air network. However, the  real  petrol  price index was 
removed from the  final model because it was hghly correlated to real  airfares 
and did not offer any different  information with which to model passenger 

TABLE 4.3 RESULTS OF THE  BTCE  DOMESTIC AVIATION MODEL 

Dependent 
variable  Diagnostics 

Independent  Standard 
variables  Coefficient  error 

In APASS Adj. R2 = 0.98 constant -1 0.77 0.80 

Period: 1978Q1 to 1993Q4 In RMEDF -0.32 0.05 
EM:  CORC AIRDUM -0.89 0.03 

DH = 0.69 In RGNF 1.19 0.07 

Notes 1. Adj. R2 refers to the  adjusted R2 statistic. 
2. DH refers to Durbin's h statistic. 
3. Period  refers  to  the  estimation  period,  where Q denotes  quarterly  data. 
4. EM refers to the estimation  method  used,  where CORC denotes  Cochrane-Orcutt 
estimation. 

Source BTCE estimates. 
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Sources BTCE (1994a)  Indicators  Database; BTCE estimates. 
Figure 4.1 Actual  and  predicted  levels of the number of Australian 

residents  travelling on  the  domestic air network 

numbers. The coefficient on RGNF of 1.19  suggests  that  passenger numbers 
are  quite  responsive  to  changes in national income levels. As expected,  airfares 
have a negative  impact on passenger numbers. 

Fuel  intensity. Historical  data on fuel consumption  and seat-kilometres 
travelled  permit  the  use of equation (6) to  obtain a series on the  fuel  intensity 
of  the  domestic  aircraft  fleet. The fuel  intensity  series  is  derived by dividing 
fuel consumption by seat-kilometres to obtain  litres  per  seat-kilometre.  Table 
4.4 provides  the  time  series  for  the  period  1977-78  to  1992-93. 

The derived  aircraft  fleet  fuel  intensity  series  is not the same as  the  average 
rated  fuel  intensity  (using  engineering  data),  because a number of  factors  are 
not taken into account in the derived series. For example, the  fuel 
consumption series measures total domestic fuel sales,  including  sales to the 
military and to  international Qantas flights  carrying  domestic  passengers. 
Seat-kilometres  performed do not include  those  undertaken by the  military or 
by international Qantas flights  undertaking a domestic  task. The kilometres 
flown for  repositioning  aircraft  (to meet schedules,  for  example)  are  also  not 
taken  into  account. Hence the  derived  litres consumed per  seat-kilometre will 
be overstated compared to actual  engineering  fuel  intensities. The derived  fuel 
intensity  series will be used in this  chapter  as  representative  of  the movement 
over  time  of  actual  fuel  intensity  levels  of  the  aircraft  fleet. 

Average  domestic aircraft  fleet  fuel  intensity  (gained from engineering  data) 
can be derived by summing the  fuel  intensity  of  each  aircraft  type,  weighted 
by the number of  aircraft  multiplied by the number of  seats: 
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TABLE 4.4 DERIVED FUEL INTENSITY SERIES FOR THE DOMESTIC AIRLINE FLEET 
~ 

Year 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

(1) (2) (3) 
Fuel consumption Seat-kilometres Fuel  efficiency 
(million  litres) (million) (USKM) 

(3) = (1) 

1 098.5 11 963  0.092 
1 081.1  12  174  0.089 
1 127.9  12  816  0.088 
1 123.8  12  407  0.091 
1 205.6  13  959  0.086 

1 163.3  13  263  0.088 
1 193.2  14  164  0.084 
7 283.4 15 402 0.083 
l 333.6  16  585  0.080 
1 427.8  17  561  0.081 
1 406.9  17  994  0.078 
1 124.3 13 868  0.081 
l 437.7  20  503  0.070 
1 569.5  24  339  0.064 
1 642.1  24  767  0.066 

1 168.5  13  246  0.088 

Sources ABARE (pers. cornrn. 1994); BTCE (1994a) Indicators  Database; 
DTC (1993a and  earlier); BTCE estimates. 

(no. of aircraft, X seats,) 

A=I C (no. of aircraft. X seats,) 

where A F I  is the  average  rated  fuel  intensity of the  domestic  aircraft  fleet and 
FI, is  the  individual  fuel  efficiency for aircraft type A. 

Figure 4.2 iilustrates  the  derived  fuel  intensity  series  (from  table 4.4) and the 
'rated' domestic airline  fleet  fuel  intensity gained from engineering  data 
(using  equation 12). 

The general  trend between the two series is  slmilar, supporting  the  use of the 
derived series in the BTCE model as an index for  fuel  efficiency 
improvements. 

Average kilometres J ~ ~ T U I Z .  This series  is  derived by dividing  total  domestic 
revenue passenger-kilometres flown by the  total number of domestic 
passengers. Revenue kilometres  refer to the number of kiiometres  travelled 
with fee-paying  passengers. They do not include  kilometres flown for  the 
repositioning of aircraft. Average kilometres flown have been increasing 
steadily from approximately 707 in 1978 to approximately 1022 in 1993. 
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Derived - Rated 
0.04 \“F, 

BTCE 
o l , , , , , , , , , , , , , , ,  
1978  1980  1982  1984  1986  1988  1990  1992  1993 

Year 
Note The  ‘rated’  series is derived  from  engineering  data. 
Sources BTCE estimates  using  data  from  Ansett  (pers. comm. April 1994); 

Qantas  (pers. comm. March 1994); DTC (1993a and  earlier  issues); 
BTCE (1992); ABARE (pers. comm. 1994). 

Figure 4.2 Domestic  airline  fleet  fuel  intensity 

Australian  passengers. The  number of Australian  passengers  travelling on the 
domestic air network is calculated by subtracting  the  estimated  foreign 
passenger component from statistics on total domestic  passengers. Between 
1978 and 1989 Australian  passenger numbers increased from 10.91 million to 
13.47 million: an increase of approximately 23 per  cent. Growth was stifled in 
1989-90 by the  pilots’  dispute, and Australian  resident  passenger numbers fell 
to 8.81 million (a  fall of 35 per  cent in the one year).  Since  the  pilots’  dispute, 
passenger numbers have grown strongly,  increasing to 16.49 million in 1993. 

Foreign  passengers. The  number of foreign  visitors  travelling on the  Australian 
domestic air network was estimated to be 75 per  cent of the  total number of 
short-term  foreign  arrivals. Numbers of foreign  passengers have been 
increasing  strongly  since 1978, with only a small  decline due to the  pilots’ 
dispute in 1989-90. Numbers grew from 0.44 million in 1978 to approximately 
2.1 million in 1993. The pilots’  dispute  led to a fall in foreign  passengers in 
1990 of only 3 per  cent from 1989 levels. 

Real  gross nonfarm puoduct. Real  gross non-farm product  represents  national 
income and uses 1990 as  the  base  year. It has been increasing  since 1978, with 
declines for the  recession  years of 1983-84 and 1991-92. As income levels 
increase more people will be able to afford to travel by air. 

Real  airfures. The price  level was represented by an index  (base 1984) of 
average real  air  fares on medium distance  air  routes.  Real  airfares  increased 
between 1978 and 1984 and have been declining  ever  since, due mostly to 
airline  deregulation. It is expected  that if real  airfares  increase fewer  people 
will be able to afford to travel,  causing a negative impact on Australian 
passenger numbers. 
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AIRDLIM. Airdum is a dummy variable which reflects the year of  the  pilots’ 
dispute. It is equal  to 0 for all years except those  of the pilots’  dispute:  from 
the second  quarter of 1989  to  the  third  quarter  of  1990. AIRDUM is equal  to  0.2 
in 198962,  0.8 in 198963, 1 in  1989Q4, 0.4 in  199061,  0.2  in  199062,  0.1  in 
1990Q3  and 0 elsewhere.  Different coefficients are used to account  for the 
degree  of the effect in a particular  quarter. 

Foreign arrivals. Foreign  arrivals are the total number of short-term  foreign 
arrivals  in  Australia  (IWPASS). The modelling  of foreign arrivals is detailed 
below,  especially in equation  (25).  Foreign arrivals have shown strong  growth 
since 1978,  increasing  by  approximately  380  per  cent  by  1993. 

Assumptions 

For  the  purposes  of  projecting  domestic  aviation  turbine  fuel  consumption to 
the year 2014-15, it ~7as necessary to make a number of  assumptions  about the 
independent  variables.  Table 4.5 summarises these assumptions. 

It was assumed  that the real gross non-farm  product (RGNF) will increase by 
3.2  per  cent  per annum to the year 1997-98  and  w7dl increase at an annual rate 
of  3.3  per  cent thereafter. On average these figures are slightly lower than 
those  assumed  by  Bush et al. (1993,  p.  23), who assume RGNF to vary between 
3 and  4.5 per cent  per annum to the year 2004-05.  BIS  Shrapnel  (1993,  p.  138) 
assumes growth  of  3.2 per cent to  1998  and  3.3  per  cent  to  2008  for real gross 
domestic  product. The BTCE follows the assumptions made by BIS Shrapnel, 
with the 3.3  per  cent  growth  assumption  extended  to the year 2014-1.5. 

Real airfares (RMEDF) are assumed to decline  by  1.3 per cent per annum 
(Cosgrove,  Gargett & LTiney 1989,  p.12)  to  the year 2014-15.  The  decline in real 
airfares will be  most likely due to airline cost savings which are then  passed 
on to  the  consumer.  Bush et al. (1993,  p. 63) use  the same assumption. 

TABLE 4.5 DOMESTIC  AVIATION:  PROJECTION  ASSUMPTIONS 
(per  cenf change per annum) 

Variable 199%  1998  199%2015 

Real  gross  non-farm  product (RGNF) 
Real  airfares (RMEDF) 
Average  kilometres  travelled (AVKM) 
Passenger  load  factor  (LF) 

+ 3.2 
-1.3 
0.0 
0.0 

+ 3.3 
-1.3 
0.0 
0.0 

Sources BTCE estimates;  BIS  Shrapnel  (1993, p. 138); Cosgrove,  Gargett & Viney 
(1989, p. 12). 
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The passenger  load  factor (LF) is assumed to  remain  constant at the 1992-93 
figure  of 76.7 per cent,  due  to lack of  data on  future  passenger  load  factor 
levels. This assumption may prove  to  be  conservative if airline operators 
undertake  to  increase  current  load  factors as a means of  cutting  costs  to remain 
competitive. A number of  scenarios  outlined  in the next  section alter the 
assumption made about  passenger  load  factors.  Bush et al. (1993, p. 63) 
assume that load  factors  increase  to  80 per cent  by the year 2004-05. 

Average  kilometres  travelled per passenger (AVKM) are assumed to  remain 
constant at the current  1992-93  value. 

The BTCE (1992)  has  calculated the likely improvements to the domestic 
aircraft fleet fuel  efficiency  under a number of  scenarios. Likely improvements 
will depend  upon when the fleet is replaced.  Between  1988  and  2005 the BTCE 
(1992, p. 44) estimated  improvements  in  fuel  efficiency  to  be  33  per  cent if 
aircraft are replaced after 15  years; 22 per cent if replaced after 20 years; and 14 
per cent if replaced after 25 years. Using these  figures and  extending  them  to 
the year 2015, the improvements in fuel  efficiency  between  1993  and  2015 
would  become  43  per cent for a fleet replaced after 15 years; 28 per cent after 
20 years; and 18 per cent after 25 years. Qantas (pers. comm. 1994)  suggests 
that a fuel  efficiency  improvement  of  40  per cent by the year 2015 is unlikely. 
Therefore it is assumed  that  by  2015 the fuel  efficiency  of the domestic aircraft 
fleet will improve  by  28 per cent  in the base case scenario. 

Appendix X, table 1 details the actual  projected  levels  for each variable  for 
each year to  2014-15. 

Projection results and  scenarios 

Using the BTCE model  and the assumptions in table  4.5,  domestic  avtur 
consumption is projected  to  increase  from  1642  million litres in  1992-93  to 
2328  million litres in the year 200445  and to  3386  million litres in  2014-15. 
Figure  4.3  shows the projected  levels  of  domestic  aviation  turbine  fuel 
consumption. 

On the basis  of  the  assumptions  in  table  4.5,  Australian  residents  travelling on 
the  domestic  network are projected  to  increase  from  16.75  million in 1992-93 
to  25.95  million  in  2004-05  and  to  40.73  million  in  2014-15. The total number 
of  seat-kilometres  travelled on the domestic air network  (including  Australian 
and  foreign  passengers)  increases  from  25  123  million  in  1992-93  to 42 046 
million  in  2004-05  and  to 71 948  million  in the year 2014-15.  Appendix X, table 
1 details all projection  results. 

Tables 4.6 and 4.7 detail how changing the assumptions  on  fuel  efficiency  and 
load  factors affects projected  levels  of  fuel  consumption  and  seat-kilometres 
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Sources ABARE (pers. cornrn. 1994); BTCE estimates 
Figure 4.3 Actual  and  projected  levels  of  domestic  aviation  turbine 

fuel consumption 

travelled. As fuel efficiency improves, total  fuel consumption falls. As load 
factors  are  increased,  seat-kdometres and fuel consumption both deche. 

Aviation  gasoline 

Avtur is by far  the major  fuel consumed in the  domestic  aviation  market. 
However aviation  gasoline  (avgas) is also  used, mainly in the  general  aviation 
market. The level  of  fuel consumption by general aviation is only a very  small 
component of  total  aviation fuel consumption and does  not  warrant an 
extensive  econometric m o d e h g  procedure. 

Growth in the use  of  avgas  of 0.05 petajoules per year is assumed, based on 
Bush et  al.  (1993, pp. 30,112). 

Figure 4.4 dustrates the growth in avgas  consumption to  the  year  2014-15. 
Aviation  gasoline fuel use is projected  to  increase from 106  megalitres in 
1992-93  to  116  megalitres in the  year 200445 and to 139  megalitres  in  the  year 
2014-15. 

Appendix X, table 2, details the actual and projected  levels  of  avgas. 

Projected emissions from domestic aviation 

Projected  levels of greenhouse  gas  emissions can be  calculated from the fuel 
consumption projections  for  domestic  aviation. 

Conversion of  fuel consumption in litres to megajoules  of  energy is made by 
multiplying litres consumed  and the relevant energy density  conversion 
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TABLE 4.6 SCENARIOS FOR DOMESTIC AVIATION TURBINE  FUEL CONSUMPTION IN 
201  4-1 5 

(million  litres) 

Load factor  in  the  year 201415 
Fuel  efficiency improvement 
b y 2 0 1 4  15 (per  cent  over 
1992-93) 0.7 0.767 0.8 

10 
18 
28 
30 

4 637 
4 225 
3 710 
3 607 

4 232 
3 856 
3 386 
3 292 

4 058 
3 697 
3 246 
3 156 

Note 1. Base  case  assumption is  load  factor  of 0.767 and  fuel  efficiency  improvement  of 
28 per  cent. 

Source BTCE estimates. 

TABLE 4.7 SCENARIOS FOR DOMESTIC  SEAT-KILOMETRES 
TRAVELLED IN 2014-15 

Load factor  in 201415 million  seat-kilometres 

0.700 
0.767 
0.800 

78  834 
71  948 
68  980 

Note 1. Base  case  assumption  load  factor is 0.767. 
Source BTCE estimates. 

projected 

BTCE 

Year 
Sources Bush et al. (1993, p. 112); BTCE estimates. 
Figure 4.4  Aviation  gasoline  fuel  consumption  projections 
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factor: for avtur,  the  energy  density  is 36.8 megajoules  per litre  of  fuel; for 
avgas, 33.1 megajoules  per Litre  of  fuel. 

Megajoules of fuel consumed are  multiplied by the  relevant  emission 
conversion  factors  (table 4.2) to  obtain  emission  levels  for each of the 
greenhouse  gases. 

Carbon dioxide  equivalent  emission  levels for the total domestic  aviation 
market  (both  major airlines and general  aviation)  are  projected  to  increase by a 
total of 101  per  cent between 1992-93 and 201615. The increase in emissions is 
due mostly to  the  scheduled  airline  market, where carbon  &oxide  equivalent 
emissions  increase by 106 per  cent between 1992-93 and 2014-15. The carbon 
dioxide  equivalent  emissions from the  general  aviation market increase by 
only 31 per cent  ooer  the same period.  Table 4.8 and appendix X, tables 3-5, 
contain  projected  levels of greenhouse  gases by aviation. 

Table 4.9 outhes alternative  scenarios with respect  to  passenger  load  factors 
and fuel  efficiency. 

As expected,  increasing  passenger  load  factors and/or improving fuel 
efficiency  lead to reduced  fuel consumption and carbon  dioxide  equivalent 
emissions. 

TABLE 4.8 DOMESTIC  AVIATION:  PROJECTIONS OF TOTAL CARBON DIOXIDE 
EQUIVALENT  EMISSIONS 

(gigagrarns) 

Fuel  fype 1992-93 2014-15 Per  cent change 

Avtu r 
Avgas 
Total 

4 277 
340 

4 617 

8 820 
447 

9 267 

106 
31 
101 

Note 1. Per  cent  change  refers  to  the  total  per  cent  change  between  1992-93 and 2014-15. 
Sources BTCE estimates;  Bush  et  al.  (1993, p. 112) 
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TABLE 4.9 SCENARIOS FOR TOTAL  CARBON DIOXIDE EQUIVALENT EMISSIONS FOR 

(gigagrams) 
THE  DOMESTIC AVIATION MARKET IN 2014-15 

Load factor  in  the year 2014-15 
Fuel  efficiency improvement 
by2014-15 (per  cent  over 
1992-93) 0.7 0.767 0.8 

10 
18 
28 
30 

12  526 
1 1  453 
10 1 1 1  
9 843 

1 1  471 
10  492 
9 267 
9 023 

1 1  018 
10  078 
8 903 
8 668 

Note 1. Base case  assumption is  load  factor of 0.767 and fuel efficiency improvement of 
28 per  cent. 

Source BTCE estimates. 

INTERNATIONAL  AVIATION 

International aviation currently  accounts for 53 per cent of total  greenhouse 
gas emission levels from the Australian  aviation  industry. 

The level of aviation  turbine  fuel  (avtur)  uplifted  in  Australia will in part 
depend  upon the projected level of international travel to  and  from  Australia. 

Foreign  passenger arrivals in  Australia have been  growing  strongly  since  1978 
as Australia has become a more popular  tourist  destination.  Between  1986  and 
1993  foreign arrivals increased by 120 per cent,  and  Australian  passenger 
departures increased by 54 per cent. 

Fuel  consumption  models 

Bush et al. (1993, p. 62)  model  fuel  consumption by international  airline 
operators as a function of the total number of international  passengers  and 
fuel  consumption  in  the  previous  period. The regression is estimated for the 
period  1969-70 to 1990-91,  and  results  in the following  specification: 

(13) log IAC, = 1.13 + 0.30  log IP, + 0.48 log IACt-1 
(2.7)  (2.69)  (2.52) 

Adjusted R2 = 0.97;  Durbin’s h statistic = 1.70 

where t-ratios are given  in  parentheses, IAC, is aviation  turbine  fuel 
consumption by international  operators  in the year t, and IP, is the number of 
international  passengers  arriving  in  and  departing  from  Australia  in year t. 
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Bush et al. (1993,  p.  30) assume that international  passenger  numbers will 
grow at an annual rate of 7.5 per cent for all years between  1990-91  and 
200405. Using their  model, avtur consumption  by  international  operators is 
expected  to increase by  approximately 5 per cent per annum to  the year 
200405  (Bush et al. 1993,  p.  30). 

The model  developed  by the National Institute of  Economic  and  Industry 
Research (NIEIR 1990,  p.  2.25) takes a very similar approach  to Bush et al. 
(1993,  p.  62).  Aviation  turbine  fuel  consumption  by  international  operators is 
modelled as a function  of  the number of  international  passenger  arrivals in 
Australia. The total number of  passenger  arrivals in Australia is determined 
on the basis  of  (unspecified)  assumptions  about  long-term  (for a period  of 
more  than  12  months)  and  short-term  passenger  movements (NIEIR 1990,  p. 
2.25). 

Hensher and Young (BTCE 1991c,  p.  41) estimate a Three-stage Least Squares 
(3SLS) model using quarterly  data for the period  1977  to  1988.  International 
avtur demand is explained  by  the  fuel price, the number of  departing 
passengers  and income levels as depicted  by  Australia's real gross domestic 
product. 

(14) ln AD = -0.828285 - 0.102374 In ARFP + 0.130572 In DP + 1.17139 Ln RGDP 

(15) ln DP = - 0.622476 + 0.004010 In RTWI + 1.38093 ln RAF - 0.1799994 D, 
+ 0.0425447 D2 + 0.478477 D,- 0.028435 BD - 0.043498 AMD 
+ 0.041005 CGD 

where AD is avtur demand, ARFP is the avtur real fuel price, DP is the 
number of  departing passengers, RGDP is the real gross domestic  product, 
RTWI is the real  trade  weighted  index, RAF; is real airfares, D, is a first quarter 
dummy, D, is a second  quarter dummy, D, is a third  quarter dummy, BD is a 
Bicentennial year dummy (1988), AMD is the 1980 airline merger dummy, and 
CGD is a 1982  Commonwealth Games dummy 

A higher  fuel  price is likely  to  reduce the demand for avtur, while an increase 
in passenger  numbers will increase the demand for  aotur.  However,  the 
Hensher  and Young model has an unexplained  positive  coefficient for real 
airfares. Higher airfares should result in fewer passengers  travelling  rather 
than  more. 

The RTWI is a measure of  relative  prices  between  Australia  and  overseas 
countries. As the RTWI increases, more people  from Australia are Uely to 
travel. 

The Hensher and Young approach (BTCE 1991c,  p.  41) is more  detailed than 
the  models  derived by Bush et al. (1993, p. 62) and NlEIR (1990, p. 2.25), 
because it models passenger numbers  separately.  Note that Hensher and 
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Young (BTCE 1991c, p. 41) consider  passengers  departing  from  Australia, 
whereas NIEIR (1990, p. 2.25) uses  only  passenger  arrivals  in  Australia,  and 
Bush et al. (1993, p. 62) use  total  passenger  numbers. 

A number of  models  have  been  developed  to estimate passenger  numbers. 
Two of the more  recent  models  on  passenger  numbers have been  constructed 
by the Bureau  of  Tourism Research (1992) and by Henchy  and  Swanton (1992). 

Henchy  and  Swanton (1992, pp. 642-646) derived separate models to  forecast 
short-term  Australian  resident  departures (that is, passengers who are leaving 
the country  for less than 12 months)  to  various  countries,  including the United 
States, the United Kingdom, Singapore  and  Japan.  For each country, 
Australian'  passenger  departures were assumed to  be a function  of the relative 
price  between  the  destination  country  and  Australia, airfares, the household 
disposable  income  for  the  destination  country,  and  lagged  passenger 
departure  numbers.  The  models  suggest that household  disposable  income is 
the main  contributor  to  passenger  movements. Airfares were found  to  be 
statistically insignificant  for  short-term  passenger  movements  to Japan and 
Singapore. 

The Henchy  and  Swanton (1992, p. 642) models are very  detailed.  Replication 
would  require a great  deal  of  data  collection  to  undertake  regressions  for  each 
of  Australia's  major  departure  destinations. A similar approach  would  also 
need  to  be  carried  out  for  foreign  arrivals  in  Australia,  to  determine  total 
international traffic to  and  from  Australia. 

The Bureau  of  Tourism Research (BTR 1992, pp. 7-13) has formulated a model 
for  predicting  international  visitor  arrivals  from a number of countries  to the 
year 2001. 

For each country  of  origin a model is developed  using  quarterly  data  for the 
period 1978 to 1991. The general model  specification is outlined  in  equations 
(18) and (19). The general model  allows  for a maximum of  four  lags  on  each  of 
the independent  variables.  However,  this  approach  generates  models  which 
are overspecified. A more specific model was therefore  used by the BTR for 
each  country  of  origin by deleting the insignificant  variables. 

4 4 4 

(19) Rit = PA X Eit/ Pit 

where NTi is the number of  international  arrivals  from  country i, Yi is the level 
of  gross  domestic  product  in  country i, Ri is the real exchange rate of  country i 
with respect to the Australian  dollar, PA and Pi are the consumer  price  indices 
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in Australian and country i respectively and Ei is  the exchange rate  of  the 
currency  in  country i w i t h  the  Australian dollar. 

Ordinary  Least  Squares (OLS) was used to  estimate the models. For every 
country of ori,@n modelled,  the BTR found that  only  lagged d u e s  of the gross 
domestic  product (Yi) and the  real exchange rate (Ri) were found to be 
important. 

Airfares were not included in the BTR model for  passenger numbers, due to 
the  lack  of  relevant  data (BTR 1992, p. 12). An out-of-model  adjustment was 
made, based on the  expected  impact of the  deregulation of the  international 
aviation  industry on international  airfares  that was suggested might be 
possible in the absence of restrictions by the  Industries  Assistance 
Commission. Fare  elasticities were calculated  for  each  country and used  in  the 
forecasting model on the assumption that  airfares would decline by 2 per  cent 
per  year to the  year  2001 (BTR 1992, p. 3). 

The BTR (1992, pp. 7-12) model is thus similar to that developed by Henchy 
and Swanton (1992, pp. 642-644) except  that  the  airfares  are an out-of-model 
adjustment  rather  than  being  included explicitly  (as in the Henchy  and 
Swanton model). 

BTCE model specification 

Due to  the  long-term  nature of the  projections  (from  1992-93 to 2014-15),  the 
BTCE model specification is developed with the aim of  achieving a simple 
formulation  that  incorporates all of the major determinants affecting 
international a17tur consumption. 

Fuel consumption was modelled  as  the  product of the  international  task to 
and from Australia (measured in seat-kilometres  performed) and the  fuel 
intensity of the  international  aircraft  fleet  arriving in and departing from 
Australia (measured in  litres  per  seat-lulometre). Lt' the  fuel  efficiency of the 
aircraft  fleet improves,  then fuel consumption will fall. Alternatively if the 
task  (and  thus  seat-klometres) deches, fuel consumption will also  decline. 

Seat-kilometres were derived bp dividing  international  passenger-kilometres 
by the  average  passenger  load  factor  (which is a measwe of the percentage of 
the  aircraft  seats which are  being  uthsed). A s  seat-kilometres  increase, so will 
fuel consumption.  Seat-kilometres may increase if load  factors  decline md/or 
passenger-kilometres  increase. 

Short-term  international  passenger-kilometres were derived by multiplying 
short-term  passenger numbers  by the  average  distance  flown.  Passenger 
numbers  were split  into two groups:  short-term  foreign arrivals and 
Australian  resident  departures.  Total  international  passenger numbers  were 
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derived by doubling  short-term  foreign  arrivals and Australian  resident 
departures (to account for the  return  journey) and increasing  the  result by 
approximately 2 per  cent to account for long-term  or permanent movements 
(derived from data  contained in BTCE 1988). 

The major  variables which were found to  affect both  foreign  arrivals and 
Australian  resident  departures were income levels,  real  airfares and relative 
prices in Australia compared to overseas  countries  (represented by the  real 
trade  weighted  index  of  the  exchange rate). 

The level  of  freight  carried by international  aircraft was not found to be a 
significant  variable when determining  fuel consumption. International  air 
freight  is  carried on passenger  flights if there  is  sufficient  space  available, but 
tonnages  are  very  small. In the  export  industry only 0.1  per  cent of trade  is 
carried by air and in the  imports  industry  only 0.5 per  cent (BTCE 1991b, p. 
20). Most international  trade  is  carried by ships. 

Equations (20) to (25) outline  the  final BTCE model specification  for 
international  avtur  fuel  consumption.  Table  4.10  presents a summary of  the 
regression  results and diagnostic  tests. 

Fuel  uplifted in Australia  is  calculated by  an identity linking it to total  seat- 
kilometres  times  the  average  fleet  fuel  intensity  times 0.42. The latter  is an 
estimate of the  proportion of total  aviation  fuel consumed  by aircraft  flying  to 
and  from Australia which is  uplifted in Australia  (derived from data 
contained in Apelbaum 1993, p. 113). 

(20) AFC = S E W  X F1 X 0.42 

where AFC is  international  avtur  uplifted in Australia (measured in million 
litres), SKM is the  total number of international  seat-kilometres  travelled by 
aircraft  arriving in and departing from Australia  (millions), and F1 is the 
average  aircraft  fleet  fuel  intensity (measured in litres consumed per  seat- 
kilometre  travelled). 

For the  years prior to 1992-93 a series  for  the  average  fleet  fuel  intensity can be 
calculated by dividing  the  total  fuel consumed for Australia’s  international 
task by the  total  seat-kilometres  travelled. 

(20a) F1 = TFC / S K M  

where F1 is the average aircraft  fleet  fuel  intensity (measured in litres 
consumed per  seat-kilometre  travelled), TFC is the  total  fuel consumed  by 
international  aviation  travelling  to and from Australia (million litres) and SKM 
is the  total number of  international  seat-kilometres  travelled by aircraft 
arriving in and departing from Australia  (millions). 
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TABLE 4.10 RESULTS OF THE INTERNATIONAL AVIATION MODEL 

Dependent 
variable  Diagnosiics 

Independent  Standard 
variables  Coefficient  error 

In OUTPASS Adj. R* = 0.95 constant -9.38 2.1 9 

Period: 198503 to 1993Q4 In ROFARE -0.35 0.05 
EM: OLS In RTWI(4) 0.13 0.07 

BlDUM -0.05 0.02 

DW = 1.54 In RGNE 1.36 0.1 9 

In INPASS Adj. R2 = 0.98 constant 
DH = -1.07 In G7GDP 
Period: 1978Q1 to 1993Q4 In RIFARE(4) 
EM: CORC In RTWl(4) 

BIDUM 
CDUM 
D1 
D2 
D3 

1.44 
2.79 
-0.19 
-0.27 
0.14 
0.1 0 
-0.15 
-0.35 
-0.26 

2.60 
0.49 
0.12 
0.1 8 
0.05 
0.06 
0.02 
0.02 
0.02 

Notes 1. Adj R* refers  to  the  adjusted R* statistic. 
2. DW refers to the  Durbin-Watson  statistic  and DH refers to Durbin’s h statistic. 
3. Period  refers  to  the  estimation  period,  where Q denotes  quarterly  data. 
4. EM refers to the  estimation  method  used. OLS denotes  Ordinary  Least  Squares 
estimation,  and CORC denotes  the  Cochrane-Orcutt  procedure. 

Source BTCE estimates. 

Seat-kilometres  travelled for Australia’s  international  task were calculated by 
dividing  total  passenger-kilometres  travelled by the  average  passenger  load 
factor. 

(21) SKM = TIPKM /’ LF 

where SKM is the  total number of international  seat-lulometres  travelled by 
aircraft  arriving in and departing from Australia  (milhons), TIPKM is the  total 
number of passenger-kilometres  travelled by short-term and long-term 
travellers  arriving in and departing from Australia ( m o n s )  and LF is the 
passenger  load  factor  (expressed  as a proportion of total aircraft  capacity). 

The total number of international  passenger-kilometres  travelled to and from 
Australia  is equal to  the number of passenger-kilometres  travelled by short- 
term travellers  divided by cr. (an estimate of the  proportion of the  total number 
of passengers who are  short-term  travellers). 

(22) TIPKM = IPKM / 
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where TIPKM is the  total number of international  passenger-kilometres 
travelled to and  from Australia by short-term and long-term travellers 
(millions) and IPKM is the  total number of  international  passenger-kilometres 
travelled to and from Australia by short-term  travellers  (millions). 

International  passenger-kilometres  travelled  to and from Australia by short- 
term travellers were modelled by  summing the number of short-term 
Australian  resident  departures and the  short-term  foreign  arrivals  multiplied 
by their  respective average distances  travelled. The identity was then 
multiplied by two to account  for  the  return  journey. 

(23) IPKM = { (OUTPASS X AVKMOUT) + (INPASS X AVKMIN)} X 2 

where IPKM is the  total number of  international  passenger-kilometres 
travelled to and from Australia by short-term  travellers  (millions), OUTPASS 
is  the  total number of  short-term  Australian  resident  departures  (millions), 
AVKMOUT is the  average  distance  travelled by international  passengers 
leaving  Australia  (kilometres), INPASS is  the  total number of short-term 
foreign  arrivals in Australia  (millions) and AVKMIN is  the  average  distance 
travelled by international  passengers  arriving in Australia. 

Short-term  Australian  resident  departures were modelled  as a function of 
Australian  real  gross  national  expenditure,  real outbound airfares,  the  real 
trade  weighted  index  lagged  four  quarters and  a dummy variable for the 
Bicentennial  year  (1988). The  model uses  quarterly  data and was estimated by 
using  Ordinary  Least  Squares  estimation. 

(24) In OUTPASS = - 9.38 + 1.36 In RGNE - 0.35 In ROFARE + 
0.13 In RTWI(4) - 0.05 BIDUM 

where OUTPASS is the  seasonally  adjusted number of  short-term  Australian 
resident  departures  (measured in millions), RGNE is Australian  real  gross 
national  expenditure, ROFARE is the weighted  average of  real outbound 
airfares, RTWI(4) is the  real  trade  weighted  index  lagged  four  quarters and 
BIDUM is a d u m m y  variable for quarters 1, 2 and 3 of 1988 (for  the 
Bicentenary). 

Short-term  foreign  arrivals in Australia were modelled as a function of 
overseas income levels  as measured by the  gross  domestic  product  of  seven 
major OECD economies, real inbound airfares  lagged  four  quarters,  the  real 
trade  weighted  index  lagged four quarters, and dummy variables  for  the 
Bicentennial  celebrations  (1988) and each  quarter  to  account  for  seasonality. 
The  model uses  quarterly  data and was estimated by Cochrane-Orcutt 
estimation. 

(25) In INPASS = 1.44 + 2.79 In G7GDP - 0.19 In RIFARE(4) - 0.27 In RTWI(4) 
+ 0.14 BIDUM + 0.10 CDUM - 0.15 D, - 0.35 D, - 0.26 D 3  
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where INPASS is  the total nunber of short-term  foreign  arrivals  (miUions), 
G7GDP is the s u m  of gross domestic  products of seven major OECD 
economies (the United States, Japan, Germany, France,  Italy  the United 
Kingdom and Canada), RIFARE(4) is the  weighted  average of real inbound 
airfares lagged four quarters, RTNJI(4) is  the  real  trade weighted  index  lagged 
four quarters, BIDUM is a dummy variable for quarters  1, 2 and 3 in  1988, 
CDUM is a dummy variable for decreased  airfare  prices to Fiji (from 1991Q2 
onwards), and D1, D, and D, are  seasonal dummy variables for quarters 1, 2 
and 3 respectively. 

Data collected for each of the  variables  outlined in equations (20) to (25) are 
detailed  in appendix X, table 6. 

Quarterly  figures were used to model foreign  arrivals (INPASS), estimated 
using  the  Cochrane-Orcutt  procedure  over  the  period 197861 to 1993Q4. 
Figure 4.5 illustrates  the  historical  (actual) and predicted  levels for INPASS 
(summed over  quarters to give annual data). 

The coefficient  for G7GDP of 2.79 suggests  that  overseas  tourism  to  Australia 
is l-ughly responsive  to  changes in income levels. Higher income levels  in  other 
countries  should  produce an increased  affordability of international travel  as 
well  as a relatively  greater  increase  in the affordabihty  of  long-haul  travel in 
comparison to short-haul  travel (BTCE 1991b, pp. 4142).  This  should result  in 
a rise in foreign  arrivals  in  Australia. 

Lagged airfare  levels were included  to  capture  the  long  lead  time  presumably 
required by foreign  tourists when planning to  visit  Australia (BTCE 1991b, p. 
42). The coefficient on REARE(4) of  -0.19  suggests that foreign  tourism is 
relatively unresponsive to fare  changes, but an increase in fares would result 
in a slightly lower number of  tourists. A lag was used for the  real  trade 

3.0 r 
Predicted - Actual 

BTCE 

Year 
Sources BTCE estimates; DTC (1993b and earlier). 
Figure 4.5 Actual  and  predicted  levels of foreign  passenger  arrivals 
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weighted  index (RTWI) for  the same reason. The negative  coefficient of -0.27 
suggests  that,  as  travel to Australia becomes relatively more expensive, 
passenger numbers will decline. 

Australian  resident  (short-term)  departures (OUTPASS) is estimated by 
Ordinary  Least  Squares  estimation  using  seasonally  adjusted  quarterly  data 
over  the  period 1985Q3 to 1993Q4. Figure 4.6 shows the  historical  (actual) and 
predicted  levels  for OUTPASS. 

The coefficient  of 1.36 for  the income variable (RGNE) suggests  that,  as 
Australian income levels  increase,  overseas  travel will also  increase  because it 
becomes more affordable. The coefficient of -0.35 for  the  airfare  variable 
(ROFARE) suggests a fairly low but  negative  response to travel  resulting from 
changes in airfares. The real  trade weighted  index is a measure of  the  relative 
cost  to  Australian  tourists to travel  overseas and the  small  positive  coefficient 
of 0.13 shows  a fairly unresponsive effect. 

A discussion of some of  the  variables  used in the  analysis  follows. 

Fuel  intensity. It is  difficult  to  derive a series for average fleet  fuel  intensity  for 
international  aircraft  arriving in and departing from Australia,  as  data  are 
readily  available only for Qantas aircraft. However,  a series was derived  using 
historical  data on fuel consumption and seat-kilometres  travelled, in a  manner 
similar to the  derived  domestic  aviation  fuel  intensity  series.  Fuel  intensity 
was derived by dividing  the  total  fuel  uplifted by the  total  seat-kilometres 
travelled  (table 4.11). 

Average kilometres. Average kilometres  travelled were split  into outbound and 
inbound average kilometres. Ten regions were identified and data on 
passenger numbers travelling between Australia and the  destination  region 
were collated. The average  distance flown was calculated by multiplying  the 

1.0 I I I I l I I I 

1986  1987  1988  1989  1990  1991  1992  1993 
Year 

Sources BTCE estimates; BTCE (1994) Indicators Database. 

Figure 4.6 Actual  and  predicted  levels pf Austr$ian  resident  ,departures 
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TABLE 4.11 DERIVED FUEL INTENSITY SERIES FOR  THE INTERNATIONAL AIRLINE 
FLEET SERVICING AUSTRALIA 

Year 

1986 
1987 
1988 
1989 
1990 
1991 
I992 
1993 

11 36.4 
1200.1 
1357.3 
1567.0 
171  1.6 
1780.6 
1889.1 
2042.0 

59050.9 
65903.6 
73175.1 
85060.6 
90579.5 
96385.5 
99665.0 

11 1845.0 

2705.7 
2857.4 
3231.7 
3730.9 
4075.2 
4239.5 
4497.8 
4861.9 

0.046 
0.043 
0.044 
0.044 
0.045 
0.044 
0.045 
0.043 

Note 1. AFC refers to avtur  uplifted in Australia, SKM refers  to  total  seat-kilometres 
travelled,TFC is total fuel consumed by  aircraft  arriving  in  and  departing  from 
Australia,  and F1 is  the  derived  fuel  intensity  series  for  international  aircraft  travelling 
to and  from  Australia. 

Sources ABARE (pers. comm. 1994); BTCE (I 994a) Indicators  Database;  Apelbaurn (1 993, 
p. 113); DTC (1993b and  earlier); BTCE estimates. 

proportion of total  passengers to a particular  region by the  stage  distance, and 
summing over all regons. Appendix X (tables 7 and 8) details  the  calculation 
and results. 

The average number of kilometres  travelled by both inbound and outbound 
passengers  has been d e c b g .  Between 1979 and 1993 the average  distance 
travelled by inbound passengers fell by approximately 26 per  cent; for 
outbound passengers, by approximately 20 per  cent. Most of the  decline was 
between the  years  1979 and 1981.  Since  1981, however, the  average  distance 
travelled by inbound passengers has fallen by approximately 10 per  cent; and 
for outbound passengers  the average distance  travelled has fallen by 
approximately 2.5 per  cent. 

OUTPASS. The  number of  short-term  Australian  resident  departures  is a 
seasonally  adjusted series. In 1986, passenger departures totalled 
approximately  1.5 rnillion, increasing  to  approximately 2.3 d o n  in 1993 (an 
increase of 54 per cent). 

INPASS. The  number of short-term  foreign  passenger  arrivals in Australia 
grew from approximately  1.26 d o n  in 1986, to approximately 2.79 million in 
1993 (an increase of 120  per cent). 
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a. Alpha is an estimate  of  the number of  international  passengers who are 
short-term  travellers. Between 1978 and 1993  the  proportion  increased: in 
1978, 94 per  cent  of  visits were classified  as  short-term  (that  is,  for a period  of 
less than 12 months); in 1986, 97 per  cent; and in 1993, 98 per  cent  (derived 
from data  contained in BTCE 1988). A trend growth rate  is assumed for 
estimating  values of the  intervening  years. 

XGNE. Real  gross  national  expenditure is used as an income variable  for 
Australian  residents. As income levels  rise, more people will be able to afford 
to travel,  resulting in increased  Australian  departures. Between 1986 and 1993, 
RGNE rose by approximately 15 per  cent. 

Airfares. RIFARE is  the  aggregated  average  of  real economy and minimum 
airfares into Australia in Australian  dollars  (as in BTCE 1991b, p. 89). ROFARE 
is  the aggregated  average  of  real economy  and minimum airfares out of 
Australia  (as in BTCE 1991b, p. 89). Generally  airfares  into and out of 
Australia have been declining in real  terms. It is expected  that  as  real  airfares 
fall  the number of  passengers  travelling will increase. 

G7GDP. The G7 gross  domestic product is used as an overseas income 
variable. It is an index of  the  real  gross  domestic  product for the group of 
seven  major  industrial  countries of the OECD (Canada,  France, Germany, Italy, 
Japan, the  United Kingdom and the  United  States) (BTCE 1991b, p. 92). It 
increased by approximately 45 per  cent between 1978 and 1993. As overseas 
income levels  increase, it is expected  that  the number of  foreign  passengers 
travelling to Australia will also  increase. 

XTWI. The real  trade weighted  index of the  Australian  dollar  is  equal  to  the 
trade  weighted  index  multiplied by the  Australian consumer price  index (CPI) 
(using 1990 as a base  year)  divided by the OECD CPI. It is expected  that  as  the 
real  trade weighted  index  increases  (that is,  prices in Australia  increase 
relative  to  overseas)  there will be fewer  foreign  arrivals and  more Australian 
departures. 

Dummy variables. A number of d u m m y  variables have been used in the 
modelling  process. BIDUM is a dummy variable  used  for  the  Bicentennial 
celebration. It is equal to 1 for 1988Q1, Q2 and Q3, and equal to zero 
otherwise. CDUM is a d u m m y  variable  used  to  capture  the  increase in airfares 
to Fiji. It is equal to 0 prior to 199162, 0.2 in 199162  and 1 thereafter.  Seasonal 
dummy variables have also been included in the model for  foreign  arrivals  as 
the  series has not been adjusted for seasonality. D 1  is equal  to 1 in the  first 
quarter, D2 is equal  to 1 for all second  quarters, and D3 is equal to 1 for all 
third quarters. 
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Assumptions 

For the purposes  of  projecting  aviation  turbine  fuel  uplifted  in Australia by 
international  aviation  to the year 2015, it was necessary to make a number of 
assumptions  about  the  independent  variables.  Table  4.12 summarises the 
assumptions  used. 

Overseas income levels (G7GDP) were assumed to increase  by  2.8  per cent per 
annum from  1993 to 1997  and by 3 per  cent per annum (BIS  Shrapnel  1993, 
p. 22) thereafter to  the year 2015. The assumptions are higher than those 
assumed by the International  Civil  Aviation  Organisation (ICAO 1992,  p.  29) 
of  2.6  per  cent per annum.  However, the assumption is fairly conservative 
when compared to the Boeing  forecast  of  3.2 per cent  growth  per year ~mtil the 
year 2000  (Boeing  1994,  p.  2)  and  the  Airbus  Industrie  forecast  of  3.3 per cent 
growth per year unfd the year 2001 (ICAO 1992). 

Inward  and  outward real airfares were assumed to  decline  by 1 per  cent per 
year  to the year 2015.  Boeing  predicts  an annual deche of  approximately 1 
per cent until  the year 2001. ICAO (1992, p. 30) and  Airbus  Industrie estimate 
a 0.5 per  cent  per annm decline  in airfares. 'The BTR (1992,  p.  12)  assumes 
that airfares wdl decline by 2 per cent per annum to  the year 2001. 

The real trade  weighted  index ( R M )  was assumed to grow by  1.8  per cent 
per year until 1998, fall by 0.8  per  cent  per  year  to the year 2003, fall by 0.4 per 
cent  per year to the year 2008 (BIS Shrapnel  1993,  p. 54), and  remain  constant 
thereafter. 

Real Australian GNE was assumed to increase by  3.2 per cent  per year to 1998 
and  by  3.3  per cent per year thereafter (the 5ame assumption as used  for 
RGNF in the domestic  model). 

TABLE 4.12 INTERNATIONAL AVIATION: PROJECTION ASSUMPTIONS 
(per  cent change per annum) 

Variable 1993-1998  1999-2003 2004-2008 2009-2015 

Overseas  income (G7GDP) 
Real  inbound  airfares  (RIFARE) 
Real  outbound  airfares (ROFARE) 
Real  trade  weighted  index (RTWI) 
Real  gross  national  expenditure (RGNE) 
Short-term  proportion of travellers (a) 
Average  inbound  distance  (AVKMIN) 
Average  outbound  distance (AVKMOUT) 

+ 2.8 
-1 .o 
-1 .o 
+ 1.8 
+ 3.2 
0.0 
0.0 
0.0 

+ 3.0 
-1 .o 
-1 .o 
4.8 
+ 3.3 
0.0 
0.0 
0.0 

+ 3.0 
-1 .o 
-1 .o 
4.4 
+ 3.3 
0.0 
0.0 
0.0 

+ 3.0 
-1 .o 
-1 .o 
0.0 

+ 3.3 
0.0 
0.0 
0.0 

Sources BIS  Shrapnel  (1993, pp. 22, 54); BTCE estimates. 
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In  the  absence  of  alternative  information, the load  factor was assumed to 
increase to 0.8 by the year 2015. As this was an  arbitrary  assumption, the 
following  section  considers a number of scenarios,  including  changes  to the 
passenger  load factor assumption. 

The average number of kilometres travelled  by  an  international  passenger was 
assumed to remain constant at the  1993 level: approximately  6557  kilometres 
for foreign  arrivals  and  approximately  7080 kilometres for Australian  resident 
departures. 

It is assumed that long-term  and  permanent  movements will account for 2 per 
cent of total  international  passenger  numbers.  In  1993,  98 per cent  of total 
international  passengers  travelling  to  and  from  Australia were short-term 
travellers (derived  from  data  contained  in BTCE 1988). 

BTCE (1992)  calculated the likely improvements  to  international aircraft fleet 
fuel  efficiency for a number of scenarios. Likely improvements  depend  upon 
the rate at which the fleet is replaced. The BTCE (1992, p. 44) estimated 
improvements  in  fuel  efficiency  between  1988  and  2005 to be 28  per  cent if 
aircraft are replaced after 15 years; 17 per cent if replaced after 20 years; and  16 
per cent if replaced after 25 years. Using these figures  and  extending  them  to 
the year 2015, the improvements  in  fuel  efficiency  between  1993  and  2015 
would be 36 per cent for a fleet replaced after 15 years; 22 per cent after 20 
years; and  21 per cent after 25 years. Qantas (pers. comm. 1994)  suggests that a 
fuel  efficiency  improvement  of  40 per cent by the year 2015 is unlikely. It was 
therefore assumed that by  2015 the fuel  efficiency  of the aircraft fleet would 
improve  by  22 per cent. 

A base case projection of fuel  consumption  for  avtur  uplifted  in  Australia  can 
be  calculated  on the basis of these assumptions.  Appendix X, table  6, gives the 
projected  levels  of  each  of  the variables to the year 2014-15. 

Projection results and scenarios 

Using the BTCE model  and  the  assumptions made about the independent 
variables detailed  above,  avtur  consumption  by  international  aviation was 
projected to increase from 2042 megalitres in  1992-93 to 3510 megalitres in 
2004-05  and  to  5984  megalitres  in  2014-15.  Figure  4.7 graphs the projected 
levels of international  avtur  uplifted  in  Australia. 

Using the assumptions  in table 4.12,  foreign arrivals are projected to increase 
from  2.79  million  in  1992-93  to  7.45  million  in  2004-05  and  further  to  17.65 
million in 2014-15.  Similarly,  Australian  departures are projected to increase 
from  2.3  million  in  1992-93  to  3.83  million  in  2004-05  and  further to 6.2  million 
in  2014-15.  In seat-kilometres travelled, this adds  up to a overall increase  of 
approximately  276 per cent  between  1992-93  and  2014-15. 
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Figure 4.7 Actual and projected  levels of international  aviation turbine 

fuel uplifted in Australia 

TABLE 4.13 SCENARIOS FOR INTERNATIONAL AVIATION TURBINE FUEL UPLIFTED 
IN AUSTRALIA 

(megalitres) 

Load factorin  the year201415 
Fuel efficiency improvement 
by 2014- 15 (per  cent  over 
1992-93)  0.75  0.8  0.85 

15 
22 
30 
36 

6 956 
6 383 
5 728 
5 237 

6 521 
5 984 
5 370 
4 910 

6 137 
5 632 
5 054 
4 621 

Note I. Base  case  assumption is a load  factor of 0.8 and  a  fuel  efficiency  improvement  of 

Source BTCE estimates. 
22 per  cent. 

TABLE 4.14 SCENARIOS  FOR INTERNATIONAL SEAT-KILOMETRES  TRAVELLED TO 
AND FROM AUSTRALIA  (TSKM) 

(million  kilometres) 

Load factor  in  the year2014-15 
Decline in  airfares per annum 0.75 0. Ba 0.85 

0.5 per  cent 
1 .O per  cent 
1.3 per  cent 

423  794 
434  320 
440  801 

397  307 373  936 
407  175 383  224 
41 3 251 388  942 

Note l. Base  case  assumption is a load  factor of 0.8 and a decline in airfares by 1 per  cent. 
Source BTCE estimates. 
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Tables  4.13  and 4.14 demonstrate the effect of  changing the assumptions 
(about  fuel  efficiency  improvements,  load  factors  and airfares) on fuel 
consumption  and  seat-kilometres  travelled. As fuel efficiency  improves 
and/or the load  factor increases, fuel  consumption will fall. 

Projected emissions from international  aviation 

Projected  levels  of  greenhouse gas emissions  can  be  calculated  from  the 
projections  of  international  avtur  use. 

Fuel consumption  data were converted  from  megalitres consumed to 
megajoules  of  energy  consumed, by multiplying litres consumed by the 
relevant  energy  density  conversion  factor.  For  avtur, the energy  density is 36.8 
megajoules per litre (Bush et al. 1993  p.  52).  Megajoules  consumed were 
multiplied  by the relevant emissions  conversion  factor  (outlined  in table 4.2)  to 
obtain  emission levels for each of the greenhouse  gases. 

Carbon  dioxide  equivalent  emission  levels  for  international aircraft using  fuel 
uplifted  from  Australia are projected  to  increase  by a total  of  approximately 
193 per cent between  1992-93  and  2014-15.  Appendix X, table  9,  reports the 
projected  levels  of each of the greenhouse  gases  for each year up to  the year 
2014-15. 

Table 4.15  summarises  different  scenarios  and  their effects on  carbon  dioxide 
equivalent  emission  levels. 

Figure 4.8 graphs carbon  dioxide  equivalent  emission  levels  for  international 
aviation  fuel  uplifted  in  Australia. 

TABLE 4.15 SCENARIOS  FOR  CARBON DIOXIDE EQUIVALENT EMISSIONS FOR 
INTERNATIONAL AIRCRAFT UPLIFTING FUEL IN AUSTRALIA 

(gigagrams) 

Load factor  in  the  year 2014- 15 

Fuel  efficiency improvement 
by 2014-15 (per  cent  over 
1992-93) 0.75 0.8 0.85 

15 
22 
30 
36 

18 075 
16  586 
14  884 
13  608 

16 945 
15 550 
13 954 
12 759 

15 947 
14  635 
13  133 
12 008 

Note 1. Base case  assumption is a load  factor  of 0.8 and a fuel  efficiency improvement of 
22 per  cent. 

Source BTCE estimates. 
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Source BTCE estimates. 
Figure 4.8 Carbon  dioxide  equivalent  emission  levels  for  international 

aircraft  uplifting  fuel  in  Australia 

CONCLUSION 

The BTCE model specifications  are  fairly simple  yet  incorporate  the  major 
determinants  of  fuel  use by domestic and international  aviation. 

The BTCE projects that fuel consumption and thus  greenhouse  gas  emissions 
will increase  considerably by the  year  2014-15.  Figure 4.9 illustrates  the  actual 
and projected  levels of aviation  turbine  fuel consumption in  Australia. 

Aviation  turbine  fuel use is  projected  to  increase from a total of 3684 
megalitres  in  1992-93 to 4646 megalitres  in  1999-2000, 5878 megalitres  in  the 
year 2004-05 and 9419  megahtres  in  the  year  2014-15,  using  the BTCE model 
specification and assumptions. Bush et  al.  (1993 p. 152)  project  fuel  sales to be 
5173  megalitres  in  1999-2000 and 6401  megalitres  in  the  year 200445. The 
Australian  Institute  of Petroleum (AIP) forecasts  fuel  sales to be 4932 
megalitres in 1999-2000 (AIP 1992, p. 19). Figure 4.10 graphs  the  projections. 

Aviation  gasoline  use  has been projected  to  increase from 106  megalitres in 
1992-93  to  116  megalitres  in  the  year 2004-05 and to  increase  further  to 139 
megalitres  in  the  year  2014-15. 

The total  aviation  sector  is  projected  to  increase greenhouse  gas  emissions 
between 1993 and 2015 by approximately  l50  per  cent. 

It should be noted that it was necessary  to  derive a number of variables used 
in the  analysis (for example, fuel  intensity), due to lack of data. The values of 
these  variables may therefore not be  veq- accurate, and may be useful only as 
an indication  of how the  series  are changing over  time. 
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The BTCE models rely heavily on the assumptions made. Bush et al. (1993, pp. 
23, 63) assumed a higher  growth rate for  income  and  for  passenger  load 
factors  than  did the BTCE. Higher incomes  lead  to  increased demand for 
travel, resulting  in  higher  fuel  consumption.  Increased  load  factors  and larger 
aircraft, however, will partially  counteract the increase  in  fuel  consumption, 
because fewer aircraft will be  needed  to  undertake the task. Bush et al. (1993) 
do  not  explicitly  allow  for  improvements  in the fuel  efficiency  of the aircraft 
fleet (unlike the BTCE model).  Overall,  the BTCE model  projects  slightly less 
fuel  consumed  than  do  Bush et a1 (1993). 

The BTCE models are derived  for use in  long-term  projections  and  therefore 
do not  include all variables which may be  relevant  in  the  short-term.  For 
instance,  passengers  arriving  in the year 2000 for the Olympic Games will not 
be  included  in the models,  because  such  shocks are better  estimated  using 
short-term  or  medium-term  models,  and  then  adjusting the results  of the long- 
term projections. Due to the long-term  nature  of the projections, the BTCE 
models were derived  on  an  aggregated basis and  do  not  consider specific 
origin-destination pairs. For  example,  tourism  growth  to  and  from  Asian 
countries has not  been  modelled separately. For these reasons, the BTCE 
models  should  be  used  only  for  long-term  projections  and  on  an  aggregated 
level, rather than  for specific origin-destination pairs. 

6000 r 

0' 

projected - - -International - Domestic 

BTCE 

Year 
Sources ABARE (pers. comm. 1994); BTCE estimates. 

Figure 4.9 Aviation  turbine  fuel consumption in  Australia 
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CHAPTER 5 SHIPPING 

INTRODUCTION 

Shipping  has been an important mode of transport  throughout  Australia’s 
history. In the  nineteenth  century  sea  transport  offered  the  readiest means of 
transport for passengers and freight between coastal  cities.  Early  patterns of 
colonial  railway development did not reduce  the need for  sea  transport- 
railways  radiated  outwards  into  the  hinterland from coastal  cities,  rather than 
linking them. Until recent  times, when air  travel became an affordable mode 
of transport to many people,  the main means of entering or leaving  Australia 
was  by sea. 

Australia  produces and exports  large  quantities of bulk commodities  such as 
iron ore, alumina, coal and grain. Large  tonnages,  coupled with large 
distances to overseas  destinations,  allow economies of scale  that make 
shipping a cost-effective mode of freight  transport and suggest  that  shipping 
will continue to play- a role in the  A~str&;u~  transport  task  well into the 
future. 

A major issue in modelling  greenhouse  gas  emissions by international 
shipping is  the  attribution of bunker fuel  use among the  various  countries. 
According to  Intergovernmental  Panel on Climate Change (IPCC) ,@delines, 
the  attribution problem is still subject to debate. To ensure  that all fuel  use is 
accounted for,  the IPCC recommends that countries should record sqnrately the 
qzunztities offid trpZifted by internntionaZ ships (IPCC/OECD 1994, p. 1.11). In 
accordance with this recommendation,  the BTCE has  modelled  separately  fuel 
uplifted  in  Australia by international and coastal  shipping. 

INTERNATIONAL SHIPPING 

Fuel is more expensive  in  Australia than in  other  countries, and only a small 
proportion of the  fuel  required for the  international  shipping  task is  therefore 
uplifted  in  Australia  (about 15 per  cent). The approach  adopted by the BTCE 
in modelling  the uplift of bunker fuel in Australia  for  international shpping 
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involves two parts. A model of the total  international shipping task and 
consequent  total  fuel  use is the  basic  model.  Once  total  fuel use has been 
modelled, the fraction  of this total  fuel that is uplifted  in  Australia is 
estimated.  Both parts of the modelling  procedure are documented  below, 
starting with the model of the fraction  of  fuel  uplifted  in  Australia. 

Modelling the fraction  of  total  fuel  for  international  shipping  uplifted  in 
Australia 

The fraction  of the total  bunker fuel needed  for the ,international  shipping  task 
into  and  out  of Australia is dependent  on  what  might  be  termed the ’mix 
effect’. Non-bulk ships are more likely to  uplift  fuel  in Australia than are bulk 
ships. Large  bulk ships are generally company ships on  regular  runs  between 
specified  ports.  Refuelling is generally arranged at the least expensive  port 
(usually  overseas). Liner ships, on the other  hand,  have  more  changeable  port 
call schedules  and are therefore  obliged  to  refuel  in  Australia  more  often 
(because  of  port call logistics). If there is an increase in the proportion  of non- 
bulk  ships  undertaking  Australia’s  international  shipping  task, it is likely that 
the proportion  of  fuel  uplifted in Australia will increase. 

The operation  of the mix effect is heavily  influenced  by  changes  in Australia’s 
exchange rate. If the  value  of  the  Australian  dollar falls in  relation  to  other 
currencies,  imports  into  Australia  become  relatively  more  expensive,  leading 
to a fall in the level  of  non-bulk  imports  and  in the number of liner ships 
visiting  Australia. As a result, the proportion  of  fuel  uplifted  in Australia 
would  be  expected  to  decrease. 

Relative prices of  bunker  fuel do  not affect the proportion  of  fuel  uplifted  in 
Australia. Figure 5.1 shows that bunker prices (in US dollars) in Australia  and 
Singapore  follow each other  closely. 

The theoretically  relevant  exchange rate in the  operation  of  the mix effect  is an 
’import  weighted’  exchange rate. This is because  bulk  exports  (which 
comprise  around 95 per  cent  of  exports)  from  Australia are quite  often  under 
long-term  contract  and are relatively  unresponsive  to  short-term  changes in 
exchange rates. Therefore, a theoretical  model  should  link  the  fraction  of fuel 
uplifted  in  Australia with an  import  weighted  exchange rate. Because an 
exchange rate weighted  solely by import shares is not  readily  available, the 
modelling has been  done  using the US dollar  to  Australian  dollar  exchange 
rate  as a proxy. 

In the fuel  consumption  model  outlined  in  equation (l), the fraction  of  fuel 
uplifted  in Australia has  been  regressed  against the real exchange rate 
between  Australia  and the United States (quoted  in US dollars  per  Australian 
dollar). 
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250 r Australia 
Singapore 
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Date 
Note Australia  refers to the  scheduled  contract  price of ships'  bunkers in 

BTCE 

Fremantle.  Singapore  refers to the  scheduled  contract  price  of  ships' 
bunkers in Singapore.  All  prices  are  given in USSA. 

Source Petroleum  Press (1993 and  earlier  issues). 
Figure 5.1 Price of bunker  fuel  in  Australia and in Singapore 

(1) In(tc/tft) = -2.219 + 1.054 InXRATE 

where tc  is  the amount of fuel  uplifted i n  Atrstdia by international  ships 
(megalitres), tft is the  total  fuel  required  to undertake  the  international 
shipping  task to and from Australia  (megalitres) and XRATE is  the  real 
exchange rate between Australia and the  United  States (US dollars  per 
Australian  dollar). As expected,  the  positive  coefficient  for XRATE indicates 
that  as  the exchange rate  of  the  Australian  dollar  against  the US dollar  rises, so 
does  the  proportion of fuel  uplifted  in  Australia.  Because  the  equation  is 
estimated in double log form, the 1.054 coefficient on the exchange rate 
indicates  that a 10 per  cent  devaluation of the  Australian  dollar  against  the US 
dollar would lead to about a 10 per  cent fall in the proportion of  fuel  uplifted 
in Australia.  Detailed  diagnostics for the  equation  are  given  later in the 
chapter. 

Modelling total  fuel used in trade  to and from Australia 

To estimate  the model defined in equation (l), it was necessary- to calculate tft, 
the amount of fuel  required  to  complete  Australia's  international  shipping 
task.  Australia's  international  slupping  task was split  into  three  categories:  the 
inward freight  task,  fuel  task (in), the outward freight  task,  fuel  task (out), and 
the  passenger  task,  fuel  task  (pass). The  amount of fuel  required  to  complete 
each  category was calculated  as shown in equations (2) to (3), where F1 refers 
to fuel  intensity: 
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(2) fuel task(in) = average distance(in) X [ X non - bulk imports 
(litres) (km) (litres / tkm) (tonnes) 

+ FIdrybulkship X bulk imports ] 
(litres / t k m )  (tonnes) 

(3) fuel task(out) = average distance(out) X [ mner X non - bulk exports 
(litres) (km) (litres / tkm) (tonnes) 

+ Fhry bulkship X bulk exports ] 
(litres / tkm) (tonnes) 

(4) fuel task(pass) = average distance(pass) X Fkassenger ship X passengers 
(litre S) (km) (litres / t k m )  (tonnes) 

(5)  total  fuel  task = fuel task (in) + fuel task (out) + fuel  task (pass) 
(litres) (litres) (litres) (litres) 

In  order  to  use these identities in forecasting,  models  had  to  be  derived  for 
bulk  exports,  non-bulk  imports,  bulk  imports  and  non-bulk  exports.  Simple 
assumptions were used  to  project  the  passenger task, so no explanatory 
equations were required. 

Projection  models  for  bulk  and  non-bulk  freight  entering  and  leaving 
Australia were obtained  by  estimating the series of  regression  equations (6) to 
(9). All are estimated  using  annual  data  from  1982-83  to  1992-93. A summary 
of  the  regression  results  for all models is given  in  table  5.1. 

Tonnages  of  bulk  exports were re-estimated  using earlier BTCE (1992,  p.  18) 
work  and are described  by  equation (6): 

(6) bulk  exports = 11780.0479 + 1.0849 EXP 
Bulk  exports  (measured in thousand  tonnes) is explained  by EXP, the sum of 
six  major  bulk  exports:  iron,  coal,  alumina,  oil/petroleum  products,  grain  and 
sugar  (measured in thousand  tonnes). 

Non-bulk  imports were modelled  using  gross  national  expenditure  and 
capacity utilisation as the  explanatory variables. 

(7) In (non-bulk  imports) = 7.913 + 0.622 In SGNE85 + 0.006 CAPCON 

where non-bulk  imports is the level  of  non-bulk  imports in thousand  tonnes, 
SGNE85 is real Australian  seasonally  adjusted  gross  national  expenditure in 
1984-85  prices  and CAPCON is a capacity utilisation dummy for the 
Australian  economy. CAPCON is equal  to 1 when capacity  utilisation  in 
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TABLE 5.1 RESULTS OF THE INTERNATIONAL SHIPPING MODEL 

Independent 
Dependent variable  Diagnostics  variables  Coefficient 

In(tc/tft)  Adj. R2 = 0.988 
DH = -0.278 
Period: 1982-83 to 
1992-93 
CORC, Rho = 0.682 

bulk exports  Adj. R2 = 0.989 
DW = 1.633 
Period: 1982-83 to 
1992-93 
OLS 

In(non-bulk  imports)  Adj. R2 = 0.762 
DW = 1.8 
Period: 1982-83 to 
1992-93 
OLS 
Adj. R2 = 0.61 9 

Period: 1982-83 to 
DH = 1.553 

1992-93 
CORC, Rho = 0.355 

In(non-bulk  exports)  Adj. R2 = 0.692 
DW = 1.965 
Period: 1982-83 to 
1992  -93 
OLS 

bulk imports 

constant -2.21 9 
InXRATE 1.054 

constant 1 1780.047 
EXP 1.0849 

constant 7.913 
lnSGNE85 0.622 

CAPCON 0.006 

constant 9966.4 
IMP 1.7248 

constant -4.482 
InG7GDP 1.213 

InRTWl -0.390 

Standard 
error 

0.061 
0.030 

8222 
0.037 

2.515 
0.204 

0.002 

41  92.85 
0.667 

4.1  22 
0.300 

0.285 

Notes 1. Adj R2 refers  to  the  adjusted  R2. 
2. DW refers  to  the  Durbin-Watson  statistic  and DH refers  to  Durbin's h statistic. 
3. Period  refers  to  the  estimation  period.  All  models  were  estimated on the  basis  of 

4. OLS denotes  Ordinary  Least  Squares  estimation,  and  the CORC denotes 
annual  data. 

Cochrane-Orcutt  estimation  procedure. 
Source BTCE estimates. 

Australia  is 80 per  cent or above and is equal  to  zero  otherwise. A detailed 
description of CAPCON and capacity  utihsation  is  given in the  next  section. 

The regression  equation  for b d k  imports was constructed in a similar manner 
to  the bulk exports  equation. The tonnage of bulk imports is regressed on the 
sum of two major  bulk  imports:  fuel and chemicals  (measured in d o n s  of 
dollars). The  model is outlined in equation (8). 

(8) bulk imports = 9966.4 + 1.7248 l" 
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where bulk imports is  the  level of bulk  imports in 1000  tonnes and IMP is  the 
sum of the  values of the  tonnages of fuel and chemicals  imported (in millions 
of dollars). 

Non-bulk exports  are  considered to be determined by the income of the Group 
of Seven (G7) major OECD economies and the  real  trade  weighted  index  (an 
index of exchange rates between Australia and its major  trading  partners). 
G7GDP was chosen  because it is more readily  available  both  historically and 
for future  projections  than a trade  weighted measure of overseas income. 
Although G7GDP is  calculated from the  gross  domestic  products of seven 
countries, it is considered to be a measure of world GDP because, when GDP 
is high in the G7 countries, it is  also high in non-G7 countries  as a result of 
flow-on effects. For instance, when GDP is high in the G7 countries, more 
goods are demanded from non-G7 countries which then  increases  the GDP of 
non-G7 countries.  This  implies  that G7GDP is an appropriate measure for the 
income of Australia’s  trading  partners,  despite a significant portion of 
Australia’s  trade  being  undertaken with non-G7 countries. 

(9) ln(non-bulk  exports) = 4.482 + 1.213 In G7GDP -0.390 In RTWI 

where non-bulk exports is  the  level of non-bulk  exports  (thousand  tonnes), 
G7GDP is an index of real  gross  domestic  product in the G7 countries and 
RTWI is  Australia’s  real  trade weighted  index. 

Passenger numbers  were taken from Australian  Bureau of Statistics  data (ABS 
1993c and earlier  issues) and converted into tonnes on the assumption that one 
passenger and their luggage weigh about 90 kilograms (Apelbaum, 1993, p. 
184). 

The average  distance  variables  used in equations (2) to (4) represent  the  length 
of a typical voyage in any given  year,  Historical  values for the  average 
distances for inward and outward freight were calculated by weighting a 
series of representative  distances by the  freight  tonnages to or from eight 
regions  as shown in equations  (10) and (11). For the  passenger  task,  average 
distances were weighted by passenger numbers and regions  that  differ  slightly 
from those  used for the  freight  task. The average  distance for the  passenger 
task was calculated by equation (12). These identities were then used in 
projecting changes in regional  shares in Australia’s  international  sea  traffic. 

(10) average  distance  (out) = c tonnes of freight  to  region a X distance  to  region a 

total  tonnes  of  freight  from  Australia 
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(1 1) average  distance  (in) = c tonnes  of  freight  from  region a X distance to region a 
a 

total  tonnes  of  freight  to  Australia 

(12) average  distance  (pass) = Cpassengers to / from  region a X distance  to  region a 

total  passengers  from l to  Australia 

Fuel  intensity  variables have been split  into  the  categories of bulk ships,  liner 
ships and passenger shps. 

Using data on deadweight  tonnage (DMT), speed,  fuel consumption and 
voyage of  reported dry cargo trip charters (Drewry Shipping  Consultants  1993 
and earlier  issues), an average annual fuel  intensity (measured in 
megajoules/tonne-kilometre) for bulk ships  calling into Australia was 
calculated. 

Figure 5.2 compares the  fuel  intensity  time  series with several  alternative  fuel 
intensity  figures for international  shipping. The Fleet  Average was calculated 
from a fuel consumption figure  estimated by the BTCE (1992, p. 71). It 
represents an average  fuel consumption for  the  entire (bulk and non-bulk) 
Australian  flagged  international  fleet. Apelbaum’s figures  are for the  fuel 
intensity of ships  undertaking  Austraha’s shpping task. 

Fuel intensities were calculated  using hvo ddferent methods. The first method 
used fuel consumption figures in conjunction with mformation about  the 
ship’s speed and DWT. ‘This method was used to calculate  the Drewry’s fuel 
intensity  time  series and the 1990 Australian  flagged  fleet  average  fuel 
intensity (BTCE 1992, p. 71). The second method derived  fuel  intensities from 

U_ 

Y 
- g 0.06 - 
3 
0 .- 5 0.03 - = 0 1 , , 1 1 1 1 1 1 1 / , 1 , 1 1 1 1  

BTCE 0 

1974  1976  1978  1980  1982  1984  1986  1988  1990  1992 
Year 

Sources Drewry  Shipping  Consultants  (1993 and earlier issues); 
BTCE  (1992: p. 71); Apelbaurn (1993: p. 119). 

Figure 5.2 Fuel  intensities  in  international  shipping 

Drewry’s 
Bulk Ships 
Drewry’s 
Backhaul 50% 
Apelbaum 
Fleet Average 

Fleet Average 
(BTCE  1992) 
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estimates of  fuel  uplifted in Australia  and  overseas  and the Australian 
shipping task (as in Apelbaum  1993, p. 119). 

As figure  5.2  illustrates, there is a significant difference in the results  obtained 
from each method. The apparent  discrepancy is a result  of  the  backhauling 
problem where ships may be  forced  to  travel empty for part of  the  voyage. 
This problem is prevalent  in the bulk  shipping  industry where bulk  goods are 
transported  overseas  and the ships return  empty. In calculating the fuel 
intensity  from  fuel  consumption  figures, it was assumed that ships carried 
freight equal  to  90 per cent  of their DWT. If a ship travels with freight at 90 per 
cent  of DWT for half the journey  and  empty  for the rest of the journey, the 
average  quantity of freight carried on the voyage is equivalent  to  45 per cent 
of DWT. In  figure  5.2, Backhaul = 50% has been  constructed  using the Drewry’s 
Bulk Ships series on the assumption that 50 per cent  of ships entering 
Australia  experience a backhaul  problem  and  arrive  empty. As the Backhaul = 
50% series (figure  5.2)  indicates, if it is assumed that 50 per cent of  bulk  ships 
experience  backhauling  problems,  then the fuel  intensity time series almost 
coincides  with  Apelbaum’s  (1993,  p. 119) findings.  This  suggests  that  the 
Drewry’s (1993  and earlier issues)  data  under  the  assumption  of 50 per cent 
backhaul  provide  an  acceptable time series to  use  to  represent the fuel 
intensity  of  bulk  ships. 

Very little data are available on the fuel  intensity  of  liner ships. BTCE (1992, p. 
71) calculated the average  fuel  consumption per day, DWT and  speed  for the 
1990  Australian  flagged  international  liner  ship fleet. A time series for liner 
ships was constructed  by  applying the percentage  changes  in  fuel efficiencies 
from the Drewry’s bulk ships time series (under the assumption  of  50  per  cent 
backhaul)  to the 1990 fuel  intensity  for  Australian  flagged  international  liner 
ships. For  instance,  from  1990  to 1991 there was a 4.1 per cent improvement  in 
the fuel efficiency of  dry  bulk  ships.  In  constructing the fuel  intensity time 
series for  liner  ships, it was therefore  assumed that between  1990  and  1991, 
there was also a 4.1 per cent  decline in fuel  intensity.  In the absence  of  further 
data, this was considered  to  be a plausible  assumption as it captures the long- 
term trend  towards less fuel  intense ships, and  reductions  in the fuel intensity 
of  liner  ships are likely to  be  of a similar magnitude  to  those  for  bulk  ships. 

It was assumed that  the fuel  intensity  of  passenger ships remained  constant 
from  1983  to  1993. This assumption was adopted  because  of a lack of  data  on 
the fuel  intensity  of  passenger  ships  and, as the  passenger task is small in 
comparison  to  the freight task, the  inaccuracies will be  negligible. 

Applying the time series for  fuel  intensities,  freight  tasks, passenger task  and 
distances  to  equations (2) to (4), the fuel tasks were calculated. These were 
then  substituted  into  equation  (5)  to  construct a time series for the total 
amount of fuel required to  complete  Australia’s  international shipping task. 
From the calculation  of the total  fuel  task  and  using  data on exchange rates 
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and the  fuel  uplifted in Austraha,  the model defined in equation (1) was 
estimated to calculate  the  proportion  of  fuel  uphfted in Australia. 

The relationship between the  estimated and actual  values of (tc/tft) from 1983 
to 1993 is shown in figure 5.3. The correlation of the two values is close, with 
an adjusted R2 of 0.988. 

Variables used 

There are a number of variables  included in equations (1) to (9) whose 
inclusion, for various  reasons, may not be readily  apparent. 

G7GDP. G7GDP is an index of  the  gross  domestic  products of the Group of 
Seven major  industrialised  countries  (the  United  States, Canada, the  United 
Kmgdom, Germany Italy  France and Japan). G7GDP is included in the model 
for non-bulk  exports to capture  the  effect  of  overseas economic activity on the 
level of non-bulk exports. As G7GDP rises,  the economies of the G7 countries 
are assumed to require  increased amounts of raw materials.  Australian non- 
bulk commodity exports  should  increase  as a result. The coefficient of G7GDP 
can be expected to be positive  as a result. 

XTWI. The real  trade weighted  index is  calculated  as: 

(13) RTWI = TWI X (CPI/G7CPI) 

where RTWI is  Australia's  real  trade weighted  index, TWI is  Australia's  trade 
weighted  index, CPI is  Australia's consumer price  index and G7CPI is the 
average of the consumer price  indexes in the G7 countries. RTWI is included 
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Note (tc/tft)  is  the  proportion of fuel  required to complete  Australia's  international 

shipping  task  that is uplifted in Australia. 
Source BTCE estimates. 

Figure 5.3 Actual  and  estimated  proportion  of  fuel  uplifted  in  Australia 
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to  capture the effect of  exchange rates on the  level  of  non-bulk  exports. When 
the RTWI falls, Australian  exports  become  cheaper  overseas  and demand 
increases. RTWI can  therefore  be  expected  to  have a negative  coefficient  in  the 
non-bulk  exports  model. 

SGNE85. Seasonally  adjusted  gross  national  expenditure,  measured  in  1984-85 
prices, is a measure  of the level  of  spending  in Australia. When SGNE85 rises, 
Australians are spending  more  and hence demanding  more  goods. The 
demand for  imports will rise as a result  of the increased demand in the 
Australian  economy. The coefficient on non-bulk  imports is therefore  expected 
to be positive. 

CAPCON. CAPCON is a dummy included  to  capture the effect of the 
Australian  economy  reaching a capacity constraint  in the quantity  of  non-bulk 
imports.  Without  including CAPCON in  the  non-bulk  imports  model,  there 
are periods when the  model  would  underpredict the level  of  non-bulk 
imports. CAPCON is based  on  Australian Chamber of Commerce and 
Industry (ACCI) and Westpac Banking  Corporation (WBC) data  on capacity 
utilisation (ACCI/WBC, 1994  and earlier issues).  Capacity  utilisation is a 
survey-based  measure in which  the  number  of  manufacturers  operating  below 
normal capacity is subtracted  from the number of  manufacturers  working 
above  normal capacity. In theory, when levels  of capacity utilisation are high, 
the economy faces difficulties  in  meeting demand,  and  imports rise as a result. 
During the periods  in which the non-bulk  imports model was 
underpredicting, it was observed that levels  of  capacity  utilisation were in 
excess  of 80 per cent. It was therefore  reasonable  to assume that when capacity 
utilisation  reaches  80 per cent, the  economy  finds it difficult  to meet demand. 
This finding  led  to CAPCON being assigned a value  of 1 when capacity 
utilisation  in  Australia is 80 per cent  or  above  and a value  of  zero when 
capacity  utilisation is below 80 per  cent. 

Assumptions 

The projection  of  total  fuel  uplifted  in  Australia  by  international ships was 
calculated  in three stages. First, projections  of  the  explanatory  variables in 
equations  (6)  to (9) were substituted  into the equations  used  to  project  future 
tonnages  of  bulk  and  non-bulk  exports  and  imports.  Second, the projections  of 
bulk  and  non-bulk  exports  and  imports,  along  with  projections  of  average 
distance,  fuel intensity and  passengers, were substituted  into  equations (2) to 
(5) to  obtain a projection  for the total  fuel  task.  Third,  by  rearranging  equation 
(1) and  substituting  in  projections  of the total  fuel task and  Australian-United 
States exchange rate, a projection  of the total  fuel  uplifted  in  Australia  by 
international  ships was estimated. 
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For some variables,  projections are not  obtained  through  modelling,  and 
assumptions were made regarding  their  future  behaviour. The following is a 
list of these variables  and  the  relevant  assumptions. 

EXP. EXP is the su m  of the tonnages of six major  bulk  exports. The EXP 
projection was calculated  from  projections of the six major  bulk  exports. The 
projections  of  the  bulk  exports  for  1994 to 1999 were taken from ABARE 
(1993a). From  2000  to  2015, the ABARE trend is continued.  The  bulk  exports 
projections are summarised  in  more  detail  below. 

Iron  ore: 

Coal: 

Alumina: 

Oil/petroleum: 

Coarse grain: 

19941999, ABARE (1993a, p. 525)  projections  for  exports 
of  iron  ore. 
2000-2015, an increase of 2 200  thousand tonnes per year 
(continuation of ABARE trend). 

1994-1999, ABARF, (1993a,  p.  509)  projection for exports 
of coal. 
2000-2015,  an increase of 5 560  thousand  tonnes  per year 
(continuation of ABARE trend). 

1994-1999, ABARE (1993a,  p.  520)  projection  for  exports 
of alumha. 
2000-2015, an increase of  154  thousand  tonnes per year 
(continuation  of ABARE trend). 

199G1999, ABARE (1993a,  p.  515)  projections for exports 
of  crude  oil, LPG, petroleum  products  and  liquefied 
natural  gas (LNG). 
2000-2015, a decrease of 2.16  thousand tonnes per year. 
This is derived by taking the ABARE trend from 
1996-1999. There is a sigruficant increase in the  exports 
behveen  1994  and  1995 as growth in LNG exports will 
outweigh the reduction in exports of other  forms of oil 
and petroleum. In 1996, LNG processing  plants will be 
operating at capacity  and  exports will fall as the  level  of 
crude  exports falls. 

(comprised of the  export  tonnages of oats, wheat  and 
barley) 
1994-1999, ABARE (1993a, p. 484)  projects Australia’s 
production  of  wheat. To obtain a projection  of  export 
tonnages, it is necessary to make an assumption 
regarding  the  proportion of Australia’s  total  production 
which is exported. As the  proportion  varies sigruficantly 
from year to year, an average of the last 10 years was 
calculated using the  level of wheat exports (ABARE 
1993b,  p.  93): a proportion of 0.798. The ABARE 

107 



BTCE Report 88 

Sugar: 

projections  for  oats  and  barley  exports are included with 
sorghum, triticale and maize. Past data are available on 
the tonnages  of each of these grains  exported (ABARE 
1993b,  p.  106-109). By taking a 10-year average  for  each 
grain’s share of the total  of  coarse  grain  exports  and 
applying it to the projection  of  grain  exports, a projection 
of  oats  and  barley  exports was derived. 
2000-2015,  an  increase  of  372.63  thousand  tonnes per 
year. (1994-1999  trend  continued). 

1994-1999, ABARE (1993a,  p.  492)  projection  for  exports 
of  sugar. 
2000-2015,  an  increase  of 122.4 thousand  tonnes  per year 
(continuation  of ABARE trend). 

SGNE85. According  to  BIS  Shrapnel  (1993, p. 138),  seasonally  adjusted  gross 
national  expenditure  in  1984-85 prices can be  assumed  to  increase  by  3.2 per 
cent per year to  1998  and  3.3 per cent per year from  1999  to  2008.  Beyond  2008, 
SGNE85 is assumed to  increase  by  3.3 per cent per  year. 

CAPCON. Capacity utilisation will exceed  80 per cent  only  in  periods  of 
exceptional demand.  Because it is difficult  to make long-term  predictions  of 
when periods  of  exceptional demand will occur, it was assumed that the 
economy  would  not reach its capacity constraint.  Capacity  utilisation was 
therefore  assumed  to  remain  below  80  per  cent  from  1993  to  2015  and  hence 
CAPCON will be  equal  to  zero  over the entire  projection  period. 

IMP. IMP is the sum of the two  major  bulk  imports:  fuel  and chemicals. The 
quantities  of  fuel  and  chemicals  imported  between  1983  and  1992  both exhibit 
upward  trends. As there are no  projections  available  for the quantities  of  fuel 
and chemicals imported, the 1983  to  1992  trends were assumed to  continue  to 
2015.  Imports  of  fuels were assumed to grow  by  $196  million per year and 
imports  of  Chemicals were assumed to grow  by  $378  million per year. 

G7GDP. G7GDP was assumed to grow  by  2.8 per cent per year from  1993  to 
1997  and by 3 per  cent  per year from  1998  to  2015  (BIS  Shrapnel,  1993,  p.  22). 

RTWI. The real trade  weighted  index (RTWI) was assumed to  increase  by  1.8 
per  cent per year from  1994  to  1998,  decrease by 0.8 per cent  per year from 
1999  to  2003,  decrease by 0.4  per  cent  per year from  2004 to 2008 
(BIS-Shrapnel,  1993, p. 54)  and  not  change  from  2009  to  2015. 

Average distance. The average  distance  in  and  out  of  Australia  also  changes 
over time as Australian  markets  change,  and  thus a projection  of  average 
distance is required. These projections were formulated  in three  stages. Firstly, 
the past  growth rates for the four  categories  of  bulk  and  non-bulk  exports  and 
imports were estimated.  Secondly, these rates were applied  to the 1992 
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tonnages to obtain an estimate  for  the  tonnages to and from each  region for 
the  years  1993-2015. ThirdlJi the sum of these  estimates were scaled  to  equate 
the  year 2015 tonnages to the  regression  tonnages. The  scahg factor was then 
applied to the  remainder of the projections. The rates  at which the  tonnages  to 
and from Australia  are  expected to grow are  listed  in  table 5.2. 

Fuel intensity. Between 1974 and 1992,  the  fuel  intensities for bulk and liner 
ships  decreased on average by 1.02  per  cent  per  year.  Fuel  intensities for bulk 
and liner  ships  are assumed to decrease b~7 1.02 per  cent  per  year until 2015. 
The fuel  intensity  of a passenger shp was previously assumed to remain 
constant from 1983 to  1993. Ths assumption rvas extended to 2015 because  the 
passenger  task  represents a small  proportion of overall  shipping and thus any 
inaccuracies will be negligible. 

Passenger numbers. The passenger  task  has remained relatively  stable  over  the 
past  seven  years  and,  consequently,  the  average  distance and the  passenger 
numbers are assumed to remain constant. 

XRATE. There  are no published  long-term  projections  for  the  exchange  rate 
between Australia and the  United  States. If the  relativities between the US 
dollar and other  currencies  are  maintained,  then  the  Australian dollar-US 
dollar exchange rate wdl behave in a s d a r  manner to  the  Australian  real 

TABLE 5.2 PROJECTED  EXPORT  AND  IMPORT GROWTH RATES  BY  REGION, 
1993-201 5 

(per  cent  per  year) 

Region 
Bulk Bulk Non-bulk Non-bulk 

exports imports exports imports 

Europe 1.2 Oa 1.7 
East  Asia 2.3 2.4 3.8 
North  America 1.4 3.4 1.4 
South  America 2.0 3.9 2.0 
Africa 0.4 0.8 0.4 
Other  Asia 2.8b 3.0  1.5 
Local 1 .l 0.8 1.5 

0.5 
2.2 
1.2 
2.2 
0.5 
2.9 
1.2 

a. Bulk imports  from  Europe  are  assumed to remain  constant  at 1 million  tonnes. 
b. The growth  rates  for bulk exports  to  Other  Asia  are 4.4 per  cent  per  year  from  1993  to 

1997, 3.1  per  cent  per  year  from 1998 to 2002 and 2.2 per  cent  per  year  from  2003 to 
201 5. 

Notes 1. East  Asia  is  comprised of China,  Hong  Kong,  Macau,  Philippines,  Taiwan,  Japan 
Democratic  People’s  Republic  of  Korea,  Republic of Korea,  Mongolia  and  the 
eastern  ports  of USSR. 

2. Local  is New Zealand,  Papua New Guinea  and  the  Pacific  Islands. 
Source BTCE estimates. 
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trade  weighted  index.  Given the long-term  nature  of the projections, the BTCE 
therefore  assumes that changes  in XRATE will follow RTWI movements 
(increase  by 1.8 per  cent per year from 1994 to 1998, decrease  by 0.8 per cent 
per year from 1999 to 2003, decrease  by 0.4 per cent  from 2004 to 2008 and  not 
change  from 2009 to 2015). 

Fuel  consumption  and  emission  projections 

As figure 5.4 shows, the total amount of  fuel  uplifted  in Australia by 
international ships is expected  to  remain relatively constant.  Over the 
projection  period, the average growth rate is 0.7 per cent per year. 

To  convert  fuel  consumption  to  greenhouse gas emissions, the total  fuel 
consumption has to be divided  into the different types of  fuel.  Three types of 
fuel are used  in  international  shipping:  industrial  diesel  fuel (IDF), automotive 
diesel  oil (ADO) and fuel oil (FO). The proportions of each fuel type have 
remained  relatively  constant  over time. In  addition, ABARE (S. Bush, pers. 
comm. 2 March 1994), which  projects the uplift  of  ships'  bunkers  by  fuel type 
to 1999, predicts that the proportions will remain  relatively  constant. The 
projections  for the amount of fuel uplifted  in Australia by international ships 
is therefore  divided  into the three fuel types based  on  the 1993 shares of 6.2 
per cent IDF, 13.5 per cent ADO and 80.3 per cent FO. The fuel  consumption 
figures were converted  to  greenhouse gas emissions  by  multiplying  by the 
conversion  factors  in  table 5.3. 

Using the proportions  of ADO, IDF and F0 given  in  the  previous  paragraph, 
greenhouse  gas  emissions are projected  to  increase  slightly  between 1994 and 
2015. The carbon  dioxide  equivalent  increase  between 1994 and 2015 is, on 
average, 0.7 per cent per year (figure 5.5). The projections  for  carbon  dioxide 
equivalent  emissions  (and the individual  greenhouse  gases) are listed  in 
appendix XI, table XI.4. 
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Sources ABARE (S. Bush  pers. comm. 2 March 1994); BTCE estimates. 
Figure 5.4 Total fuel uplifted  in  Australia by international  ships 
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TABLE 5.3 EMISSION FACTORS  FOR  INTERNATIONAL  SHIPPING 
WMJ) 

Fuel 
Gas Autornofive  diesel oil Industrial  diesel  fuel  Fuel  oil 

CH4 0.005 0.005 0.003 
NZ0 0.002 0.002 0.002 
NO, 1.520 1.520 1.520 
CO 0.475  0.475  0.475 
NMVOCs 0.1 05 0.1 50 0.1 05 
c02 69.700 70.200  73.300 

Appendix V. 
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Source BTCE estimates. 

Figure 5.5 Carbon  dioxide  equivalent  emissions  from fuel uplifted in 
Australia by international  ships 

COASTAL SHIPPING 

Modelling fuel consumption 

The proportion  of  Australian  transport  fuel consumed by coastal shipping is 
relatively small in comparison to  other modes (in particular  road  transport). 
Consequently, few attempts have  been made to develop models of fuel 
consumption for  coastal shipping. The Australian Bureau of Agricultural and 
Resource Economics (ABARE) produces a series of estimates  for  the uplift of 
bunkers by coastal ships to 2004-05. These estimates  are based on the 
assumption that consumption will increase by 1.6 per cent per year (Bush et  al. 
1993a, p. 31). 
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The BTCE developed a model to  provide  long-term  projections  of  greenhouse 
emissions  from  coastal  shipping. 

The amount of  fuel consumed in  coastal  shipping is calculated  in the BTCE 
model  by: 

(14) FU = coastal task X average  distance X fuel  intensity 

(MJ) (tonnes) (km) (MJ/tkm) 

where FU is the quantity  of  fuel  uplifted as coastal  bunkers,  coastal task is 
tonnes  of  coastal  freight  shipped  and the fuel  intensity refers to the coastal 
fleet. By obtaining  projections  for the coastal  task,  average  distance  and  fuel 
intensity, it is therefore  possible  to estimate future  fuel  consumption. 

The coastal task is comprised  of  both freight and  passenger tasks. The freight 
task was divided  into  two  components:  bulk  and  non-bulk. Each component 
was modelled separately. 

Bulk freight was modelled with the sum of  seven  major  bulk  commodities 
(bauxite/alumina,  petroleum  products,  petroleum  oil,  sugar,  iron  ore, 
coal/coke  and  fertiliserslminerals) as the explanatory  variable, as outlined  in 
equation  (15). 

(15)  In CBLK = 1.284 + 0.886  In CCOM 
(0.332)  (0.0318) 

Estimation  method:  Cochrane-Orcutt, Rho = 0.778 
Adjusted R? 0.990 
Durbin’s h: 0.877 
standard  errors are given  in  parentheses, 

where CBLK is the  tonnage  of  coastal  bulk  freight  and CCOM is the sum of 
the tonnages  of  seven  major  bulk  commodities. 

As the results  show, CCOM explains  99 per cent  of the variation  in CBLK. 
Figure  5.6 illustrates the  closeness  of  the fit. The positive  coefficient  on CCOM 
indicates  that, as the tonnages  of the seven  major  bulk  exports  increase, so 
does the total  bulk  tonnage. 

Non-bulk  freight is a relatively small proportion  of the total freight carried  by 
coastal ships. In  1993, it comprised  8.3 per cent  of  total  coastal freight. This 
figure  remained relatively stable  during the period  1983-1993.  Since  1983,  non- 
bulk  freight  has  been  growing  on  average  by  14.28  thousand  tonnes  per year. 
Given that non-bulk freight is only a small section  of the market, is growing 
slowly  and there is a lack of  suitable  data  for  modelling  purposes, a model for 
non-bulk  freight was not  constructed. 
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Note Actual  bulk  coastal  freight  refers to the  tonnages of bulk  freight  carried 
by coastal  ships  between  1983  and  1993.  Fitted  bulk  coastal  freight  refers 
to the  tonnages of bulk  freight  calculated  from  equation  (15)  and  the  actual 
tonnages  of  bauxiteialumina;  petroleum  products,  petroleum  oil?  sugar,  iron 
ore,  coakoke  and  fertilisersiminerals  between  1983  and  1993. 

Sources DTC (1 993c  and  earlier  editions); BTCE estimates. 
Figure 5.6 Actual and fitted  bulk  coastal  freight 

In  1990-91,  coastal  shipping  undertook a freight task of 93.7  billion  tonne- 
kilometres  and,  allowing  for the average weight of passengers  and  luggage, a 
passenger  task  of  53 d o n  tonne-kilometres  (Apelbaum  1993, pp. 50,  52). 
Passengers  therefore  represent  approximately 0.06 per cent of the total tonne- 
kilometres  undertaken  by  coastal  shpping. S d a r  statistics for 1985  and  1988 
yield  percentages  of  0.08  and 0.06 respectively (Apelbaum 1993,  pp.  50,  52). 
Given that the  passenger  task is very small in  comparison  to  the  freight  task, 
and its share  of  the total task  has  not  changed  signhcantly  over time, it is not 
taken  into  account in the  modelling  of  the  coastal  shpping  task. 

In  contrast to international  shipping, it is unlikely  that  slups  performing the 
coastal  task  would refuel in  another  country. Therefore it can  be  assumed  that 
the ABARE figure for the  total  fuel  uplifted  in Australia by coastal ships is 
equal to  the amount of fuel  consumed. If cabotage is removed,  however,  more 
fuel for the  coastal  shipping  task is likely to be  uplifted  overseas  and a model 
similar to  the  international  shipping  model may have  to  be  employed. By 
rearranging  equation (14), the fuel intensity may be  calculated  by  dividing fuel 
consumption  by  the coastal freight  task.  Using  the ABARE data  for  total fuel 
uplifted  in Australia by coastal  ships  and  the coastal freight  task  from 
Cosgrove  and  Gargett  (1992,  p.  236), a time series of  the  fuel  intensity  for  the 
coastal fleet (figure 5.7) was constructed. 

Fuel intensity may be calculated  in two lvays. The first is to convert  the 
amount of fuel used  per  day  into  lMJ/tonne-km  based  upon  the  speed  and 
DWT of the  ship.  The  second is to calculate the  fuel  intensity  from  aggregate 
fuel consumption  data.  In figure 3.7, the Calculated Fleet Average  and 

113 



BTCE Report 88 

c 
0 

2 0.2 
‘g 0.1 

- 
- 
3 
0 - D 

I ’ BTCE 

1974  1976  1978  1980  1982  1984  1986  1988  1990  1992 
Year 

Fleet  Average 
(BTCE 1992) 
Apelbaum  Fleet 
Average 
Cargo  Ships 
(BTCE 1992) 
Tankers 
(BTCE 1992) 
Bulk  Ships 
(BTCE 1992) 

Sources BTCE (1992, pp. 4, 54); Apelbaum (1993, p. 110); - Calculated  Fleet 
BTCE estimates.  Average 

Figure 5.7 Coastal  shipping  fuel  intensities 

Apelbaum Fleet Average are derived  from  aggregate data, with the remainder 
converted  from the amount of fuel  used per day. This difference may be 
attributed  to the high  degree  of  backhauling, where ships  undertake  voyages 
without  carrying  cargo.  Ignoring any differences  due  to  backhauling, the 
calculated fleet average time series follows a similar trend  to  those  converted 
from  fuel  consumption rates. In addition, the Calculated Fleet Average Time 
Series is roughly the same as the Apelbaum Fleet Average. Hence the 
Calculated Fleet Average is taken  to  be  an  accurate  representation  of the fuel 
intensity  of Australia’s coastal fleet and is used  in the fuel  consumption  model 
for  coastal  shipping. 

Assumptions 

Bulk coastal freight 

To  project the level  of  bulk  coastal freight activity, a series of projections of the 
tonnages  of the seven  major  bulk  exports are required.  With the exception  of 
the tonnage  of  fertilisers/minerals, the projections  for  tonnages  shipped were 
calculated  from  equation (16). 

(16) tonnage  shipped = proportion  shipped X tonnage  produced 

(tonnes)  (tonnes) 

where tonnage  shipped is the tonnage  of  each  commodity  carried  on  coastal 
ships, tonnage  produced is the tonnage  of each commodity  produced, and 
proportion slupped is the proportion  of  total  production which is carried on 
coastal  ships. 
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TABLE 5.4 ASSUMPTIONS  FOR  PROPORTIONS  OF  PRODUCTION  SHIPPED BY 
COASTAL SHIPS 

Commodity Assumption 

bauxite/alumina 
petroleum  products 
petroleum oil 
sugar 
iron  ore 
coallcoke 

increase  by 1.29 per  cent  per  year 
decrease  by 1.31 per  cent  per  year 
decrease  by 5.75 per  cent  per  year 
decrease  by 3.13 per  cent  per  year 
decrease  by 3.39 per  cent  per  year 
decrease  by 4.00 per  cent  per  year 

Source BTCE estimates. 

The  proportion  shipped is calculated  from lustorical data on tonnages shipped 
(DTC 1993c  and earlier issues) and  tonnages  produced (ABARE 1993b). 
Because there have  been  distinct  trends in the proportions  of  commodities 
transported  by  coastal ships between  1983  and  1993, it is reasonable  to assume 
that these trends will continue. The projections  of the proportion  shipped are 
given in table  5.4. 

The  projections for tonnages  produced are calculated in two stages. The first 
stage,  from  1994  to  1999,  shows ABARE projections  for  tonnages  produced 
and the second  stage,  from  2000  to  2015,  shows a continuation of the ABARE 
trends. The projections  for  the  individual  commodities are listed  below. 

Bauxite/Alumina:  1994-1999, ABARE (1993a,  p.  520)  projections  for 
production  of  bauxite  and alumina. 
2000-2015, increase of 2.4 per cent per year (ABARE 
trend  continued). 

Petroleum  products:  1994-1999, ABARE (1993a, p. 515)  projections  for  refinery 
production,  other  production  and  imports  of  petroleum 
products in gigalitres. To convert  the  petroleum  products 
projection  into  tonnes, a single  value  for the speclfic 
volume is required. ABARE (1993b,  p.  259)  divides 
petroleum  products into its separate  components.  Using 
this data, a weighted  average  of the specific  volumes was 
obtained  for each year from  1983 to 1993. An average 
was taken  and  used as the speclfic volume for  petroleum 
products. 
2000-2015, increase of  1.5  per  cent  per year (ABARE 
trend  continued). 
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Petroleum  oil: 1994-1999, ABARE (1993a, p. 515) projections  for  crude 
oil and  condensate  production  and  imports. As these 
projections were also  given  in  gigalitres, a specific 
volume was calculated  using  the same method  used  to 
calculate the specific volume for  petroleum  products. 
2000-2015, increase  of 0.7 per cent per year (ABARE 
trend  continued). 

Sugar: 

Iron  ore: 

Coal/coke: 

1994-1999, ABARE (1993a, p. 492) projections  for the 
production  of sugar. 
2000-2015, increase  by 3.4 per  cent per year (ABARE 
trend  continued). 

1994-1999, ABARE (1993a, p. 525) projections  for  the 
production  of  iron  ore. 
2000-2015, increase  by 1.8 per  cent  per year (ABARE 
trend  continued). 

1994-1999, ABARE (1993a, p. 509) projections  for the 
production  of  black  coal. Brown coal  projections are 
made by  continuing  the  historical  trend  of brown coal 
production  from 1973 to 1993  (3.9 per cent  per year). 
2000-2015, black  coal increases by 3.6 per  cent per year 
(ABARE trend  continued). Brown coal increases by 3.9 
per cent per year (historical  trend  continued). 

The projections  for  the  tonnages  of each commodity  produced  and the 
proportion  of  production  which is transported  by  ship were substituted  into 
equation (16) to  calculate the projections  of the tonnages of each commodity 
transported  by  ship. 

The  category  of  fertilisers/minerals  covers a wide  variety  of materials. As data 
are not  available  for the production  of many different  types  of fertilisers and 
minerals, a projection  for the amount shipped was made based on the 
tonnages  shipped  between 1983 and 1993 (DTC 1993c and earlier issues). As a 
result the amount of  fertilisers/minerals  shipped was assumed to  increase at 
the rate of 3.6 per  cent  per  year. 

The projections  for the tonnages  of  each  of  the  seven  commodities were 
summed and  substituted  into  equation (15) to  project the tonnage  of  bulk 
freight  transported  by  coastal  ships  from 1994 to 2015. 

There has been a noticeable downward trend in fuel  intensities  from 1987 
(figure 5.7). This  can  be  attributed  to  the  changeover  to new vessels  under  the 
Ships Capital Grants  Scheme  between 1986 and 1993. Under  the  Ships Capital 
Grants Scheme, financial assistance was given  to  Australian  shipowners  to 
modernise their ships  through either the purchase  of  newer, more 
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technologically advanced shps or the  modification  of  older  ships. In the 
coastal  fleet,  this has  led to substantial improvements in the  fleet  fuel  intensity 
and  means that most of the  current  fleet will serve  into  the  next  century. As a 
result,  fuel  intensity can  be assumed to remain constant from n o w  until 1999. 
From 2000 to 2015,  the  fuel  intensity  is assumed to decrease by 1.7 per  cent  per 
year,  derived from the  coastal  fleet  fuel  intensity  trend  over  the  last 10 years. 

In Cosgrove and Gargett  (1992, pp. 234, 236), the  coastal  shipping  task  is 
expressed in both  tonne-kilometres and tonnes.  These statistics have been 
calculated by multiplying  port-to-port  tonnages by port-to-port  distances 
(DTC 1993c and earlier  issues). Between 1971 and 1992,  the  average  distance 
shipped  has  remained relatively  constant, with an average  figure  of  2168 k m .  
For projections it is assuned that  the  average  distance  for  coastal  shipping will 
remain constant  at  2168 k m .  

Fuel  consumption  and  emissions 

By substituting  the  projections for the  freight  task,  fuel  intensity and average 
distance  into  equation  (14), a projection  for  the amount of fuel consumed in 
coastal  shipping  is  calculated. The results  are  illustrated in figure 3.8. 

Coastal  shipping  uses GOUT main types of fuel:  automotive  diesel oil, industrial 
diesel  fuel,  fuel oil and black  coal. ABARE (S. Bush, pers. comm. 2 March 1994) 
predicts  that  the amount of fuel consumed as a proportion of the  total  fuel 
consumed will remain relatively  constant and thus it is reasonable to 
proportion  the total fuel consumed based on 1992  proportions. 

Assuming that  the  proportions of fuels do not change over  time, it is  possible 
to apportion  fuel consumption into automotive diesel oil, industrial  diesel 
fuel,  fuel oil and black cod and convert  into  greenhouse  emissions  using  the 
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Figure 5.8 Fuel  consumption in coastal shipping 
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conversion  rates in table 5.5. The  amounts of each  fuel  type and the  calculated 
emission  levels  are  given in appendix XI, tables XI.5 and XI.6 respectively. 

Carbon dioxide  equivalent  emissions from coastal  shipping  are  projected  to 
fall from 1763 Gg in 1992-93 to 1707 Gg in 2014-15. This  reduction can be 
attributed' to increasing  fuel  efficiencies  coupled with a constant  shipping  task. 
Figure 5.9 illustrates  the  reduction in carbon  dioxide  equivalent  emissions, 
while  the  projections  for  all greenhouse gases  are  given in appendix XI, 
table XI.6. 

TABLE 5.5 EMISSION FACTORS  FOR  COASTAL SHIPPING 
WMJ) 

Fuel 
Gas Automotive  diesel oil  Industrial  diesel  fuel  Fuel  oil  Black  coal 

0.005 
0.002 
1.52 
0.475 
0.105 
69.7 

0.005 0.003 0.002 
0.002 0.002 0.001 
1.52 2.00 0.31 
0.475 0.044 0.088 
0.1  50 0.063 0.0 
70.2 73.3 90.0 

Source Appendix V. 
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Figure 5.9 Carbon  dioxide  equivalent  emissions  from  coastal  shipping 
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CONCLUSION 

As figure  5.10 shows, the  level  of  carbon  dioxide  equivalent  emissions from 
the  total  Australian shpping task  is  projected to increase  at  the  rate of 0.36 per 
cent  per  year, from 3972 Gg in 1992-93 to 4298 Gg in 201P15. 

W e  both  the  international and coastal shpping models are  considered to be 
structurally sound, a lack of suitable  data on the  fuel  intensity of ships meant 
that a number of assumptions had to be made. If alternative assumptions  are 
made, then  the  results will change. In the  international  shipping model,  data 
on fuel consumption per day speed and DWT were converted  into MJ/tkm. 
To make the  conversion,  assumptions were made regarding  the proportion of 
the DWT dedicated to carrying  freight and the  extent of backhadmg. In the 
coastal  shipping model, a fleet  average  fuel  intensity  series was used despite 
the  fuel  intensity of a bulk  ship  being  different from the  fuel  intensity of a non- 
bulk  ship. While the use of assumptions will introduce  errors into the  results, 
every  attempt has been made to choose assumptions which minimise 
inaccuracies and produce plausible  estimates of greenhouse  gas  emissions 
from shipping. 

The International  Maritime  Organisation (MO) is  in  the  process of drafting 
new regulations to reduce  the  levels of NO, emissions  in  both  international 
and coastal  shipping.  Their findings are  scheduled  for  completion  in  1995 
(ANMA, N. Chambers, pers. comm. 31 M a y  1994). 

NO, emissions can be reduced bp engine  design  modlfications and control of 
the  combustion  process. While these  modifications will reduce  emissions of 
NO,, they  also  increase  the amount of fuel consumed  and hence other 
greenhouse  gas  emissions (Polar Design Research Ltd 1993, pp. 4245). The 
emissions  projections  are  based on the  assumption that conversion  factors 
remain constant  over  time. If the IMO regulations  are implemented, the 
emission  factors for NO, (table 5.5) would fall in the future. While  such 
measures may reduce  the  levels of NO, emissions,  possible  increases  in  fuel 
consumption rates  could  lead to increases in the CO, emission  levels. 

The MO’s new regulations are scheduled to be released  in  1995. Until then, 
there  are a number of uncertainties which preclude  incorporation of the 
regulations into the  projection  assumptions. These include  the methods 
required to reduce  the  gases,  the  emissions  target and whether  the  regulations 
will apply to the  current  fleet  as  well  as new ships. As the  shipping  sector has 
a relatively small  share of Australian  transport  fuel consumption, any 
discrepancies in the  emissions  projections  as a result of the n e w  IMO 
regulations will be minor in comparison to the  emissions from the  entire 
Australian  transport  task. 
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Figure 5.10 Carbon  dioxide  equivalent  emissions  from  international 
and coastal  shipping 
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CHAPTER 6 EMISSIONS FROM  THE  TRANSPORT SYSTEM 

Estimates  of  emissions from the  transport  sector  provided in ths Report  are 
generally  those  resulting  directly from the combustion of fuel within transport 
engines:  so-called  energy  ‘end-use’. 

For  modelling  purposes and for malung projections  of  transport  energy  use, 
end-use figures  are  appropriate  because  source  data  are  generally  available 
only in end-use  terms. However, the  environmental  impacts of a transport 
activity  are  often  better  assessed by considering  the  broader  range of energy 
use  associated with the  activity,  including both direct and indirect  effects 
related  to vehcle use. h the  transport  sector, a layered  approach is  possible. If 
end-use emissions from fuel used are augmented by the  energy used to 
extract,  process and distribute  the  fuel  to  the  end-user, an estimate can be 
obtained of so-calledfidlfirel  cycle  emission  levels. It is  particularly important 
to use full fuel  cycle  estimates when comparing petrol-driven  road  vehcles 
with transport modes such as electric  cars or trains.  Electric motors  themselves 
emit practically no greenhouse or noxious  gases, but electricity  generated in a 
power station  that  uses  fossil  fuel would do so. 

Analysis  of  energy  use is also possible  at a broader  level than full fuel  cycle 
emissions. If the  energy  used to manufacture  cars is included,  for  example, 
then life  cycle energy  usage may be estimated.  Life  cycle  energy usage may be 
more relevant than full  fuel  cycle comparisons if, for example, it requires more 
energy to produce an aluminium car than to produce a steel one, and their 
end-use  energy  usages  are  equivalent. From a greenhouse point of  view, one 
car may be preferable to the  other. 

System cycle  analysis  takes  into  account even more indirect  effects, such as the 
energy  used in building,  maintaining and operating  transport  mfrastructure. It 
could include  energy  used  in (and hence  emissions  related  to)  production of 
steel  rails,  sealing road  surfaces, and operating  traffic  lights  or  railway 
signalhg equipment. 

Which level of analysis  is  best depends on the  objective and framework of the 
analysis. Data availabhty may also be problem as  the  scope of the  analysis  is 
extended from strict end-use. The analysis in this  chapter is intended to 
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provide a wider  perspective  on the total  greenhouse  emissions  produced  by 
the transport  sector. The following  results are very  approximate,  and are 
presented as only  indicative estimates of the emissions  generated by indirect 
effects associated with transport  activities. 

FULL FUEL CYCLE 

Full  fuel cycle (FFC) emissions are those  resulting  from  energy  used  solely  for 
vehicle  propulsion  (end-use)  and  from the delivery  of that energy  to the end- 
user. 

Emissions  from the fuel  extraction  process  (orfeedstock recovery) are mostly  due 
to the fuel used in the recovery  process,  but  also  include  emissions  from leaks 
during  natural  gas  extraction,  methane  released  from  coal mines, and  gas 
flaring in oilfields. OECD/IEA (1991, p. 48) estimates imply that CO, 
equivalent  emissions  from  gas  venting  and  flaring  on  oilfields are of the order 
of  1.5 per cent  of  end-use  emissions  from  petroleum. Electricity generation  in 
Australia relies on substantial inputs of  coal,  and  methane  vented  from  coal 
mines  contributes  in the order  of 6 Gg of CO, equivalent  emissions  per 
megajoule  of electricity end-use  (based  on  Wilkenfeld  1991, p. 77). 

Emissions  from fuel production are primarily CO, (from  energy  consumed  in 
the fuel  conversion  processes). Some non-CO, gases are also  released, 
including NMVOCs and CH, leaked  from  petroleum refineries and CO and 
NO, emitted  from electric power  stations.  Based  on NGGIC emission  factors 
(1994a, pp.  12,23)  and  emission  data  for  Melbourne  refineries  (Carnovale et~al. 
1991,  p.  105), non-CO, emissions  account  for  around 3 per cent  of  total CO, 
equivalent  emissions  from  power  stations  and 8 per cent  from refineries. 

Various  Australian  studies  have  adopted FFC analysis.  Apelbaum  (1993,  p.  75) 
presents  average  full  fuel cycle conversion  factors  relating  to  the  production  of 
petroleum  products  (leaded  and  unleaded  petrol,  diesel  and LPG). The  factors 
allow  for fuel extraction,  feedstock  transportation, refinery fuel use and 
refinery product  transportation  (but  losses  due  to  refuelling at service  stations 
were not taken into  account).  For  1990-91 the full  fuel cycle factor was 
calculated  to be 1.082  (meaning that end-use  fuel  consumption  should be 
increased by  8.2 per cent  to  give an estimate of  full  fuel cycle energy 
consumed).  For  1975-76 the full  fuel cycle factor was estimated as 1.097. 
Wilkenfeld  (1991, p. 63)  estimated  that  end-use CO, emissions  of  petroleum 
fuels should be increased by 9.2 per cent, for 1989, to  allow  for refinery energy 
use. 

The Department  of  Minerals  and  Energy (DME 1990)  undertook a study  of 
emissions  resulting  from  motor  vehicles  in New South Wales. In  terms  of 
carbon  dioxide  equivalents,  emissions  from the fuel supply (fuel  recovery, 
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production and distribution) were estimated  as  equivalent  to  16.6  per  cent of 
the  emissions due to vehicle  operation  (that  is, end-use emissions). 

The BTE (1980)  undertook a detailed  study  into  the  level of indirect  (that  is, 
apart from end-use)  fuel consumption in all modes of transport for the  year 
1975-76. It was estimated that approximately  101 PJ of energy were  consumed 
in the  refining,  manufacture and delivery of fuel in 1975-76. End-use fuel 
consumption for  the total transport  sector in 1975-76 was 715 PJ (Bush et  al. 
1993, p. 112). Full fuel  cycle consumption for 1975-76 would therefore have 
been 14 per  cent  greater than end-use fuel  consumption. 

Various BTCE studies and ABARE data on energy consumption by refineries 
(Bush et  al.  1993, p. 103)  yield an approximate  difference between FFC and 
end-use  energy consumption (and therefore CO, emissions) of 11.4  per  cent  for 
petroleum fuels. Because CO, emissions  account for around 85 per  cent  of CO, 
equivalent  emissions from energy  end-use  in  the  transport  sector,  refineries 
increase CO, equivalent  emissions from petroleum fuels by around 9.7 
per  cent. 

The distribution component of FFC includes energy losses from the 
transmission of electricity,  fugitive emissions from pipelines and tankers, 
energy  used to compress or liquefy  gaseous  fuels, and spillages at petrol 
stations. 

Sources  of  evaporative  fuel  losses  at  service  stations  include  refuelling motor 
velucles,  the  filling of underground tanks, and underground t a n k  breathmg 
(Carnovale et al. 1991, p. 80). Based on NGGIC (1994b, pp. 11, 23) data on 
emissions from fuel  supply,  fugitive  releases of NMYOCs and CH, from 
service  stations and fuel  dstribution  account for around 0.4 per  cent  as much 
CO, equivalent  emissions  as  vehicle  end-use. 

Combining the above factors  gives an estimated  difference between FFC and 
end-use CO, equivalent  emissions  of  12.4  per  cent for petroleum fuels; 
comprising  1.5 for venting and flaring, 0.8 for  refinery non-CO, emissions, 9.7 
for refinery CO, emissions and 0.4 for  evaporative  fuel  losses. 

Electricity  is used by many railways for the movement of urban passengers 
(and some government freight). On an end-use basis,  electricity does  not  emit 
greenhouse  gases. However, the  generation  of  electricity  does.  Emission  levels 
wdl depend upon the  primary fuel used  (mostly  coal and natural  gas), and the 
efficiency with which electricity  is  generated from the primary fuel  (which 
varies from State to State). Derived from figures  contained in Apelbaum (1993, 
p. 155), for every petajoule (PJ) of energy consumed  by electric trains and 
trams,  approximately 3 PJ of primar). energy  are  required to generate  the 
electricity needed.  Using data  provided by Armour and Jordan (1992, p. 7), 
NGGIC (1994a) and the  Victorian  Public  Transport  Corporation  (pers. corn. 
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October 1994), the BTCE estimates that 273 grams of CO, are emitted per 
megajoule  of  end-use electricity consumed.  Chapter 3 (dealing with rail 
projections)  details the calculation. 

Allowing  for  methane  leaks  from  coal  mining  and non-CO, emissions  from 
power  stations,  results  in  an  estimated FFC emission rate of  287 grams of CO, 
equivalent  emissions per megajoule  of electricity end-use  by railways. 

Table  6.1  details  end-use  and  full  fuel cycle fuel  consumption  levels  for  major 
classes of transport modes for the year 1992-93. 

LIFE CYCLE AND SYSTEMS CYCLE 

Life cycle emissions are those  associated with vehicle energy  consumption  and 
the energy  used  to  manufacture  vehicles.  Included are end-use  (or  tailpipe) 
emissions,  fuel  supply  emissions (part of  full  fuel cycle emissions),  and the 
manufacture,  maintenance, repair and  disposal  of  vehicles.  Inclusion  of  energy 
used  in  the  construction,  maintenance  and  repair  of  transport  infrastructure 
provides estimates of system-wide emissions. 

The difference  between  end-use  and  full  fuel cycle has been  calculated  above. 
This section  deals  briefly with the additional  emissions due to  vehicle 
manufacture,  maintenance,  repair  and  disposal (life cycle), and  furthermore 
the provision  of  transport  infrastructure (systems cycle). 

In the Department  of  Minerals  and  Energy (DME 1990)  study  of  emissions 
resulting  from  motor  vehicles  in New South Wales, carbon  dioxide  equivalent 
emissions  from  vehicle  manufacture  and  disposal were found  to  contribute 
2.11  million  tonnes (DME 1990,  p. ii): an extra 12.6  per  cent  add-on  to  end-use 
emissions. The OECD/IEA (1991, p. 48) have estimated that by the year 2005 

TABLE 6.1 END-USE AND FULL FUEL  CYCLE  FUEL  CONSUMPTION FOR 
AUSTRALIAN DOMESTIC  TRANSPORT, 1992-93 

PJ) 

Sector End-use Full fuel  cycle 

Air  transport 
Road  transport 
Rail  transport 
Marine  transport 
Total  domestic  civil  transporta 

55.9 
815.9 
28.8 
32.5 
933.1 

62.3 
908.9 
42.6 
36.2 

1050.0 

a.  Excludes  pipeline  transport. 
Sources Bush et  al. (1993); BTCE estimates. 
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vehicle  manufacturing will add  on  approximately 14.4 per  cent  to  end-use 
carbon  dioxide  equivalent  emission  levels  for gasohe vehicles in North 
America. Neither the DME (1990) nor OECD/IEA (1991) studies consider all 
components  related  to  transport life cycles. 

The BTE (1980)  study  into  the  level  of indirect fuel  consumption  in all modes 
of  transport  for the year 1975-76 was more detailed. It estimated that, in 
1975-76,  approximately  12.8 PJ of  primary  energy were used in vehicle 
construction  and  assembly  and for all repair to vehicles  other  than  the  motor 
car; 52.3 PJ were used  for  the  extraction  and  processing of materials for vehicle 
components;  37.6 PJ were used for vehcle  maintenance  and  motor car repair; 
and  19 PJ were used for the  construction  and  maintenance  of  transport 
infrastructure. End-use fuel consumption for the  total  transport  sector in 
1975-76 was 715 PJ (Bush et al. 1993, p. 112). An addition to end-use fuel 
consumption  of  approximately 17 per cent is therefore  required to take 
account of life cycle and system cycle effects not  included in the full fuel cycle. 

The BTE (1980)  study  split  the  energy  consumed  by each transport  associated 
task by  mode.  Table  6.2  details  the split and  the  calculated  add-on  for each 
mode in  1975-76.  For  illustrative  purposes,  and in the absence  of  more recent 
information, it is assumed  that  the  factors  would  not  have  changed  between 
1975-76  and  1992-93. 

To adjust  total  transport  end-use energy consumption to system cycle energy 
consumption, the end-use  data  should  therefore  be  increased by 
approximately  30 per cent (that is, the s u m  of  the full fuel cycle effect of  about 
13 per cent  and  the  extra  add-on of 17 per cent for  the life and systems cycles). 
To derive separate estimates for the  transport modes, the  factors  contained in 
table 6.2 can be  used  in  conjunction  with  the full fuel cycle factors given in the 
previous  section. 

Note  that  the  use of recycled materials has not been taken account of  in the 
BTE (1980)  calculation  of the energy required  for  the  production  of materials 
used in vehicle manufacture.  However, w i t h  the  exception of aluminium, the 
energy requirements  for manufacturing products  from  recycled materials are 
of the same order as those  for  manufacturing  from raw materials. Since 
aluminium  generally  accounts for only a small proportion  of  vehicle mass, 
allowing for the  use of recycled materials in vehicle  manufacture  would  not 
sigruficantly alter the results obtained (in table 6.2). Assuming that recychg 
reduced the energy for  production  of  input material by  30  per cent would 
change  the  total  add-on of 17 per cent to 15  per cent. 

Table  6.3  details  end-use  and system cycle fuel consumption  levels for all 
modes of transport  for the year 1992-93. 
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Table 6.4 details the  carbon  dioxide  equivalent  emissions  for 1992-93 resulting 
from end-use  fuel  consumption,  full  fuel cycle fuel  consumption  and system 
cycle fuel  consumption.  System cycle emissions for Australian domestic 
transport total around 97 million  tonnes of CO, equivalents  for 1992-93. 

TABLE 6.2 APPROXIMATE  ENERGY  CONSUMED  BY INDUSTRIES SERVING 
TRANSPORT, 1975-76 

PJ) 

Infrastructure End-use Per  cent 
Production Maintenance construction fuel add-on 

Construction of input & repair & con- to 
Mode L? assemblp material  (vehicles) maintenance sumption end-use 

Motor  vehicles 8.5  43.3  37.6  14.8  515.50  20 

Ships & boats 1.3  2.3 n.a. 1.0  96.80 5 

Locomotive & rolling 
stock 1.6  3.5 n.a. 2.4  29.90  25 

Aircraft 1.3  2.9 n.a. 0.7  71.50 7 

Other  transport 
equipment 0.1 0.3 n.a. n.a. 1.30  35 

Total 12.8 52.3 37.6 18.9 715.00  17 

n.a.  not  available  (see a below) 
a.  Includes  energy  used in repair  to  all  vehicles  except  motor  vehicles. 
Sources Bush  et  al. (1993, p. 112); BTE (1980, pp. 118-126); BTCE estimates. 

TABLE 6.3 END-USE  AND  SYSTEM  CYCLE  FUEL  CONSUMPTION  FOR AUSTRALIAN 
DOMESTIC  TRANSPORT, 1992-93 

PJ) 
~ 

Sector End-use  System cycle 

Air  transport 
Road  transport 
Rail  transport 
Marine  transport 

55.9 
81  5.9 
28.9 
32.5 

66.1 
1074.0 
49.9 
37.7 

Total  domestic  civil  transporta 933.1  1227.7 

a.  Excludes  pipeline  transport. 
Sources Bush  et  al. (1993); BTCE estimates. 
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TABLE 6.4 CARBON DIOXIDE EQUIVALENT EMISSIONS FOR END-USE,  FULL FUEL 
CYCLE  AND  SYSTEM  CYCLE  FOR AUSTRALIAN TRANSPORT, 1992-93 

( W  

Sector End-use Full fuel  cycle System cycle 

Air  transport 
Road  transport 
Rail  transport 
Marine  transport 

4002 
63795 
I974 
31  25 

Total  domestic  civil  transport3 72896 

4498  4771 
71 706  8461 2 
3855  4345 
351 3 3660 
83571  97388 

a.  Excludes  pipeline  transport 
Source BTCE estimates. 
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CHAPTER 7 CONCLUSION 

The National Greenhouse Response Strategy  (endorsed by all Australian 
governments in  1992) aims to reduce  greenhouse  gas  emissions in Australia  to 
below 1988 levels w i t h  a decade. The BTCE has been commissioned to 
estimate  the  costs of potential abatement  measures in  the A~~tralian transport 
sector. 

In order to evaluate  abatement  measures, it is necessary to establish a 'base 
case'  projection of greenhouse  gas  emissions to provide a reference  point  into 
the  future.  Estimates can then be made of the  effect and cost  associated with 
each  measure. This study  provides  the first  step by providing  base  case 
projections. 

Because  the  atmospheric  effects  of  greenhouse  gas  emissions  pose  long-term 
problems,  long-term  abatement  measures need to be considered,  as  well  as 
more immediate policies.  Equally,  the  longer-term  effects of short-term 
policies need to be assessed. The BTCE chose  therefore  to  analyse  measures 
and emissions to the  year  2015. 

Long-term projections  require  relatively  simple models that  represent  the 
major  forces  that  cause  emissions to grow over  time. Models for road (cars and 
trucks), rail, sea and air transport have been presented in the body of this 
Report.  Their  structure  has  deliberately been made very  simple, so as to 
promote an intuitive understanding of the  results  achieved. Each model 
reflects  forces  that  affect  sectoral  activity,  fuel  intensity and emission  intensity 
(mass of CO, equivalent  emissions  per unit of fuel  consumed). 

Future  passenger  car  travel is hkely to be iniluenced by a marked slowing  in 
the  projected growth in the number of cars  per  person,  along with slower 
population  growth. N e w  car  fuel and emission  intensities  are  likely to be 
reduced by the  scheduled  implementation of automobile  industry  product 
plans. As old cars  are  replaced,  the  average  fuel  intensity of the  fleet  tends to 
decrease. The net  result of these  forces  is a projected decline in  greenhouse 
emissions from the  Austrahan  car fleet over the next two decades. 
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Emissions  from  trucks,  on  the  other  hand, are likely  to  continue  to grow  quite 
strongly, in line with expected  growth in the  Australian  economy.  Expected 
growth  in freight activity  over the next two decades is of the order  of 4 per 
cent per annum: a doubling time of  about 18 years. The limited potential  for 
reductions  in the fuel  intensities  of  truck engines restricts the scope  for 
achieving  reductions  in  emissions  through the introduction  of new vehicles. 
Emissions  from  trucks are projected  to be one  of  the  two  fastest-growing 
emission  categories  in the transport  sector  to the year 2015. 

The other  fast-growing area is likely to  be air transport. BTCE projections 
suggest  that  annual  growth in greenhouse  emissions  for  domestic  aviation is 
likely  to be around 3 per cent. Some decline in fuel  intensities is possible  over 
the  period  to 2015, but the low  densities  of many of  the  domestic  routes 
somewhat limits the potential  effectiveness  of  measures  such as encouraging 
increased aircraft size. International  aviation  (to  and  from  Australia) is 
expected  to  grow  more  strongly with annual growth  in  greenhouse  emissions 
around 5 per cent. 

Rail and  shipping are unlikely  to be major  contributors  to  growth in 
emissions, partly because  of their smaller size and  partly due to  lower 
expected  growth  in  activity. 

Due care needs  to  be taken in  interpreting the results  of  long-term  models 
such as those  used  by the BTCE in this Report.  Long-term  models will not 
necessarily  predict  variables such as fuel  usage  accurately  for each year. The 
value  of  such  models lies more in  providing estimates of the order  of 
magnitude  of  changes  over time. For  example,  additional air travel  generated 
by the year 2000 Olympic Games is not  specifically  allowed  for in the 
projections. Such perturbations are better  estimated  using specifically 
designed  short-  or  medium-term  models,  and  then  adjusting the ‘base case’ 
results  of  long-term  projections  accordingly. 

A summary of base case projections  of  greenhouse gas emissions  from 
Australian  domestic  transport  can  be seen in figure 7.1. Emissions  from cars 
(the largest source  of  emissions  in the early 1990s) decline  over  the  period  to 
2015. On the other  hand,  emissions  from  trucking  and  domestic air transport 
grow  rapidly so that by about 2015 each is a major  source  of  emissions. Rail 
and sea transport  remain  minor  contributors.  Emissions  generated  from  fuel 
uplifted  in Australia by  international ships and aircraft are not  included  in 
figure 7.1, but are provided  in  figure 7.2. Data on  emissions  from  bunker  fuel 
supplied  to  international craft are reported  separately in table 7.1, as 
recommended  by IPCC guidelines (IPCC/OECD, 1994 p. 1.11). 

On the basis  of these results,  future work  on  greenhouse gas abatement  to  be 
conducted  by the BTCE will focus on cars,  trucks and aircraft-although the 
rail and sea sectors will not  be  ignored. It is the BTCE’s aim over the course  of 
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the coming year to idenhfy a least-cost  set  of abatement  measures in the 
transport  sector. 

It is  essential to note  that a least-cost  set  of measures in the  transport  sector 
may not necessarily  offer  the most efficient,  least-cost  set of options for 
Australian governments to meet the  targets  established in the  National 
Greenhouse Response Strategy. Comparable information on the  costs of 
reducing  greenhouse  emissions in other  sectors  (such  as  agriculture,  forestry 
or energy  transformation) would be required  before  governments were in a 
position to pursue a least-cost approach from a national  perspective. In the 
absence of cost mformation for other  sectors, it should therefore not be 
assumed that  introducing  measures to reduce  greenhouse  gas  emissions from 
the  transport  sector will necessarily be the  best  option  for  Australia. 
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Figure 7.1 Projections  of  carbon  dioxide  equivalent  emissions  from 
Australian  domestic  transport 
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Figure 7.2 Projections  of  carbon  dioxide  equivalent  emissions  from  fuel 

Emission  estimates  are  based on fuel uplifted  from  Australia. 

uplifted  in  Australia  by  international  transport 
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TABLE 7.1 PROJECTIONS OF GREENHOUSE  GAS EMISSIONS FROM  AUSTRALIAN  TRANSPORT  ENERGY  END-USE, 2014-15 W N 
W 
Y R 

Emissions (Gg) R 
Sector CO2 NO, CH4 NMVOC CO NZ0 CO, Per  cent change in CO, 2 

equivalent equivalent  emissions 5 
(I 992-93 to 20 14- 15) 00 

Total  transport 100881.4 628.9 22.8 314.1 1806.6 5.7 1 12620 
Domestic 83833.4 51  5.9 22.6 31  2.8 1792.0 5.2  94479 
International 17048.0 113.0 0.2 1.3 14.6 0.5  18141 

Road transport 71517.3 397.0 21.9 304.2 1657.2 4.8  80880 
Passenger  cars 341  92.0 112.3 6.1 110.6 412.0 3.7  37734 
Trucks 35702.8 271.5 15.0 181.5 1200.1 1 .l 41  243 
Buses 1402.5 12.8 0.6 3.1 12.1 0.0 1568 
Motorcycles 220.0 0.4 0.2 9.0 33.0 0.0 334 

Air  transporta 23691 .l 91.3 0.5 4.5  125.7 0.7 2481 7 
Domestic 8760.8 34.0 0.4 3.6  114.7 0.3  9267 
International 14930.3 57.3  0.1 0.9  11.0 0.4  15550 

41 
31 
141 

27 
-1 0 
103 
18 
0 

150 
100 
193 

Rail  transport 21  34.5  52.3  0.2  3.8  17.8  0.1  2626  31 

Marine  transporta 3538.5 88.3  0.2 1.6  5.9 0.1  4298 
Coastalb 1420.8 32.6  0.1 1.2  2.3 0.0 1707 
International 21  17.7 55.7  0.1 0.4  3.6 0.1  2591 

8 
-3 
17 

a.  Includes  military  transport  fuel  use. 
b. Does not  include  small  craft  (such  as  pleasure  boats  or  fishing  vessels). 
Notes 1. Since  figures  are  for  energy  end-use,  rail  does  not  include  emissions  resulting  from  the  generation  of  electricity  for  trains  and  trams. 

2. International  refers  to  emissions  from  bunker  fuel  uplifted in Australia  by  international  transport. 
Source BTCE estimates 



APPENDIX I THE PHYSICAL AND CHEMICAL ASPECTS OF 
TRANSPORT RELATED AIR POLLUTANTS 

The primary air  pollutants  generated by transport  activities  are carbon  dioxide 
(CO,), carbon monoxide (CO), nitrous  oxide  (N20),  other  nitrogen  oxides 
(NO,), methane (CH4), non-methane volatile  organic compounds (NMVOCs), 
sulphur oxides (SO,), chlorofluorocarbons  (CFCs),  lead, photochemical 
oxidants  (primarily  ozone, 03), particulate  matter  (including smoke) and 
traces of a range of toxic compounds (such as benzene and cadmium). 
NMVOCs consist primarily- of non-methane hydrocarbons (-CS), with a 
small  proportion of other  organic  substances such as  aldehydes. Most 
substances  in  transport  emissions  exhibit  signrficant  interactions and a variety 
of environmental  impacts,  both  greenhouse and non-greenhouse. 

The occurrence of reactions  involving  emissions and the  effects of emissions 
on the  regions  surrounding  their  points of release  are  complicated by their 
dependence on the  weather  (such  as winds dispersing or mixing pollutants), 
sunlight  levels (for the  formation of photochemical  pollutants) and local 
geography (such  as  the  presence  of surrounhg hills:). 

The major sources,  sinks, environmental effects and basic chemical 
interactions  of  transport  emissions  are  outlined belo~7. A basic  schematic 
summary of transport  emissions and their  interactions is provided in figure 
1.1. 

When considering  issues  relating  to  velucle  emissions  (such  as  the  use of 
alternative  fuels  or modal change), all pollutant gases and all  their major 
environmental  impacts  should be covered - not just CO, emissions and not 
just  the greenhouse effect. 

Carbon dioxide 

Sources and sinks: Natural  systems  emit large quantities of CO,, through the 
decomposition of organic  matter,  the  respiration  of plants and animals, and 
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Figure 1.1 Summary of gaseous  emissions  from  transport 

releases from  oceans. These emissions are roughly  balanced  by the absorption 
of CO2 by the world's  oceans,  soils  and  vegetation. 

The net additions  of C02 to the atmosphere come primarily from the 
combustion  of  fossil  fuels, which are basically  composed  of  hydrocarbons. 
Transport  accounts  for  approximately a quarter  of  fossil  fuel  consumption. 
Other important  human-related  sources  of CO2 are land  use  changes (mainly 
tropical  deforestation), wood fires and cement production.  The  resultant 
atmospheric  concentration  depends on the level of CO2 uptake  by the carbon 
sinks  (detailed  knowledge  of  which is still relatively  uncertain). 
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Atmospheric CO, concentrations are currently increasing  at a rate  of around 
0.5 per  cent  per  year (NGAC 1992), w7hch implies  that around 45 per cent of 
man-made CO, emissions remain in the atmosphere. Ths percentage  could 
worsen as global warming progresses, due to feedback  processes. The oceans 
currently comprise  the  major CO, smk; but as  they become warmer, CO, is not 
dissolved  as  easily and their net CO7 uptake deches. 

It is still not  certain whether the Australian landmass (that is, its soils and 
ecosystems) is currently a net  source  or net sink for carbon  dioxide. The level 
of annual  vegetation growth probably makes the continent a net sink, but 
these gains are  roughly  balanced by the effects  of  deforestation and bushfires. 
Net vegetation  production in Australia  involves, on average, an annual carbon 
uptake of  the  order  of 3 tonnes per hectare. In comparison,  around 3 tonnes  of 
carbon is emitted  (as CO,) per annum by the average  petrol consumption of 
just two cars. The National Greenhouse Gas Inventory (NGGIC 1994c, p. 13) 
has  Australian  land use change and forestry as accounting  for  net  emissions  of 
about  131  million  tonnes  of CO2 in 1990  (emissions  of  156  million  tonnes from 
forest  clearing and on-site  burning, a sink of 17 million  tonnes  through 
grassland  conversion and a sink of 8 million tonnes through forest 
management). 

Enviromzental  impnets: Carbon dioxide is non-toxic, but is the major 
contributor  to the enhanced  greenhouse effect. 

Photochemical oxidants 

Sources and sinks: Photochemical air  pollution (commonly called smog) occurs 
primarily in urban areas as the result of a series of complex reactions behveen 
emissions of  volatile  organic compounds, nitrogen  oxides and carbon 
monoxide. This formation  of a variety  of  reactive irritant compounds (or 
oxidants) occws most readily in areas with high motor  vehcle densities, 
plentiful  sunlight, and local weather  patterns  that do not  rapidly  disperse 
vehcle  emissions. 

Photochemical  pollution is comprised of many different compounds, such as 
formaldehyde,  hydrogen peroxide, and the  harsh irritant PAN (peroxyacetyl 
nitrate)  (Streeton  1990). Yet the  major  element of smog volumes, constituting 
up to 90 per  cent, is ozone (03). 

The basic  tropospheric ozone precursors  are  the  nitrogen  oxides: nitric oxide 
(NO) and nitrogen  dioxide (NO?). - Both of  these,  particularly NO, are emitted 
in sigruficant quantities by motor vehicles. The NO oxidises  slowly in the  air 
to NO,. In the  presence  of sunlight, the NO? - then  undergoes  hssociation to 
NO and 0: 
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NO, + energy + NO + 0. 

The atomic  oxygen  formed  then reacts with the abundant  molecular  oxygen  to 
form  ozone: 

0 + 0, "+ 0,. 

In air uncontaminated  by  volatile  organic  compounds the ozone  then  rapidly 
oxidises the NO to NO, again: 

O3 + NO + NO2 + 0,. 

The net effect in this case is that the ozone  produced is degraded  by NO, while 
the concentration  of NO, remains fairly constant. 

In  urban air contaminated  by  motor  vehicle  emissions  of  volatile  organic 
compounds (or CO), however,  alternative  reactions  occur,  of the form: 

R H  + 0 2  + NO + NO, + RH-0, 

where RH is any  reactive  volatile  organic compound (or CO). This allows  for 
the regeneration of NO, without the destruction  of  ozone. There is therefore a 
progressive  build-up  of  both NO, and  ozone  concentrations. 

This set of  interactions  serves to make ozone  control  very  involved.  For 
example,  under  some  conditions it is possible  for  an  increase  in NO, emissions 
to  result  in a decrease  in  ozone  formation,  because  of the ozone  destroying 
action of NO. For this reason,  vehicle  emission  standards  aimed at ozone 
reduction  have  often  targeted  volatile  organic compound emissions,  since a 
reduction  in  volatile  organic compound levels will always reduce  ozone 
formation.  Reducing  emissions  of all the ozone  precursors  simultaneously (as 
is accomplished  by three-way catalytic convertors in automobiles) is the  best 
way of  ensuring O3 production is slowed. 

O3 is a very  short-lived  molecule,  and is readily  destroyed  by  sunlight. h 
contrast  to  the  depletion  of  stratospheric  ozone,  tropospheric  ozone 
concentrations in the Northern  Hemisphere  have  grown  by 10 per cent in the 
last decade (while Southern Hemisphere levels  have shown slight increases). 

Environmental  impacts: Ozone is a potent  greenhouse  gas. 

Ozone  causes eye irritation,  impaired  lung  function,  reduced resistance to 
infections,  and  aggravation  of asthma and  bronchitis.  Photochemical  oxidants 
damage vegetation,  causing  crop  loss  and  contributing  to  deforestation. They 
also  degrade  structural materials, paints,  rubber  and  fabrics. 
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Carbon monoxide 

Sources and sinks: Carbon monoxide arises  primarily from the  incomplete 
combustion of hydrocarbons, with the main sources  being wood fires, 
automotive  emissions and pomTer  generation. In urban areas, up to 90 per  cent 
of CO emissions  are due to motor vehicles. 

CO is a relatively  unreactive  molecule; and though susceptible to oxidation (to 
CO,) by atmospheric  oxygen,  the  reaction is extremely  slow. This reaction 
requires an initial supply of energy (known as  the  activation  energy)  to 
proceed. In the  lower  atmosphere,  the  oxidation  of CO to CO2 is  accelerated 
by the  action of very  reactive  molecules  called hyd~oxyI radicals. Atmospheric 
hydroxyl radicals (OH) are  generally formed through  the  dissociation  of  water 
vapour (H20) by sunhght  (where ths process is  itself  facilitated by ozone and 
nitrogen  oxide  emissions). 

The intense  reactivity  of OH serves to lower the  required  activation  energy for 
CO oxidation. CO is  also removed from the  atmosphere by micro-organisms in 
the  soil and by diffusion  into  the  stratosphere, where the more intense 
radiation can  supply the  activation  energy needed for  oxidation  to CO,. These 
processes  result in CO emissions having a relatively  short  lifetime (or 
residency) in the  atmosphere - around half a year. 

In the Northern Hemisphere, where the major portion of world fuel 
combustion occurs,  atmospheric CO concentrations  are  rising by roughly 1 per 
cent  per  year. However, CO concentrations in Australia  are  fairly  stable, and 
CO emissions have actually  declined in recent  years due to the  increasing  use 
of  emission  control  technology  for motor vehicles. 

Environmental  impacts: Though not radiatirely  active, CO is considered an 
indirect greenhouse gas, since it: 

eventually  oxidises to CO2, 

aids  the  production  of  ozone, and 
scavenges (or uses up) the OH radicals. 

Reaction with the hydroxyl radical  is  the major pathway for removing 
methane from the  atmosphere, and the  reaction IiTith CO is thought to be 
considerably  boosting  the  lifetime of methane emissions  in  the  atmosphere. 

CO interferes with the  absorption of oxygen by red  blood cells,  impairing 
perception and muscle  response. It also promotes respiratory and circulatory 
problems, and is  associated with reduced  worker productivity. High levels of 
CO inhalation  are  fatal. 
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Nitrogen  oxides 

Sources and sinks: The major  source,  of  nitrogen  oxides (NO and N02) is fossil 
fuel  combustion, where they are formed  from the nitrogen  and  oxygen  present 
in the air and  in the fuel.  Natural  sources (such as release from  soils) are 
generally negligible  in  comparison. As with CO emissions, up to 90 per cent of 
urban  concentrations  of NO, are accounted  for by motor  vehicle  emissions. 

Nitrogen  oxides are removed  from  the air by  absorption  onto  surfaces  and  by 
the action  of  plants. As with CO emissions, the increasing use  of catalytic 
convertors  in  motor  vehicles has contributed  to a gradual  decline in the level 
of NO, emissions  over  the last few years. 

Environmental  impacts: Nitrogen  oxides are not  radiative,  but are considered 
indirect  greenhouse gases since they are the major  ozone  precursors. 

Nitrogen  dioxide  causes  lung damage,  and increased  susceptibility  to 
respiratory  infections  and asthma. High  levels  of NO2 are potentially fatal. 
Nitrogen  dioxide  also  damages  plants  and  various materials (particularly 
textiles), contributes  to acid rain,  and  causes a brown pollutant  haze  (reducing 
visibility). 

Methane 

Sources  and  sinks: The main  anthropogenic  sources  of CH, are fossil  fuel 
combustion, release from  coal  mining  and  natural gas distribution, 
fermentatiori  in  ruminant  livestock  (such as cattle), wood fires, and release 
from rice paddies  and  landfills.  There are also  considerable  natural  sources  of 
methane  (around a third  of  total  emissions), primarily from  wetland  bacteria 
and termite mounds. 

As mentioned  previously, the main sink  for  methane  emissions is the 
photochemical  oxidation  by  hydroxyl  radicals  (forming CO2 and H,O). 
Methane  oxidising  bacteria  in  soils are another  major  sink. The mean 
atmospheric  residence time for CH, emissions  has  been increasing for  several 
decades  (due  to  reduction  of the OH sink  by  carbon  monoxide)  and is 
currently  around 11 years. This effect has resulted  in  strong  growth  of 
methane  concentrations,  currently  around 0.8 per cent per annum (IPCC 1994, 
p. 17), and  helps  explain  present  levels  of  atmospheric  methane  being nearly 
double  those  of  pre-automobile times. 

Environmental  impacts: Methane is a very  effective  direct  greenhouse gas 
(absorbing  infra-red  radiation 30 times more  strongly  than CO,, on a molecule 
for  molecule  basis),  and  also has indirect  greenhouse  impacts.  These  comprise 
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its oxidation  to CO2 and water  vapour, and its action (fie all hydrocarbons)  as 
an ozone precursor, 

Non-methane volatile  organic compounds (NMVOCs) 

Sources and sinks: NMVOCs, which consist  primarily  of non-methane 
hydrocarbon (NMHC) emissions, have a variety of sources:  through the 
incomplete  combustion of  fossil  fuels  (primarily by motor vehicles); through 
fuel evaporation  (from motor vehicles,,  petrol  stations and refineries); from 
industry  (such  as  petrochemical  manufacturing); and from paint  or  solvent 
vapours.  Close to half of urban  hydrocarbon  emissions come from  motor 
vehicles. 

NMVOC emissions  generally have no sinks in the  biosphere,  but  are  oxidised 
in the air (in reactions  involving  the  production  of  ozone),  eventually forming 
C02 and water. 

Emironnzental impacts: NMVOCs are  indirect  greenhouse  gases  through  their 
production  of  tropospheric ozone and their eventual  oxidation  to CO,. 

Small molecule  hydrocarbons  cause  drowsiness and symptoms akin  to hay- 
fever. Heavy-molecular compounds contribute  to cancers and lung disease. 
Some hydrocarbons damage fruit. 

Nitrous  oxide 

Sources and sinks: Motor vehicles  are a minor source  of  nitrous  oxide (N20), 
with most emissions coming from natural  sources (such as  bacterial  action in 
tropical  soils) and fertdised  crop  production. h the  transport  sector, N20 
arises from (post-combustion)  reactions between vehicle  exhaust  gases and 
atmospheric  nitrogen.  Ironically, this conversion is aided by the  action of 
catalytic  convertors. 

NZ0 has few smks, and dissociates slowly in the atmosphere  under the action 
of  sunlight, with an atmospheric  lifetime  of around 120 years (IPCC 1994). The 
atmospheric  concentration of nitrous  oxide is increasing  at around 0.25 per 
cent per  year (IPCC 1994, p. 17). 

Environmental inzpacts: Nitrous  oxide is a very  strong  (direct)  greenhouse  gas. 

Sulphur oxides 

Sources nnd sinks: Emissions  of  sulphur  oxides  (principally  sulphur  dioxide, 
SO,) generally  arise from the oxidation  of  sulphur  impurities in fossil  fuels. 
Motor vehicle  exhaust  emissions  account  for  around 15 per  cent of urban SO, 
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levels,  with the major  sources  being  petrol refineries and  heavy  industrial 
applications. 

When there is a high level  of  dust  or smoke in the air, sulphur  dioxide 
produces a harmful  airborne  suspension  of particles which includes  droplets 
of  sulphuric,  acid  (called  an acid  aerosol). SO, emissions  (and their reactive 
products) reside in the atmosphere  for  only weeks, before  being  removed  from 
the air by rain,  absorption by vegetation  or  consumption  by  soil  bacteria. 

Environmental impacts: SO, causes  coughing  and  aggravates asthma, 
bronchitis  and  lung  disease.  Sulphur  oxides are the main  precursors  of  acid 
rain; which damages  vegetation, metals, buildings,  textiles  and waterways. 

Chlorofluorocarbons  (and  related  compounds) 

Sources and sinks: CFCs are man-made compounds which have  seen 
considerable  industrial  use  for  several  decades (as solvents,  refrigerator  fluids, 
spray can propellants  and  foaming  agents)  due  to their inherent  stability  and 
safety. One of the major  emission  sources  of CFCs has been the release from 
the servicing  and  disposal  of  motor  vehicle  air-conditioners. 

Being  such  stable  compounds, they have long  atmospheric lifetimes and  no 
natural  sinks. CFCs diffuse  slowly  (over  several years) into  the  stratosphere. 
The high  radiation levels there photochemically  decompose the CFCs, 
releasing  chlorine. The chlorine  then reacts strongly  with the stratospheric 
ozone,  forming the so-called ozone holes. 

Concern  over  ozone  depleting  substances  prompted the signing  of  an 
international agreement in  Montreal  during 1987. This  became known as the 
Montreal Protocol, and  called  for  countries  to  reduce CFC consumption to 50 
per cent  of 1986 levels.  Australia  enacted the Ozone Protection Act in 1989, 
which  legislates  for a 95 per cent  reduction  in CFC use  by 1996. International 
negotiations are currently under-way  dealing with the proposed  acceleration 
of CFC phase-out  targets  and  the  inclusion of other  compounds. Some of the 
substances now being  used as CFC alternatives are only  marginally less 
ozone-depleting  themselves,  and many are still potent  greenhouse  gases. 

Environmental  impacts: Several CFC species are very  effective  greenhouse 
gases. 

As noted, CFCs are major  stratospheric  ozone-depletors,  contributing  to 
ultraviolet  radiation  damage.  Even if all CFC production halted today, it could 
be decades  before  stratospheric  ozone  levels  recover  because the CFC 
emissions released over much of the last decade have yet to reach the 
stratosphere. 
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Lead 

Sources and sinks: Airborne  lead  particles  result m a d y  from the combustion of 
leaded gasoline  (since  lead compounds are added to boost engine 
performance),  smelters and battery  factories. 

The introduction of Lmleaded petrol  is a si,pificant advance in the  control of 
lead  emissions, but they will remain a problem for many )rears. Even by the 
year 2000, about a quarter of cars codd sfdl be using  leaded  petrol.  Also,  lead 
concentrations in the  air, though falling,  are reducing less  quickly than 
projected. It is  possible  that  this  is due to the  saturation of roads (and their 
surrounds) with lead  over  the  years, w h c h  is then stirred up by traffic. 

Enviromnental inzpacts: Lead impairs  blood circulation, and can cause 
neurological and kidney disorders. It also lowers  the  learning  ability of 
children. Lead accumulates in body tissues, and is hazardous even after 
exposure  ends. 

High levels of airborne  lead can poison catalytic  convertor  systems,  increasing 
the output of other  noxious  vehlcle  emissions. 

Particulates 

Sozlvces and sinks: Fine  particulate  matter  (airborne  particles)  generally  consists 
of grains of carbon  (released from fuel  combustion)  T'\.hich have absorbed 
other  (often  toxic) compounds. These particulates  are  generated  primarily  as 
diesel  vehicle  exhausts.  Other  vehicle  particulates  consist  of  rubber or various 
metals; and  come  from the wear of tyres, brake linings and engine 
components. Motor vehicles  account  for around half of urban particulate 
pollution, with the  rest  being due to waste burning and metal  industries. Of 
the  particulates from road  transport,  about 80 per  cent come from heavy diesel 
vehcles. 

Fine  particles can  remain  suspended in the air for  considerable  periods  of  time 
and any that  are below 10 microns  (one hundredth of a rmllimetre)  in  size 
(abbreviated as PM10) can penetrate  the  lower  airways of humans (and are 
termed respirable). 

Environmental impacts: Particulates  contribute  to  respiratory  dseases, lung 
cancer and infant mortality Suspended particdates  help the formation of 
acidic or carcinogenic  aerosols by absorbing  other  vehlcle  emissions  (such  as 
sulphur dioxide). 

Exhaust smoke reduces  visibdity  stains  buildings and can damage vegetation. 
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Toxic substances 

A number of very toxic  substances  are  emitted by transport  vehicles. These are 
generally members of  the  pollutant groups listed in this appendix: such as 
benzene and formaldehyde, which are NMVOCs; or heavy metals such as 
chromium  and  cadmium, emitted  as  respirable  particulates. 
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APPENDIX I1 CONVERSION  FACTORS  FOR  GREENHOUSE 
GASES 

The natzrral greelzhotrse gfect maintains  the  earth’s  temperature  at a level 
suitable for sustaining  life. Human activities  cause  substantial  net  emissions of 
greenhouse  gases. Over the  past  decade,  the  evidence  has become conclusive 
that  the  atmospheric  concentrations of various  greenhouse  gases have been 
steadily  increasing. These increases have been h k e d  to increases in global 
temperatures, through the  so-called enlzanced greenhouse effect. 

Carbon dioxide (CO2) is the  major  greenhouse  gas  emission from human 
activities, but  the  contributions of other  gases  are  important, even in the 
transport  sector. The  warming effect  of a greenhouse  gas depends on its 
atmospheric  concentration and reactivity  infra-red  absorption  capability, and 
average  residency  time in the  atmosphere.  These factors  vary  considerably 
among gases. To represent  the total greenhouse effect of emissions of several 
different  gases from an activity  or  to compare the  greenhouse (or radiative 
forcing) effect of emissions of different gases,  emissions  are  stated in terms of 
CO2 equivalents. Tlus is done on the  basis  of  the globnl warming potential 
(GWP) for each  gas. The GMT is an index,  defined to be the warming effect 
over a given  period  (usually  taken  as 100 years) due to an emission of a 
particular  gas,  relative  to  that of an equal mass of carbon dioxide. 

Representative GWP values have been calculated for the main greenhouse 
gases by the  Intergovernmental  Panel on Climate Change (IPCC). Due to  the 
varying  lifetime of greenhouse  gases, GRT’ fi,pres depend on the assumed 
time  period  over which the  effects of emissions  are  considered. The IPCC 
(1990,1992,1994)  has  estimated  global svarming potential  factors which range 
over  various  time  horizons,  including 20 years, 100 years and 500 years. 
Estimated  values for the  direct GMT components p e n  in IPCC 1994 are 
presented in table II.1. Indrect GSW values were calculated by the IPCC in 
1990, and revised  values of these  (reported in E.A 1992)  are also presented in 
table  11.1. D u e  to the  present  incomplete  understanding  of  the complex 
chemical  processes  involved in the  indirect  effects, numerical  values for 
indirect GWPs were not gven in the more recent IPCC reports (IPCC 1992, 
1994). 
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The set of GWPs given  in  table 11.1 does  not  therefore explicitly represent the 
current IPCC position,  but is an  indicative  scenario  for  global  warming  based 
on  various IPCC results. Though the IPCC is reasonably  confident  that the 
GWP values  for  direct effects are of the right  order,  the  current  uncertainty 
surrounding the indirect effects hampers quantitative  analysis on the total 
greenhouse  contribution  of  transport  emissions. Rather than  omit  such 
analysis, the BTCE has used the GWP scenario  given  in table 11.1, on the 
understanding that the results  derived  need  to  be  suitably  qualified. 

TABLE 11.1 GLOBAL  WARMING POTENTIALS OF  ATMOSPHERIC  GASES RELATIVE 
TO CARBON DIOXIDE, FOR DIFFERENT TIME HORIZONS 

Type of Atmospheric  Estimated  Global warming potential 
greenhouse concentration  atmospheric 
gas in 1992 (parts  lifetime 

per  million  by  (years) 
volume) Time horizon  (years) 

20  100  500 

Direct 
Carbon dioxide 355 50-200 1 1 1 
Methanea 1.7 12-1 7 62 24.5 7.5 
Nitrous  oxide 0.3 120 290 320 180 
CFC-I 2b 0.0005 102 7 900 8 500 4 200 

Indirect (ozone precursors) 
Carbon  monoxide 0.1 -40 0.4 5 1 0.0 
Nitrogen  oxides 0.01  -0.2 <l 30 8 3 
NMVOCs 0.2-0.5 <l 28 8 3 

NMVOCs non-methane volatile  organic compounds 
a. The methane global warming potential (GWP) includes its  direct  effect and indirect  effects 

due to  the  production of tropospheric ozone  and stratospheric  water  vapour. 
b. CFC-12 is the  main  chlorofluorocarbon  used in transport  vehicle  air-conditioners. 
Sources IPCC (1990,1992,  1994 p. 28); IEA (1992 p. 32). 
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APPENDIX I11 THE AUSTRALIAN TRANSPORT TASK 

The Australian  transport  task  consists of a diverse  range  of  services and 
activities, with greatly  differing  scales of operation and levels of patronage. 
Investigation of trends in Australian  transport  emission  levels  requires 
information on the  underlying  trends in transport  task  levels.  Accurate 
estimation of transport  emissions  also  requires  detailed knowledge of the 
modal composition, vehicle  types,  vehicle  utilisation  levels and fuel 
consumption in  the  transport  sector. This appendix provides  time  series 
estimates  of  aggregate  transport  activity for each of the main components of 
the  Australian  transport  task. Time series for transport  fuel consumption are 
given in appendix W. 

The data  presented in the  following  tables  refer  to all separate  passenger and 
freight movements, regardless of how many  modes were involved in 
transporting  the  passengers  or  commodities from orio@ to final destination. 
That is,  transport  task  fi,pres  are  calculated on the  basis  of  'unlinked'  trips. 
Unlinked refers  to  the  recording  separately of every segment (undertaken by a 
distinct mode of  transport) of each trip, as opposed to a 'hiked'  trip, w h c h  
refers  to a complete  journey from origin to  destination,  possibly  involving 
several modes. When comparing the BTCE unhiked data to any series on 
h k e d  trips,  note  that if a multi-modal  linked trip has to be assigned to a 
single mode, it is  generally  allocated to the mode for  the  longest segment of 
the  journey. 

Data within the  Report  are  generally  given  separately  for  'urban' and 'non- 
urban'  transport. Urban transport  refers  to  passengers  or  freight moved 
wholly with cities of population  greater than 40 000 (in the  relevant  year). 
Non-urban transport  refers to all  other  passenger or freight movements, w h c h  
include  those within rural  areas, between different urban areas, between 
different  rural  areas and behveen urban and rural  areas. 

GROWTH IN THE NUMBER OF ROAD VEHICLES 

Over the  last two decades  the  total  stock  of  Australian road vehicles has 
approximately  doubled, with passenger  cars  accounting for around 80 per 
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cent of the  fleet  (table  111.1). In 1993,  the  fleet  included  close  to  10.6  million 
vehicles. Between 160 and 170 billion  (109)  kilometres  are  currently  travelled 
each  year by the  Australian  vehicle  fleet, with cars accomplishing close  to 80 
per  cent of this  total  (table 111.2). 

TABLE 111.1 ESTIMATED NUMBER OF ROAD VEHICLES BY VEHICLE TYPE, 1970-71 
TO 1992-93 

(thousands of vehicles) 

Year 
ending 
June 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Vehicle  type 

Motor  Rigid  Articulated  Other 
Car cycle LCV truck  truck  truck Bus Total 

3 997.4 164.9 
4 222.3 197.6 
4 332.2 210.4 
4 731.6 274.5 
4 983.6 289.1 
5 107.8 293.4 
5 347.1 295.0 
5 461.8 292.4 
5 652.5 288.2 
5 794.0 31  0.6 
6 01  6.0 352.3 
6 290.2 390.8 
6 479.5 401.9 
6 683.1 398.4 
6 925.9 389.2 
7 106.1 374.5 
7 227.2 351.6 
7 381.6 323.3 
7 573.7 316.6 
7 797.3 304.0 
8 01  1.8 284.6 
8 190.8 292.4 
8 327.8 291.7 

61  1.6 
644.1 
665.1 
723.4 
773.1 
805.0 
892.7 
948.4 

1 012.3 
1 014.8 
1 044.8 
1 094.4 
1 137.4 
1 179.5 
1 221.4 
1 244.6 
1 252.3 
1 258.2 
1 291.8 
1 316.4 
I 346.4 
1414.1 
1 450.1 

286.9  32.0 
288.0  33.1 
284.3  33.6 
295.5  36.6 
302.3  39.0 
302.1  39.7 
298.6  41.8 
286.1  42.4 
277.7  43.9 
296.0  44.7 
31  9.5  45.1 
352.6  46.6 
336.8  46.2 
340.7  48.3 
341 .l 49.6 
336.0  49.8 
327.1  48.2 
325.3  48.7 
329.4  50.1 
329.0  51 .O 
330.8  52.1 
374.4  51.7 
383.7  52.0 

10.0 17.1 5 119.9 
12.0 17.4 5 414.5 
13.8 17.8 5 557.0 
18.5 18.1 6 098.3 
24.7 18.5 6 430.3 
29.2 18.9 6 596.1 
34.1 19.6 6 928.9 
35.6 20.3 7 086.8 
35.5 21.1 7 331.3 
30.3 21.8 7 512.3 
23.4 22.5 7 823.5 
18.5 23.2 8 216.3 
19.2 25.6 8 446.6 
20.3 28.0 8 698.4 
21.0 30.4 8 978.7 
21.7 31.8 9 164.4 
23.2 33.2 9 262.9 
23.1 34.6 9 394.9 
19.0 36.6 9 617.1 
16.7 37.7 9 851.9 
14.1 38.8 10078.7 
16.3 41.4 10  381.3 
15.8 43.2 10  564.3 

LCV Light commercial vehicle 
Note Annual vehicle numbers  from ABS motor vehicle registrations data are not fully 

comparable over time due to changes in definition of the  various vehicle types during 
the last 20 years. BTCE estimates have been adjusted using SMVU data on fleet 
characteristics to allow for inconsistencies  between various years. 

Sources ABS (1993a,  1993b,1992b,  1989a,  1986b,  l983,1981a,  1981 b, 1978,1973); 
BTCE estimates  based on ABS SMVU (1 993a and earlier); ABS Motor  Vehicle 
Census (1  992b and earlier); ABS Motor  Vehicle  Registrations (1  994a and earlier); 
CBCS (1973, p. 29); ABS (1981a);  Cosgrove & Gargett (1  992); BTCE (1994a) 
Indicators  Database. 
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TABLE 111.2 ANNUAL VEHICLE KILOMETRES  TRAVELLED BY ROAD VEHICLE TYPE, 
1970-71 TO 1992-93 

(1 09 kilometres) 

Vehicle  type 
Year 
ending  Motor  Rigid  Articulated  Other 
June  Car cycle LCV truck  truck  truck Bus Total 

1971 63.81 
1972 66.13 
1973 68.06 
1974 72.60 
1975 76.82 
1976 79.04 
1977 82.71 
1978 85.85 
1979 87.72 
1980 88.77 
1981 90.28 
1982 95.71 
1983 96.21 
1984 100.58 
1985 105.67 
1986 109.49 
1987 1 12.32 
1988 11 6.78 
1989 121.70 
1990 124.58 
I991 122.57 
1992 124.88 
1993 128.04 

1.01 
1.10 
1.20 
1.30 
1.40 
1.64 
I .68 
1.73 
1.77 
1.90 
2.00 
2.1 8 
2.20 
2.25 
2.28 
2.1 0 
2.00 
1.92 
2.00 
1.92 
1.61 
1.65 
1.65 

9.84 
10.26 
10.81 
11.80 
12.68 
13.67 
14.94 
16.13 
17.17 
16.93 
17.44 
18.47 
18.12 
19.60 
21.63 
21.43 
21.84 
23.30 
23.62 
22.93 
22.81 
23.22 
24.18 

4.56 
4.52 
4.51 
4.60 
4.68 
4.83 
4.71 
4.64 
4.67 
5.26 
5.83 
6.73 
6.00 
5.93 
6.1 0 
5.98 
6.02 
6.43 
6.46 
6.55 
6.1 1 
6.39 
6.75 

1.72 0.14 0.58 
1.77 0.17 0.59 
1.79 0.20 0.61 
1.82 0.27 0.62 
1.88 0.36 0.63 
2.01 0.42 0.63 
2.15 0.44 0.64 
2.27 0.46 0.65 
2.61 0.46 0.66 
2.79 0.39 0.69 
2.80 0.30 0.73 
3.00 0.24 0.77 
2.99 0.22 0.87 
3.23 0.23 0.97 
3.59 0.24 1.07 
3.60 0.24 1.15 
3.68 0.26 1.22 
3.84 0.26 1.29 
4.06 0.27 1.35 
4.10 0.24 1.38 
3.96 0.20 1.36 
4.19 0.23 1.45 
4.42 0.22 1.51 

81.67 
84.54 
87.1 8 
93.00 
98.45 
102.23 
107.28 
11 1.73 
1 15.05 
1 16.73 
1 19.39 
127.1 0 
126.62 
132.80 
140.58 
143.99 
147.35 
153.82 
159.46 
161.68 
158.62 
162.02 
166.77 

LCV Light commercial vehicle 
Note Utilisation estimates (vehicle kilometres travelled) have been based on triennial ABS 

SMVU data, interpolated using fuel sales series (from ABARE) and vehicle population 
statistics (from  ABS).  Data on bus usage is limited, and the bus estimates are very 
approximate. 

Sources ABS  (1993a,  1993b,  1992b,  1989a,  1986b,  1983,1981a:  1981b,  1978,1973); 
CBCS (1973);  Apelbaum  (1993: pp. 17,  22);  Cosgrove & Gargett  (1992);  BTCE 
estimates based on ABS SMVU (1 993a and earlier), ABS Motor  Vehicle Census 
(1992b and earlier); ABS Motor  Vehicle  Registrations (1994a and earlier); Adena & 
Montesin (1 988, p. 140): ABARE (1 991); Bush et al. (1 993, p. 112);  BTCE (1 994a) 
Indicators Database; Hensher (1 989); Wilkenfeld (1  991, p. 151). 

Comparing growth trends of the  different  vehicle  types  is  complicated by 
discontinuities in the  basic data series  (annual motor vehicle  registration  data 
compiled by the  Australian Bureau of Statistics [ASS]) due to changes in data 
coverage, methods of  collection and vehicle  classification. The BTCE has 
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sought  to  derive  consistent time series on fleet composition  (given in table 
111.1) using  published  and  unpublished  data  from the ABS Survey of Motor 
Vehicle Use (ABS 1993a  and earlier). The ABS has conducted the Survey of 
Motor Vehicle Use (SMVU) approximately triennially over the last 20 years. 
Figures  for years between  surveys  have  been  interpolated  using  annual 
percentage  changes  in the different  vehicle  stocks,  derived  from ABS (1994a 
and earlier) vehicle registration  data. 

The vehicle types most  affected  by  revisions  to the vehicle classification 
categories are rigid trucks  and  buses,  and the statistics presented  for these 
vehicle types are necessarily very approximate.  Note that 'other  trucks' are 
special purpose  vehicles,  such as fire engines  or  mobile  cranes,  having little or 
no freight carrying  capacity. The vehicle categories  used in this  Report  are 
defined  in the glossary. 

DOMESTIC FREIGHT 

The movement of freight  within  Australia  comprises a collection  of  activities 
as diverse  in character as in  geographical  location,  including the long-haul 
movement of  domestic raw materials for  secondary  industry  (primarily  iron 
ore,  oil  and  coal) by coastal sea freight, the carriage  of  primary  products  from 
inland  mines  and farms to  coastal city markets and  export  ports  by railway, 
and the urban  and  inter-city  distribution  of  non-bulk  goods by road  transport. 

The composition  of  the  Australian  road  freight task for  1970-71  to  1992-93 is 
shown in  table  111.3.  Articulated  trucks  perform the greatest share  (83 per cent) 
of the non-urban  road freight task (which  totalled  67.4  billion  tonne-kilometres 
in  1992-93), while the urban task (31.1  billion  tonne-kilometres  in  1992-93) is 
more  evenly  split  between  rigid  and  articulated  trucks (with 42  and  48 per 
cent respectively). Light commercial  vehicles (LCVs) account  for a major part 
(68 per cent)  of  total  kilometres  travelled  by  commercial  vehicles,  but 
represent a minor  component of the total  road freight task in terms of  tonne- 
kilometres  (where  tonne-kilometres are calculated as the  product  of the weight 
of the freight  by  the  distance  carried). 

Based  on SMVU data (ABS 1993a, p 21;  1993b),  bulk  commodities  account  for 
around  27 per cent of the total  road  freight  task (with around 24 billion  bulk 
tonne-kilometres  out  of  88.2  billion  tonne-kilometres in 1990-91).  Bulk freight 
by rail accounts  for  around  70 per cent  of  government rail freight  tonne- 
kilometres (tkm) and  most of  private rail freight,  giving  an  overall  bulk  freight 
share of 80 per cent of total rail tkm (Apelbaum  1993, pp 3740; BTCE 1994a). 
Air freight is almost  exclusively  non-bulk  and  coastal sea freight is 
predominantly  bulk  (92 per cent  of  total tkm). 
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TABLE 111.3 AUSTRALIAN ROAD FREIGHT TASK BY VEHICLE TYPE AND  AREA OF 
OPERATION, 1970-71 TO 1992-93 

(109 tonne-kilometres) 

Light commercial vehicle 
Year 

~ 

ending 
June 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Urban 

0.75 
0.81 
0.88 
1 .oo 
1.11 
1.24 
1.38 
1.54 
1.67 
1.60 
1.62 
1.66 
1.65 
1.80 
2.01 
2.22 
2.51 
2.94 
2.90 
2.84 
2.86 
2.93 
3.05 

Non- 
urban 

0.62 
0.63 
0.65 
0.69 
0.72 
0.75 
0.82 
0.88 
0.93 
0.98 
I .08 
1.21 
I .21 
I .34 
1.51 
1.53 
1.61 
1.74 
1.83 
1.88 
1.89 
1.94 
2.02 

Tofal 

1.37 
1.44 
1.53 
1.68 

1.99 
2.20 
2.41 
2.60 
2.59 
2.70 
2.88 
2.86 
3.15 
3.52 
3.75 
4.1 2 
4.68 
4.73 
4.73 
4.75 
4.81 
5.07 

I .a2 

Rigid  truck  Articulated  truck 

Non-  Non- 
Urban urban  Total Urban urban  Total 

5.41 
5.44 
5.51 
5.70 
5.89 
6.1 6 
6.27 
6.48 
6.85 
7.34 
7.68 
8.48 
8.1 9 
8.76 
9.69 
10.37 
11.35 
12.86 
12.93 
13.15 
12.16 
12.46 
13.17 

5.21 
5.1 6 
5.15 
5.25 
5.33 
5.51 
5.85 
6.23 
6.80 
7.1 a 
7.52 
7.77 
7.37 
7.74 
8.43 
8.21 
8.1 2 
8.27 
8.73 
8.84 
8.39 
8.97 
9.47 

10.62 
10.61 
10.67 
10.95 
11.22 
11.67 
12.12 
12.71 
13.64 
14.52 
15.20 
16.24 
15.55 
16.49 
18.12 

19.46 
21 .l 3 
21.66 
21.99 
20.55 
21.43 
22.64 

I 8.58 

3.00 
3.45 

4.34 
4.94 
5.74 
6.28 
6.76 
7.90 
8.90 
9.39 
10.49 
10.67 
11.84 
13.44 
13.73 
14.34 
15.21 
15.54 
15.08 
14.01 
14.22 
14.93 

3.87 

12.20 15.20 
13.1 6 16.61 
13.92 17.79 
14.71 19.05 
15.80 20.75 
17.30 23.04 
18.96 25.23 
20.46 27.21 
24.00 31.90 
26.31 35.22 
27.12 36.51 
29.76 40.25 
30.69 41.36 
34.32 46.1 6 
39.23 52.66 
40.32 54.05 
41.83 56.1 7 
44.52 59.72 
48.13 63.67 
49.53 64.61 
48.90 62.91 
52.74 66.97 
55.89 70.82 

Note Figures  refer to unlinked  freight  movements.  Urban  figures  refer to freight  moved 
wholly within cities  of  population  greater  than 40 000. Non-urban  figures  refer to all 
other  freight  movements. 

Sources ABS (1 993a2  1993b:  1986b:  1983,  1981 b, 1978,  1973); Apelbaum (1 993, p. 30); 
Cosgrove & Gargett (1 992) p. 235); BTCE (l 991 a, 1991 b); BTE (I 980:  1975); 
BTCE estimates. 

The total domestic freight task by transport  vehicles  (that is, excluding 
pipelines) was about 290 billion t k m  for 1992-93 (table D.4), of whch about 67 
per cent is due to bulk  commodities and 33 per  cent  to  non-bulk. The estimates 
can be extended  to  cover  freight  transport by both  mobile and stationary 
engines by including  major pipeline transport  (that is, pipehes involved in 
the  transmission  of  fuels between points of extraction and the distribution 
system-data on the  freight task due to  the urban piped  chstribution of water 
and gas is not  avdable).  Major oil and gas pipelines account  for around 6 per 
cent  of the total  domestic  freight  task  undertaken by mobile and stationary 
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engines (Apelbaum 1993, pp. 53-60). In 1990-91, the oil  pipeline  network 
transported 18.9 Mt of  oil,  accounting  for a task of 6.7 billion tkm (Apelbaum 
1993, p. 55), and the natural gas (NG) pipeline  network  transported 12.2 Mt of 
gas, accounting  for a task of 10.5 billion t k m .  Scaling  by the growth in  oil and 
NG between 1990-91 and 1992-93 gives an  estimated  fuel  pipeline task of 18 
billion tkm for 1992-93. The result is an  estimated  total  domestic freight task 
(including  pipelines)  of 308 billion t k m  for 1992-93, of which 69 per cent is 
bulk  and 31 per  cent is non-bulk. 

TABLE 111.4 THE AUSTRALIAN  DOMESTIC FREIGHT TASK (EXCLUDING PIPELINES), 
1970-71 TO 1992-93 

(1 09 tonne-kilometres) 

Mode 
Road Rail Sea Air  Total 

Year 
ending Non- Govern- 
June  Urban urban  Total ment Private  Total 

1971 9.1 18.1 
1972 9.7 19.0 
1973 10.2 19.7 
1974 11.0 20.7 
1975 11.9 21.9 
1976 13.1 23.6 
1977 13.9 25.7 
1978 14.7 27.6 
1979 16.4 31.8 
1980 17.8 34.5 
1981 18.6 35.8 
1982 20.6 38.8 
1983 20.5 39.3 
1984 22.4 43.4 
1985 25.1 49.2 
1986 26.3 50.1 
1987 28.2 51.6 
1988 31.0 54.5 
1989 31.4 58.7 
1990 31.1 60.3 
1991 29.0 59.2 
1992 29.6 63.6 
1993 31.1 67.4 

27.2 25.2 13.8 
28.7 25.4 16.6 
29.9 26.6 20.0 
31.7 28.3 26.5 
33.8 29.8 30.2 
36.7 30.8 26.3 
39.6 32.0 27.3 
42.3 31.5 28.4 
48.2 33.4 25.6 
52.3 35.4 27.8 
54.4 37.4 28.9 
59.4 38.0 27.4 
59.8 34.0 25.0 
65.8 40.1 23.3 
74.3 44.2 28.4 
76.4 48.2 29.2 
79.8 49.6 30.3 
85.5 50.5 31.0 
90.1 51.9 28.7 
91.4 54.4 32.5 
88.2 54.8 35.3 
93.3 56.7 35.1 
98.5 59.4 35.8 

39.0 
42.0 
46.6 
54.8 
60.0 
57.1 
59.3 
59.9 
59.0 
63.2 
66.3 
65.4 
59.0 
63.4 
72.6 
77.4 
79.9 
81.5 
80.6 
86.9 
90.1 
91.7 
95.2 

72.0 
83.2 
89.5 
96.1 
101.2 
104.6 
102.3 
105.1 
104.7 
105.1 
1 1  0.3 
97.8 
80.9 
94.3 
96.3 
101.8 
95.2 
93.6 
90.7 
94.2 
93.8 
96.4 
96.0 

0.09 
0.09 
0.09 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 2 
0.1 2 
0.1 4 
0.14 
0.1 4 
0.1 3 
0.1 4 
0.1 4 
0.08 
0.1 2 
0.13 
0.14 

138.3 
154.0 
166.1 
182.7 
195.1 
198.5 
201.3 
207.5 
21  2.0 
220.7 
231 .l 
222.7 
199.8 
223.6 
243.4 
255.7 
255.0 
260.7 
261.6 
272.6 
272.2 
281.5 
289.9 

Note Figures refer to unlinked freight movements. Urban figures refer to freight moved 
wholly within cities of population greater than 40 000 in the relevant year. Non-urban 
figures refer to all other freight movements. 

Sources Apelbaum  (1993, pp. 30,  37,  40,  49,  50); ABS (1993a,  1991b,  1986b,  1983,  1981a, 
1981 b, 1978,  1973); CBCS (1 973); BTCE (1  991 a, 1991 b, 1989); BTE (1 982,  1980, 
1975); DTC (1  991 a, 1991  b);  Cosgrove & Gargett (1 992,  p.,234); BTGE (1 994a) 
Indicators Database; BTCE estimates. 
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Appendix 111 

URBAN PASSENGER 

Australia is hghly  urbanised, with ten urban  localities  accounting  for  about  70 
per  cent of the population (ABS 1991a). But the larger Australian cities are 
generally decentralised,  typically  evolving  by  the  gradual  extension of outer 
residential areas. m s  type of  development, which frequently  involves large 
distances  between  residential  and  work  locations, has resulted in considerable 
dependence  being  placed on private cars for urban  commuting,  and 
correspondingly  limited reliance on public  transit systems. 

Table 111.5 presents  estimates for motorised  urban tra~el (from 1970-71  to 
1992-93), in which the  dominance  of the private  automobile is evident. In 
1992-93, the car accounted  for  about  87  per cent of  almost  158  billion  urban 
(motorised)  passenger-kilometres  (pkm)  svhde the public  transport  share was 
less than 8 per cent (with  bus at 3 per cent, rail at 4.6  per  cent  and ferry at 0.2 
per cent). Passenger-kilometres are calculated as the product  of the number of 
passengers  by the distance  travelled. 

Non-motorised  travel (wallung and  cycling) forms a sigruficant proportion  of 
the  total number of trips undertaken in urban areas, but  accounts  for  only a 
small share  of  total  urban  passenger-kilometres. Between 2 and 4 per cent of 
urban trips are by  bicycle. Since the average trip length  for  urban cycling is 
only  2.5 km (Adena & Montesin 1988,  pp.  131-132),  bicycle trips account  for 
less than 1 per cent of  total  urban pkm. Bicycle travel is approximately  evenly 
split  between  children  travelling 2 km at a time, generally to school,  and 
adults  travelling  about  3.5 km a time (Wigan  1994a,  p.  5). 

Most  journeys  involve  some walking. For  example, a journey  to work may 
consist  of the following  trip segments (a component of a journey  undertaken 
by a distinct  mode): car trip  to parkmg lot, walk to  bus  terminal,  bus  trip  to 
inner-city  bus  stop, walk to work  location. On the  basis of the number of 
urban  trip segments, walking accounts  for a considerable  share (up to 20  per 
cent  of  total  trips). Around 6 per cent of journeys  to  ~70rk are undertaken 
solely  on  foot.  However,  the  average  trip length for walking is less than 1 km, 
and  pedestrians  account  for less than 2 per cent of total  urban  passenger- 
kilometres  (Adena & Montesin  1988,  p.  132). 

Although distances are typically short  for walking trips, the slow average 
speed  of 4.7 km/h for pedestrians (Wigan 1994b,  p.  8) can result in  walking 
accounting  for a substantial  portion  of  the  total time spent travehg. For 
Australians  aged in their  mid-20s, time spent walking is around  10  per cent of 
daily  travel time,  while for 9- to 15- year-olds  and  those  over  65 walking 
accounts  for  around  20  per cent (Wigan  1994b,  p. 12). 

Time series data are not readily available  for  non-motorised  travel,  but it does 
appear that the  transport shares of w a h g  and  cycling  have  declined  shghtly 
over the last 20 years. Between  1970 and 1980,  non-motorised  journeys to 
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TABLE 111.5 AUSTRALIAN URBAN (MOTORISED) PASSENGER  TASK, 
1970-71 TO 1992-93 

(1 09 passenger-kilometres) 

Mode 
Road Railb  Ferry  Total 

Year Light 
ending commercial  Motor- 
June C a p  vehicle  Truck Bus cycle 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

66.50  2.21 
69.85  2.57 
71.79  3.01 
76.34  3.60 
80.54  4.1 3 
82.62  4.71 
88.07  5.21 
91  .l4  5.59 
92.84  6.1 0 
93.36  5.69 
94.67  5.59 
100.06  5.62 
100.29  5.44 
104.53  5.85 
1 13.88  6.38 
1 1  7.76  6.24 
123.33  6.32 
131.32  6.75 
134.53  6.61 
136.34  6.52 
133.72  6.65 
134.52  6.41 
137.49  6.52 

0.41 
0.42 
0.42 
0.44 
0.44 
0.44 
0.41 
0.39 
0.36 
0.39 
0.42 
0.44 
0.42 
0.39 
0.37 
0.38 
0.37 
0.37 
0.34 
0.31 
0.26 
0.26 
0.27 

3.50 
3.51 
3.66 
3.80 
3.89 
3.91 
3.97 
4.00 
4.06 
4.1 9 
4.1 6 
4.1 9 
4.1 7 
4.1 5 
4.26 
4.34 
4.43 
4.51 
4.66 
4.55 
4.62 
4.96 
4.72 

0.66 7.32 
0.72 6.61 
0.78 6.23 
0.85 6.30 
0.91 6.01 
1.07 5.96 
1.05 5.86 
1.09 5.71 
1.11 5.67 
1.20 6.13 
1.29 6.29 
1.36 6.46 
1.40 6.30 
1.43 6.35 
1.47 6.43 
1.43 6.97 
1.40 7.1 8 
1.35 7.47 
1.41 7.67 
1.35 7.47 
1.06 7.52 
1.09 7.52 
1.09 7.1 8 

0.1 6 
0.1 6 
0.1 5 
0.1 5 
0.18 
0.19 
0.18 
0.15 
0.1 4 
0.1 3 
0.1 5 
0.1 7 
0.18 
0.19 
0.20 
0.20 
0.23 
0.24 
0.24 
0.26 
0.26 
0.25 
0.25 

80.76 
83.84 
86.04 
91.48 
96.10 
98.91 
104.76 
108.06 
1 10.27 
1 1  1.09 
1 12.57 
1 18.30 
118.19 
122.89 
132.99 
137.32 
143.25 
152.03 
155.48 
156.82 
154.11 
155.04 
157.55 

a.  Includes  taxis. In 1990-91, taxis  comprised  around 1.7 per  cent of the  urban  car  task. 
b. Includes  trams.  Between 1970-71 and 1992-93, the  tram  passenger  task was of the 

order of 0.6 billion pkm per  year,  that  is,  around 8 per  cent of the  urban  rail  task. 
Note Figures  refer to unlinked  passenger  trips.  Urban  figures  refer  to  travel  wholly within 

Sources Apelbaum (1993, pp. 25,  26,  35,  36,  52); Adena & Montesin (1988); Cosgrove & 
cities of population  greater  than 40 000 each  year. 

Gargett (1  992); ABS (1 993a,  1991 b, 1989a,  1986b,  1983,1981 a, 1981 b, 1978, 
1973); CBCS (1973); BTCE (1991a,  1991b); BTE (1980,  1975); NELA (1988); 
Newman & Kenworthy (1  990); RIC (1  990); BTCE (1 994a) Indicators  Database; 
BTCE estimates. 
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work  accomplished  solely  by walking or  cycling  decreased  from  7.5 per cent 
of  total work  journeys to 5.4 per cent for  Sydney,  and from 10.4 to 5.7  per  cent 
work  accomplished solely by walking or  cycling  decreased from 7.5 per cent 
of total work  journeys  to 5.4 per  cent for Sydney, and  from  10.4  to  5.7 per cent 
for  Melbourne (Newman & Kenworthy  1989). Data from  the  Transport  Study 
Group of NSW (STSG  1985;  Itorralba & Balce 1992) imply that  non-motorised 
travel share for  Sydney  declined  from  20  per cent of  morning  peak trips in 
1971  to  15  per cent in  1981,  but  did  not  reduce any further  (and  possibly  rose 
slightly) by 1991. 

Adjusting the BTCE estimates for the  motorised  urban  passenger task (157.6 

Adena  and  Montesin  1988),  to  allow  for  non-motorised  travel, gives an 
estimate of  162  billion pkm for the total  urban  passenger  task in 1992-93,  with 
modal shares of car 84.9  per  cent, LCV 4.0 per cent, truck  0.2  per  cent,  bus  2.9 
per  cent,  motorcycle 0.7 per  cent, rail 4.4 per cent, ferry 0.2  per cent, walking 
1.9  per  cent,  and  bicycle 0.8 per  cent.  Although  non-motorised  travel has a 
minor share of total  urban  passenger-kilometres, its share is similar to  (or 
greater than) that of urban taxis, motorcycles  or  buses. 

l billion pkm in  1992-93,  from  table III.?) upward  by 2.7 per cent (derived from 

NON-URBAN PASSENGER 

Estimates of  the Australian motorised  non-urban passenger task are presented 
in table  III.6. The dominance of private car travel is again  apparent, with 61.3 
per cent of  1992-93  non-urban  (motorised)  passenger-kilometres  being 
performed  by cars. After cars, the main segments of the  1992-93  task were due 
to air travel  (19  per  cent),  buses  and  coaches (11 per  cent),  and  light 
commercial vehicles  (5.5  per cent). 

Data reported by Adena  and  Montesin  (1988, pp. 140, 148) imply that non- 
motorised  transport  accounts for about  2.6  per  cent  of  day-to-day (that is, not 
long  distance)  travel in non-urban areas (1.3 per cent  by walking and  1.3  per 
cent by bicycle). Interstate  travel accounts for  about 20 per cent  of  non-urban 
motor  vehicle  kilometres  travelled. Therefore, if w e  assume that  the  remaining 
80 per cent of non-urban  road  travel  (around  67  billion p k m  for  1992-93) 
approximates  non-urban  day-to-day  travel, w e  have an estimated non- 
motorised task of 1.8 bilkion pkm in non-urban  travel  for  1992-93.  The total 
(motorised  and  non-motorised)  non-urban  passenger  task for 1992-93 is thus 
around  108.2  billion pkm. 

INTERNATIONAL FREIGHT 

Between  1970-71  and  1992-93 Australia’s international  freight  task  increased 
by approximately  186 per cent in  tonne-kilometre terms (details  of the 
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TABLE 111.6 AUSTRALIAN NON-URBAN (MOTORISED) PASSENGER  TASK, 
1970-71 TO 1992-93 

(1 passenger-kilometres) 

Mode 
Road Rail AiF Seab Total 

Year Light 
ending commercial  Motor- 
June  Car vehicle  Truck Bus cycle 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

41.87  2.63 
42.00  2.93 
42.98  3.29 
45.71  3.76 
48.22  4.12 
49.47  4.50 
49.52  4.76 
51.25  4.84 
52.20  4.98 
53.02  4.84 
53.76  5.01 
56.82  5.22 
56.95  5.13 
59.36  5.50 
57.26  6.04 
59.49  5.55 
57.61  5.26 
55.83  5.23 
60.1 6 5.45 
62.47  5.60 
61.27  5.93 
63.75  5.75 
65.1 6 5.84 

0.43 
0.44 
0.44 
0.46 
0.46 
0.46 
0.44 
0.42 
0.40 
0.45 
0.50 
0.54 
0.49 
0.45 
0.41 
0.38 
0.34 
0.31 
0.31 
0.30 
0.23 
0.23 
0.24 

3.1 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.3 
3.3 
3.7 
4.2 
4.7 
6.1 
7.6 
9.0 
9.9 
10.9 
11.8 
12.5 
12.9 
12.3 
11.4 
11.7 
~ 

0.46 
0.49 
0.54 
0.58 
0.63 
0.74 
0.79 
0.82 
0.83 
0.89 
0.91 
1 .oo 
1.02 
1.05 
1.03 
0.88 
0.80 
0.77 
0.79 
0.76 
0.72 
0.74 
0.74 

6.1 5.20 
5.0 5.61 
5.0 6.16 
3.8 7.34 
3.2 7.93 
2.6 7.74 
2.7 7.46 
2.7 8.15 
2.7 8.58 
2.6 9.49 
3.0 9.57 
2.9 10.06 
3.0 9.25 
2.9 9.81 
3.0 10.59 
2.7 11.47 
2.7 12.28 
2.9 13.57 
2.9 14.15 
2.5 10.41 
2.5 15.66 
2.3 20.24 
2.2 20.15 

0.54 
0.54 
0.54 
0.54 
0.54 
0.55 
0.54 
0.54 
0.54 
0.54 
0.55 
0.55 
0.55 
0.55 
0.61 
0.57 
0.49 
0.40 
0.40 
0.41 
0.39 
0.38 
0.38 

60.33 
60.21 
62.1 5 
65.39 
68.30 
69.36 
69.51 
72.02 
73.53 
75.53 
77.50 
81.79 
82.49 
87.22 
87.94 
90.94 
90.38 
90.81 
96.66 
95.35 
99.00 
104.79 
106.41 

a.  Includes  general  aviation. The strong  decline in 1989-90 air  travel was due to the  airline 

b. Cruises  and Bass Strait  ferries. 
Note Figures  refer  to  unlinked  trips. Non-urban figures  refer  to  all passenger movements 

except  those  wholly within cities  of  population  greater  than 40 000 each  year. 
Sources Apelbaum (1 993, pp. 25,  36,  49,  52,  166); ABS (1 993a,  1991 b, 1989a,  198613, 

pilots’  dispute. 

1983,  1981a,  1981 b, 1978,  1973); CBCS (1973); BTCE (1991a,  1991 b); Cosgrove 
8, Gargett (1  992); BTE (1 980,  1975); DTC (1  991 b); NELA (1  988); Transport 
Tasmania (1990); BTCE (1994a) Indicators Database; BTCE estimates. 
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calculation of international  tonne-kilometres from import and export  tonnages 
are  given in chapter 5). 

Shipping is by far  the dominant carrier for both exports and imports in terms 
of tonne-lulometres  performed. In 1992-93, the  export  freight  task was  more 
than 10 times  the  level of imports (see  table m.7). For  import  tonne-kilometres 
in 1992-93,  bulk  commodities  accounted for 78.5 per  cent and non-bulk for 
21.5  per  cent,  while for exports  bulk  comprised 97 per  cent and non-bulk 3 per 
cent. The bulk share of total  international  shipping for 1992-93  (4331  billion 
tkm) is  therefore about 95.4 per  cent. 

Air freight  is  carried mainly on scheduled  passenger  services and the goods 
are  typically high value,  small volume and perishable in nature (BTCE 1991a). 
Unlike  sea freight, import and export  levels  carried by air  are of similar 
proportions. Between 1971 and 1993,  total  international  air  freight in tonne- 
kilometres  increased by  more than 14 times. 

INTERNATIONAL  PASSENGER MOVEMENTS 

In contrast to international  freight,  international  passenger movements are 
undertaken  almost  exclusively by air  (table III.8). The  number of passenger- 
kilometres  travelled to and from Australia in 1992-93 was over 6 times  greater 
than in 1970-71  (details  of  the  calculation  of  international  passenger- 
kilometres from passenger  arrivals and departures  are  given in chapter 4). 
Since  net  immigration  (permanent  international  arrivals minus permanent 
international  departures,  typically  less than 1 per  cent) is relatively  small 
compared with total  international  arrivals and departures,  passenger  flows 
into and out of Australia, by both  sea and air transport,  are roughly equivalent 
(figures III.1 and III.2). 

Foreign  tourism to Australia  is  the  fastest growing sector of the  aviation 
market.  Since  the  1970s, growth in the number of foreign  arrivals  has  averaged 
11  per  cent  per annum, while  that of Australian  residents  departing on 
overseas  trips has been lower at .5.7 per  cent  per annum (time  series  provided 
in appendix X). 

Passenger-kilometres due to  international  sea  travel  are  very  small compared 
to  air  (at  less than 0.4 per  cent of total  international pkm for 1993),  declining 
sigrvficantly  since  the  1970s. 
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TABLE 111.7 INTERNATIONAL FREIGHT TASK  TO  AND  FROM AUSTRALIA, 
1970-71 TO 1992-93 

(l 09 tonne-kilometres) 

Air Sea 
Year 
ending 
June Imports 

1971  0.1 5 
1972  0.1 6 
1973  0.22 
1974  0.35 
1975  0.41 
1976  0.47 
1977  0.49 
1978  0.54 
1979  0.66 
1980  0.70 
1981  0.68 
1982  0.86 
1983  0.86 
1984  1.04 
1985 1 .l2 
1986  0.99 
1987  0.97 
1988  1.10 
1989  1.50 
1990  1.54 
1991  1.53 
1992  1.58 
1993  1.68 

Exports 

0.10 
0.1 3 
0.1 6 
0.20 
0.25 
0.28 
0.29 
0.35 
0.46 
0.52 
0.52 
0.65 
0.73 
0.81 
0.93 
1.09 
1.25 
1.19 
1.22 
1.30 
1.36 
1.48 
1.78 

Total  Imports  Exports  Total  Total 

0.24 
0.29 
0.38 
0.55 , 
0.66 
0.75 
0.78 
0.89 
1 .l2 
1.22 
1.21 
1.50 
1.59 
1.84 
2.05 
2.08 
2.22 
2.29 
2.72 
2.84 
2.89 
3.06 
3.46 

231.23 
21  0.65 
21  7.80 
248.99 
236.44 
212.95 
221.98 
234.48 
236.35 
274.70 
289.08 
278.31 
256.99 
244.07 
250.99 
220.04 
254.22 
299.94 
378.54 
356.55 
362.66 
323.12 
369.27 

1282.69 
1383.00 
1694.23 
1926.03 
21  10.28 
1998.50 
21  10.71 
2105.14 
21  13.20 
2398.44 
2284.97 
2257.64 
2193.15 
2682.33 
31  61.93 
31  28.98 
3096.1 2 
3472.08 
3399.98 
3559.40 
3883.94 
3929.64 
3961.35 

1513.92 1514.16 
1593.66 1593.94 
1912.04 1912.42 
21  75.02 21  75.57 
2346.73 2347.39 
221  1.46 2212.21 
2332.69 2333.47 
2339.63 2340.52 
2349.55 2350.67 
2673.14 2674.36 
2574.05 2575.26 
2535.94 2537.44 
2450.14 2451.72 
2926.40 2928.25 
341  2.92 341  4.97 
3349.03 3351 .l 1 
3350.34 3352.56 
3772.02 3774.31 
3778.52 3781.24 
3915.95 3918.78 
4246.60 4249.49 
4252.76 4255.82 
4330.62 4334.09 

Sources ABS (1991c and earlier); BTCE (1994a) Indicators Database; BTCE estimates 
based on  Apelbaum  (1  993, pp. 64,  67,  68,  161,  169); BTCE (1 993c,  1988); 
CBCS (1  973); DTC (1  993b and earlier). 
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Source DTC (1 993 and earlier). 
Figure 111.1 International  air  passengers  to and from Australia 
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TABLE 111.8 INTERNATIONAL PASSENGER  TASK TO AND  FROM AUSTRALIA, 
197O-71 TO 1992-93 

(l 09 passenger-kilometres) 

Year ending June Air Sea Total 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

11.02 
14.77 
17.54 
20.87 
23.08 
26.38 
26.58 
29.15 
34.36 
34.88 
32.24 
33.05 
32.04 
33.50 
37.1 2 
39.12 
44.03 
50.66 
57.55 
59.50 
60.86 
63.40 
70.45 

1.94 
1.60 
1.32 
1.19 

0.64 
0.60 
0.42 
0.53 
0.47 
0.21 
0.15 
0.20 
0.19 
0.29 
0.32 
0.29 
0.21 
0.26 
0.18 
0.24 
0.27 
0.25 

0.82 

12.96 
16.37 
18.86 
22.06 
23.90 
27.02 
27.1 8 
29.57 
34.89 
35.35 
32.45 
33.20 
32.24 
33.69 
37.41 
39.44 
44.32 
50.87 
57.81 
59.68 
61.10 
63.67 
70.70 

Note 1. Figures  refer  to  both  inward  and  outward  travel. 
2. Passenger  flows  into  and out of Australia,  by  both  sea  and  air  transport,  are  roughly 
equivalent: so arrivals  or  departures  can  be  roughly  estimated  by dividing the  value 
provided  by  two. 

Sources BTCE (1994a) Indicators  Database; BTCE estimates  based  on  Apelbaum 
(1993, pp. 64,  70:  161:  170); BTCE (1993~:  1988); CBCS (1973); DTC (1993b and 
earlier). 
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Figure 111.2 International  sea  passengers to and from Australia 



APPENDIX IV AUSTRALIAN  TRANSPORT FUEL 
CONSUMPTION 

This appendix  provides  time series  estimates of transport  fuel consumption by 
each mode of transport  in  performing  the  Australian  transport  task outhed in 
appendix 111. Fuel consumption is measured in  petajoules (PJ) of energy 
consumed in  order  to  take  account  of  each  transport mode using  different 
types  of  fuel with different energy  contents. The energy consumption figures 
provided are  'end-use';  that  is, energy use resulting  solely from vehicle 
operation. The figures do not  contain  energy consumption involved  in  the  fuel 
refining  process,  electricity  generation  or  electricity  transmission  losses. 

Different  fuels  are consumed by each  transport mode. For example, the main 
fuel consumed by passenger  cars is automotive  gasoline, commonly called 
petrol. However, small amounts of automotive diesel  oil,  liquefied petroleum 
gas (LPG) and compressed natural gas (CNG) are also used. In the  case of 
trucks,  diesel  is  the main fuel consumed although  small  quantities of petrol, 
LPG and CNG are  also consumed. The major  fuel  used  for  rail  transport  is 
automotive diesel oil (ADO). However, industrial  diesel  fuel (IDE) and 
electricity  are  also used. Electricity consumed by rail  is used  mainly for the 
movement of urban rail  passengers. However, a small amount is  also used for 
the movement of government freight (Apelbaum 1993, p. 100). International 
aviation  uses  aviation  turbine  fuel (ax?ur). The domestic  aviation market 
consumes both  aviation  gasoline  (avgas) and aviation  turbine  fuel  (avtur). 
Aviation  gasoline  is used  primarily by the  general  aviation market (consisting 
of commuter and charter  services,  private and training  flights, and aerial 
agricultural n70rk) while aviation turbine  fuel is used  primarily by scheduled 
airline  services. Sea transport consumes mainly fuel oil, although  small 
quantities  of automotive diesel  oil and industrial  &esel  fuel  are  also used. 

Times series  estimates  for  Australian  domestic  transport  energy consumption 
for each  transport mode are  provided in table lV.1. Due to a lack  of  detailed 
data,  the  time  series in the appendix do not separate out miliary fuel  use, do 
not include pipehes and only include  marine  fuel  use due to coastal  shipping 
(that is, pleasure  craft,  fishing  boats and urban ferries  are  excluded). 
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TABLE IV.l AUSTRALIAN  DOMESTIC TRANSPORT  ENERGY  CONSUMPTION BY 
MODE, 1970-71 TO 1992-93 

(pefajoules) 

Mode 
Year 
ending 
June Road Air Sea Rail  Total 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

392.8 
409.1 
426.3 
455.2 
483.5 
507.3 
537.4 
560.7 
587.9 
597.6 
607.1 
641.4 
630.7 
657.4 
691.5 
703.6 
71  7.6 
752.6 
780.4 
791.5 
778.5 
796.0 
815.9 

25.9 
27.9 
30.9 
36.4 
39.9 
40.3 
41.5 
44.2 
43.6 
45.3 
45.1 
48.1 
46.7 
46.4 
47.5 
50.8 
52.8 
56.4 
55.9 
45.7 
56.4 
61 .l 
63.9 

34.5 
40.0 
43.0 
45.9 
40.1 
36.1 
42.9 
51.6 
43.8 
48.3 
47.9 
38.7 
38.0 
37.4 
34.0 
34.1 
35.6 
34.1 
31.3 
27.0 
22.6 
25.9 
20.1 

21.5 
23.0 
26.0 
27.7 
29.1 
29.9 
29.9 
30.3 
30.9 
30.8 
30.8 
30.6 
28.2 
30.4 
32.1 
31.2 
32.4 
32.3 
30.5 
30.2 
30.0 
29.3 
28.8 

474.7 
500.0 
526.2 
565.2 
592.6 
613.6 
651.7 
686.8 
706.2 
722.0 
730.9 
758.8 
743.6 
771.6 
805.1 
81  9.7 
838.4 
875.4 
898.1 
894.4 
887.5 
91  2.3 
928.7 

Notes 1. End-use figures  (that  is,  energy  consumption  resulting  solely  from  vehicle 
operation). 

2. Figures  include  energy  consumption  by  military  transport. 
3. Energy  use for bunkers,  pipelines,  fishing and pleasure  craft, and ferries  is 
excluded. 

Sources Bush et al. (1993); ABARE (S. Bush pers. comm. 1994); Apelbaum (1993); 
BTCE estimates. 

For  1992-93, the BTCE has  calculated the following  detailed  sectoral estimates 
of Australian  transport  energy consumption (adjusting  for the above 
exclusions): 

937 PJ for  domestic civil transport  and  14.7 PJ for military transport; 
domestic civil transport  energy  use composed of 55.9 PJ for  domestic 
aviation  (6 per cent),  815.9 PJ for the road  sector  (87 per cent),  32.5 PJ for 
the maritime sector  (3.5  per  cent),  28.8 PJ for rail transport  (3.1  per  cent) 
and  3.8 PJ for  pipelines (0.4 per  cent); 
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Australian bunker fuel use by  international air transport  of 72.5 PJ and  by 
international sea transport  of 24.8 PJ. 

ROAD 

Energy  consumption  by  road vehicles doubled  between  1970-71  and  1992-93. 
A breakdown of  energy  consumption by vehicle type is provided in table IV.2. 
Cars, the largest energy  consumption item, accounted  for  around 64.5 per  cent 
of  total  energy  consumption in 1992-93. Cars are followed  by  trucks  (rigid, 
articulated,  other  and  light  commercial  vehicles) w i t h  32.9  per cent, buses with 
2.2 per cent and  motorcycles with 0.4 per cent. 

TABLE IV.2 ENERGY  CONSUMPTION BY ROAD VEHICLES, 1970-71 TO 1992-93 
(petajoules) 

Vehicle type 
Year 
ending  Motor-  Rigid  Articulated  Other 
June Cars cycles LCVs trucks  trucks  trucks Buses Total 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

268.01 
278.68 
289.30 
308.72 
326.78 
339.65 
356.03 
369.22 
380.59 
382.86 
387.1 8 
404.77 
403.12 
41  7.90 
432.24 
444.37 
452.68 
472.38 
495.96 
51  1.41 
51  1.60 
519.18 
526.59 

2.05 
2.23 
2.43 
2.63 
2.83 
3.32 
3.40 
3.50 
3.46 
3.71 
3.91 
4.1 9 
4.22 
4.32 
4.53 
4.1 8 
3.98 
3.95 
4.04 
3.88 
3.21 
3.34 
3.33 

39.55 
42.01 
45.31 
50.1 9 
55.07 
60.1 9 
67.20 
73.36 
79.14 
76.85 
77.01 
80.97 
79.28 
85.01 
93.33 
93.13 
94.91 
102.22 
104.21 
103.01 
106.88 
108.79 
1 13.20 

45.78 29.64 
47.38 30.78 
48.90 31.98 
51.51 33.34 
54.03 35.35 
56.36 38.04 
57.60 42.31 
57.94 45.69 
60.30 53.27 
65.76 57.36 
69.88 57.66 
77.62 62.04 
69.59 61.82 
69.60 66.69 
72.33 74.1 7 
71.49 74.64 
72.70 76.50 
76.37 80.1 5 
75.35 82.88 
72.68 82.07 
61.84 77.36 
65.01 80.83 
68.74 84.30 

0.71 
0.85 
0.98 
1.32 
1.76 
2.07 
3.00 
3.13 
3.13 
2.64 
2.60 
2.52 
2.34 
2.48 
2.36 
2.39 
2.56 
2.55 
2.63 
2.31 
1.58 
1.82 
1.76 

7.04 392.78 
7.16 409.08 
7.34 426.25 
7.48 455.1 9 
7.65 483.47 
7.70 507.33 
7.81 537.35 
7.90 560.74 
8.03 587.91 
8.45 597.62 
8.85 607.09 
9.28 641.39 
10.33 630.71 
11.42 657.42 
12.58 691.54 
13.39 703.58 
14.23 71  7.56 
15.01 752.63 
15.31 780.38 
16.1 7 791.54 
16.00 778.47 
17.06 796.03 
18.00 81  5.92 

Note End-use  figures  (that is: energy  consumption  resulting  solely  from  vehicle  operation) 
Sources Apelbaurn (1993); Cosgrove & Gargett (1992); BTCE estimates  based  on ABS 

SMVU (1993a and  earlier); Bush et  al. (1993); BTCE (1994a); Indicators  Database; 
Hensher (1989); and  Wilkenfeld (1991). 
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DOMESTIC FREIGHT 

Table IV.3 provides  energy  consumption  data  for the Australian  road  freight 
transport  sector  between 1970-71 and 1992-93. In 1992-93, total energy 
consumption  by  road freight transport was around 266 I'J. The urban  and  non- 
urban split of  energy  consumption  by freight transport  vehicles is fairly even, 
with  non-urban  accounting  for  about 53 per cent. 

Light  commercial  vehicles (LCVs) are responsible  for 42 per cent of total 
energy  consumption  by  road freight transport. In particular, LCVs account  for 
over half of the total  urban  energy  consumption.  However, as noted  in 
appendix 111, LCVs represent a minor  component  of  the  total  road  freight task 
in terms of  tonne-kilometres. 

Articulated  trucks  account  for  around 32 per cent of total  road freight energy 
consumption, but four-fifths  of this energy consumption  occurs  in  non-urban 
areas. figid  trucks  account  for  around 26 per cent of  total  energy  used,  and 
just  over half of  rigid  truck  energy  consumption  occurs in urban areas. 

Energy  use  by all domestic freight transport  between 1970-71 and 1992-93 is 
presented in table IV.4. In 1992-93, it is estimated  that 309 PJ of  energy was 
consumed  by  Australian  freight  transport  (excluding  pipelines).  Around 86 
per cent of this total  can be attributed  to  energy use by the road  freight  sector. 
Rail and sea freight  transport each account  for  around 7 per  cent. Air freight 
transport is excluded  from the table because freight is generally  carried on 
passenger  services. 

Table W.4 excludes the energy  consumed  by freight transport  via pipelines. 
However,  Apelbaum (1993, p. xvii), has estimated that in 1990-91 energy 
expended in the movement of gas  or  liquids in pipelines was around 3.5 PJ. If 
pipelines were to be included  in  the 1991 freight  energy  use total, they  would 
account  for  around 1.2 per cent  of  energy  used  in  freight  transport. 

URBAN PASSENGER 

Outlined  in table IV.5 is the consumption  of  energy by urban  passenger 
transport  between 1970-71 and 1992-93. Cars comprise the largest consumer 
of  energy (97 per  cent),  followed  by  buses (2 per  cent)  and rail (1 per cent). 
Between 1970-71 and 1992-93, energy  use by cars doubled while buses 
increased their energy use by  almost 50 per cent.  The  dominance  of  energy 
consumption  by cars in the urban area reflects the  large number of  passenger- 
kilometres  travelled  relative  to  other modes (table  111.5  provides the number of 
urban  passenger-kilometres  travelled per year for each mode). 
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TABLE IV.3 ENERGY  CONSUMPTION BY  AUSTRALIAN ROAD FREIGHT VEHICLES, 1970-71 TO 1992-93 
(petajoules) 

Articulated  Rigid LCVs Total 
Year 
ending Non- Non- Non- Non- 
June Urban urban  Total Urban  urban Total Urban  urban Total Urban  urban Total 

~ ~~~ ~ ~ 

1971 5.85 
1972 6.39 
1973 6.96 
1974 7.60 
1975 8.42 
1976 9.47 
1977 10.52 
1978 11.34 
1979 13.1 9 
1980 14.50 
1981 14.83 
1982 16.17 
1983 15.95 
1984 17.1 1 
1985 20.70 
1986 18.96 
1987 19.53 
1988 23.84 
1989 20.23 

23.79 
24.39 
25.02 
25.74 
26.93 
28.56 
31.79 
34.35 
40.09 
42.85 
42.83 
45.87 
45.87 
49.59 
53.46 
55,68 
56.98 
56.31 
62.65 

29.64 
30.78 
31.98 
33.34 
35.35 
38.04 
42.31 
45.69 
53.27 
57.36 
57.66 
62.04 
61.82 
66.69 
74.1 7 
74.64 
76.50 
80.15 
82.88 

23.31 
24.30 
25.28 
26.83 
28.36 
29.77 
29.80 
29.53 
30.26 
33.24 
35.30 
40.51 
36.63 
36.95 
40.32 
39.90 
42.38 
48.89 
44.99 

22.47 45.78 
23.07 47.38 
23.62 48.90 
24.68 51.51 
25.67 54.03 
26.59 56.36 
27.80 57.60 
28.41 57.94 
30.03 60.30 
32.51 65.76 
34.58 69.88 
37.1 1 77.62 
32.96 69.59 
32.65 69.60 
32.01 72.33 
31.60 71.49 
30.32 72.70 
27.47 76.37 
30.37 75.35 

21.57 
23.58 
26.1 5 
29.73 
33.45 
38.91 
42.14 
46.70 
50.72 
47.63 
46.1 8 
46.88 
45.75 
48.76 
50.38 
55.1 3 
57.88 
59.83 
63.89 

17.98 
18.43 
19.17 
20.46 
21.62 
22.67 
25.06 
26.66 
28.42 
29.22 
30.84 
34.09 
33.53 
36.25 
42.95 
37.99 
37.03 
42.39 
40.32 

39.55 50.7 
42.01 54.3 
45.31 58.4 
50.19 64.2 
55.07 70.2 
60.19 78.2 
67.20 82.5 
73.36 87.6 
79.14 94.2 
76.85 95.4 
77.01 96.3 
80.97 103.6 
79.28 98.3 
85.01 102.8 
93.33 11  1.4 
93.13 114.0 
94.91 11  9.8 
102.22 132.6 
104.21 129.1 

64.2 
65.9 
67.8 
70.9 
74.2 
77.8 
84.6 
89.4 
98.5 
104.6 
108.2 
117.1 
1 12.4 
11  8.5 
128.4 
125.3 
124.3 
126.2 
133.3 

1 15.0 
120.2 
126.2 
135.0 
144.5 
154.6 
167.1 
177.0 
192.7 
200.0 
204.6 
220.6 
21  0.7 
221.3 
239.8 
239.3 
244.1 
258.7 
262.4 

b 
W 
9 

-a 
3 

X 

? 



+ TABLE IV.3 (cont.) ENERGY  CONSUMPTION  BY AUSTRALIAN ROAD FREIGHTVEHICLES, 1970-71 TO 1992-93 m 
tP (pe tajoules) 

W 
Y R 
%j 

Articulated  Rigid LCVs Total -2 
Year 2 
ending Non- Non- Non- Non- 00 
June Urban urban Total Urban urban  Total Urban urban Total Urban urban Total 

00 

1990 19.15 62.92 82.07 43.46 29.22 72.68 61.96 41.06 103.01 124.6 133.2 257.8 
1991 20.33 57.03 77.36 37.13 24.71 61.84 60.31 46.58 106.88 117.8 128.3 246.1 
1992 17.17 63.66 80.83 37.81 27.20 65.01 65.40 43.39 108.79 120.4 ~ 134.3 254.6 
1993 17.77 66.53 84.30 39.98 28.76 68.74 68.05 45.15 113.20 125.8 140.4 266.2 

Notes 1. End-use figures  (that  is,  energy  consumption  resulting  solely  from  vehicle  operation). 
2. ‘Other  trucks’  are  not  included  since  they do not  carry  freight. 

Sources ABS (1 993a,  1993b,  1992b,1986b,1983,1981 a, 1978,1973); Apelbaum (1  993); Cosgrove & Gargett (1  992); BTCE (1  991 a, 1991  b); 
BTE (1 980,  1975); BTCE estimates. 
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TABLE IV.4 AUSTRALIAN  DOMESTIC  FREIGHT ENERGY  CONSUMPTION  (EXCLUDING 
PIPELINES) 1970-71 TO 1992-93 

ipetajoules) 

Year 
ending June 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

Road 

Urban Non-urban 

50.73 64.24 
54.28 65.89 
58.39 67.81 
64.1 6 70.88 
70.23 74.23 
78.15 77.83 
82.47 84.65 
87.57 89.42 
94.1 7 98.54 
95.38 104.59 
96.31 108.25 
103.57 11  7.06 
98.34 1 12.36 
102.82 11 8.48 
1 1  1.40 128.43 
113.99 125.27 
119.79 124.33 
132.56 126.1 7 
129.1 1 133.34 
124.57 133.20 
1 17.78 128.31 
120.38 134.25 
125.80 140.44 

Rail 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

23.65 
24.50 
24.29 
24.01 
23.87 
21 59 
23.92 
25.59 
24.76 
26.02 
25.75 
23.74 
23.79 
23.49 
22.97 
22.73 

Sea 

34.50 
40.00 
43.00 
45.90 
40.10 
36.1 0 
42.90 
51.60 
43.80 
48.30 
47.90 
38.70 
38.00 
37.40 
34.00 
34.1 0 
35.60 
34.1 0 
31.30 
27.00 
22.60 
25.90 
20.10 

Total 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

252.24 
261.01 
272.55 
276.46 
283.20 
270.28 
282.63 
299.42 
298.1 2 
305.73 
31  8.59 
31  7.48 
308.56 
292.17 
303.51 
309.07 

n.a.  Not  available 
Notes 1. End-use  figures  (that is, energy  consumption  resulting  solely  from  vehicle 

operation). 

passenger  services. 
2. Air  transport is excluded  from  this  table  as  air  freight is generally  carried  on 

Sources Apelbaum (1 993); ABS (1 993a,  1991 b, 1986b,  1983,1981 a, 1981 b9 1978,  1973); 
CBCS (1973); BTCE (1991a;  1991b:  1989); BTE (1982,  1980,1975); DTC (1991a, 
1991 b); Cosgrove & Gargett (1 992, p. 234); BTCE (1994a) Indicators  Database; 
BTCE estimates. 

NON-URBAN PASSENGER 

Energy consumption estimates  for non-urban passenger  transport by vehcle 
type is provided in table lV.6. Cars again dominate energy consumption, 
accounting  for around 67 per  cent  of  total non-urban passenger  energy 
consumption in 1992-93. h transport was also sigruficant,  accounting  for 
around 2’7 per cent. The remaining modes include bus (5 per cent) and rail 
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(1 per  cent).  However,  changes  over time reveal a slightly  different  picture. 
Over the period  from 1977-78 to 1992-93, the greatest  growth  in  energy 
consumption  by  non-urban  passenger vehicles occurred  in  bus  transport: 
deregulation  of  the bus industry  in  the early 1980s was responsible  for a 
substantial spurt in  growth which has now considerably  levelled  off. Air 
transport  increased  by  about 45 per cent, cars increased  by  about 26 per  cent 
and rail transport  decreased by approximately 15 per cent. 

TABLE IV.5 ENERGY  CONSUMPTION  BY  URBAN  PASSENGER  TRANSPORT, 
1970-71 TO 1992-93 

(petajoules) 

Mode 
Year 
ending June Car Bus Rail Total 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

171.37 
181.14 
188.32 
200.96 
212.72 
221  .l0 
236.78 
245.55 
253.1 1 
253.78 
256.65 
268.30 
267.21 
277.01 
298.03 
306.39 
31 9.59 
342.55 
354.61 
363.10 
363.24 
364.99 
370.20 

4.63 
4.67 
4.87 
5.08 
5.22 
5.27 
5.39 
5.46 
5.57 
5.77 
5.78 
5.86 
5.89 
5.93 
6.1 1 
6.27 
6.44 
6.60 
6.83 
6.67 
6.77 
7.27 
6.92 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
3.89 
3.80 
4.03 
4.07 
4.1 0 
3.92 
3.88 
3.85 
4.03 
4.00 
4.01 
4.08 
3.93 
3.91 
3.91 
3.73 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

254.90 
262.48 
263.58 
266.50 
278.26 
277.02 
286.82 
307.99 
31  6.69 
330.03 
353.16 
365.52 
373.70 
373.92 
376.1 7 
380.85 

n.a.  Not  available 
Notes 1. End-use  figures  (that  is,  energy  consumption  resulting  solely  from  vehicle 

operation). 

1.9 PJ and  energy  consumption  for  urban  ferries was 0.4 PJ (Apelbaum 1993, 
pp. 78,  108). 

2. Motorcycles  and  ferries  excluded. In 1991 motorcycles in the  urban  area  consumed 

Sources Apelbaum (1993); Adena & Montesin (1 988); Cosgrove & Gargett (1992); ABS 
(1 993a,  1991 b, 1989a,  1986b,  1983,  1981 a, 1981 b, 1978,  1973); CBCS (1 973); 
BTCE (1 991 a, 1991 b); BTE (1 980,1975); NELA (1 988); Newman & Kenworthy 
(1990); RIC (1990); BTCE (1994a) Indicators  Database; BTCE estimates. 
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TABLE IV.6 ENERGY  CONSUMPTION BY NON-URBAN  PASSENGER  TRANSPORT, 
1970-71 TO 1992-93 

(petajoules) 

Mode 
Year 
ending June Car Bus Rail Air  Total 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

1989 
1990 
1991 
1992 
1993 

I 988 

96.64 
97.54 
100.98 
107.76 
1 14.06 
11 8.55 
11 9.25 
123.67 
127.48 
129.08 
130.53 
136.46 
135.91 
140.89 
134.21 
137.98 
133.09 

141.35 

148.36 
154.20 
156.40 

129.82 

148.31 

2.41 
2.48 
2.46 
2.40 
2.44 
2.43 
2.42 
2.44 
2.46 
2.68 
3.07 
3.42 
4.44 
5.49 
6.47 
7.12 
7.79 
8.41 
8.48 
9.50 
9.23 
9.79 
11.08 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
2.76 
2.60 
2.48 
2.72 
2.63 
2.69 
2.60 
2.66 
2.41 
2.38 
2.54 
2.68 
2.48 
2.60 
2.42 
2.34 

n.a. 
n.a. 
n.a. 
36.4 
39.9 
40.3 
41.5 
44.2 
43.6 
45.3 
45.1 
48.1 
46.7 
46.4 
47.5 
50.8 
52.8 
56.4 
55.9 
45.7 
56.4 
61 .l 
63.9 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

173.07 
n.a. 

176.14 
179.54 
181.42 
190.61 
I 89.74 
I 95.38 
190.84 
198.31 
196.06 
197.1 7 
208.41 
205.99 
21  6.59 
227.51 
233.72 

n.a.  Not  available 
Notes I. End-use  figures  (that  is:  energy  consumption  resulting  solely  from  vehicle 

operation). 
2. Air  energy  consumption  is  from  scheduled  airline  services. 
3. Motorcycles  and  sea  transport  are  excluded. In 1991, motorcycles  in  non-urban 
areas  consumed 1.3 PJ (Apelbaum 1993 pp. 78:  108). 

4. In 1991, the  passenger  task  due to urban  ferries  (see  notes on table IV.5) was of 
similar  size  to  that of non-urban  sea  transport  (coastal  cruises  and  Bass  Strait 
ferries)  (Apelbaum 1993> p. 52). 

Sources Apelbaum (1 993); ABS (1 993a,  1991 b: 1990,1989a:  1986b>  1983,  1981 a; 1981 b, 
1978,1973); CBCS (1 973); BTCE (1 991 a: 1991 b);  Cosgrove & Gargett (1 992); 
BTE (1980,  1975); DTC (1991b); NELA (1988); BTCE (1994a) Indicators  Database; 
BTCE estimates. 
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INTERNATIONAL FREIGHT 

The attribution problems involved in allocating  responsibility  for 
consumption of bunker fuel among various  countries is still subject  to  debate. 
The tables  containing  data on international  freight and passenger  energy 
consumption (tables IV.7 and IV.8) record  fuel  uplifted,  both in Australia and 
overseas, in the performance of  the  international  passenger and freight 
movements both  into and out  of  Australia. 

A breakdown of  estimates  for  energy consumption  from international  sea 
freight  transport  to and from Australia is provided in table IV.7. Energy 
consumption by international  air  freight  transport  is  excluded,  as  the  data  are 
unable to be  separated from energy consumed by the  international  passenger 
task. In 1992-93, around 12 per  cent  of  the  energy  required  to complete 
Australia’s  international  sea  freight  transport  task was uplifted in Australia. 
Most of  the energy consumed (about 88 per  cent) was uplifted  outside 
Australia. 

INTERNATIONAL  PASSENGER 

Estimates  of  energy consumption resulting from international  passenger 
movements to and from Australia  are  provided in table IV.8. Total  energy  used 
by international  passenger  transport  increased from  around 116 PJ in 1970-71 
to 254 PJ in 1992-93, an increase  of around 120 per  cent. The majority of 
energy consumed for  international  air  passenger  transport (70 per  cent) was 
uplifted from outside  Australia. Energy  consumption by international  sea 
passenger  transport is small. 
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TABLE IV.7 ENERGY  CONSUMPTION  FROM INTERNATIONAL SEA FREIGHT 
MOVEMENTS TO AND  FROM AUSTRALIA, 1970-71 TO 1992-93 

(petajoules) 

Sea 
Year Uplifted  in Uplifted  outside Total  fuel 
ending June A usfralia Australia uplifted 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

75.2 
66.9 
60.7 
55.4 
62.4 
59.3 
49.2 
48.7 
34.7 
36.2 
30.5 
30.2 
36.2 
30.5 
30.2 
20.6 
21.9 
24.8 
28.0 
28.6 
28.8 
24.9 
24.8 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

230.3 
198.5 
251 .O 
196.4 
193.4 
193.0 
21  4.0 
21  1.9 
231.8 
198.9 
199.2 

n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

266.5 
229.0 
281.2 
217.0 
215.3 
21  7.8 
242.0 
240.5 
260.6 
223.7 
224.0 

n.a.  Not  available 
Notes 1. End-use  figures  (that  is,  energy  consumption  resulting  solely from vehicle 

operation). 

consumption  data  cannot  be  differentiated  (since  air  freight  is  generally  carried  on 
passenger  services). 

2. Air  transport  is  not  included in the  table  as  freight  and  passenger  energy 

Sources ABS (1991c and  earlier); BTCE (1994a) Indicators  Database; BTCE estimates 
based  on  Apelbaum (1 993); BTCE (1993c,  1988); CBCS (1972); DTC (1993b and 
earlier). 
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TABLE IV.8 ENERGY  CONSUMPTION  FROM INTERNATIONAL PASSENGER 
MOVEMENTS  TO  AND  FROM AUSTRALIA, 1970-71 TO 1992-93 

(petajoules) 

Air Sea 
Year Uplifted  Total 
ending  Uplifted  in  outside  fuel  Uplifted  in 
June Australia  Australia  uplifted  Australia 

Uplifted Total 
outside fuel 

Australia uplifted 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

1982 

n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 

34.1 6 
33.62 
35.07 
34.95 
37.49 
36.50 
36.41 
41 .OO 
41.82 
44.16 
49.95 
57.67 
62.99 
65.53 
69.52 
75.15 

n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 

81.34 
80.05 
83.51 
83.21 
89.27 
86.90 
86.70 
97.62 
99.57 
105.15 
1 18.92 
137.30 
149.97 
156.01 
165.52 
178.92 

n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 

1 15.50 
1 13.67 
1 18.58 
118.16 
126.76 
123.40 
123.11 
138.62 
141.39 
149.31 
168.87 
194.97 
21  2.96 
221.54 
235.04 
254.07 

n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 

I .06  10-4 
9.73 I 0-5 
1.01  10-4 
6.67 X 1 0-5 
6.60 X 1 0-5 
6.99 X 10-5 
7.36 X 10-5 
7.91  10-5 
6.79  10-5 
6.93  10-5 
6.84 X 10-5 

n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 

5.67  10-4 

7.35  10-4 
5.68  10-4 
5.17~ 10-4 
4.75 I 0-4 

4.79 I 0-4 

5.36 X 1 0-4 

4.89 X 1 0-4 
5.07 X 1 0-4 

4.85 X 1 Om4 
4.82 X 1 0-4 

n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 
n.a 

6.72 X 1 0-4 
6.33 10-4 
8.36 I 0-4 
6.35 10-4 

5.45  104 
5.83 X 1 0-4 

5.63 X 1 0-4 
5.86 X 1 0-4 
5.46 X 1 0-4 
5.55 I 0-4 
5.51  10-4 

n.a.  Not  available 
Note End-use  figures  (that  is,  energy  consumption  resulting  solely from vehicle  operation). 
Sources BTCE (1994a) Indicators  Database; BTCE estimates  based  on  Apelbaurn (1993, 

pp. 64,  70,  161,  170); BTCE (1993c,  1988); DTC (1993b and  earlier). 
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APPENDIX V ESTIMATING  EMISSIONS FROM 
TRANSPORT 

Methodology 

Current international  standards for the  compilation of greenhouse  gas 
inventories  are  based on Intergovernmental  Panel on Climate Change (IPCC) 
guidelines (IPCC/OECD 1994) for  calculating greenhouse  gas  emissions from 
mobile  sources. 

The BTCE methodology follows  the IPCC guidelines and allows for the 
estimation of both direct and indirect greenhouse  gases,  including  carbon 
dioxide (CO2), methane (CH4), nitrous  oxide (:N20), oxides of nitrogen  other 
than  nitrous  oxide (NO,), carbon monoxide (CO), non-methane volatile 
organic compounds (A&IVOCs), sdplmr oxides (SO,) and fluorocarbon (FC) 
species. 

Transport  emission  activities  included in the methodology are: domestic air 
transport,  international air transport  (relating to Australian  sales of aviation 
bunker fuel), passenger  cars  (subdivided by velucle  age),  trucks  (subdivided 
by gross  vehlcle mass,  see  Glossary),  buses,  motorcycles,  railways,  domestic 
marine transport  (including  coastal  shipping,  ferries,  recreational  boating and 
commercial  fishg), and international  shipping  (relating to Australian  sales  of 
marine  bunker fuel). To improve the  accuracy of transport  emission  estimates, 
fuel consumption by non-transport  mobile sources,  uThich is generally 
included in ABARE estimates of transport  fuel  use, have been allowed for. 
Such sources  include  miscellaneous  off-road  vehicles  (unregistered  trail  bikes 
and recreation  vehcles,  competition  vehicles, and forkhfts), mobile utility 
engnes (such as lawn-mou-ers, chainsaws,  portable  generators, and mobile 
compressors), and military  vehicles.  Emissions due to major oil and gas 
pipehe transmission  are  also  addressed. 

The methodology presented in this appendix deals  solely with end-use 
emissions. That is, emissions from transport  energy  production, such as 
r e h g  automotive gasohe or  generating  electricity for electric rdways, are 
not included  here. The extension  of end-use  emission  estimates to include 
such indirect  emissions  are  dealt with in chapter 6. The M7orkbook for Fuel 
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Combustion Activities  (excluding  Transport) (NGGIC 1994a) and Workbook for  Fuel 
Production,  Transmissions,  Storage  and  Distribution (NGGIC 199413)  also  address 
these issues. 

Greenhouse gas emissions  from  mobile  sources  consist  of the gaseous 
products  of  engine  fuel  combustion (exhaust  emissions) and  gas leakage from 
vehicles (fugitive  emissions), essentially  comprising: 

CO2 emissions  due  to the oxidation  of  fuel  carbon  content  during  fuel 
combustion; 

CH4, N20, NO,, CO, NMVOCs, and SO, emissions  resulting  from 
incomplete  fuel  combustion,  reactions  between air and  fuel  constituents 
during  fuel  combustion  and  post-combustion  reactions;  and 
fugitive  emissions  of FCs, due to  vehicle  air-conditioner  refrigerant release, 
and of NMVOCs, due to  fuel  evaporation. 

The estimation  of  mobile  source  emissions is complex, since emission levels 
depend  on a large number of  factors,  including: 

class of vehicle and  type  of  pollution  control  equipment  fitted; 
type of  fuel consumed  and the average rate of fuel consumption; 
condition  of  vehicle  (such as vehicle age and  level  of  maintenance);  and 
operating characteristics (such as driver  behaviour, weather conditions, 
road type and traffic levels). 

Calculation  of non-CO2 greenhouse gas emissions  from the combustion  and 
evaporati,on  of  fuels  in  mobile  engines is carried  out  by  converting  activity 
data (either fuel consumption  or  distance  travelled)  to  an  emission estimate 
through  multiplication  by a conversion rate or emission  factor. Emission  factor 
units are expressed as grams of gas emitted per megajoule  of energy used 
(g/MJ) or  grams emitted per vehicle  kilometre  travelled  (g/km). 

Carbon  dioxide  emissions  from the combustion  of  fuels are estimated  by 
converting  energy  consumption  for each mobile  engine type to an amount of 
CO2 through  multiplication  by  an  emission  factor (g/MJ) and  an  oxidation 
factor. The  oxidation  factor  represents the proportion  of  fuel  oxidised  during 
combustion. One minus the factor  represents the proportion  of  fuel that is 
converted  into  solid  products  (such as soot). 

The estimation  methods  used  ensure that the total  carbon  content  of the fuel is 
accounted  for as CO2 emissions  and  solid  products.  Even  though a portion  of 
the carbon in the fuel is released as CH4, CO and NMVOC emissions  under 
actual  engine  operating  conditions, the IPCC prefers CO2 emissions  to be 
reported as if all the carbon which is oxidised  produces CO,. As well as 
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making the  estimation of CO2 emissions more straightforward,  the primary 
reason for the  slight double counting is  that carbon  emitted  as CH4, CO or 
N M V O C s  eventually  converts  to CO, in  the  atmosphere. The conversion 
occurs  over a relatively  short  period compared to the  lifetime of CO, in the 
atmosphere (greater than 100 pears). To derive an estimate of actual CO, 
emissions for a given  year (for example,  as an input to a detailed  atmospheric 
model),  the  carbon  contained  in  the CH4, CO and NMVOC emissions  should 
be subtracted from the CO, emissions. 

Fluorocarbon emissions from the  transport  sector  are estimated by 
multiplying the number of vehicles with air-conditioners by  an average 
leakage  rate  (in grams of FC emitted  per  vehicle  per  year). 

All emission  factors  relating to energy consumption are  given in terms of gross 
calorific  value (GCV), rather than the OECD standard  of  net  calorific  value 
(NCV), since  the  Australian Bureau of Agricultural and Resource Economics 
(ABARE) reports  energy  use  in  terms  of GCV. ABARE figures (Bush et  al. 
1993) are  the primary source  of  data on Australian  energy consumption by 
sector. Emission factors  given  in NCV terms  (such  as  those  provided by OECD 
1991) are reduced by 5 per  cent for solid  or liquid fuels and 10 per  cent for 
gaseous fuels  to provide compatibility with the GCV energy data  (as 
suggested bp OECD 1991). 

The emission  factors  reproduced  in  tables T7.3 to V.7 effectively  represent 
national  average  default  values whch are to be used whenever more specific 
figures  are  unavailable.  Emission  factors have been calculated on the  basis of 
Australian  vehicle  characteristics wherever possible. Where data specific  to 
Austrahan  conditions have not been available,  emission  factors have been 
derived from the  default  estimates  given  in Estinznfion of Greenhouse Gns 
Emissions  and Sinks (OECD 1991). The methodology presented is  consistent  in 
approach with the  emission  estimation methods prepared for the IPCC (OECD 
1991). 

Assumptions 

Incomplete  combustion of  fuel  is assumed to result in the  production of solids, 
such as  ash,  rather than greenhouse  gases. 

The sulphur  content of the  fuel  is assumed to  oxidise  completely  during  fuel 
combustion. The products  are  reported in terms of weight of SO,. Sdarly 
for mass calculations  (involving  molecular  weights), assume NO, emissions 
have the  empirical  formula NO,. 

In order to calculate on-road consumption from data on annual automotive 
gasoline  sales  (available from ABARE), it is assumed that 1 per  cent of sales  is 
consumed in  small  marine  craft.  Farrington (1988) contains  analysis which 
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implies that fuel  use  by small marine craft operating  in the airsheds  of 
Australian  coastal cities is of the order  of 1 per cent  of  automotive  gasoline 
use. This figure is supported  by  data  provided  by  Australian  port  authorities, 
pleasure  boating  clubs  (personal  communications)  and the Australian  Bureau 
of  Statistics (ABS 1989). 

A further 1 per cent  of  annual  automotive  gasoline sales is assumed to be 
consumed  by  unregistered  off-road  motor  vehicles, military vehicles and small 
mobile  utility  equipment  (such as lawn-mowers). Data given by Farrington 
(1988)  suggest  that  such use of  automotive  gasoline  could  account  for  around 
1 per cent  of  total  consumption.  Advice  from  motor  traders,  recreational 
vehicle  clubs,  the  Department  of  Defence, lawn-mower manufacturers  and 
gardening  services  also  supports this figure.  Based on the limited  data 
available, it is assumed that the 1 per  cent  (of  total  automotive  gasoline 
consumption  allocated  to  miscellaneous  sources) is composed of  0.1 per cent 
due to  unregistered  vehicles,  0.1 per cent  due  to military vehicles  and 0.8 per 
cent  due  to  utility  engines. 

Off-road  recreational  vehicles are assumed to  have  emission  factors (g/MJ) 
equivalent  to  those  for  gasoline  passenger cars without  emission  control 
measures  (derived  from OECD 1991,  table 2-20). Small marine craft emission 
factors (g/MJ) for CH4 and N,O are also  assumed  to  be  equivalent  to  those  for 
gasoline  passenger cars without  emission  control  measures. 

Military vehicles  using  automotive  gasoline are assumed to  have  emission 
factors (g/MJ) equivalent  to  those  for  gasoline  light  duty  trucks,  and  those 
using ADO are assumed  equivalent  to  heavy  duty ADO trucks with moderate 
emission  control  (derived  from OECD 1991). 

Ships  using  natural gas are assumed to have  emission  factors (g/MJ) 
equivalent  to  those  of  heavy  duty  road  vehicles  using  natural  gas  (derived 
from OECD 1991, table 2-27). Ships  and  trains  using  coal are assumed to  have 
emission  factors  (in g/MJ) equivalent  to  those  for  an  industrial  coal-fired 
boiler  (derived  from OECD 1991,  table  2-10). 

Emission  factors  for non-C02 gases (g/km)  generated  by LPG goods  vehicles 
are assumed to  be  proportional  (according  to  fuel  consumption)  to  those  for 
LPG passenger cars. That is, emission  factors  for LPG light  trucks are 
calculated  by  increasing  those  for LPG cars by the percentage  difference 
between the average  fuel  consumption rates of the light  truck  and car  fleets. 

CNG consumption  for  road  transport is subdivided  into  vehicle  categories 
according  to fleet composition  data  provided  by the Australian Gas 
Association (AGA). It is assumed that, for each CNG vehicle type, the average 
fuel  consumption rate and  annual  kilometres  travelled  per  vehicle display the 
same relative  relationship as that for  road  vehicles  using ADO. That is, if an 
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ADO heavy truck consumes four times  as much fuel  per  lulometre and travels 
five  times  as  far  per ann~m as an ADO car, then a CNG heavy truck is 
assumed to have four  times  the  fuel consumption and five  times  the  annual 
utilisation of a CNG car. 

Emission factors for N20 (g/km) from heavy duty road vehicles  using CNG 
and LPG are assumed to be similar  to  those for heavy duty gasoline  vehicles 
(OECD 1991). 

Emission factors for N20 (g/’MJ) for piston  en,@ned  aircraft  are assumed to be 
similar to those for gasoline  passenger  cars without enussion  control  measures 
(OECD 1991). A value for N 7 0  - emissions from jet  aircraft  could not be found 
in the  literature. For the  purposes of this  inventory,  the  jet  emission  factor for 
NZ0 (in g/MJ) has been assumed to be similar to that of high-speed  diesel 
engines. The CH4 emission  factor  for Avtur use was derived by assuming that 
CH, emissions from Australian  jet  aircraft comprise  the same percentage of 
volatile  organic compound emissions  as  jet  emissions  reported in OECD 1991. 

Algorithms 

To complete  the  subsequent  algorithms,  reference should be made to tables V.l 
and V.2. Table V.l summarises mobile source  categories,  fuel  types and 
greenhouse  gas  emission  species. The notation of the  algorithms  relies on the 
values  of  the  appropriate  subscripts (h, i, j, k or I) p7en in table V.1. Table V.2 
describes  the purpose of each  algorithm. 

The emission  level of a greenhouse  gas from a mobile  fuel  combustion  engine, 
using a specified  fuel tpe, is  calculated  by-: 

where 

E(Z)]lijk is the  emission of greenhouse  gas I in gigagrams (Gg), from a 
mobile  source  of  category- i and class j (within sector h), using  fuel  type k; 
A1lz]lijk is the  activity  level, where nz=l refers to energy consumption in 
petajoules (PJ) and m=2 refers to &stance  trarelled  in  terametres (Tm); 
and 
F(Z)”z~ijk is  the  emission  factor,  in  units  of grams of gas Z emitted  per 
megajoule of energy  use (g/MJ) for 11z=1, and grams of gas I emitted  per 
kilometre  travelled (g/km) for 112=2. 
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TABLE V.l SUMMARY OF MOBILE SOURCE CATEGORIES, FUEL  TYPES  AND 
GREENHOUSE  GAS EMISSION SPECIES 

Mobile  sources 
Sector  (h)  Category (i) Class (j) 

Air  transpok.d 1 

Domestic 
aviation 1 
International 
aviation 2 

Road 
transporta,b,c 2 

Passenger 
cars 1 

Light goods 
vehicles 2 
Medium  goods 
vehicles 3 
Heavy  goods 
vehicles 4 
Buses 5 
Motorcycles 6 

Rail  transporta,C 3 1 

Marine 
transporta,d 

Military 
transportd 

Other  mobile 
sources 

4 
Domestic 
marine 1 

International 
marine 2 

5 
Air 1 
Land 2 
Water 3 

6 
Off-road 
recreational 
vehicles 1 

1 

1 

Post-l 985 1 
1981-1  985 2 
1976-1  980 3 
Pre-1976 4 

1 

1 

1 
1 
1 
1 

Small  craft 1 
Ferriesa 2 
Fishinge 3 
Shipping 4 

1 

1 
1 
1 

1 

Automotive 
gasoline 
ADO 
LPG 
Avgas 
Avtur 
IDF 
Fuel  oil 
Natural 
gas 
Black 
coal 

CO, 1 
CH, 2 
NZ0 3 
NO, 4 
CO 5 
NMVOCs 6 
so, 7 

FCs 8 

~ - 
Note Annual  national  energy  consumption  for  mobile  engines  can  be  obtained  from ABARE 

(Bush et  al. 1993); with supplementary  activity  data  available  from:  a.  Apelbaum 
(1993), b. ABS (1993a), c.  Cosgrove & Gargett (1992), d. Department  of  Defence 
(N. Martin,  pers. comm. 9 May 1994) and  e. ACS (1991). 
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TABLE V.2 DESCRIPTIONS OF ALGORITHMS 

Algorithm Purpose 

Calculates  emissions  of a specified  greenhouse  gas  from  combustion  of a 
particular  fuel  in a particular  sector  and  source  category. 

Calculates  emissions  of a specified  greenhouse  gas  from a particular  sector 
and  source  category  by  summing  over  fuel  types. 

Calculates  emissions  of a specified  greenhouse  gas  from a particular  sector 
by  summing  over  source  categories. 

Calculates  emissions of a specified  greenhouse  gas  from  transport  (mobile 
sources)  by  summing  over  sectors. 

Calculates  total  activity  for a specified  fuel  type  in a particular  source  category 
by summing  over  classes. 

Calculates  total  activity  for a specified  fuel  type  in a particular  sector  by 
summing  over  source  categories. 

Calculates  total  activity  for a specified  fuel  type  for  all  mobile  sources  by 
summing  over  sectors. 

Assign  activity  levels  to  sectors  and  categories  based  on  energy  consumption 
data. 

Converts  activity  levels  from  litres  of  fuel  to  petajoules. 

Apportions  road  transport  fuel  use among vehicle  categories. 

Converts  activity  data  from  petajoules  to  terametres  (that is, calculates  vehicle 
distance  travelled  from  fuel  use). 

Group  petrol  passenger  car  proportions  of  total  distance  travelled  by  vehicle 
age  into  age  classes. 

Calculates  the  average  rate  of  fuel  consumption  for  petrol  passenger  cars. 

Apportions  energy  use  by  petrol  passenger  cars among vehicle  age  classes. 

Converts  activity  data  from  petajoules  to  terametres  for  petrol  passenger  cars. 

Calculates CO, emissions  using  fuel  consumption  figures. 

Calculates  fugitive FC emissions  from  vehicle  air-conditioners. 

Calculates  exhaust  and  evaporative NMVOC emissions  from  road  transport. 

Calculates  other  exhaust  emissions  from  road  transport. 
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The required  form  of the equation (whether m equals 1 or 2) for a particular 
calculation  depends  on the units of the emission  factor  generally  used  for that 
calculation.  Emission  factors  for non-CO2 gases  from  road  vehicles are usually 
derived  in terms of g/&. So the  estimation  of non-CO2 greenhouse gases 
from  road  vehicles is based on equation (1) with m=2. Alternately, C02 
emissions  and non-CO2 emissions  from  off-road  engines are generally 
estimated  by  using  equation (1) with m=l. 

Once the emissions from each mobile  engine  type has been  estimated, they 
may be summed to  derive  total  emission  levels  by  category  and  sector: 

E(l)hi is the emission  of  greenhouse gas 1 (in Gg), from  mobile  Source 
category i (with sector h); and 

E(1)h is the  total  emission of greenhouse gas I (in Gg) from  sector h. 

Then  summing over the sectors  (from h = 1 to 6) gives: 

where E(1) is the total  emission  of  greenhouse gas 1 (in Gg) from  mobile 
sources. 

For example: 

Suppose  that air transport @=l) NO, emissions (1 = 4) in 1990-91 
consisted  of 0.33 Gg due to  domestic air transport (i, j =l) avgas (k=4) 
use, 8.59 Gg due to  domestic (i,j=l) avtur (k=5) use,  and 16.38 due to 
international  airline (i=2, j=1) avtur (k=5) use.  Then 

E(4)1,1 = E(4)1,1,1,4 + E(4)1,1,1,5 = 0.33 + 8.59 = 8.92 Gg NO, 
E(4)1,2 = E(4)1,2,1,5 = 16.38 Gg NO,; and 
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The first  step in the  emission  inventory methodology is  to  collect or derive 
activity  level and emission  factor  data in as much detail  as  practicable. The 
emission  factors p e n  in tlus  report have been derived,  as  far  as  possible, to 
be representative of average  national  operating  conditions. If emissions  are to 
be estimated  using  activity  data on a more detailed  basis than is covered by 
the  Report  (for  example,  disaggregated by time of day or type of  road), then 
more specific  emission  factors  should be sought. If emission  factors  specific to 
a particular  set of operating  conditions  are  unavailable,  the  national  default 
values  (given in tables \'.3 to 17.7) should be used. 

Many of  the  default  emission  factors  are  approximate or uncertain, and it must 
be stressed  that,  before  attempting an inventory  compilation,  the most up-to- 
date  factors be sought.  Emission  levels  (particularly  for  evaporative  losses) can 
vary significantly w i t h  ambient  temperatures; and the  use of average  emission 
factors, though valid  for  calculating annual emissions, will not capture 
seasonal  variations in those  levels. 

The default  emission  factors  relate  to  current  fleet  characteristics and vehicle 
technology, so are  very  approximate when used to calculate  past or future 
levels of transport  emissions. Sdarly,  due to  the Ufering compositions (by 
age,  size and condition)  of  the  various  fleets,  data  averages for particular 
mobile classes  (such as average  emission  factors or rates of fuel consumption) 
are not suitable  for making comparisons between the  techmcal  capabilities of 
different engine  types. For example,  figures showing the  average  rate  of  fuel 
consumption of Australian  passenger  cars  using ADO as higher than that of 
petrol  cars (ABS 1993a)  should not be taken to imply that  petrol  cars  are 
intrinsically more fuel  efficient than dese1 cars. In fact, when a particular 
model of car  is  available as either  petrol or diesel  fuelled,  generally  the  diesel 
version is considerably more fuel  efficient. The average rates  of  fuel 
consumption are  biased bp the  diesel  car  fleet  being  older and larger, on 
average, than the  petrol  car  fleet. 

Where possible,  emission  factors  in  thls appendix have been given to  three 
sigruiicant  figures.  Because of the wide range in magnitude and accuracy of 
the  factors,  precision to a variable number of decimal  places  has been used in 
tables V.3 to T7.7. 

Activity levels 

Default methods for  estimating  national  activity  levels  are  detailed  below, 
using  algorithms  to  apportion  total ann~d fuel consumption by fuel  type (k) 
for mobile  sources  (denoted by A4772'2k), supplied by ABARE (Bush et al. 1993), 
between the  various  mobile  categories (i). 

179 



BTCE Report 88 

TABLE V.3 NON-CO,  EMISSION FACTORS  FOR OFF-ROAD MOBILE SOURCES 

Emission factor (F(/)m'lhijk) 
W MJ) 

Source (h, i, j) and CH4 N20 NO, CO 
fuel  type (k) (k2) (1=3) (1=4) (1=5) 

NMVOCs SO, 
(I=S) (I=7)a 

Aircraft 
(&l,  i=l) & (h=5,  i=l) 
Avgas (k=4)  0.057 
Avtur (k=5)b 0.001 1 

Avtur (k=5)b 0.0004 
(kl, i=2) 

Rail (h=3) 
A D O  (k=2)  0.006 
IDF (k=6) 0.006 
Coal (k=9)  0.002 

Marine 
(h=4, kl ,2) & (h&,  i=3) 
Petrol (k=l) 0.030 
A D O  (k=2) 0.005 
IDF (k=6)  0.005 

C N G  (k=8)  0.243 
Fuel oil (k=7)C  0.003 

Coal (k=9)  0.002 

Military  land  vehicles 
(h=5,  k2) 
Petrol (k=l) 0.026 
A D O  (k=2)  0.01 

Other  mobile (h=6) 
Unregistered  vehicles (i=l) 
Petrol (k=l)  0.030 

0.0009 
0.002 

0.002 

0.002 
0.002 
0.001 

0.0009 
0.002 
0.002 
0.002 
0.001 
0.001 

0.0009 
0.002 

0.0009 

0.076 
0.27 

0.26 

1.71 
1.71 
0.30 

0.35 
1.52 
1.52 
2.00 
0.243 
0.31 

0.41 8 
0.86 

0.37 

22.8 
0.079 

0.050 

0.580 
0.580 
0.088 

19.61 
0.475 
0.475 
0.044 
0.095 
0.088 

4.24 
0.60 

7.0 

0.51 3 
0.010 

0.004 

0.124 
0.124 
0.0 

5.83 
0.1 05 
0.1  05 
0.063 
0.029 
0.0 

0.67 
0.1  24 

1.08 

0.01 3 
0.01 3 

0.01 3 

0.083 
0.204 
0.37 

0.013 
0.083 
0.204 
1.35 
0.0004 
0.37 

0.01 3 
0.083 

0.01 3 

Sources O E C D  (1991), adjusted  into G C V  terms; with supplementary  information  from 
a.  AIP (R. Corinaldi,  pers. comm. 4 February 1994), A G A  (K Lyall,  pers. comrn. 
9 February 1994), ALPGA (L. Borgas,  pers. comm. 15 February 1994), b. BTCE 
estimates  based  on  Department of Transport (J. Streeter, & P. Hoss, pers. comm. 
15 February 1994), Federal  Airports  Administration (1991) and  Qantas (B. Bourke, 
pers. comm. 6 May 1994), c. Lloyds'  Register  of  Shipping (1  990). 
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TABLE V.4 C02  EMISSION FACTORS AND LIQUID FUEL ENERGY DENSITIES BY 
FUEL TYPE 

Fuel  type 

(k) Proportion c02 Energy 
of  fuel  emission  densitp 

oxidise&  facto@ 
(pk) (F1k) (D!J 

W M J )  (MJ/L) 

Automotive  gasoline 
Automotive  diesel  oil 
Liquefied  petroleum  gas 
Aviation  gasoline 
Aviation  turbine  fuel 
Industrial  diesel  fuel 
Fuel  oil 
Natural  gas 
Black  coal 

0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
1 .oo 
0.99 

66.0 
69.7 
59.4 
68.0 
67.8 
70.2 
73.3 
51.3 
90.0 

34.2 
38.6 
25.7 
33.1 
36.8 
39.6 
40.8 

not  applicable 

2. Figures  for  automotive  gasoline  refer  to  both  leaded  and  unleaded  forms. 
3. Coal  energy  densities  vary  from  mine to mine. New South  Wales  black  coal  has  an 
average  energy  density  of  around 23 MJ/kg.  Victorian  brown  coal  has  an  energy 
density  of  around 10 MJ/kg. The energy  density  of  natural  gas  is  around 39 MJ/rn3. 

Notes 1. Values  are  expressed in GCV terms. 

Sources a. NGGIC (1994a), b. ADIPG (1991), c.  Bush  et  al. (1993). 

TABLE V.5 NON-CO2 EMISSION FACTORS  FOR  NATURAL GAS  ROAD VEHICLES 

Emission  factor (F(l)mX12,pl 
WMJ) 

Vehicle  type (i) 
for  sector h=2 and CH4 NZ0 NO, CO N M V O C s  SO, 
fuel  type k=8 (k2) (/=3) (1=4) (l=5) (k6) (/=7)a 

Light  vehicles 
(i = 1,2)b 0.261 0.001 0.19 0.1 1 0.02 0.0004 

(i = 3,4,5)c 0.1 01 0.001 1.2 0.2 0.01 0.0004 
Heavy  vehicles 

Sources a. AGA (K. Lyall,  pers. comm. 9 February 1994): b. OECD (1991), 
c. De Maria (1992). 
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TABLE V.6 NON-Cop  EXHAUST EMISSION FACTORS  FOR  ROAD VEHICLES (USING 
FUELS  OTHER  THAN  NATURAL  GAS) 

Emission  factor  (FE(O2,p) 
(g/km) 

Vehicle  type (i, j) 
for sectorh=Z and CH4 NZ0 NO, 
fuel  type k (I=2)a* (k3)a. C (k4) 

CO N M V O C s  SO, 
(1=5) (I=6) (I=7)d 

Cars (kl) 
Petrol (k=l) 
Post-l985 @l) 
1981-1  985 b2) 
1976-1  980 b3) 
Pre-l976 b4) 
ADO (k=2) 
LPG (k=3) 

Light  trucks (k2) 
Petrol (k=l) 
ADO (k=2) 
LPG (k=3) 

Medium  trucks (i=3) 
Petrol (k=l) 
ADO (k=2) 
LPG (k=3) 

Heavy  trucks (k4) 
Petrol (k=l) 
ADO (k=2) 
LPG (k=3) 

Buses (k5) 
Petrol (k=l) 
ADO (k=2) 
LPG (k=3) 

Motorcycles (k6) 
Petrol (k=l) 

0.1 0 
0.15 
0.18 
0.21 
0.01 
0.087 

0.1 4 
0.01 
0.089 

0.174 
0.02 
0.1 3 

0.21 
0.07 
0.22 

0.15 
0.03 
0.12 

0.1 5 

0.025 
0.0037 
0.0037 
0.0037 
0.01 0 
0.0079 

0.01 2 
0.014 
0.008 

0.006 
0.01 7 
0.01 1 

0.009 
0.025 
0.020 

0.005 
0.025 
0.01 1 

0.002 

1.23 
1.70 
1.87 
2.15 
1.03 
1.94 

1.76 
1.18 
1.98 

4.65 
3.1 0 
2.82 

4.66 
15.29 
4.83 

3.91 
4.90 
2.76 

0.21 

7.81 
28.93 
37.1 5 
37.84 
1.08 
21.60 

23.58 
1.11 
21.99 

57.80 
1.82 
24.00 

121.3 
7.86 
24.00 

48.61 
2.88 
24.00 

19.27 

0.50 
2.38 
2.88 
3.33 
0.53 
1.69 

1.97 
0.53 
1.72 

4.1 3 
0.99 
2.46 

6.09 
2.78 
4.21 

3.47 
1.56 
2.41 

4.58 

0.024 
0.055 
0.056 
0.056 
0.420 
0.034 

0.050 
0.394 
0.035 

0.094 
0.633 
0.050 

0.1  53 
1.412 
0.085 

0.079 
1.000 
0.049 

0.026 

Note The emission  factors  for NO,, CO and NMVOCs (scaled  to  allow  for  the  presence  of 
exhaust  carbonyls  as  well  as  hydrocarbons)  are  based  on  an  air  emissions  inventory 
compiled  by  the  Environment  Protection  Authority of Victoria  (Carnovale  et  al. 1991), 
adjusted  using  data  on  average  fleet  characteristics  from  the Survey of Motor  Vehicle 
Use Australia (ABS 1993a). These  average  emission  factors  relate  to  dynamometer 
drive  cycles  used  to  test  compliance with Australian  vehicle  regulatory  standards. 
The tests  include  allowances  for  the  variation  of  exhaust  emissions with speed, 
acceleration  and  cold  engine  starts,  and  the  results  have  been  averaged to be 
representative  of  national  driving  conditions. The  passenger  car CH, and N,O 
emission  factors  are  derived  from  Australian (Weeks et  al. 1993) and US (Hoekman 
1992) vehicle  test  data. 

Sources BTCE estimates  based  on  Carnovale  et  al. (1991) and ABS (1993), with 
supplementary  information  from  a. OECD (1 991), b. Hoekman (1 992), 
c. Weeks et  al. (1993) and d. AIP (R. Corinaldi,  pers. comm. 4 February 1994). 
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TABLE V.7 EVAPORATIVE  EMISSION FACTORS FOR ROAD VEHICLES  USING 
AUTOMOTIVE  GASOLINE 

Emission  factor 
W k m )  

Vehicle  type (i, j) 
For  sector h=2 and Hot soak and diurnal emission9 Running lossesb 
fuel  type  k= l Wij) 

Cars (kl) 
Post-l 985 @l) 
1981 -1 985 b2) 
1976-1 980 @3) 
Pre-l976 &4) 

Light  trucks (k2) 

Medium  trucks  (k3) 

0.33 
1.04 
1.13 
2.48 

1 .l3 

2.24 

0.14 
0.25 
0.25 
0.29 
0.1 9 
0.26 

Heavy  trucks (k4) 2.75 0.29 

Buses  (k5) 
Motorcycles (i=6) 

2.24 

0.76 

0.20 

0.0 

Note The  emission  factors  for running losses  are  very  uncertain  and  are  based  on  limited 
US data.  European  tests  (Morgan  et  al.  1993)  on a range of cars (with fuel  injection 
systems  and  fitted with three-way  catalytic  converters)  found  negligible  running  losses 
during higher  speed  driving,  significant NMVOC losses during idling, and  substantial 
car-to-car  variations in losses  obtained. One vehicle (with a carburettor  fuel  system 
and  fitted with a large  carbon  canister)  showed  no  running  losses  under  any of the 
driving cycles  tested. 

Sources a.  Carnovale  et  al. (1991); where  pre-1970  cars (within car  age  classj=4)  exhibit 
crankcase  losses  as  well  as  hot  soak  and  diurnal  emissions. 
b. BTCE estimates  based on OECD (1991). 

Similar to equations (2) and (3), totals and subtotals of activity levels by fuel 
type  are  defined in terms of the  source  activity  levels, A1lz,lijk from equation 

(11, by: 
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where 

Amh& is the total  activity  level  of  mobile  category i in  sector h using 
fuel type k, 
Amhk is the total  activity  level  of all categories in sector h using  fuel 
type k, and 
Amk is the total  activity  level  of all categories  in all sectors using fuel 
type k. 

In the following  equations,  activity  levels taken directly  from ABARE data 
(Bush et al. 1993;  Bush, S., pers. comm. 1994) are presented  in  bold type (for 
example, Arn'l2,2 is ABARE's estimate of  road  transport ADO use). 

The main  adjustments made [by equations (8) to (37)] to ABARE energy 
consumption estimates allow  for  off-road  and military fuel  use. The 
operations  of the Australian Defence Force are not  separated  from the ABARE 
figures  for  transport  fuel  use,  and  off-road  fuel  use  by  such  sources as pleasure 
boating,  trail-bikes  and  lawn-mowers is not  separated  from  on-road  use. To 
allow  for military transport  fuel  use,  subtract  from the ABARE energy 
consumption  figures  for  transport:  0.1 per cent  of  automotive  gasoline, 0.5 per 
cent  of  road ADO, 3.5 per cent  of  Avgas, 8.0 per cent  of  Avtur,  40 per cent of 
marine ADO, and 0.05 per cent  of marine fuel  oil  consumption  (based  on 
Department of Defence [Martin, N. 1994, pers. comm., 9 May]). ABARE's 
figure  for  total  road  transport  use  of  automotive  gasoline is reduced by a 
further 1.9 per cent  to  allow  for  miscellaneous  off-road  uses (1 per  cent  for 
small marine craft, 0.1 per  cent  for  unregistered  motor  vehicles  and 0.8 per 
cent  for  lawn-mowers). 

Energy  activity  levels (m=1) are derived  (in PJ) using: 

for air transport 

for  road  transport 
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for rail transport- 

(15) A13,2 = A 3,2 

(16) A13,6 = A  3,6 

(17) A13,9 = A  3,9 

1 

1 

1 
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for military transport 

(34) A15 I ,  3 7 = 0.0005A14,, ; and 

for  other  mobile  sources 

where 

AAFFk,2 is the ABARE estimate of ADO consumption  by the 
agriculture,  forestry  and  fishing  sectors. 

Note that due to  limited  data,  equation (19) consists  of  only a value rather 
than an algorithm.  Since  activity  levels  for ferries are small compared  with 
other  source  categories  and fairly static over time, the levels are assumed to 
remain  constant at the 1990-91 values  (given  by  Apelbaum 1993). 

Any fuel  consumption  figure  (for  fuel  type k) provided  in litres is converted 
into  energy terms (petajoules) using the energy density  of  fuel type k (Dk, 
given in table V.4), by: 

(36) Arn"hiik = 10-'Lhqk Dk 

where 

Arn'lkijk is the fuel  consumption  in  petajoules,  of fuel type k, by  engine 
type i,j in sector h, as in equation (5); 
Lhqk is the  fuel  consumption in litres; and 
Dk is the energy  density  of  fuel type k (in MJ/L). 
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For example: 

Suppose that  in 1990-91 Australian  railways (h=3, i=l, j=1) consumed 
596 ML of ADO (k=2). To estimate ADO consumption in  energy  terms 
by railways,  use  equation (36) with L13 1 1 7 = 5.96 x log L, and D2 = 
38.6 MJ/L (from table V.4). 

I , I- 

AI3 1 1 1  = (5.96 X 108) x (38.6 x 10-9) = 23.0 PJ for 1990-91. 

l Road velucles  are  the dominant mobile  sources of greenhouse  gas  emissions. 
~ For this  reason,  the  road  sector  is examined in greater  detail than other  mobile 

source  sectors, with more categories (and more speclfic  emission  rates), 

The proportion of total consumption of each  fuel (k), due to each vehcle type 
(i) for  the road  transport  sector (h=2), has been calculated from Survey ofMotor 
Vehicle Use, Azrstrnlin (ABS 1993a), Apelbaum (1993) and AGA (pers. comm.) 
data for 1990-91. The Survey ofMoto7~ Velzicle Use ( S W )  has been conducted 
approximately  triennially  over  the  last 20 ~7ears. The proportions  (presented  in 
table V.8) can be re-estimated for any survey  year and are assumed to remain 
constant  over  intervening  years. 

TABLE V.8 PROPORTION OF TOTAL  ROAD  FUEL  CONSUMPTION  BY VEHICLE AND 
FUEL  TYPE 

Proportion  of  fuel consumptiofl (Qik) 

Vehicle  type (5, Automotive  gasoline A D O  L PG CNG 
(for  sector  h=2) (k= I) (k=2) (k=3) (k=8) 

Cars (kl) 0.840 0.086 0.738 0.1 1 
Light  trucks (k2) 0.140 0.127 0.200 0.1 
Medium  trucks (k3) 0.009 0.115 0.033 0.1 1 
Heavy  trucks(E4) 0.003 0.592 0.026 0.04 
Buses (k5) 0.002 0.080 0.003 0.62 
Motorcycles (E6) 0.006 0.0 0.0 0.0 

a.  Based  on  vehicle  fleet  compositions  for 1990-91. 
Sources ABS (1993a);  Apelbaum (1993); BTCE estimates based on AGA (Lyall, K. 1994, 

pers.  comrn.: 9 February)  and ABS unpublished  data  (from SMVU). 
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The proportions are applied  to annual total  transport  energy  consumption  by 
fuel type, Am"2k [from  equations (11) to (14)], to  obtain the annual  energy 
consumption  for each vehicle  category (i), using: 

(37) Am=12ik = Am=l 2k Qik fork = 1,2,3,8 and i = 1 to 6 

where 

Qik is the proportion  of  fuel type k consumed by vehicle type i. 

For example: 

Suppose that in 1990-91 Australian  road  transport  consumed 590 PJ of 
automotive  gasoline (k=l). Then to estimate the consumption in buses 
(i=5) use equation (37) with Q5,1 = 0.002 (from  table  V.8). 

Az2,5,1 = 590 X 0.002 = 1.18 PJ for 1990-91. 

Vehicle distances  travelled (apart from  those  for  petrol  passenger cars, which 
are derived  in the next  section) are calculated  from the energy consumption 
levels  derived in equation (37) using: 

(38) Am'22ik = Am=l 2ik / (Rik ok) for k = 1,2,3,8 and (ilk) (1,l) 
where 

Am'22ik is the distance  travelled  (in Tm) by  vehicle type i, using  fuel 
type k; and 
Rik is the average rate of fuel  consumption (in L/km, given  in  table V.9) 
for  vehicle type i, using  fuel  type k. 

For example: 

Suppose that in 1990-91 Australian buses (i=5) consumed 1.0 PJ of 
automotive  gasoline (k=l). To estimate vehicle  kilometres  travelled by 
automotive  gasoline  buses, use equation (38) with A12,5,1 = 1.0 PJ, RS,~ 
= 0.178 L/km (from  table VS), and D1 = 34.2 MJ/L (from  table V.4): 

A22 = 1.0 / [0.178 X 34.21 = 0.164 Tm in 1990-91. 
I ,  
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Passenger cars 
Passenger cars (using automotive  gasoline) are further categorised  by age of 
vehicle. They are split  according to year of manufacture  into the following 
classes: 

@l) post-1985 
(+2) 1981-1985 
(j=3) 1976-1980 
(j=4) pre-1976. 

As well as allowing  for  vehicle  deterioration with age, dividing the car fleet in 
this manner is a proxy  for differences in  emissions  control  technology.  The  pre- 
1976  group essentially has no  emissions  control, the 1976-1980  and  1981-1985 
groups  use a variety  of non-catalytic control  (such as exhaust gas 
recirculation),  and  the  post-1985  group  uses catalytic control.  Although 
Australian cars manufactured  between  1976  and  1985  have essentially the 
same level of emission control  (and are not  subdivided  according  to 
Australian  Design Rules), they  have been split  into  the  1976-1980  and 

TABLE V.9 AVERAGE  RATES  OF FUEL  CONSUMPTION  FOR  ROAD VEHICLES BY 
VEHICLE AND FUEL  TYPE 

Rate of  fuel consumptiofl (Rik) 
(ukm) 

Vehicle  type (0 Automotive  gasoline A D O  L PG 
(for  sector h=2) (k= l) (k=2) (k=3) 

Cars (kl) 
Light trucks (k2) 
Medium  trucks (k3) 
Heavy  trucks (k4) 
Buses (25) 
Motorcycles (k6) 

b 0.131 
0.137  0.123 
0.21 2 0.1 98 
0.344 0.450 
0.1 78 0.312 
0.058 

0.166 
0.169 
0.241 
0.41 3 
0.236 

.. Not  applicable 
a.  Based  on  vehicle  fleet  compositions  for 1990-91. 
b. Since  cars  comprise  the  major  mobile  emission  category,  the  average  fuel  consumption 

rate  for  cars  (using  automotive  gasoline)  is  derived  on a year-by-year  basis?  using 
equation (42), rather  than  assumed  constant  at  the 199C91 value (0.120 Ukrn). 

Sources ABS (1993a); BTCE estimates  based  on  Apelbaum  (1993)  and ABS unpublished 
data  (from SMVU). 
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1981-1985  groups  to  allow  for vehicle aging. Around  80 per cent  of  post-l985 
petrol cars are fitted with three-way catalytic converters,  and  most  of the 
remainder are fitted with oxidation  (or  two-way) catalysts (based  on  data  from 
FCAI [King, W.R., pers. comm. 7 February  19941). 

Table V.10  presents the proportion  of  total  distance  travelled  and the average 
rates of  fuel  consumption  by  petrol  passenger cars, for each age class, for 
1990-91  (based  on  unpublished ABS SMVU data).  Since the proportions  given 
in table V.10 are for  1990-91,  and the actual  proportions would vary 
considerably  from year to year, they are not  totally  adequate  for  an  inventory 
of  any  other year. To compile  an  emissions  inventory  for  any year other  than 
1990-91, the proportions are recalculated  using  the  distribution  of  vehicle 
utilisation with vehicle  age  (in years), given  in  table V.ll. To calculate 
appropriate figures to replace those  in table V.10, translate each vehicle age 
(relative to the inventory year) into the appropriate year of  manufacture,  and 
partition the fleet into  post-1985,  1981-1985,  1976-1980  and  pre-1976 year of 
manufacture classes. In each age class, sum the proportions of total  vehicle 
distance  travelled,  according  to: 

where 

Y is the calendar year that the inventory year ends in (national 
inventories are typically  done using the financial year, due to  national 
activity  data  being  available  on this basis)-for  example, if the inventory 
is compiled for 1987-88,  then Y = 1988); 
QC(Y). is the  proportion  of  total  vehicle  distance  travelled  (by  petrol 
cars) due to cars in age class j, during year Y; and 
QAt is the proportion  of  total  vehicle  distance  travelled  (by  petrol cars) 
due to cars t years old  in year Y. 

J 
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TABLE V.10 PROPORTION OF VEHICLE DISTANCE TRAVELLED  AND  RATE  OF  FUEL 
CONSUMPTION  BY VEHICLE CLASS  FOR  AUTOMOTIVE  GASOLINE 
PASSENGER  CARS, 1990-91 

Passenger car Proportion  of  total  fleet Average fuel consumption 
year of manufacture kilometree rat@ (RCj) 
class (i) for h=2 and i=i (QC(Y=199 l)?) (Ukm) 

Post-l 985 @l) 
1981-1  985  @2) 
1976-1  980  @3) 
Pre-l976  (F41 

0.426 
0.275 
0.181 
10.718 

0.1  15 
0.123 
0.1  27 
0.127 

a.  Based on vehicle  fleet  compositions  for 1990-91. 
Source BTCE estimates  based  on  unpublished ABS data  (from SMVU) 

TABLE V.ll PROPORTION OF VEHICLE DISTANCE TRAVELLED  BY  AGE  OF VEHICLE 
FOR  AUTOMOTIVE  GASOLINE  PASSENGER  CARS, 1990-91 

Passenger car age 
(Years) 

Proportion  of  total 
vehicle distance 

(QAJ 

0-1 Q 
l -2 1 
2-3 2 
3-4 3 
4-5 4 
5-6 5 
6-7 6 
6-8 7 
8-9 8 
9-1 0 9 
10-1 1 10 
11-12 11 
12-1 3 12 
13-1 4 13 
14-1 5 14 
15-1 6 15 
16-1 7 16 
17-1 8 17 
18-1 9 18 
19-20  19 
more  than 20  20 

0.0490 
0.0900 
0.0824 
0.0745 
0.0666 
0.0638 
0.0609 
0.0581 
0.0552 
0.0523 
0.0483 
0.0443 
0.0402 
0.0362 
0.0321 
0.0283 
0.0245 
0.0206 
0.0168 
0.0129 
0.0430 

a.  Based  on  vehicle  fleet  compositions  for 1990-91, 
Note The first  proportion  entry  (for t=O) is roughly half of that  implied  by  the  trend (with 

decreasing t): since  cars  aged 0-1 years  have on average  operated  for  only  half a 
year. 

Source ABS unpublished  data (from SMVU). 
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An average  rate of fuel consumption for petrol  cars which was not 
provided in table V.9) appropriate to the  inventory  year  can be calculated by: 

where 

RC. is  the average  rate  of  fuel consumption (in L / h ,  provided in table 
V.10) for vehicle age class j. I 

The activity  levels  for  the age classes can then be calculated from total  fuel 
consumption by petrol  cars, A 1 2,1,1 estimated with equation (39), using: 

and 

(45) 

The most accurate  results from equations (39) to (45) will be obtained by using 
SMW data  (on  vehicle  utilisation  according  to  vehicle  age)  for a survey  year 
close  to  the  year  for which the  inventory is being done. If such figures  are 
unavailable  (since  they  are  not  published by the ABS), the  average  fuel 
consumption rates in table V.10 and the  vehicle  distance  distribution  data in 
table V.ll are  to be taken  as  default  values. As previously,  the  default  values 
are assumed to change little from year  to  year. 

Greenhouse gas emission estimates 

Non-C02 ernissionsfrom of-road sources and natural  gas  road vehicles 
Non-CO, emissions from off-road  sources  are  calculated  using  equation (l), in 
the form m=1, and the  emission  factors  given in table V.3. Non-C02 emissions 
from CNG road  vehicles (h=2, k=8) are  also  estimated  using  equation (1) with 
rn = 1, where the  appropriate  emission  factors  are  presented in table V.5. 
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For  example: 

Assume Australian railways  (source  category h=3, ;=l) consumed 23 
PJ of ADO (fuel type k=2) in 1990-91. To estimate NO, emissions  (gas 
Z=4) for  rail ADO consumption,  use  equation (1) with F1(4)3,1,1,2 = 
1.71 g/MJ (from  table V.3): 

E(4), = (23 X 1.71) = 39.33 Gg of NO, for 1990-91. 
I I I- 

Carbon dioxide  emissions 
For CO2 emissions, from all source  categories,  equation (1) is slightly altered 
to  allow  for  incomplete  oxidation of the fuel, becoming: 

where 

FZk is the CO2 emission  factor  (for  fuel  type k) applicable  to  complete 
oxidation  of  fuel  carbon  content; and 
Pk is the  proportion  of  fuel  that is completely  oxidised upon combustion 
(given in table V.4). 

For example: 

Continuing the previous  Australian  railways  source  category (12=3) 
example,  the  total CO, emissions (Z=1) for  rail ADO consumption (k=2) 
are  calculated using equation (46) with FZk = 69.7 g/MJ and Pk = 0.99 
(from  table V.4): 

E(Zj3 = (23 X 69.7 X 0.99) = 1587.1 Gg of CO? for 1990-91. 
I , I- 

Fugitive  enzissionsfionz road vehicles 
Fugitive  releases  of  fluorocarbons from  motor vehicles can be roughly 
estimated by two methods: 

multiplying the number of post-1990 vehcles fitted with air-conditioners 
by an emission  rate  of 35 grams of FC per annum and the number of  pre- 
1990 vehicles  fitted with air-conditioners by  an emission  rate  of 75 grams of 
FC per annum (based on FCAI data  [pers.  corn.]). 
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multiplying the annual  amount  of FC compounds  used to fill vehicle air- 
conditioning systems (given  in CEPA 1993) by an average leakage rate of 
34 per cent (based on DME 1990). 

Due to the paucity  of  data  concerning  fluorocarbon  emissions, estimates of 
annual FC emissions  for the national  inventory are currently  restricted  to the 
derivation  of  an  aggregate  value  for  road  transport. An estimate of  national FC 
emissions  from  road  transport is obtained by averaging the results of the two 
methods  outlined  above: 

(47) E(1=8)2 = [(Nl X 35 + N2 X 75) c (AFC X 0.34)1/2 X lr9 

where 

N1 is the number of  vehicles in the Australian fleet manufactured after 
1990; 
N2 is the number of vehicles manufactured  during  or  before 1990; and 
AFC is the annual  consumption  of FCs (in grams)  by  the vehicle air- 
conditioning  sector. 

For  example: 

Assume that 80 per  cent  of  vehicles are equipped  with  air-conditioners 
(based  on  personal  communications  with  vehicle  manufacturers). In 
1989-90, there were approximately 10 million  registered  road  vehicles, 
giving N2 = 8 X 106 
(and NZ = 0). 

Assume that 1700 tonnes  of FC compounds were used in vehicle air- 
conditioners  during 1989-90 (based  on CEPA 1993)"that is, AFC = 1.7 
109 g. 

Thus, 
E(8)z = (8 X 106 X 75 + 1.7 X 109 X 0.34) / 2 X 10-9 

= (0.6 + 0.578) / 2 
/ 
/ = 0.59 Gg of FC emission  for 1989-90. 

NMVOC emissions  from  road  vehicles  using  automotive  gasoline  consist  of 
both  exhaust  and  evaporative  emissions.  Evaporative NMVOC emissions 
from  petrol-fuelled  road  vehicles  include  running  losses (that is, evaporative 
emissions  released  during  engine  operation),  hot  soak  losses  (from 
evaporation  of fuel at the end  of each trip) and  diurnal  losses  (resulting  from 
vapour  being  expelled  from fuel tanks  due  to  ambient  temperature  changes). 
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Evaporative  emissions from vehicle  refuelling  are not included in this 
appendix, but are  dealt with in chapter 6. 

Total NMVOC (1=6) emissions for each  road (h=2) vehicle  type i,j using 
automotive  gasoline (k=l), E(6)2iyl, are  calculated from vehicle  distance 
travelled, Am=22ijl obtained by equations (38) and (45), according  to: 

where 

FH.' is the hot soak and diurnal  emission  factor  for vehcle i,j (table V.7); 
FR.. is  the running emission  factor for vehcle i,j (table 17.7); and 
FE(6)2 .. is the NMVOC exhaust  emission factor  for  vehicle i,j 
(table V.6). 

lJ 

lJ 

Z J l  

For  example: 

Suppose that in 1990-91 Australian gasohe &=l) buses (i=5) travelled 
0.164 Tm. To estimate total h170C (1=6) emissions from buses  in &S 

year  use  equation (48) with A22,5,1,1 = 0.164 Tm, FH5,1 = 2.24 and FR5,1 
= 0.20 (from table 177) and FE(6), I ,  3 1,1 = 3.47 (from table V. 6): 

E(G)2,5,1,1 = 0.164 X (2.24 + 0.20 + 3.47) = 0.969 Gg in 1990-91. 

Non-C07 - exlzatrst emissions by road vehicles (npnrtfronz tlzose using C-WG) 
The remaining  emissions from road  vehicles  are assumed to occur  solely  as 
exhaust  emissions and are  calculated by the  following form of  equation (1) 
with 112 = 2: 

(49) €(l) 2zJk .. - - A'72'22ijk €E(Z)ziik for l = 2 to 7 & k = 2,3; 
for l = 2,3,4,5,7 & k=l. 

where 

FE(1)2ijk is  the  exhaust  emission  factor  for  gas l from velucle  type i,j using 
fuel  type k (table 17.6). 
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Case study: CO emission estimates  for passenger cars using automotive 
gasoline 

The following  worked  example  of the estimation  of CO emissions  from 
passenger cars using automotive  gasoline  for 1989-90 is presented  to  illustrate 
the details of the inventory  methodology. 

raking Az2 1 = 588.9 PJ for 1989-90 from ABARE data  (Bush et al. 1993), 
2quation (11) gives, 

AI2 1 = 588.9 X 0.98 = 577.12 PJ. 
I'hen  using (37) 

A12 1 1 = 577.12 X 0.84 = 484.8 PJ. 
I ,  

Zategorising  by  vehicle age, from  equations (39) to (42) and  table V.11, 

QC(1990)I = 0.049 + 0.09 + 0.0824 + 0.0745 + 0.0666 = 0.3625 
QC(1990)2 = 0.0638 + 0.0609 + 0.0581 + 0.0552 + 0.0523 = 0.2903 
QC(Z990), = 0.0483 + 0.0443 + 0.0402 + 0.0362 + 0.0321 = 0.2011 
QC(1990)4 = 0.0283 + 0.0245 + 0.0206 + 0.0168 + 0.0129 + 0.043 = 
0.1461. 

Equations (43) to (45) then  give: 
R1,1 = 0.115 X 0.3625 + 0.123 X 0.2903 + 0.127 X 0.2011 + 0.127 X 0.1461 

= 0.1215 L/km 
A12 1 1 1 = 484.8 X 0.3625 X 0.115 / 0.1215 = 166.3 PJ 
A12 1 2 1 = 484.8 X 0.2903 X 0.123 / 0.1215 = 142.5 PJ 
A12,1,3,1 = 484.8 X 0.2011 X 0.127 / 0.1215 = 102 PJ 
AI2 1 4 1 = 484.8 X 0.1461 X 0.127 / 0.1215 = 74 PJ 

1 1 1  

1 1 1  

1 1 1  

A22 1 1 1 = 166.3 / (0.115 X 34.2) = 42.28 Tm 
A22 1 2 1 = 142.5 / (0.123 X 34.2) = 33.88 Tm 
A22 1 3 1 = 102 / (0.127 X 34.2) = 23.48 Tm 
A22 1 4 1 = 74 / (0.127 X 34.2) = 17.04 Tm 

1 1 1  

1 1 1  

I , ,  

1 1 1  

CO emissions  can  then  be  calculated  by  using  equation (49) and  table V.6, 

E(5)2 1 1 1 = 42.28 X 7.81 = 330 Gg for 1989-90 
E(5)2 1 2 1 = 33.88 X 28.93 = 980 Gg for 1989-90 
E(5)2 1 3 1 = 23.48 X 37.15 = 872 Gg for 1989-90 
E(5)2 1 4 1 = 17.04 X 37.84 = 665 Gg for 1989-90. 

1 1 1  

1 1 1  

1 1 1  

1 1 1  
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Emissions from pipelines 

There are two sources of emissions due to  pipelines:  leakage  (primarily from 
low-pressure  pipelines, such as  those  used  for urban distribution of natural 
gas) and combustion  products (from energy  used for pipeline  transmission). 
For major oil and gas pipehes, NGGIC (1994b, pp. 20-23) assumes that 
leakages of CO, and NMVOCs are  negligible and derives methane leakages of 
around 2 Gg per annum. The main fuel used for SG pipeline  transmission is 
N G ,  and assuming that  pipeline  (stationary)  engines have similar  emission 
characteristics  to gas  turbines  gives  the  emission  factors in table V12 for 
pipeline combustion  products. 

As mentioned in appendix III, urban pipeline  distribution  is beyond the  scope 
of this  study. However, if the urban distribution of KG were included, CH, 
leakage would be considerable,  possibly  exceeding 200 Gg per annum (based 
on Wilkenfeld 1991, p. 76; NGGIC 1994b, p. 46). 

Greenhotrse  Gas Emissions Daoentoq 
The methodology presented in this appendix permits  the  estimation of 
Australian  greenhouse  gas  emissions  for  each  transport mode. Table V.13 
provides  estimates  of  Australian  greenhouse  gas  emissions in 1992-93. The 
figures in table V.13 differ in some cases from 1992-93 values  provided in 
modal time series  tabulations  (appendices VIII to XI) due to allowances made 
in this  chapter  for  fuel  use by defence  vehcles and various  off-road  activities 
(such  as  pleasure  boating). 

TABLE V.12 PIPELINE COMBUSTION EMISSION RATES 
(dMJ) 

51.3 0.03 0.006 0.1 7 

Note Assumes natural  gas is burnt  in  gas  turbines  to  provide  the 
energy  required  for  product movement by  pipeline. 

Source NGGIC (1 994a: p. 12) 
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TABLE V.13 GREENHOUSE  GAS EMISSION INVENTORY FOR AUSTRALIAN TRANSPORT  ENERGY END-USE, 1992-93 tu Y 
L2 

( W  B S 
Emission  type % 

Totalb 
Emission (CO2 O0 
sourcea c02 CH4 NZ0 NO, CO NMVOCs SO, equivalent) 

Mobile sources 
Domestic civil transport 61  514 20.36 2.58  404.08 3 283.36 442.54 39.18 72  896.1 
Military transport 991 0.05 0.03  7.46 7.64 0.92 0.44 1 075.9 
International civil transport 6 653 0.1 2 0.19  66.30 6.71 2.05 28.80 7 271 .l 
Recreational vehicles 38 0.02 0.0 0.22 4.09 0.63 0.01 49.7 

Pipeline 207 2 0.0 0.5 0.1 0.0 0.0 258.0 
Air transport 8 618 0.27  0.25 33.32 80.39 2.45  1.67 9 072.3 
Domestic 3 752 0.24  0.1 1 14.47 76.77 2.1 6 0.73 4 002.1 

Avgas 
Avtur 

International 

21 4 0.18 0.00 0.24 72.61 1.63 0.04 307.4 
3 537 0.06 0.1 1 14.23 4.1 6 0.53 0.69 3 694.7 

Avtur 4 866  0.03  0.15  18.85  3.63  0.29  0.94 5 070.3 



TABLE V.13 GREENHOUSE  GAS EMISSION INVENTORY FOR AUSTRALIAN TRANSPORT  ENERGY END-USE, 1992-93 (Continued) 

Emission type 
(CS) 

Totalb 
Emission 
sourcea c02 CH4 N20 NO, CO NMVOCs 

Road transport 53  815  19.69  2.37  306.60 3 072.72  401.57 

Passenger cars 34  297 16.03 1.89  192.94 2 408.40 302.67 
Petrol 31 442 15.40 1.80  176.68 2 263.80 289.78 

Post -1 985 16  500 6.22 1.61  78.98 501.47 62.62 
1981-1  985 7 777 4.29 0.1 0 48.1 0 81  8.57 103.72 
1976-1  980 4 735 3.07 0.06  31.20 61  9.84 71.18 
Pre-l976 2 429 1.82 0.03  18.40 323.92 52.27 

ADO 1 215 0.03  0.03 3.59 3.76 1.84 

LPG 1 636 0.57  0.05 12.65 140.83 11.04 

NG 5 0.03 0.00 0.02 0.01 0.00 

Light trucks 7 478  2.64  0.30  40.02  447.68  62.19 
Petrol 5 234  2.40  0.21  30.09  403.15  56.28 
ADO 1 792  0.05  0.08  6.45  6.07  2.90 
LPG  447  0.15  0.01  3.45  38.45  3.01 
NG 6 0.03 0.00 0.02  0.01 0.00 

-~ ~ 
~~ ~ 

(CO2 
SO, equivalent) 

17.20  63  795.0 

6.19  41  668.1 
4.51  38  392.0 
1.54  18  800.7 
1.56 9 948.8 
0.93 6 269.0 
0.48 3 373.4 

1.46 1 273.8 
0.22 1 996.4 
0.00  5.9 

3.07 8 903.3 
0.85 6 453.6 
2.1 5 1 898.2 
0.06  545.0 
0.00 6.5 
- 



g TABLE V.13 GREENHOUSE GAS EMISSION  INVENTORY  FOR  AUSTRALIAN TRANSPORT  ENERGY END-USE, 1992-93 (Continued) m 
0 Y 

2 
F 

( W  2 
Emission  type 

Emission 
sourcea 

Medium  trucks 
Petrol 
ADO 
LPG 
NG 

Heavy  trucks 
Petrol 
ADO 
LPG 
NG 

Buses 
Gasoline 
ADO 
LPG 
NG 

Motorcycles 
Gasoline 

2 051 
351 

1 622 
72 
5 

8 543 
129 

8 355 
57 
2 

1 228 
60 

1 133 
6 
29 

21 8 

0.23 
0.13 
0.06 
0.03 
0.01 

0.42 
0.1 6 
0.22 
0.04 
0.00 
0.12 
0.02 
0.04 
0.00 
0.06 

0.25 

0.06 
0.00 
0.05 
0.00 
0.00 

0.09 
0.01 
0.08 
0.00 
0.00 

0.04 
0.00 
0.03 
0.00 
0.00 

0.00 

13.69 
3.46 
9.56 
0.56 
0.12 

51.62 
3.46 
47.1 6 
0.96 
0.04 

7.99 
0.59 
6.68 
0.04 
0.67 

0.35 

53.34 
42.95 
5.61 
4.75 
0.02 

119.14 
90.14 
24.24 
4.75 
0.01 

11.77 
7.36 
3.92 
0.38 
0.1 1 

32.38 

8.47 
4.93 
3.05 
0.49 
0.00 

16.20 
6.78 
8.58 
0.83 
0.00 

3.07 
0.90 
2.1 3 
0.04 
0.01 

8.97 

2.03 2 306.4 
0.07  466.1 
1.95 1 747.3 
0.01  86.7 
0.00 6.3 

4.49 9 242.5 
0.1 1 306.7 
4.35 8 855.4 
0.02  78.2 
0.00 2.3 

1.38 1 342.6 
0.01  80.3 
1.36 l 219.8 
0.00 6.8 
0.00 35.7 

0.04  332.0 



TABLE V.13 GREENHOUSE GAS EMISSION  INVENTORY FOR AUSTRALIAN TRANSPORT  ENERGY  END-USE, 1992-93 (Continued) 

Emission type 
(CS) 

Emission 
source” 

Totalb 

CO NMVOCs SO, equivalent) 
(CO, 

Rail  transport 
ADO 
IDF 
Coal 

Marine  transport 
Domestic 
Gasoline 

Small  craft 
ADO 

Ferries 
Fishing 
Shipping 

IDF 
Fuel oil 
NG 
Coal 

1 602 
1 456 
146 
0.0 

4 l32 

2 346 

28 

13 
580 

aa 
885 
5 

365 

0.1 4 
0.1 3 
0.01 
0.0 

0.38 

0.29 

0.17 

0.00 
0.04 
0.00 

0.01 
0.04 
0.02 
0.01 

0.05 
0.04 
0.00 
0.0 

0.10 
0.05 

0.01 

0.00 
0.02 
0.00 

0,oo 
0.02 
0.00 
0.00 

39.67 

3.59 
0.0 

90.78 

43.33 

36.08 

2.05 

0.61 
12.77 
0.29 

1.92 
24.40 
0.02 
1.27 

13.46 
12.24 
1.22 
0.0 

123.50 

120.42 

114.64 

0.1 9 
3.99 
0.09 
0.60 
0.54 
0.01 
0.36 

2.88 
2.62 
0.26 
0.0 

37.69 

35.93 

34.08 

0.04 
0.88 
0.02 

0.1 3 
0.77 
0.00 
0.00 

2.1 a 
1.75 
0.43 
0.0 

46.93 

19.07 

0.08 

0.03 
0.70 
0.02 

0.26 
16.47 
0.00 
1.52 

1 974.0 
1 794.4 
179.6 
0.0 

5 325.9 
3 125.0 

791.6 

33.5 
699.0 
16.0 

I 05.8 
I 095.8 

6.0 
377.4 



N 
0 

TABLE V.13 GREENHOUSE  GAS EMISSION INVENTORY  FOR AUSTRALIAN TRANSPORT  ENERGY END-USE, 1992-93 (Continued) m 
N Y 

Emission  type L? 
Totalb X 

(Gsl z 2 
(CO2 g Emission 

sourcea c02 CH4 NZ0 NO, CO N M V O C s  SO, equivalent) 

Marine  transport 
International 
ADO 
IDF 
Fuel  oil 

Military  transport 
Petrol 
ADO 

Land 
Water 

Avgas 
Avtur 
Fuel  oil 

1 786 0.08 0.05 47.45 3.08 1.76 
21 6 0.01 0.01 4.76 1.49 0.33 
103 0.01 0.00 2.25 0.70 0.16 

1 467 0.06 0.04 40.44 0.89 1.27 

991 0.05 0.03 7.46 7.64 0.92 
38 0.02 0.00 0.24 2.48 0.39 

71 0.01 0.00 0.88 0.62 0.13 
155  0.01 0.00 3.40 1.06 0.24 
8 0.01 0.00 0.01 2.63 0.06 

71 8 0.01 0.02 2.89 0.85 0.1 1 
1 0.00 0.00 0.03 0.00 0.00 

Other  sources 
Recreational  vehicles 

Pipeline 
Petrol 38  0.02 0.00 0.22 4.09  0.63 

NG 207 2 0.0 0.5 0.1 0.0 

a.  Emission  sources  are  subdivided by sector,  category,  fuel  type  and  class. 
b.  Excluding  the  effects  of SO, and  FCs. 
Note Road  sector FC emissions  are  estimated  to  be  around 0.58 Gg for 1992-93. 
Source BTCE estimates. 

27.86 2 200.9 
0.26 260.5 
0.30 124.0 
27.30 1 816.4 

0.44 1 075.9 
0.01 46.3 

0.09  80.5 
0.1 9 186.4 
0.00 11.1 
0.14  750.2 
0.02  1.5 

0.01  49.7 

0.0 258.0 



Appendix V 

Uncertainties 

The  main areas  of  uncertainty w h c h  would arise  in  estimates compiled  using 
the methodology described  in  this  report  are  covered  briefly  belose 

Uncertainties i n  activity Zeaels 
Activity  levels for non-C02 emissions from road vehicles  are  reported (in 
kilometres) b ~ 7  vehicle type in the  triennial ABS SMVU (ABS 1993a). 
Uncertainty in these  figures  arises from both  sampling and non-sampling 
errors  (such  as  inaccuracies  in  reporting  details due to respondents not having 
detailed  records on their  vehicles’  use). One measure of sampling variation is 
the  standard  error, and AB5 reports  standard  errors of between 1 and 3 per 
cent for most of its  national average  estimates. ABS assessments of non- 
sampling errors imply that  the  total  uncertainty in the  estimates would  be 
considerably  higher,  perhaps  of  the  order of 10 per  cent.  Further  uncertainty is 
added by the need to use results from the SMSTJ for the  years between the 
surveys. 

The activity  levels  for  aggregate  transport modes are  reported (in megajoules 
of energy  used)  in  the  annual A B M .  E n e q y  Supply and Demalzd Pmjectiolzs 
(Bush et  al.  1993). A B L E  figures  are  based on annual fuel  sales  data and the 
biennial  Fuel and Electricity  Survey.  Uncertainty  in  total  energy consumption 
by fuel  type would be fairly small  (perhaps of the order of 3 per  cent) but 
considerable  uncertainty  could  arise from apportioning  total consumption 
between the  various  velucle and engine  types.  Additional  uncertainties would 
arise from fuel  spillage and non-fuel  use  (such as use of  petrol  as a cleaner or 
solvent). 

Activity  levels for various  off-road  sources  (for  example,  pleasure  boats)  are 
not  readily  available.  Activity  levels for such sources have been roughly 
estimated from data on numbers of  units and average  annual  usage  per unit. 
These activity  levels  are lughly uncertain,  probably- by over 50 per  cent,  but 
their  levels  are  small  relative  to  total  transport  fuel consumption. 

Uncertainties i n  emission colzilelsioll~fnctols for rzon-C02 gases 
Estimates of emissions  of SO, are based on figures for the  sulphur  content of 
fuels and the  assumption  that  there is total  conversion of the  sulphur  content 
to SO2. In the  cases of ADO, automotive  gasoline,,  avgas,  avtur, and LPG, 
where the  sulphur  content is closely  controlled in the  refinement  process, and 
in the  case of CNG, where the  sulphur  content is a result of the  controlled 
addition of odorant,  the fi,pres  are faairl!7 certain. Sulphur  contents  of IDF, fuel 
oils, and coal, on the  other hand, vary si,&cantly by source  region. The 
figures  used in this Report  are from typical  assays from large  suppliers, but 
are  subject to a variability of around 20 per  cent. 
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Estimates  of  emissions  of N M V O C s  are  affected by the high degree of 
uncertainty  regarding running losses  of  fuel  for road vehicles and the 
dependence of evaporative  emissions on ambient temperature. The figures 
used in this Report for  fugitive NMVOC emissions  are  based on US tests, and 
may have uncertainties  of  the  order  of 100 per  cent. 

Estimates  of non-CO2 emissions from jet  aircraft  are based on test  data 
(conducted under United States  conditions) for common engine  types,  at 
assumed cruising power levels. The emission  rates for various  engine  types 
and  power levels have  been  averaged  over the  composition of the  Australian 
airline  fleet and over an  assumed representative flight cycle (that is, by the 
proportion of time  spent  cruising,  landing  or taking off).  Uncertainties  arise 
from variability between engine  types,  variability  of  flying  conditions, 
variability  of power levels used in cruising,  the  effects  of  landing and take-off, 
and variability in the  engine  age and levels  of maintenance.  Uncertainty in the 
emission  factors  is  significant, perhaps more than 50 per  cent. 

Estimates  of  exhaust  emissions  of CO, NO, and N M V O C s  from road  vehicles 
are  based on emission measurements performed by Australian environment 
protection  authorities. Apart from small  experimental  uncertainties in these 
measurements (usually  performed on a dynamometer),  uncertainty in these 
emission  factors  arises  primarily from the  variability of engine  performance 
with vehicle  age, unknown effects  of  vehicle maintenance, and unknown 
discrepancies between the  vehicle  usage  conditions assumed for the  test and 
those  obtaining in use (particularly  relating to ambient temperature).  Since 
there  is some doubt as to h o w  exactly dynamometer testing  reflects  'real 
world'  or on-road  emissions,  uncertainties in the  emission  figures from these 
sources may be significant, perhaps of  the  order  of 30 per  cent. 

Uncertainties in carbon  dioxide  emissions 
C02 emission  estimates  are  based on the  carbon  content of fuels by fuel  type, 
assuming certain  levels  of combustion. 

Carbon content by fuel  type  is  fairly  constant,  except in the  cases  of  coal, LPG 
and natural gas. Steaming coals  are  fairly uniform, but  the  compositions  of 
LPG and CNG show considerable  variation. These are  not  major  transport 
fuels  at  present, and the  uncertainty  that  they  contribute  to  overall CO2 
emission  estimates will not be large. 

Uncertainties  influorocarbon  emissions 
Estimates  of FC emissions from mobile cooling systems (vehicle  air- 
conditioners and refrigerated  transport)  are based on production  figures 
supplied by CEPA and on rough estimates of the  losses  during  operation. 
Uncertainties  are  considerable,  probably of the  order of 100 per  cent. 
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APPENDIX VI EMISSIONS FROM ALTERNATIVE  FUELS 

Apart from an increased  penetration  of CNG and LPG vehicles,  the  base  case 
projections  given in this Report assume no alternative  (to  petroleum)  fuel  use 
is  significant bp 2013. The follon-ing  tables  are reproduced from BTCE 
Information  Paper 39 (BTCE 1994b)  for  reference  purposes. 

TABLE VI.1 PROJECTED LIFE CYCLE GREENHOUSE  GAS EMISSIONS FROM NORTH 
AMERICAN  PASSENGER  VEHICLES IN 2000 

Fuel  type 
Grams CO2 equivalent Per cent 

emissions per km below  gasoline 

Gasoline 
Reformulated  gasoline 
Diesel 
LPG 
CNG 
Methanol,  from  natural gas 
Ethanol,  from  biomass 
Liquid  hydrogen  produced by 
electricity  from  non-fossil  fuel 
Electricity  from  hydro-power 

260 
263 
21 0 
201 
23 1 
250 
82 

77 
35a 

-1 
19 
23 
1 1  
4 
68 

70 
86 

a. BTCE estimate  based  on IEA (1 993) emissions  data  for  urban driving cycle. 
Source IEA (1993 pp. 95, 96). 
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TABLE V1.2 RANGE  OF  GREENHOUSE  GAS EMISSION ESTIMATES FROM  USE OF 
ALTERNATIVE FUELS IN PASSENGER VEHICLES (COMPARED WITH 
REFORMULATED GASOLINE) 

Fuel Worst: % 

Reformulated  gasoline (RFG) 
Standard US gasoline 
Diesel  fuel 
Methanol  from  coal 
Methanol  from  natural  gas 
Methanol  from  wood 
CNG or LNG 
LPG 
Ethanol  from  corn/coal 
Ethanol  from  cornkorn  stover 
Ethanol  from  wood 
Hydrogen:  hydridehuclear  electrolysis 
Liquid  hydrogenhuclear  hydrolysis 
EV/coal  fired 
EV/marginal US power  generation mix 
EVhatural  gas  fired 
EV/nuclear  electricity  generation 
EV/wood fired  electricity  generation 
EV/solar 
Methanol  from  coal:  fuel  cell 
Methanol  from  natural  gas:  fuel  cell 
Methanol  from  wood:  fuel  cell 
Hydrogen  from  solar:  fuel  cell 

change 

+6 
+3 
-6 
+75 
+l 2 
-5 
+35 
-6 
+80 
0 

+l 2 
4 1  
+l 0 

+l 00 
+67 
+l 5 
-81 
-1 0 
-89 
+l 0 
-33 
-45 
-8 1 

Best: % change 

-4 
-6 
-25 
+l 0 
-25 

-1 00 
-35 
-37 
-66 
-72 

-1 00 
-80 
-80 
-61 
-43 
-73 
-88 

-1 00 
-92 
-25 
-50 

-1 00 
-89 

EV Electric  vehicle. 
Note  Results  show a comparison  of  each  fuel with RFG for a number of test  scenarios 

which RFG results  also  vary. 
Source  DeLuchi (1 993). 

over 

TABLE V1.3 RANGE  OF  GREENHOUSE  GAS EMISSION ESTIMATES FROM  USE OF 
ALTERNATIVE FUELS IN TRUCKS  (COMPARED WITH DIESEL  FUEL) 

Fuel  Worst: % change  Best: % change 

LPG 
CNG or LNG 
Methanol  from  natural  gas 
Methanol  from  coal 
Ethanol  from  corn/coal 
Ethanol  from  wood 
Hydrogen:  hydride/  nuclear  electrolysis 
Hydrogen:  hydride  from  solar:  fuel  cell 

+l5 
+45 
+35 

>+l 00 
+l 00 
+35 
-26 
-84 

-1 1 
-1 3 
-6 
+40 
-56 

-1 00 
-85 
-92 

Source  Sinor (1992). 
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APPENDIX VI1 VARIABLE MNEMONICS FOR BTCE 
MODELS 

ADUM 

AFC 

AFI 

AIRDUM 

APASS 

APASSKM 

AUSTFAR 
AVKM 
AVKMIN 

AVKMOUT 

BIDUM 
CAPCON 

CBLK 
CCOM 

CDUM 

Dummy variable  for  the  introduction of discount  airfares 
(from  1991  onwards) 

Aviation  turbine  fuel  uplifted in Australia for international 
flights 

Average aircraft  fleet  fuel  intensity  (derived from 
en,@eering  data) 

Dummy variable to ~ O T Y  for the  effects of the  pilot’s 
dispute,  1989-90 

The  number of  Australian  resident  passengers travehg on 
the  domestic air network 

Australian  resident  passenger-kilometres flown on the 
domestic air network 

General  index of  real urban public transport  fares 
Average  kilometres flown on domestic  fights 

Average distance  travelled by international air passengers 
arriving in Australia 

Average  &stance  travelled by international  air  passengers 
leaving  Australia 

Bicentennial  year (1988Q1 to 1988Q3) dunmy variable 
Dumm)i variable for capacity uasation in the  Australian 
economy (used in international shpping model). 

Tonnage of  coastal  bulk  freight 

Sum of the  tonnages  of  the  seven  major  coastal  bulk 
commodities 

D L ~ J ?  variable for decreased  airfare  prices  to Fiji (199182 
onward) 
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CFC 

CGD 
CGEXP 
CORC 
CPI 

D1 
D 2  

D 3  

DH 
DISP 

DUM 
DW 
EXP 

FC 
FE 
F1 

FIG, 

FIGNR 

FII'ASNU 

FIPASU 

FIPF 

FIyear, sector 

FPASS 

FPASSKh4 

FU 
GBT 
GBTKM 

208 

Corrected rail fuel  consumption  (detrended  for  fuel 
efficiency  improvements) 

Commonwealth Games (1982) dummy variable 

The aggregate  level  of  coal  and  grain  exports  (tonnes) 
Cochrane-Orcutt  estimation  procedure 

Consumer price index 
First quarter  (of the year) dummy variable 

Second  quarter dummy variable 

Third  quarter dummy variable 

Durbin's h statistic 
Dummy variable  used  to  capture the rail dispute  between 
1989Q3  and  1990Q2 
Dummy variable  for low rail traffic (1979Q3  to  1980Q2) 

Durbin-Watson  statistic 

The total  tonnage  of six major  Australian  bulk  exports  (iron, 
coal,  alumina,  oil/petroleum  products,  grain  and  sugar) 

Fuel  consumption 

Fuel efficiency 
Fuel  intensity 

The fuel  intensity  of  trains  carrying  government  bulk 
freight 
The fuel intensity  of trains carrying government  non-bulk 
freight 
The fuel intensity of non-urban trains carrying  passengers 

The fuel  intensity  of  urban  trains  carrying  passengers 
The fuel  intensity  of  trains  carrying private freight 
The  average  fuel  intensity  of  (sector)  in (year) 

The number of  foreign  passengers  flying  in the domestic 
aviation  network 

Revenue  passenger-kilometres  flown  by  foreign  passengers 
on the Australian  domestic air network 

The  quantity  of  fuel  uplifted  from  coastal  bunkers 

Government  bulk freight tonnes carried by rail 
Government  bulk  freight  tonne-kilometres  travelled by rail 
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GNBT 
GNBTKM 

G7GDP 

IMP 

INPASS 
IOP 
rpm 

k 
LF 
MVPER 
OLS 
OUTPASS 

PASKMNU 
PASKMU 
PASNU 
PASSKM 
PASU 

PFT 
PFTKM 
RAUSPFC 
RGDP 
RGNE 
RGNF 
RHDY 

RIFARE 
RMEDF 

Government non-bulk freight  tonnes  carried by rail 
Government non-bulk freight  tonne-kilometres  travelled by 
rail 

Index of the s u m  of the  real  gross  domestic  products of the 
Group of Seven major OECD countries  (the United States, 
Japan, Germany, France,  Italy Canada and the  United 
Kingdom) in 1985 US$ 
The total  of huo major  Australian  non-bulk  imports  (fuel 
and chemicals in millions of dollars) 
Short-term  foreign air passenger  arrivals in Australia 

The level of iron  ore  production 

International  passenger-kilometres  travelled  to and from 
Australia by short-term and long-term air  travellers 

Saturation  level  of  the  logistic  function 

Average aircraft  passenger  load  factor 

Cars  per  thousand  population 

Ordinary  Least  Squares  estimation 

Total number of short-term  Australian  resident  departures 
by air 

Non-urban rail  passenger-kilometres 

Urban rail passenger-kilometres 

Non-urban rail passenger numbers 

Total  domestic  revenue  passenger-kilometres flown 

Urban rail  passenger numbers (includes  trams in Victoria 
and South Australia) 
Private  rail  freight tonnages 

Private  rail  freight  tonne-kilometres 

Real  Australian  private  final consumption 

Real gross domestic  product 

Australian red gross  national  expenditure 

Australian  real gross non-farm product 

Real  household  disposable income for  the  destination 
c o m q -  

Weighted  average of  real inbound overseas  airfares 

Index of average  real  airfares on medium-length air routes 
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ROFARE 
RROADLH 
RTWI 

SERDUM 

SGNE85 

SKM 
t 

Tasky 

tc 
TFC 

tft 

3SLS 
TIPKM 

TOTFRT 

TWI 
VKT 
XRATE 

Weighted  average of real outbound airfares 

Index of  real long-haul  road  freight  rates 

The real  trade  weighted  index of the  Australian  dollar 
exchange rate 

Dummy variable to account for service  frequency  cuts in 
Victorian tram and train  services from 199363  onwards 

Seasonally  adjusted  gross  national  expenditure (in 1984-85) 
prices 
Seat-kilometres 

Time 

Rail  task of type y 
Total  fuel  uplifted in Australia by international  ships 
Total  fuel consumed for Australia’s  international  aviation 
task 

Total amount of fuel  required  to  complete  the  international 
shipping  task to and from Australia 
Three-stage  least  squares  (a method of estimation) 
Total number of seat-kilometres  travelled by aircraft 
arriving in and departing from Australia 
Estimate of the  total  Australian road freight  task in billions 
of  tonne-kilometres 

Trade  weighted  index of the  Australian  dollar  exchange  rate 
(Average  annual)  vehicle  kilometres  travelled 

The real exchange rate between Australia and the  United 
States quoted in US dollars  per  Australian  dollar 
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TABLE VIII.l PASSENGER  CAR FLEET  CHARACTERISTICS 

Australian Vehicles Number of Average 
VKT population per thousand vehicles fleet 

Year (billion km) (millions) persons (millions) UlOOkm 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

63.81 
66.13 
68.06 
72.60 
76.82 
79.04 
82.71 
85.85 
87.72 
88.77 
90.28 
95.71 
96.21 
100.58 
105.67 
109.49 
112.32 
1 16.78 
121.70 
124.58 
122.57 
124.88 
128.04 
130.27 
132.58 
134.86 
137.1 0 
139.32 
141.52 
143.69 
145.82 
147.85 
149.88 
151.80 
153.71 
155.55 
157.33 
159.06 
160.76 
162.41 
164.01 
165.60 
167.15 
168.66 
170.1 3 

13.07 
13.30 
13.51 
13.72 
13.89 
14.03 
14.19 
14.36 
14.52 
14.69 
14.92 
15.1 8 
15.39 
15.58 
15.79 
16.02 
16.26 
16.52 
16.81 
17.07 
17.28 
17.48 
17.67 
17.84 
18.02 
18.21 
18.40 
18.59 
18.78 
18.98 
19.17 
19.36 
19.55 
19.73 
19.92 
20.1 0 
20.27 
20.45 
20.62 
20.79 
20.95 
21.12 
21.28 
2 1.44 
21.60 

305.3 
31  6.8 
320.1 
344.2 
358.1 
363.2 
375.8 
379.3 
388.2 
393.2 
401.9 
41  2.9 
41  9.5 
426.9 
435.7 
440.3 
441 .O 
446.5 
450.2 
456.4 
463.4 
468.4 
471 .l 
471 .l 
474.6 
477.9 
480.8 
483.6 
486.2 
488.5 
490.8 
492.7 
494.7 
496.3 
497.9 
499.4 
500.7 
501.9 
503.1 
504.1 
505.0 
505.9 
506.8 
507.5 
508.1 

4.00 
4.22 
4.33 
4.73 
4.98 
5.1 1 
5.35 
5.46 
5.65 
5.79 
6.02 
6.29 
6.48 
6.68 
6.93 
7.1 1 
7.23 
7.38 
7.57 
7.80 
8.01 
8.1 9 
8.33 
8.40 
8.55 
8.70 
8.85 
8.99 
9.13 
9.27 
9.41 
9.54 
9.67 
9.79 
9.92 
10.04 
10.15 
10.26 
10.37 
10.48 
10.58 
10.68 
10.78 
10.88 
10.98 

12.28 
12.32 
12.43 
12.44 
12.44 
12.57 
12.59 
12.58 
12.70 
12.63 
12.57 
12.40 
12.29 
12.19 
12.10 
11.90 
11.85 
11.90 
12.00 
12.10 
12.29 
12.19 
12.08 
11.96 
11.83 
11.70 
11.58 
11.45 
11.32 
11.20 
11.08 
10.96 
10.84 
10.69 
10.57 
10.45 
10.33 
10.20 
10.05 
9.90 
9.79 
9.65 
9.51 
9.36 
9.22 

Sources ABS (1 991 a, 1994a,  1994b,  1994d); Cosgrove & Gargett  (1  992); BTCE estimates. 
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TABLE V111.2 PASSENGER  CAR  FUEL  CONSUMPTION 

Year 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
2014 
201 5 

Fuel consumofion (million  litres)  Total 
Petrol 

7828 
81  33 
8437 
8996 
951 7 
9886 
10363 
10743 
1 1066 
11087 
11180 
11651 
11567 
11 938 
12225 
12516 
12687 
13186 
13736 
14055 
13854 
13964 

Diesel 

8 
11 
13 
16 
18 
21 
20 
20 
18 
37 
44 
57 
70 
100 
190 
200 
220 
244 
300 
350 
420 
440 

L PG 

0 
4 

11 
16 
24 
29 
33 
40 
56 
88 
122 
160 
188 
224 
265 
335 
400 
467 
569 
670 

955 
838 

CNG 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.2 
0.3 
1 .o 
2.3 

14067  456  1082  3.2 
14080  462  1099  4.4 
14101 
141  77 
14243 
14303 
14344 
14395 
14430 
14443 
14441 
14374 
14338 
1431 6 
14281 
14224 
14117 
14020 
13963 
13860 
13741 
13607 
13500 

464 
466 
467 
468 
469 
469 
470 
470 
470 
467 
467 
466 
465 
462 
459 
455 
453 
450 
446 
44 1 
480 

1116 
1134 
1151 
1169 
1186 
1203 
1221 
1238 
1255 
1273 
1290 
1308 
1325 
1342 
1360 
1377 
1394 
1412 
1429 
1446 
1460 

6.1 
8.5 
11.7 
16.1 
22.3 
30.7 
42.4 
58.6 
80.8 
111.6 
154.0 
170.0 
186.0 
201.9 
21 7.9 
233.9 
249.8 
265.8 
281.8 
297.7 
31  4.0 

PJ 
~ 

268 
279 
289 
309 
327 
340 
356 
369 
381 
383 
387 
405 
403 
41 8 
432 
444 
453 
472 
496 
51 l 
512 
51 9 
527 
528 
529 
532 
535 
538 
540 
542 
544 
546 
547 
546 
547 
547 
547 
546 
543 
540 
539 
537 
534 
530 
528 

Note The CNG figures  refer  to  litres  of  petroleum  displaced  by CNG use  (ie  give  the  volume 
of  petrol with equal  energy  content to the  level  of CNG consumption  forecast  for  each 
year),  and  are  assumed  negligible  prior  to 1988. 

Sources ABS (1993a and  earlier); Bush et a[. (1993); BTCE estimates. 
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TABLE V111.3 PASSENGER  CAR EMISSIONS 

Emissions  (gigagrams) 

c02 
Year C02 CH, NZ0 NO, CO N M V O C s  equivalent 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

17513 
18210 
18903 
20171 
21  350 
221  91 
23260 
241  21 
24861 
25006 
25284 
26429 
2631 8 
27282 
28225 
29007 
29542 
30821 
32353 
33352 
33346 
33824 
34289 
34363 
34445 
34649 
34833 
35003 
35 1 32 
35291 
3541 7 
35499 
35558 
35482 
35502 
35504 
35475 
35397 
35201 
35028 
34950 
34765 
34543 
34284 
341  92 

13 
14 
14 
15 
16 
17 
17 
18 
18 
18 
17 
18 
18 
19 
19 
19 
19 
19 
18 
18 
17 
17 
16 
16 
16 
15 
14 
13 
12 
1 1  
1 1  
1 1  
10 
10 
9 
9 
9 
8 
8 
7 
7 
7 
7 
6 
6 

0 137 
0 142 
0 146 
0 156 
0 165 
0 170 
0 176 
0 180 
0 182 
0 182 
0 181 
0 191 
0 188 
0 196 
0 202 
1 204 
1 202 
1 202 
1 204 
1 203 
2 194 
2 193 
2 193 
2 191 
2 190 
3 185 
3 180 
3 l 74 
3 168 
3 162 
3 158 
3 153 
3 148 
3 142 
4 1 37 
4 134 
4 131 
4 127 
4 124 
4 120 
4 119 
4 117 
4 116 
4 114 
4 112 

241 2 
2500 
2573 
2744 
2904 
2988 
31  22 
3237 
3303 
3338 
3340 
3484 
3435 
3520 
3635 
3591 
3370 
328 1 
31 64 
301 5 
2758 
261 9 
2407 
2250 
21 74 
2027 
1873 
1713 
1546 
1374 
1270 
1161 
1049 
933 
81 3 
755 
696 
634 
571 
507 
489 
470 
45 1 
432 
41 2 

~ 

214 

389 
403 
41 5 
443 
'469 
482 
491 
495 
492 
483 
478 
492 
480 
487 
496 
485 
449 
437 
41 4 
395 
357 
337 
306 
,284 
276 
259 
242 
224 
205 
185 
176 
166 
156 
146 
135 
131 
126 
122 
117 
112 
112 
112 
1 1 1  
1 1 1  
1 1 1  

24540 
25492 
26399 
281  66 
2981 0 
30896 
32239 
33306 
34086 
34204 
3441 7 
35938 
35657 
36853 
38030 
38744 
38807 
39970 
41  261 
42038 
41  440 
41  666 
41  695 
41  522 
41  502 
41  41 4 
41  290 
41  137 
40929 
40736 
40663 
40534 
40375 
40070 
39853 
39741 
39594 
39392 
39069 
38763 
38651 
38430 
381  69 
37869 
37734 

Source BTCE estimates. 



TABLE V111.4 FREIGHT  VEHICLE  CHARACTERISTICS 
~ 

Year 

Average load  (tonnes) 
LCV Rigid  Articulated 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
I987 
1988 
l989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

0.14 2.33 
0.14 2.35 
0.14 2.37 
0.14 2.38 
0.14 2.40 
0.1 5 2.42 
0.1 5 2.57 
0.15 2.74 
0.15 2.92 
0.15 2.76 
0.15 2.60 
0.1 6 2.41 
0.1 6 2.59 
0.1 6 2.78 
0.16 2.97 
0.18 3.1 1 
0.19 3.23 
0.20 3.29 
0.20 3.35 
0.21 3.36 
0.21 3.36 
0.21 3.36 

8.84 
9.38 
9.93 
10.47 
11.01 
11.49 
11.74 
11.98 
12.23 
12.62 
13.05 
13.42 
13.82 
14.29 
14.68 
15.01 
15.26 
15.57 
15.69 
15.78 
15.89 
15.97 

0.21 3.36 16.03 
0.21 3.39 16.15 
0.22 3.42 16.26 
0.22 3.46 16.38 
0.23 3.49 16.49 
0.23 3.53 16.61 
0.23 3.56 16.72 
0.24 3.60 16.84 
0.24 3.63 16.96 
0.25 3.67 17.08 
0.25 3.71 17.20 
0.26 3.74 17.32 
0.26 3.78 17.44 
0.27 3.82 17.57 
0.27 3.86 17.69 
0.28 3.90 17.81 
0.28 3.94 17.94 
0.29 3.97 18.07 
0.29 4.01 18.19 
0.30 4.05 18.32 
0.31 4.09 18.45 
0.31 4.14 18.58 
0.32 4.1 8 18.71 

Tonne-kilomefres  (million) 
LGV Rigid  Articulated 

1371 1061 9 15200 
1439 10605 16606 
1525 10666 17793 
1683 10950 19051 
1822 11217 20745 
1990 1 1672 23041 
2203 12115 25233 
241 3 12713 2721 5 
2599 13642 31  895 
2587 14524 3521 7 
2703 l51  97 36506 
2875 16243 40248 
2859 15552 41361 
31  45 16494 461  56 
351 9 18117 52664 
3754 18579 54051 
41  16 19464 561  72 
4682 21  126 59721 
4725 21  657 63666 
4725 21  992 6461 1 
475 I 20547 62906 
4867 21  429 66965 
5069 22644 7081 9 
5391 23400 71  009 
5733 241  81 74087 
6097 24987 771  16 
6484 25821 80295 
6895 26682 83422 
7333 27573 86895 
7798 28493 90509 
8293 29443 94264 
8820 30425 98155 
9379 31441 1021  80 
9975 32490 106436 
10608 33574 I10819 
1 1281 34694 f 15425 
1 1997 35851 1201  52 
12758 37047 125094 
13568 38283 1301  48 
14429 39561 l3561 0 
15345 40880 141 074 
1631 9 42244 146736 
17355 43654 152691 
18457 451  10 159033 
19628 4661 5 165357 

Sources ABS (1993a and earlier); Cosgrove & Gargett  (1992);  BTCE estimates. 
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TABLE V111.5 FREIGHT  VEHICLE  CHARACTERISTICS 

VKT (million km) Average U1 OOkm 
Year LCV Rigid  Articulated LCV Rigid  Articulated 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

9839 
10257 
10807 
1 1798 
12684 
13667 
14943 
16130 
17165 
16931 
17444 
18474 
18121 
19602 
21 629 
21 432 
21  843 
23301 
2361 6 
22926 
2281 4 
23222 
241  84 
25238 

1995 26337 
1996 27486 
1997 28684 
1998 29935 
1999 3 1 242 
2000 32605 
2001 34029 
2002 3551 5 
2003 37066 
2004 38685 
2005 40376 
2006 42141 
2007 43984 
2008 45908 
2009 4791 6 
201 0 5001 3 
201 1 52203 
201 2 54488 
201 3 56875 
201 4 59367 
201 5 61  968 

4560 
4520 
451 0 
4600 
4675 
4826 
471 2 
4637 
4670 
5259 
5835 
6734 
6004 
5934 
61  02 
5977 
6021 
6429 
6459 
6546 
61  14 
6385 
6747 
6904 
7063 
7227 
7394 
7565 
7740 
791 9 
81 02 
8289 
8481 
8677 
8878 
9083 
9294 
9509 
9728 
9954 
101  84 
10419 
10660 
10907 
11159 

1720 
1769 
1792 
1819 
1884 
2005 
21  49 
2271 
2607 
2790 
2798 
3000 
2993 
3229 
3588 
3602 
3680 
3836 
4059 
4095 
3959 
41 92 
441 7 
4398 
4556 
4709 
4869 
5023 
51  96 
5374 
5558 
5747 
5941 
61  45 
6353 
6571 
6792 
7022 
7255 
7507 
7754 
8009 
8276 
8559 
8838 

13.44 
13.60 
13.80 
13.94 
14.10 
14.26 
14.29 
14.32 
14.35 
14.16 
13.90 
13.80 
13.65 
13.53 
13.40 
13.40 
13.40 
13.40 
13.45 
13.50 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 

22.81 
23.79 
24.58 
25.37 
26.1 6 
27.00 
27.48 
27.98 
28.71 
27.60 
26.34 
25.26 
25.29 
25.44 
25.61 
25.74 
25.90 
26.06 
26.38 
26.45 
26.86 
26.56 
26.56 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 
26.50 

45.70 
45.98 
47.02 
48.14 
49.1 5 
50.32 
51.33 
52.38 
53.13 
53.42 
53.54 
53.70 
53.61 
53.57 
53.60 
53.72 
53.89 
54.17 
52.92 
51.95 
50.64 
49.95 
49.95 
49.71 
49.35 
48.98 
48.63 
48.27 
47.91 
47.56 
47.21 
46.87 
46.52 
46.1 8 
45.84 
45.51 
45.17 
44.84 
44.51 
44.1 9 
43.86 
43.54 
43.22 
42.90 
42.48 

Sources ABS (1993a and earlier); BTCE estimates. 
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TABLE V111.6 FREIGHT VEHICLE FUEL  CONSUMPTION 

Fuel consumption (PJ) 
Year LCV Rigid Articulated 

~ 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
I995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
2012 
201 3 
201 4 
201 5 

39.55 
42.01 
45.31 
50.1 9 
55.07 
60.1 9 
67.20 
73.36 
79.1 4 
76.85 
77.01 
80.97 
79.28 
85.01 
93.33 
93.13 
94.91 
102.22 
104.21 
103.01 
106.88 
108.79 
1 13.20 
1 17.92 
122.98 
128.25 
133.76 
139.51 
145.49 
151.49 
158.09 
164.98 
172.18 
179.69 
187.53 
195.72 
204.26 
213.18 
222.49 
232.21 
242.35 
252.94 
264.00 
275.54 
287.59 

45.78 

48.90 
51.51 
54.03 
56.36 
57.60 
57.94 
60.30 
65.76 
69.88 
77.62 
69.59 
69.60 
72.33 
71.49 
72.70 
76.37 
75.35 

61.84 
65.01 
68.74 
68.87 
70.47 
72.10 
73.77 
75.47 
77.22 
79.01 
80.83 
82.70 
84.62 
86.58 
88.58 
90.63 
92.73 

97.07 
99.31 
101.61 
103.96 
106.37 
108.83 
11 1.35 

47.38 

72.68 

94.87 

29.64 
30.78 
31.98 
33.34 
35.35 
38.04 
42.31 
45.69 
53.27 
57.36 
57.66 
62.04 

66.69 
74.1 7 
74.64 
76.50 
80.15 
82.88 
82.07 
77.36 
80.83 
84.30 
84.34 
86.74 
89.00 
9 I .34 
93.54 
96.04 
98.60 
101.22 
103.90 
106.61 
109.46 
1 12.34 
1 15.33 
1 18.34 
121.44 
124.54 
127.91 
131.15 
134.47 
137.92 
141.59 
144.75 

61  .a2 

Sources ABS (1993a and earlier); BTCE estimates. 
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TABLE V111.7 FREIGHT VEHICLE EMISSIONS 

Emissions  (gigagrams) 

Year 
c02 

CO, CH, NZ0 NO, CO NMVOCs equivalent 

1991 16440 3.08 0.47 119 527 80  18786 
1992 17016 3.12 0.49 124 533 81  19424 
1993 17791 3.26 0.51 130 554 84  20300 

0.52  132  580  88  20693 1994  181  04 
1995  18701 
1996  19303 
1997  19924 
1998  20544 
1999  21  188 
2000  21  807 
2001  22529 
2002  23275 
2003  24046 
2004  24849 
2005  25677 
2006  26537 
2007  27423 
2008  28342 
2009  29288 
201 0 30281 
201 1 31 294 
201 2 32342 
201 3 33431 
201 4 34567 
201 5 35703 

3.43 
3.62 
3.85 
4.1 6 
4.61 
5.31 
6.47 
6.82 
7.1 9 
7.59 
8.01 
8.46 
8.94 
9.45 
9.99 
10.57 
11.18 
1 1.84 
12.55 
13.31 
14.12 
14.98 

0.54 
0.56 
0.58 
0.60 
0.62 
0.63 
0.66 
0.68 
0.71 
0.73 
0.76 
0.79 
0.82 
0.85 
0.88 
0.91 
0.94 
0.98 
1.01 
1.05 
1.09 

137 
141 
146 
151 
156 
161 
166 
172 
178 
185 
191 
198 
205 
21 2 
220 
228 
236 
244 
253 
262 
272 

603 
625 
647 
668 
686 
698 
725 
752 
781 
81 0 
840 
872 
904 
938 
973 
1008 
1045 
1082 
1121 
1160 
1200 

91 
94 
98 
101 
103 
105 
109 
113 
117 
122 
126 
131 
136 
141 
146 
152 
157 
163 
169 
175 
181 

21  387 
22087 
22809 
23531 
24278 
24994 
25835 
26706 
27605 
28542 
29509 
3051 4 
31  549 
32623 
33730 
34890 
36076 
37303 
38578 
39909 
41  243 

Note Detailed  emission  estimates  for  years  prior  to 1991 are  not  provided  for  trucks because 
vintage-specific  emission  factors  are  available  only  for  cars. The truck  emission 
projections  are  calculated by assuming  emission  factors,  by  vehicle  type, and  remain 
constant  (at  the  values  given in appendix V). Historical  values  for  estimated CO, 
equivalent  emissions  are  presented by vehicle  type in table V111.9. 

Source BTCE estimates. 
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Appendix VI11 

TABLE V111.8 LONG-TERM  DATA SERIES FOR ROAD  TRANSPORT 

Number of 
Year Number commercial 
ending of car9 
June (‘000) 

1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

474.8 
467.4 
429.6 
420.3 
436.8 
431.5 
457.9 
484.6 
499.3 
535.1 
562.5 
559.5 
538.5 
450.8 
471.9 
493.6 
505.9 
522.9 
548.3 
588.7 
651 .l 
764.2 
879.3 
1028.0 
1 104.9 
1 195.5 
1342.4 
1429.9 
1537.4 
1660.9 
1784.2 
1937.6 
2070.0 
2200.7 
2377.0 
2582.6 
2791.5 
2946.6 
21  04.2 
3305.0 
3499.1 
371  9.7 

vehicle& 
(‘000) 

71.4 
104.0 
97.6 
96.0 
107.5 
140.1 
154.0 
180.2 
214.3 
241.6 
257.8 
260.9 
262.0 
250.4 
255.5 
273.7 
290.5 
333.1 
377.9 
41  8.8 
456.7 
506.1 
555.4 
587.6 
586.6 
61 1.2 
654.3 
693.2 
71  0.3 
731 .O 
755.0 
784.1 
800.0 
814.6 
832.1 
846.2 
858.0 
867.8 
880.0 
891.8 
91 1.4 
937.5 

CPF 

Total 
freighid 
(billion 
tonne- 

kilometres) 

Long-haul 
road  freight 

rate9 
(current $ 
per  tonne) 

7.261 9 
8.2237 
10.0993 
11.0131 
1 1.2535 
11.3497 
11.7825 
12.4558 
12.6001 
12.7925 
13.1291 
13.6581 
13.7062 
13.7543 
13.8986 
14.3795 
14.9085 
15.2932 
15.8223 
16.2070 
16.7360 

13.00 
14.00 
16.00 
17.00 
19.00 
20.00 
22.00 
23.00 
25.00 
26.00 

37.1 1 
37.34 
38.73 
40.36 
42.21 
43.14 

Real 
Australian 

G D P ~  
(1 989-90 
prices $ 
million) 

43446.68 
44074.82 
39922.09 
40599.08 
43034.90 
44640.1 6 
45638.19 
47969.32 
49518.74 
52687.40 
50579.60 
53357.40 
57356.60 
65766.76 
71  496.82 
70645.34 
66562.40 
63812.53 
61  879.24 
66883.46 
701  84.71 
75879.88 
80255.97 
82608.02 
81  965.92 
871  23.68 
92316.33 
96957.62 
98863.00 
100970.77 
108466.64 
114252.55 
1 18000.47 
11 9207.91 
1271  71.40 
135881.65 
145562.08 
147976.96 
157350.27 
163150.13 
177730.06 
187968.81 
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TABLE V111.8 LONG-TERM  DATA SERIES FOR ROAD  TRANSPORT (Continued) 

Real 
Total Long-haul Australian 

Number of  freighr’  road  freight GDPf 
Year Number commercial (billion  ra  tese (1 989-90 
ending of car9 vehiclesb  tonne-  (current $ prices $ 
June (‘000) (‘000) CPlC kilometres)  per  tonne)  million) 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

4000.0 
4220.0 
4330.0 
4730.0 
4980.0 
51 10.0 
5350.0 
5460.0 
5650.0 
5790.0 
6020.0 
6290.0 
6480.0 
6680.0 
6930.0 
71  10.0 
7230.0 
7380.0 
7570.0 
7800.0 
8010.0 
81  90.0 
8330.0 

957.6 
994.6 
1014.5 
1092.1 
1 157.6 
1 194.9 
1286.8 
1332.7 
1390.6 
1407.7 
1455.2 
1535.3 
1565.2 
161  6.9 
1663.5 
1683.8 
1 684.1 
1690.0 
1726.8 
1750.6 
1782.3 
1898.0 
1944.7 

17.5536 
18.7559 
19.8620 
22.4590 
26.21  01 
29.577 
33.712 
36.887 
39.916 
43.956 
48.092 
53.904 
59.201 
63.81 8 
67.665 
73.340 
80.1  69 
86.037 
92.385 
100.000 
105.300 
107.300 
108.400 

27.1 9 
28.65 
29.98 
31 ‘68 
33.78 
36.70 
39.55 
42.34 
48.14 
52.32 
54.40 
59.37 
59.77 
65.80 
74.30 
76.38 
79.75 
85.53 
90.05 
91.33 
88.20 
93.26 
98.53 

45.69 
48.01 
51.49 
56.36 
63.55 
69.35 
74.68 
78.40 
82.1 1 
83.03 
85.59 
90.69 
96.72 
98.81 
102.52 
107.62 
1 16.51 
123.80 
130.96 
138.49 
148.54 
151.35 
154.40 

196288.26 
2041  33.08 
21  361  1.09 
225783.1 3 
232441.37 
238548.44 
24571  6.22 
246777.1 5 
261212.17 
265352.48 
273194.98 
278627.77 
274246.49 
290084.83 
305506.95 
31  8738.43 
32741  3.37 
342964.74 
35691  0.37 
369029.00 
366685.01 
368691.64 
379787.24 

Sources a. CBCS (1973, pp. 30-31); ABS (1992a,  1992b and earlier); BTCE estimates. 
b. CBCS (1973, pp. 32-33); ABS (1992b and earlier); BTCE estimates. 
c. Maddock & McLean (1 987, p. 356); ABS (1  99461,1994e). 
d. Cosgrove & Gargett  (1992, p. 236); BTCE estimates. 
e. BTCE (1990, p. 49);  TransEco  (1994 and earlier). 
f. Maddock & McLean (1 987, pp. 356,359); ABS (1 994c,  1994d). 
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TABLE V111.9 ROAD EMISSIONS BY VEHICLE TYPE 
(gigagrams. CO, equivalent) 

Year  Cars  Buses L cvs 

1971 
1972 
1973 
1974 
1975 
1976 
1977 

1979 
1978 

I 980 
1981 
1982 
I 983 
1984 
I 985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 

2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

I 998 

2008 

~ 

24540 
25492 
26399 
281  66 
2981 o 
30896 

34086 

35938 

36853 
38030 
38744 
38807 

42038 

32239 
33306 

34204 
3441 7 

35657 

39970 
41  261 

41  440 
41  660 
41  695 
41  522 
41  502 
41  41 4 
41  290 
41  l37 
40929 
40736 
40663 
40534 
40375 
40070 

39741 
39594 
39392 
39069 
38763 
38651 
38430 
381  69 

37734 

39853 

37869 

522 
530 
544 
554 
567 
571 
579 

595 
626 
656 

765 
846 
932 
992 
1054 
1112 
1134 
1198 
I185 
1256 
1328 
1338 
1350 
1361 
1373 
1384 
1396 
1409 
1421 
1432 
1444 
1455 
1467 

586 

688 

I 478 
1488 
1499 
1509 
1519 
1529 
1539 
1549 
1559 
I 568 

31  03 
3296 
3555 

4320 
4722 
5229 

3938 

5708 
61  58 
5979 
5992 
6300 
6169 
661 5 
7262 
7229 
7368 
7935 
81  48 
8055 
a357 
8490 
8830 
9203 
9592 
9996 
10412 
10835 
11257 
1 1640 
12142 
12664 
13209 

14370 

15633 
16304 
17005 
17735 
18497 
19291 
201  18 

13778 

I 4988 

20981 
21 881 

Rigid  and 
other  trucks 

3558 
3678 
3792 
3992 
41  84 

443 1 

4587 
4965 

4458 

4438 

5258 
581 8 
51  94 
51  65 
5345 
5263 
5335 
5591 
5487 
5266 
4494 
4731 
5002 
501 5 
51 31 
5250 
5371 
5496 
5622 
5752 

6021 
61  60 
6302 
6447 
6595 
6746 
6901 
7059 
7220 

7551 
7721 

8070 

5885 

7384 

7894 

Articulated 
trucks  Totala 

2272 
2359 
2451 
2556 
271 0 
291 6 
3243 
3502 
4083 
4397 
4420 
4756 
4739 
51 12 

5721 

61  44 
6353 
6291 
5930 
6203 

6474 
6663 
6841 
7026 
7200 
7398 
7601 

8021 
8236 
8463 
8692 
8930 
91  70 
941 8 
9666 
9935 
10196 
10461 
10739 
11 033 
1 1293 

5685 

5864 

6468 

7809 

34328 
35690 
37075 
39541 
41  925 

46055 
43896 

47874 
49843 

53834 

57588 
58284 
58762 
61  087 

631  82 

50505 
51  077 

52857 
54925 

6271 7 

61  740 
62674 
63657 

64572 
651  96 

63888 

65806 
66387 

68253 

69758 

66937 
67472 

69007 

70401 
71  162 
72067 
72966 

74642 
75507 
76591 
77606 

79671 

73849 

78630 

80880 

a.  Includes  motorcycle  emissions  (assumed  constant  at 334 Gg per  annum) 
Note Estimated  values  for  years  prior  to 1990 are  very  approximate,  since  vintage-specific 

emission  factors  are  available  only  for  cars.  Factors  for  all  other  vehicle  types  have 
been  kept  constant  (at  the  values  given in appendix V). 

Source BTCE estimates. 
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TABLE IX.l RAIL PROJECTIONS 

Year 
ending PASNU PASKMNU NUavtrip PASU  RAUSPFC AUSTFAR 
June (thousand)  (billion) (km) (million) ($ million) 

1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

9067.1 3 
8731.74 
8503.61 
9346.1 6 
8985.42 
941  9.91 
9297.61 
101  04.36 
8941.54 
9235.82 
9747.80 
10039.33 
9651.66 
9521.47 
8848.55 
8584.97 
8605.00 
8666.45 
8707.48 
8748.72 
8790.15 
8831.78 
8873.62 
8915.65 
8957.89 
9000.34 
9042.99 
9085.84 
9128.91 
9172.18 
9215.66 
9259.35 
9303.25 
9347.36 
9391.69 
9436.23 
9480.99 
9525.96 

4.98 
3.77 
3.1 8 
2.61 
2.73 
2.72 
2.65 
2.61 
2.97 
2.88 
2.96 
2.88 
2.96 
2.71 
2.71 
2.93 
2.89 
2.51 
2.48 
2.30 
2.23 
2.24 
2.25 
2.26 
2.27 
2.29 
2.30 
2.31 
2.32 
2.33 
2.34 
2.35 
2.36 
2.37 
2.38 
2.40 
2.41 
2.42 
2.43 
2.44 
2.45 
2.47 
2.48 

299.98 
303.49 
306.93 
31  7.78 
320.52 
314.23 
309.76 
292.94 
303.08 
293.42 
300.58 
287.87 
260.06 
260.46 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 
260.00 

464.40 
470.00 
451 .OO 
442.00 
432.00 
420.00 
41  6.00 
437.00 
445.00 
454.00 
442.00 
444.00 
448.77 
479.40 
492.29 
51  0.37 
523.78 
500.22 
51  0.58 
51  8.32 
495.75 
51  0.04 
524.76 
539.94 
555.58 
571.70 
588.82 
606.49 
624.72 
643.51 
662.90 
682.90 
703.54 
724.82 
746.77 
769.41 
792.77 
81  6.86 
841.71 
867.34 
893.78 
921.05 
949.1 9 

183349.7 
1901  93.3 
191  569.7 
1991  37.0 
208326.4 
21  8097.5 
220240.0 
225778.9 
232142.4 
239571 .O 
247237.2 
2551  48.8 
26331  3.6 
271739.6 
280707.0 
289970.4 
299539.4 
309424.2 
31  9635.2 
3301  83.2 
341  079.2 
352334.8 
363961.9 
375972.6 
388379.7 
401  196.2 
414435.7 
4281  12.1 
442239.8 
456833.7 
471  909.2 

66.12 
70.41 
77.69 
83.67 
92.25 
100.00 
112.18 
121.40 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 
127.45 

Sources BTCE estimates; BTCE (1994a) Indicators  Database;  Cosgrove & Gargetl 
(1992, p. 238). 
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TABLE IX.l RAIL PROJECTIONS (continued) 

Year 
ending PASKMU Uavtrip GNBT GBT GNBAvhaul  GBAvhaul GNBTKM GBTKM 
June (billion) (km) (million)  (million) (km)  (km) (billion)  (billion) 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

5.71 13.6 
5.67 13.6 
6.13 14.0 
6.29 14.1 
6.46 14.2 
6.30 14.2 
6.35 14.3 
6.43 14.3 
6.97 14.5 
7.18 14.6 
7.47 14.6 
7.67 14.6 
7.47 14.9 
7.52 14.7 
7.52 14.5 

22.99 
25.03 
24.78 
26.79 
27.42 
28.94 
31.97 
30.84 
29.59 
30.06 

81.23 
83.56 
95.66 
98.89 
99.60 
101.71 
117.16 
134.60 
145.55 
148.70 
147.1 3 
143.86 
155.84 
159.29 
166.59 

490.05 
505.8 
444.06 
548.6 
495.5 
485.6 
545 

557.71 
570.43 
583.14 
595.86 
608.57 
621.29 
634 
634 

208.2 
203.2 
21  6.9 
21  1.3 
239.5 
224.6 
224.8 
224.9 
225.1 
225.3 
225.5 
225.6 
225.8 
226.0 
226.0 

14.63 
16.42 
14.63 
16.53 
14.14 
11.18 
13.62 
13.80 
15.28 
15.98 
17.23 
19.42 
19.1 8 
18.77 
19.01 

16.91 
16.98 
20.75 
20.90 
23.85 
22.84 
26.33 
30.28 
32.77 
33.50 
33.17 
32.46 
35.1 9 
36.00 
37.65 

1993  7.18  14.5  31.05  171.12  634  226.0  20.73  38.67 
1994  7.39  14.5  32.09  175.02  634  226.0  20.98  39.55 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

7.60 
7.82 
8.05 
8.28 
8.53 
8.78 
9.05 
9.32 
9.60 
9.89 
10.19 
10.50 
10.82 
11.14 
11.48 
11.83 
12.19 
12.56 
12.94 
13.34 
13.75 

14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 

33.1 5 
34.25 
35.39 
36.56 
37.77 
39.02 
40.31 
41.64 
43.01 
44.43 
45.89 
47.40 
48.96 
50.57 
52.23 
53.95 
55.72 
57.55 
59.43 
61.38 
63.39 

178.86 
183.1 9 
187.09 
192.49 
196.75 
201.22 
205.64 
21  0.01 
21  4.35 
21  8.64 
222.89 
227.1 0 
231.28 
235.42 
239.53 
243.60 
247.64 
251.65 
255.63 
259.58 
263.50 

634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 
634 

226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 
226.0 

21.02 
21.72 
22.44 
23.18 
23.95 
24.74 
25.56 
26.40 
27.27 
28.17 
29.1 0 
30.05 
37.04 
32.06 
33.12 
34.20 
35.33 
36.48 
37.68 
38.91 
40.1 9 

40.42 
41.40 
42.28 
43.50 
44.47 
45.48 
46.47 
47.46 
48.44 
49.41 
50.37 
51.33 
52.27 
53.20 
54.1 3 
55.05 
55.97 
56.87 
57.77 
58.67 
59.55 

Sources BTCE (1994a)  Indicators  Database; ABS (1986a: p. 4); Cosgrove & Gargett 
(1992% p. 238); BTCE estimates. 
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TABLE IX.l RAIL PROJECTIONS (continued) 

Year 
ending FC  PFT  PFTKM 
June (PJ) (million)  (billion) 

1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

27.66 
29.07 
29.89 
29.94 

~ 30.27 
30.90 
30.76 
30.80 
30.60 
28.21 
30.36 
32.12 
31.23 
32.35 
32.28 
30.54 
30.1 8 
30.02 
29.37 
28.83 
28.89 
29.48 
30.09 
30.66 
31.30 
31.86 
32.48 
33.09 
33.71 
34.34 
34.96 
35.59 
36.22 
36.86 
37.50 
38.15 
38.79 
39.45 
40.1 1 
40.77 
41.44 
42.12 

95  20.0 
115  26.5 
128  30.2 
117  26.3 
124  27.3 
121  28.4 
114  25.6 
123  27.8 
124  28.9 
121  27.4 
110  25.0 
108  23.3 
129  28.4 
126  29.2 
132  30.3 
136  31 .O 
135  28.7 
148  32.5 
158  35.3 
151  35.1 
159 

164.2 
168.2 
172.2 
174.9 
177.6 
179.0 
181.9 
184.9 
187.8 
190.8 
193.8 
196.7 
199.7 
202.6 
205.6 
208.5 
21  1.5 
214.5 
21  7.4 
220.4 
223.3 
226.3 

35.8 
36.9 
37.8 
38.7 
39.3 
39.9 
40.2 
40.9 
41.6 
42.2 
42.9 
43.6 
44.2 
44.9 
45.6 
46.2 
46.9 
47.6 
48.2 
48.9 
49.6 
50.2 
50.9 

PAvhaul 
(km) 

21  0.53 
230.43 
235.94 
224.79 
220.16 
234.71 
224.56 
226.02 
233.06 
226.45 
227.27 
21  5.74 
220.16 
231.75 
229.55 
227.94 
21  2.59 
21  9.59 
223.42 
232.56 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 
224.87 

C G E X P  

tonnes) 
(000 

IOP 

tonnes) 
(‘000 

50963 
4901 5 
6271 1 
60965 
60347 
64743 
80674 
108969 
1 1  1886 
116174 
1 16950 
1 10728 
12001 7 
12871 2 
13481 5 
141  230 
14881 9 
153639 
1591  37 
1641  42 
171162 
176755 
182687 
188620 
194553 
200485 
20641 8 
21  2351 
21 8283 
22421 6 
2301  48 
236081 
24201 4 
247946 
253879 
25981 2 
265744 
271  677 

89.53 
87.43 
93.63 
94.50 
86.24 
80.99 
79.75 
91.35 
92.79 
96.77 
102.53 
97.47 
109.89 
1 1  1.40 
1 15.53 
1 16.31 
120.00 
123.00 
126.00 
128.00 
130.00 
131 .OO 
133.20 
135.40 
137.60 
139.80 
142.00 
144.20 
146.40 
148.60 
150.80 
153.00 
155.20 
157.40 
159.60 
161.80 
164.00 
166.20 

Sources ABARE (S. Bush, pers. comm. 10 February 1994;  199313, pp. 93,246,303); 
Bush et al. (1993, p. 112); Cosgrove & Gargett (1992, p. 234); BTCE estimates. 
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TABLE IX.l RAIL PROJECTIONS (continued) 

Specific  Fuel  lntensities 
Year 
ending 
June PASU PASNU  PF GB G N B  

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

0.68 
0.67 
0.66 
0.65 
0.63 
0.62 
0.61 
0.60 
0.58 
0.56 
0.54 
0.53 
0.53 
0.52 
0.52 
0.52 
0.52 
0.52 
0.51 
0.51 
0.51 
0.51 
0.50 
0.50 
0.50 
0.50 
0.49 
0.49 
0.49 
0.49 
0.48 
0.48 
0.48 
0.48 
0.47 
0.47 
0.47 
0.47 

1.02 
0.98 
0.95 
0.92 
0.91 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.93 
0.99 
1.05 
1.05 
1.05 
1.05 
1.04 
1.04 
1.03 
1.03 
1.02 
1.02 
1.01 
1.01 
1 .oo 
1 .oo 
0.99 
0.99 
0.98 
0.98 
0.97 
0.97 
0.96 
0.96 
0.95 
0.95 
0.95 

0.1 5 
0.1 4 
0.1 4 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 3 
0.1 2 
0.1 2 
0.1 2 
0.1 2 
0.1 2 
0.1 2 
0.12 
0.12 
0.12 
0.12 
0.12 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 1 
0.1 I 
0.1 1 
0.1 1 

0.45 
0.44 
0.42 
0.41 
0.41 
0.41 
0.40 
0.40 
0.39 
0.37 
0.36 
0.32 
0.29 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.24 
0.24 
0.24 
0.24 
0.23 
0.23 
0.23 
0.23 
0.22 
0.22 
0.22 
0.22 
0.21 
0.21 
0.21 
0.21 
0.20 
0.20 
0.20 

0.79 
0.76 
0.74 
0.71 
0.71 
0.70 
0.70 
0.70 
0.66 
0.62 
0.58 
0.56 
0.55 
0.53 
0.53 
0.53 
0.53 
0.52 
0.52 
0.52 
0.51 
0.51 
0.50 
0.50 
0.50 
0.49 
0.49 
0.49 
0.48 
0.48 
0.48 
0.47 
0.47 
0.46 
0.46 
0.46 
0.45 
0.45 

Sources BTCE estimates  derived from data contained in Bush et 
al. (1993, p. 112); Apelbaurn (1 993: pp. 94-95,  98:  100, 
153,  158 ); Cosgrove & Gargett (1992: pp. 234:  238); and 
BTCE (1994a) Indicators Database. 
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TABLE IX.2 AVERAGE  FUEL INTENSITY  INDEX FOR RAIL 
(1 987-88~100) 

Year ending 
June Average Fuel  Intensity  Index 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

128 
127 
123 
115 
117 
118 
116 
112 
103 
103 
100 
92 
89 
87 
84 
80 

Notes 1. Part  of  the  decline in intensity  is  due to the  increasing 
penetration  of  electric  rail. 

generation  and  transmission  losses. 
2. End-use  figures  for  electricity  consumption  do  not  include 

Sources BTCE estimates  using  data  contained in Bush et  al. 
(1 993, p. 1 12); Apelbaum (1 993, pp. 94-95,  98,  100,  153, 
158 ); Cosgrove & Gargett (1 992, pp. 234,  238); and 
BTCE (1 994a) Indicators  Database. 
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TABLE IX.3 RAIL FUEL CONSUMPTION  PROJECTIONS 
(petajoules) 

Year ending  June FC ADO Electricif,v IDF Coal 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
I982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
I996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
2014 
2015 

27.66 
29.07 
29.89 
29.94 
30.27 
30.90 
30.76 
30.80 
30.60 
28.21 
30.36 
32.12 
31.23 
32.35 
32.28 
30.54 
30.18 
30.02 
29.37 
28.83 
28.89 
29.48 
30.09 
30.66 
31.30 
31.86 
32.48 
33.09 
33.71 
34.34 
34.96 
35.59 
36.22 
36.86 
37.50 
38.1 5 
38.79 
39.45 
40.1 1 
40.77 
41.44 
42.1 2 

24.99 
26.26 
27.1 0 
27.1 8 
27.56 
28.27 
28.01 
27.80 
27.62 
25.14 
25.07 
25.90 
24.75 
25.79 
25.1 8 
22.79 
23.02 
22.97 
22.00 
21.10 
20.99 
21.35 
21.74 
22.06 
22.45 
22.76 
23.1 1 
23.47 
23.82 
24.1 8 
24.53 
24.88 
25.24 
25.59 
25.95 
26.31 
26.67 
27.03 
27.39 
27.76 
28.13 
28.51 

2.37 
2.47 
2.51 
2.50 
2.51 
2.44 
2.59 
2.84 
2.84 
2.96 
3.26 
3.50 
3.81 
3.93 
4.47 
5.17 
5.47 
5.51 
5.67 
5.63 
5.80 
6.02 
6.26 
6.49 
6.75 
7.00 
7.26 
7.53 
7.79 
8.06 
8.33 
8.61 
8.89 
9.17 
9.45 
9.74 
10.03 
10.32 
10.61 
10.91 
11.21 
11.51 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.00 
2.69 
2.64 
2.60 
2.57 
2.53 
1.66 
1.54 
I .70 
2.1 0 
2.1 0 
2.1 0 
2.1 0 
2.1 0 
2.1 0 
2.1 0 
2.10 
2.1 0 
2.1 0 
2.1 0 
2.1 0 
2.1 0 
2.1 0 
2.10 
2.10 
2.1 0 
2.1 0 
2.10 
2.10 
2.10 
2.1 0 
2.1 0 

0.30 
0.34 
0.28 
0.26 
0.20 
0.1 9 
0.16 
0.16 
0.14 
0.1 1 
0.03 
0.03 
0.03 
0.03 
0.06 
0.05 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Sources BTCE estimates; ABARE (S. Bush, pers. comm. 10 February 7994); 
Bush et al. (1993, p. 112). 
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TABLE IX.4 RAIL EMISSION PROJECTIONS 
(gigagrams) 

Year ending c02 
June CO2 NO, CH, NMVOCS GO N20 equivalent 

1974 2415.8 45.26 0.15 3.10 14.62 0.06 2839 
1975 2535.2 47.55 0.1 6 3.26 15.37 0.06 2980 
1976 2599.3 49.01 0.1 7 3.36 15.85 0.06 3057 
1977 2600.3 49.1 3 0.1 7 3.37 15.89 0.06 3060 
1978 2624.2 49.77 0.1 7 3.42 16.11 0.06 3089 
1979 2653.6 50.91 0.17 3.51 16.52 0.06 31  30 
1980 2673.7 50.61 0.17 3.47 16.37 0.06 31  47 
1981 2727.4 50.51 0.17 3.45 16.26 0.06 31  99 
1982 271  3.0 50.52 0.17 3.42 16.15 0.06 31  82 
1983 2570.2 46.07 0.16 3.12 14.72 0.06 3001 
1984 2780.5 49.66 0.1 7 3.36 15.84 0.06 3244 
1985 2952.3 52.50 0.1 8 3.55 16.73 0.07 3443 
1986 2953.2 50.77 0.1 7 3.40 16.05 0.06 3427 
1987 3055.7 52.60 0.1 8 3.52 16.64 0.07 3547 
1988 3161.2 52.07 0.1 7 3.44 16.29 0.07 3647 
1989 3181.9 48.64 0.16 3.14 14.91 0.06 3635 
1990 3217.0 47.85 0.16 3.06 14.55 0.06 3662 
1991 3213.3 47.59 0.16 3.04 14.45 0.06 3656 
1992 3181.5 46.30 0.1 5 2.94 13.99 0.06 361 2 
1993 31 55.0 45.47 0.1 5 2.88 13.70 0.06 3578 
1994 31 86.4 45.46 0.1 5 2.86 13.64 0.06 3609 
1995 3265.0 46.31 0.15 2.91 13.86 0.06 3696 

1997 3425.1 48.01 0.16 3.00 14.29 0.06 3871 

1999 3593.5 49.72 0.1 6 3.08 14.71 0.07 4056 
2000 3678.1 50.60 0.1 6 3.13 14.93 0.07 41  48 
2001 3762.9 51.47 0.17 3.17 15.15 0.07 4241 
2002 3847.9 52.35 0.1 7 3.21 15.37 0.07 4334 

1996 3347.6 47.21 0.15 2.96 14.09 0.06 3787 

1998 3514.0 48.94 0.16 3.04 14.53 0.06 3969 

2003 3933.0 53.24 0.1 7 3.26 15.58 0.07 4427 
2004 4018.2 54.12 0.17 3.30 15.80 0.07 4521 
2005 4103.6 55.01 0.18 3.35 16.01 0.07 461 4 
2006 4189.1 55.90 0.1 8 3.39 16.23 0.07 4708 
2007 4274.7 56.80 0.1 8 3.43 16.45 0.08 4802 
2008 4360.5 57.70 0.1 8 3.48 16.67 0.08 4896 
2009 4446.3 58.61 0.1 9 3.52 16.89 0.08 4990 
201 0 4532.2 59.52 0.1 9 3.57 17.11 0.08 5084 
201 1 461  8.1 60.44 0.19 3.61 17.33 0.08 51  79 
201 2 4704.2 61.37 0.19 3.66 17.55 0.08 5273 
201 3 4790.3 62.30 0.20 3.70 17.78 0.08 5368 
201 4 4876.4 63.25 0.20 3.75 18.01 0.09 5463 
201 5 4961.7 64.20 0.20 3.80 18.24 0.09 5557 

Notes 1 .Includes  emissions  from  the  generation  of  electricity  for  trains  and  trams.  Energy 
consumption  by  trams  is  essentially  constant  (Apelbaum 1993, p. 92), giving 
emissions  of  the  order  of 60 Gg CO, equivalent. 

2. Historical  emission  estimates  are  based  on  constant  emission  factors  (given in 
table 3.6), and  are  therefore  very  approximate. 

Source BTCE estimates. 
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APPENDIX X AVIATION DATA 

International Aviation  Average  Kilometres Flown 

In order  to  calculate  the  average  distance flown per  passenger, a split was 
made into inbound passengers and outbound passengers. 

For each  category  the number of passengers  travelling  to a particular 
destination was determined by choosing 10 regions and classifying each 
passenger  into a destination  (or  departure)  reb'  01on. 

An average  distance flown per  passenger was calculated by multiplying  the 
proportion  of  total  passengers to a particular  region by the  stage  distance, and 
summing over all  regions.  Tables X.7 and X.8 detail  the  regions,  stage 
distances,  passenger numbers and average  kilometres  for  both inbound and 
outbound passengers. 
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TABLE X.l DOMESTIC  AVIATION  PROJECTIONS 

Year ending APASS AVKM FPASSKM APASSKM PASSKM SKM 
June (million) (km) (million) (million) (million) (million) 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

10.91 
11.32 
12.02 
11.61 
11.39 
10.55 
11.02 
11.71 
12.35 
12.53 
13.39 
13.47 
8.81 
13.08 
16.60 

706.71 
71  0.1 6 
732.09 
746.46 
810.51 
799.84 
81 1.51 
825.55 
840.63 
871.38 
887.1 5 
908.12 
961.09 
983.92 
1031.98 

307.89 
372.58 
481.39 
51  1.42 
578.45 
558.13 
604.01 
657.42 
796.66 

1324.33 
151  2.37 
1547.81 
1643.68 
1950.22 

1038.80 

7708.00 
8039.00 
8798.00 
8669.57 
9234.58 
8436.23 
8945.26 
9668.33 
10385.15 
1091  9.29 
1 1  881.67 
12234.90 
8464.57 
12872.29 
171  31.35 

801  5.41 
8412.07 
9278.90 
91  80.99 
981  3.04 
8994.36 
9549.27 
10325.75 
11181.81 

13206.01 
13747.27 
10012.38 
1451  6.01 
19081.57 

11958.08 

1 1963.3 
121  73.76 
12816.16 
12406.74 
13958.80 
13246.48 
13262.87 
141  64.26 
15401.94 
16585.41 
17561.18 
17993.81 
13867.56 
20502.83 
24338.74 

1993  16.49  1022.52  21  36.24  16859.66  18996.30  24767.01 
1994  16.65  1022.52  2280.75  17028.80 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

16.38 
17.15 
17.95 
18.79 
19.69 
20.62 
21.60 
22.62 
23.68 
24.79 
25.95 
27.1 6 
28.43 
29.74 
31  .l2 
32.55 
34.05 
35.62 
37.25 
38.95 
40.73 

1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 
1022.52 

2429.18 

2842.1 1 
3072.65 
3339.81 
3655.76 
4000.23 
4375.80 
4785.28 
5231.73 
5712.06 
6235.19 
6804.92 
7425.41 
8101.18 
8827.36 

10476.85 
11411.87 
12429.08 
13535.71 

2628.01 

961 7.38 

16749.75 
17536.79 
18357.29 
1921  2.67 
20129.61 
21  086.62 
22085.47 
231  27.99 
2421  6.07 
25351.72 
26537.02 
27774.1 3 
29065.31 
30412.94 
31  81  9.48 
33287.51 
3481  9.70 
3641  8.88 
38087.96 
39830.00 
41  648.20 

19309.55 
191  78.93 
201  64.80 
21  199.40 
22285.33 
23469.41 
24742.38 
26085.70 
27503.79 
29001.36 
30583.45 
32249.08 
34009.32 
35870.24 
37838.35 
39920.66 
421  14.87 
44437.09 
46895.73 
49499.83 
52259.09 
551  83.91 

251  75.42 
25005.13 
26290.48 
27639.38 
29055.18 
30598.97 
32258.64 
3401  0.04 
35858.92 
3781  1.42 
39874.1 3 
42045.74 
44340.70 
46766.93 
49332.92 
52047.80 
54908.57 
57936.23 
61  141.76 
64536.94 
681  34.40 
71  947.73 

Sources BTCE estimates; BTCE (1 994a) Indicators Database. 
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TABLE X.l DOMESTIC  AVIATION  PROJECTIONS (continued) 

Year ending LF RGNF RMEDF F1 A vtur FC 
June ($ million) (Uskm) (megalitres) 

1978  0.670 
1979  0.691 
1980  0.724 
1981  0.740 
1982  0.703 
1983  0.679 
1984  0.720 
1985  0.729 
1986  0.726 
1987  0.721 
1988  0.752 
1989  0.764 
1990  0.722 
1991  0.708 
1992  0.784 
1993  0.767 
1994  0.767 
1995  0.767 
1996  0.767 
1997  0.767 
1998  0.767 
1999  0.767 
2000  0.767 
2001  0.767 
2002  0.767 
2003  0.767 
2004  0.767 
2005  0.767 
2006  0.767 
2007  0.767 

2009  0.767 
201 0 0.767 
201 1 0.767 
201 2 0.767 
201 3 0.767 
201 4 0.767 
201 5 0.767 

2008  0.767 

234497 
245989 
253959 
2641  20 
270846 
266364 
277221 
292587 
305381 
31  1743 
328941 
344504 
355471 
3521  47 
354776 
365062 

376744.0 
388799.8 
401241.4 
414081 .l 
427331.7 
441433.7 
456001 .O 
471  049.0 
486593.6 
502651.2 
51 9238.7 
536373.6 
554073.9 
572358.3 
591 246.2 
61  0757.3 
630912.3 
651732.4 
673239.5 
695456.4 
71  8406.5 
7421  13.9 

0.67 
0.74 
0.76 
0.81 
0.90 
0.99 
1 .oo 
1.01 
0.99 
0.98 
0.97 
0.96 
0.98 
0.90 
0.70 
0.74 
0.73 
0.72 
0.71 
0.70 
0.69 
0.69 
0.68 
0.67 
0.66 
0.65 
0.64 
0.63 
0.63 
0.62 
0.61 
0.60 
0.59 
0.59 
0.58 
0.57 
0.56 
0.56 

0.0918 
0.0888 
0.0880 
0.0906 
0.0864 
0.0882 
0.0877 
0.0842 
0.0833 
0.0804 
0.0813 
0.0782 
0.081 1 
0.0701 
0.0645 
0.0663 
0.0645 
0.0637 
0.0629 
0.0620 
0.0612 
0.0604 
0.0595 
0.0587 
0.0579 
0.0570 
0.0562 
0.0554 
0.0545 
0.0537 
0.0529 
0.0521 
0.0512 
0.0504 
0.0496 
0.0487 
0.0479 
0.0471 

1098.54 
1081.13 
1 127.90 
1123.85 
1205.65 
11  68.65 
11  63.32 
1 193.22 
1283.38 
1333.58 
1427.82 
1406.88 
1 124.31 
1437.69 
1569.45 
1642.06 
1624.57 
1592.78 
1652.79 
I71  4.60 
1778.26 
1847.29 
1920.65 
1996.63 
2075.34 
2156.89 
2241.39 
2328.48 
241  8.69 
2512.13 
2608.93 
2709.20 
2812.44 
291  9.32 
3029.98 
31  44.55 
3263.1 5 
3385.91 

Sources BTCE  estimates; BTCE (1994a) Indicators Database; ABARE (pers. comrn.  1994). 
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TABLE X.2 AVIATION  GASOLINE FUEL CONSUMPTION 
PROJECTIONS 

Year ending FC FC 
June P4 (ML) 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

3.5 
3.5 
3.5 
3.65 
3.8 
3.8 
3.8 
3.75 
3.7 
3.65 
3.6 
3.6 
3.6 
3.75 
3.9 
4.1 
4.3 
3.5 
3.3 
3.5 
3.55 
3.6 
3.65 
3.7 
3.75 
3.8 
3.85 
3.9 
3.95 
4.0 
4.05 
4.1 
4.15 
4.2 
4.25 
4.3 
4.35 
4.4 
4.45 
4.5 
4.55 
4.6 

105.74 
105.74 
105.74 
1 10.27 
114.80 
1 14.80 
1 14.80 
1 13.29 
111.78 
1 10.27 
108.76 
108.76 
108.76 
11  3.29 
11  7.82 
123.87 
129.91 
105.74 
99.70 
105.74 
107.25 
108.76 
11  0.27 
111.78 
11  3.29 
1 14.80 
11  6.31 
1 17.82 
11  9.34 
120.85 
122.36 
123.87 
125.38 
126.89 
128.40 
129.91 
131.42 
132.93 
134.44 
135.95 
137.46 
138.97 

Sources BTCE estimates; Bush et  al. (1993, p. 112) 
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TABLE X.3 DOMESTIC AVIATION TURBINE  FUEL-PROJECTED GREENHOUSE  GAS 
EMISSION LEVELS 

1974 894.86 
1975 987.92 
1976 999.55 
1977 1028.74 
1978 1098.54 
1979 1081.13 
1980 1 127.90 
1981 11 23.85 
1 982 1205.65 
1983 1 168.65 
1984 1 163.32 
1985 11 93.22 
1986 1283.38 
1987 1333.58 
1988 1427.82 
1989 1406.88 
1990 1 124.31 
1991 1437.69 
1992 1569.45 

32.93085 
36.35546 
36.78344 
37.85763 
40.42627 
39.78558 
41.50672 
41.35768 
44.36792 
43.00632 
42.8101 8 
43.9105 
47.22838 
49.07574 
52.54378 
51.7731 8 
41.37461 
52.90699 
57.75576 

2232.71 1 8.891 
2464.900 9.816 
2493.917 9.932 
2566.747 10.222 
2740.901 10.915 
2697.463 10.742 
281 4.1 56 1 1.207 
2804.051 11.167 
3008.145 11.979 
291  5.828 1 1.61 2 
2902.530 11.559 
2977.1  32 11.856 
3202.084 12.752 
3327.335 13.250 
3562.468 14.1 87 
351  0.222 13.979 
2805.198 11.171 
3587.094 14.285 
3915.841 15.594 

0.036 
0.040 
0.040 
0.042 
0.044 
0.044 
0.046 
0.045 
0.049 
0.047 
0.047 
0.048 
0.052 
0.054 
0.058 
0.057 
0.046 
0.058 
0.064 

0.329 
0.364 
0.368 
0.379 
0.404 
0.398 
0.41 5 
0.414 
0.444 
0.430 
0.428 
0.439 
0.472 
0.491 
0.525 
0.51 8 
0.414 
0.529 
0.578 

1993 1642.06 60.42781 4097.005  16.316 0.066 
1994 1624.57 59.78431 4053.376  16.142 0.066 
1995 1592.78 58.61445 3974.059  15.826 0.064 
1996 1652.79 60.82263 4123.774  16.422 0.067 
1997 1714.60 63.09716 4277.987  17.036 0.069 
1998 1778.26 65.4398i 4436.819  17.669 0.072 
1999 1847.29 67.9801 1 4609.052  18.355 0.075 
2000 1920.65 70.67979 4792.090  19.084 0.078 
2001 1996.63 73.47603 4981.675  19.839 0.081 
2002 2075.34 76.37265 5178,066  20.621 0.084 
2003 2156.89 79.37359 5381.530  21.431 0.087 
2004 2241.39 82.48298 5592.346  22.270 0.091 
2005 2328.48 85.68801 5809.647  23.136 0.094 
2006 2418.69 89.00769 6034.722  24.032 0.098 
2007 2512.13 92.44635 6267,863  24.961 0.102 
2008 2608.93 96.00846 6509.374  25.922 0.106 
2009 2709.20 99.69865 6759.569  26.919 0.1 10 
2010 2812.44 103.4976 7017.139  27.944 0.114 
201 1 2919.32 107.4309 7283.816  29.006 0.118 
2012 3029.98 111.5032 7559.917  30.106 0.123 
2013 3144.55 115.7193 7845.768  31.244 0.127 
2014 3263.15 120.0840 8141.697  32.423 0.132 
2015 3385.91 124.6014 8447.974  33.642 0.137 

Sources BTCE estimates; ABARE (pers. cornrn. 1994). 

0.604 
0.598 
0.586 
0.608 
0.631 
0.654 
0.680 
0.707 
0.735 
0.764 
0.794 
0.825 
0.857 
0.890 
0.924 
0.960 
0.997 
1.035 
1.074 
1.115 
1.157 
1.201 
1.246 

Total CO, 
CO N20 equivalent 
(Gsl (Gsl  (Gsl 

2.602 0.066 2331.041 
2.872 0.073 2573.455 
2.906 0.074 2603.751 
2.991 0.076 2679.788 
3.194 0.081 2861.612 
3.143 0.080 2816.260 
3.279 0.083 2938.093 
3.267 0.083 2927.543 
3.505 0.089 3140.625 
3.397 0.086 3044.243 
3.382 0.086 3030.359 
3.469 0.088 3108.246 
3.731 0.094 3343.106 
3.877 0.098 3473.873 
4.151 0.105 3719.361 
4.090 0.1  04 3664.81 4 
3.269 0.083 2928.741 
4.1  80 0.1 06 3745.072 
4.563 0.1 16 4088.296 
4.774 0.121 4277.440 
4.723 0.120 4231.889 
4.631 0.1  17 4149.079 
4.805 0.122 4305.388 
4.985 0,126 4466.392 
5.170 0.131 4632.219 
5.370 0.136 4812.037 
5.584 0.141 5003.136 
5.805 0.147 5201.071 
6.033 0.153 5406.111 
6.271 0.159 5618.535 
6.516 0.165 5838.636 
6.769 0.171 6065.508 
7.032 0.178 6300.494 
7.303 0.185 6543.903 

7.876 0.1  99 7057.264 
8.176 0.207 7326.177 
8.487 0.215 7604.599 
8.809 0.223 7892.860 
9.142 0.231 8191.300 
9.487 0.240 8500.262 
9.844 0.249 8820.028 

7.585  0.192  6796.050 
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TABLE X.4 DOMESTIC  AVIATION  GASOLINE-PROJECTED GREENHOUSE  GAS 
EMISSION  LEVELS 

Year 
ending FC 
June ( W  

1974 105.7402 
1975 105.7402 
1976 105.7402 
1977 1 10.271 9 
1978 1 14.8036 
1979 1 14.8036 
1980 1 14.8036 
1981 11  3.2931 
1982 1 1 1.7825 
1983 1 10.271 9 
1984 108.761 3 
1985 108.761 3 
1986 108.761 3 
1987 1 13.2931 
1988 1 17.8248 
1989 123.8671 
1990 129.9094 
1991 105.7402 
1992 99.6979 

FC 
(PJ) 

3.5 
3.5 
3.5 
3.65 
3.8 
3.8 
3.8 
3.75 
3.7 
3.65 
3.6 
3.6 
3.6 
3.75 
3.9 
4.1 
4.3 
3.5 
3.3 

c02 
(Q) 

238 
238 
238 

248.2 
258.4 
258.4 
258.4 
255 

251.6 
248.2 
244.8 
244.8 
244.8 
255 

265.2 
278.8 
292.4 
238 

224.4 

NO, 
(csl 

0.266 
0.266 
0.266 
0.277 
0.289 
0.289 
0.289 
0.285 
0.281 
0.277 
0.274 
0.274 
0.274 
0.285 
0.296 
0.31 2 
0.327 
0.266 
0.251 

CH, N M V O C  
( W   ( W  

0.200 1.796 
0.200 1.796 
0.200 1.796 
0.208 1.872 
0.217 1.949 
0.21 7 1.949 
0.217 1.949 
0.21 4 1.924 
0.21 1 1.898 
0.208 1.872 
0.205 1.847 
0.205 1.847 
0.205 1.847 
0.214 1.924 
0.222 2.001 
0.234 2.103 
0.245 2.206 
0.200 1.796 
0.1  88 1.693 

CO 
( W  

79.800 
79.800 
79.800 
83.220 
86.640 
86.640 
86.640 
85.500 
84.360 
83.220 
82.080 
82.080 
82.080 
85.500 
88.920 
93.480 
98.040 
79.800 
75.240 

Total CO, 
N20 equivalent 
( W  (CS) 

0.0032 340.1878 
0.0032 340.1878 
0.0032 340.1  878 
0.0033 354.7672 
0.0034 369.3467 
0.0034 369.3467 
0.0034 369.3467 
0.0034 364.4869 
0.0033 359.6271 
0.0033 354.7672 
0.0032 349.9074 
0.0032 349.9074 
0.0032 349.9074 
0.0034 364.4869 
0.0035 379.0664 
0.0037 398.5057 
0.0039 417.9450 
0.0032 340.1  878 
0.0030 320.7485 

1993  105.7402  3.5  238  0.266  0.200  1.796  79.800  0.0032  340.1878 
1994  107.2508  3.55  241.4  0.270  0.202  1.821  80.940  0.0032  345.0476 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

108.761 3 
1 10.271 9 
11  1.7825 
1 13.2931 
114.8036 
116.31  42 
1 17.8248 
1 19.3353 
120.8459 
122.3565 
123.8671 
125.3776 
126.8882 
128.3988 
129.9094 
131.41  99 
132.9305 
134.441 1 
135.951 7 
137.4622 
138.9728 

3.6 
3.65 
3.7 
3.75 
3.8 
3.85 
3.9 
3.95 
4 

4.05 
4.1 
4.1 5 
4.2 
4.25 
4.3 
4.35 
4.4 
4.45 
4.5 
4.55 
4.6 

244.8 
248.2 
251.6 
255 

258.4 
261.8 
265.2 
268.6 
272 

275.4 
278.8 
282.2 
285.6 
289 

292.4 
295.8 
299.2 
302.6 
306 

309.4 
31  2.8 

0.274 
0.277 
0.281 
0.285 
0.289 
0.293 
0.296 
0.300 
0.304 
0.308 
0.31 2 
0.315 
0.31 9 
0.323 
0.327 
0.331 
0.334 
0.338 
0.342 
0.346 
0.350 

0.205 
0.208 
0.21 1 
0.214 
0.21 7 
0.21 9 
0.222 
0.225 
0.228 
0.231 
0.234 
0.237 
0.239 
0.242 
0.245 
0.248 
0.251 
0.254 
0.257 
0.259 
0.262 

1.847 82.080 
1.872 83.220 
1.898 84.360 
1.924 85.500 
1.949 86.640 
1.975 87.780 
2.001 88.920 
2.026 90.060 
2.052 91.200 
2.078 92.340 
2.103 93.480 
2.129 94.620 
2.155 95.760 
2.180 96.900 
2.206 98.040 
2.232 99.1  80 
2.257 100.320 
2.283 101.460 
2.309 102.600 
2.334 103.740 
2.360 104.880 

0.0032 
0.0033 
0.0033 
0.0034 
0.0034 
0.0035 
0.0035 
0.0036 
0.0036 
0.0036 
0.0037 
0.0037 
0.0038 
0.0038 
0.0039 
0.0039 
0.0040 
0.0040 
0.0041 
0.0041 
0.0041 

349.9074 
354.7672 
359.6271 
364.4869 
369.3467 
374.2065 
379.0664 
383.9262 
388.7860 
393.6458 
398.5057 
403.3655 
408.2253 
413.0851 
417.9450 
422.8048 
427.6646 
432.5244 
437.3843 
442.2441 
447.1039 

Sources BTCE estimates; Bush et al. (1993, p. 112). 
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TABLE X.5 TOTAL  DOMESTIC AVIATION  EMISSION PROJECTIONS 

Year 
ending 
June 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

CO, 
(CS) 

2470.71 1 
2702.900 
2731.917 
2814.947 
2999.301 
2955.863 
3072.556 
3059.051 
3259.745 
31  64.028 
31  47.330 
3221  .g32 

3582.335 
3827.668 
3789.022 
3097.598 
3825.094 
4140.241 

3446.884 

NO, 
(CS) 

9.157 
10.082 
10.198 
10.499 
11.204 
11.031 
11.496 
11.452 
12.261 
11.889 
11.832 
12.129 
13.025 
13.535 
14.483 
14.290 
11.498 
14.551 
15.845 

CH4 
(CS) 
__ 

0.236 
0.239 
0.240 
0.250 
0.261 
0.260 
0.262 
0.259 
0.260 
0.255 
0.252 
0.254 
0.257 
0.268 
0.280 
0.291 
0.291 
0.258 
0.252 

NMVOC 
(Ggl 

2.125 
2.1  59 
2.1  63 
2.251 
2.354 
2.347 
2.364 
2.337 
2.342 
2.303 
2.275 
2.286 
2.31 9 
2.41 5 
2.526 
2.621 
2.620 
2.325 
2.270 

CO 
( W  

82.402 
82.672 
82.706 
86.21 1 
89.834 
89.783 
89.91 9 
88.767 
87.865 
86.617 
85.462 
85.549 
85.81 1 
89.377 
93.071 
97.570 
101.309 
83.980 
79.803 

N20 
(G91 

0.069 
0.076 
0.077 
0.079 
0.084 
0.083 
0.086 

0.092 

0.089 
0.091 
0.098 
0.102 
0.109 
0.107 
0.087 
0.109 
0.118 

0.086 

0.089 

Total CO, 
equivalent 

(CS) 

2671.229 
2913.643 
2943.938 
3034.556 
3230.959 

3307.439 
3292.030 
3500.252 
3399.01 0 
3380.266 
3458.1  54 
3693.01 3 

4098.427 
4063.320 
3346.686 
4085.259 
4409.045 

31  85.607 

3838.360 

1993  4335.005  16.582  0.266  2.400  84.574  0.124  4617.628 
1994  4294.776  16.412  0.268  2.419  85.663  0.123  4576.937 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

4218.859 
4371.974 
4529.587 
4691.819 
4867.452 
5053.890 
5246.875 
5446.666 
5653.530 
5867.746 
6088.447 
6316.922 
6553.463 
6798.374 
7051.969 
7312.939 
7583.01 6 
7862.517 
8151.768 
8451.097 
8760.774 

16.1 00 
16.700 
17.317 
17.954 
18.643 
19.376 
20.1  35 
20.921 
21.735 
22.578 
23.447 
24.347 
25.280 
26.245 
27.245 
28.275 
29.341 
30.444 
31.586 
32.768 
33.992 

0.270 
0.275 
0.280 
0.286 
0.291 
0.297 
0.303 
0.309 
0.31 5 
0.322 
0.328 
0.334 
0.341 
0.348 
0.355 
0.362 
0.369 
0.376 
0.384 
0.391 
0.399 

2.433 
2.481 
2.529 
2.578 
2.629 
2.682 
2.735 
2.790 
2.846 
2.902 
2.960 
3.01 9 
3.079 
3.140 
3.203 
3.267 
3.332 
3.398 
3.466 
3.535 
3.606 

86.71 1 
88.025 
89.345 
90.670 
92.010 
93.364 
94.725 
96.093 
97.471 
98.856 
100.249 
101.652 
103.063 
104.485 
105.91 6 
107.356 
108.807 
11 0.269 
11 1.742 
113.227 
1 14.724 

0.120 
0.125 
0.130 
0.134 
0.139 
0.145 
0.150 
0.1  56 
0.1  62 
0.1  69 
0.1  75 
0.1  82 
0.1  89 
0.196 
0.203 
0.21 1 
0.219 
0.227 
0.235 
0.244 
0.253 

4498.987 
4660.155 
4826.01 9 
4996.706 

5377.343 
5580.137 
5790.037 
6007.321 
6232.282 
6464.013 
6703.860 
6952.128 
7209.135 
7475.209 
7748.982 
8032.264 
8325.385 
8628.684 
8942.506 
9267.132 

51  81.384 

Source BTCE estimates. 
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TABLE X.6 INTERNATIONAL AVIATION MODEL PROJECTIONS 

Year IN- OUT-  AVKM-  AVKM- 
ending PASS PASS IN OUT IPKM LF TlPKM SKM 
June (‘000) (km) (km) (million)  (million)  (million) 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

580882 1004.93 
699523 1 132.04 
876733 1204.67 
91  3502 1 194.68 
951590 1248.13 
930400 1259.06 
992400 131  0.01 
1061  800 1497.82 
1263600 1495.95 
1589500 1569.04 
1990400 1653.23 
2220500 1848.24 
2147300 2092.25 
2227400 21  12.86 
251  9700 21  77.67 
2785600 2297.28 
2974037 2243.68 
31 67590 2350.65 
3426858 2471.85 
3706037 2599.1 1 
4006657 2732.72 
435501 8 2876.89 
4767007 301  7.79 
521  61  91 3165.41 
5705928 3320.08 
6239879 3482.1 2 
6822035 3651.90 
7448376 3831.86 
81  3051 8 4020.50 
8873432 421  8.25 
9682533 4425.54 
1056371 7 4642.84 
1 151 0642 4873.26 
12540806 51  14.93 
13661  528 5368.39 
14880767 5634.23 
162071  84 591  3.05 
17650200 6205.48 

8691.75 
8859.1 0 
7894.75 
7303.50 
71  96.08 
7023.02 
6949.23 
6935.45 
681  9.76 
6805.1 3 
6773.00 
6907.02 
6778.39 
681  5.23 
6338.24 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 
6557.33 

8659.49 

7995.79 
7261.42 
71  54.88 
6994.74 
701  8.00 
7020.85 
6933.26 
6742.79 
6751.95 
6862.20 
6903.47 
6867.53 
6883.73 
7080.58 
7080.58 
7080.58 
7080.58 
7080.58 
7080.58 
7080.58 
7080.58 
7080.58 
7080.58 
7080.58 
7080.58 
7080.58 

7080.58 
7080.58 
7080.58 

7080.58 
7080.58 
7080.58 
7080.58 
7080.58 

8884.29 

7080.58 

7080.58 

27502.13 
32509.02 
33107.68 
30693.72 
31555.88 
30682.07 
32180.12 
35760.08 
37978.54 
42792.87 
49287.1 1 
56040.06 
57998.06 
59380.68 
61  921.86 
69064.31 
70776.65 
74829.73 
79946.36 

91  244.40 
97854.65 
105253.1 
1 13234.5 
121847.5 
131  144.8 
141  183.7 
151 946.4 
163564.0 
1761  07.4 
189654.0 
204287.6 
21  9969.2 
236901.7 
2551  89.0 
274943.5 
296287.4 
31  9353.2 

85409.81 

58.8 
66.7 
66.7 
64.7 
63.7 
60.3 
63.6 
66.8 
67.7 
68.4 
70.9 
69.4 
67.4 
64.9 
65.4 
65.0 
65.7 
66.4 
67.0 
67.7 
68.4 
69.1 
69.8 
70.5 
71 .l 
71.8 
72.5 
73.2 
73.9 
74.5 
75.2 
75.9 
76.6 
77.3 
78.0 
78.6 
79.3 
80.0 

29152.26 
34356.18 
34883.89 
32243.40 
33049.65 
32038.07 
33501.51 
371  16.79 
391  17.89 
44032.58 
50664.24 
57548.27 
59499.40 
60856.91 
63397.79 
70445.59 
721  92.1 8 
76326.33 
81  545.29 
871  18.00 
93069.29 
9981  1.74 
107358.2 
1 15499.2 
124284.4 
133767.7 
144007.4 
154985.4 
166835.2 
179629.5 
193447.0 
208373.3 
224368.6 
241  639.8 
260292.8 
280442.4 
30221  3.2 
325740.3 

49578.67 
51  508.52 
52299.69 
49854.51 
51  862.92 
53131.13 
5271  6.78 
55605.68 
57781.23 
64422.21 
71  458.74 
82982.37 
88278.05 
93842.57 
96938.52 
108377.8 
10991  2.0 
1 1501  2.3 
121626.9 
128630.6 
136048.1 
144464.4 
153868.4 
163934.4 
17471  3.0 
186258.8 
198630.9 
21  1781.3 
225869.2 
240966.4 
257150.1 
274503.8 
292944.1 
31  271  0.3 
333903.3 
356631.9 
381  01  3.7 
4071  75.3 

Sources BTCE estimates  using  data  contained in Apelbaum (1993, p. 161); DTC (1993b, 
pp. 16,17 and  earlier  editions); BTCE (1994a) Indicators  Database. 
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TABLE X.6 INTERNATIONAL AVIATION MODEL PROJECTIONS (continued) 

Year 
ending AFC TFC Fl RGNE  G7GDP RIFARE ROFARE RTWl 
June (MU (ML) (Uskm) (S million) 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

928.31 
913.59 
953.1 1 
949.69 
I01  8.80 
991.80 
989.50 
1114.20 
1136.40 
1200.10 
1357.30 
1567.00 
I71  1.60 
1780.60 
1889.08 
2042.00 
2050.1  32 
2123.528 
2222.669 
2326.348 
2434.784 
2558.1  02 
2695.542 
2840.899 
2994.666 
3157.365 
3329.549 
3509.955 
3700.753 
3902.570 
41 16.072 
4341  .g61 
4578.274 
4828.088 
5092.1  89 
5371.409 
5666.623 
5983.997 

221  0.26 
2175.21 
2269.31 
2261 .l 7 
2425.71 
2361.43 
2355.95 
2652.86 
2705.71 
2857.38 
3231.67 
3730.95 
4075.24 
4239.52 
4497.81 
4861.90 
4881.267 
5056.01 9 
5292.069 
5538.923 
5797.105 
6090.71 8 
6417.957 
6764.046 
71  30.157 
7517.535 
7927.498 
8357.036 
881  1.31 6 
9291,833 
9800.171 
10338.00 
10900.65 
11 495.45 
12124.26 
12789.07 
13491.96 
14247.61 

0.0446 
0.0422 
0.0434 
0.0454 
0.0468 
0.0444 
0.0447 
0.0477 
0.0468 
0.0444 
0.0452 
0.0450 
0.0462 
0.0452 
0.0464 
0.0449 
0.0444 
0.0440 
0.0435 
0.0431 
0.0426 
0.0422 
0.0417 
0.0413 
0.0408 
0.0404 
0.0399 
0.0395 
0.0390 
0.0386 
0.0381 
0.0377 
0.0372 
0.0368 
0.0363 
0.0359 
0.0354 
0.0350 

323826 
321  908 
337795 
361  35T 
37361 9 
362986 
364538 
374779 

386771.9 
399148.6 
41 1921.4 
425102.9 
438706.2 
453183.5 
468138.5 
483587.1 
499545.5 
51  6030.5 
533059.5 
550650.4 
568821.9 
587593.0 
606983.6 
62701 4.0 
647705.5 
669079.8 
691  159.4 
71  3967.7 
737528.6 
761  867.1 

83.05 
86.78 
88.73 
89.30 
89.95 
90.53 
94.80 
98.25 
101.63 
104.23 
108.75 
113.03 
116.03 
117.53 
11 9.00 
120.73 
124.1 I 
127.58 
131.15 
134.83 
138.60 
142.76 
147.04 
151.45 
156.00 
160.68 
165.50 
170.46 
175.58 
180.84 
186.27 
191.86 
197.61 
203.54 
209.65 
215.94 
222.41 
229.09 

0.15  0.12 
0.12  0.1 0 
0.10  0.09 
0.09  0.08 
0.08  0.08 
0.07 0.07 
0.07  0.06 
0.06  0.06 
0.05  0.05 
0.05  0.05 
0.04  0.04 
0.04  0.04 
0.04  0.04 
0.03  0.03 
0.03  0.03 
0.03 0.03 
0.03  0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 

57.08 
54.04 
54.1 9 
56.14 
57.91 
54.23 
55.86 
51.03 
44.02 
42.58 
44.82 
51.01 
52.14 
51.35 
49.77 
43.07 
43.85 

0.03 44.64 
0.03 45.44 
0.03 46.26 
0.03 47.09 
0.03 46.71 
0.03 46.34 
0.03 45.97 
0.03 45.60 
0.03 45.24 
0.03 45.06 
0.03 44.88 
0.03 44.70 
0.03 44.52 
0.03 44.34 
0.03 44.34 
0.02 44.34 
0.02 44.34 
0.02 44.34 
0.02 44.34 
0.02 44.34 
0.02 44.34 

Sources BTCE estimates using data contained in Apelbaum  (1993, p. 113); ABARE 
(pers. comm. 1994);  BTCE  (1994a) Indicators Database. 
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E TABLE X.7 AVERAGE  KILOMETRES  FLOWN BY INBOUND  PASSENGERS ta 
0 Y 

2 

3 
Distance  Passenger numbers % 

County (km) 1979  1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993 

m 
nz 
Malaysia 
Japan 
Other  Asia 
us 
Europe 
Indonesia 
Africa 
Pacific Is 
Other 

2200 526490 
6300 15151 
7800 31454 
7500 249374 
12000 223216 
17000 481923 
5500 99944 

1 1  000 24364 
4000 97311 
10000 42927 

605461 
24501  9 
38566 
165567 
I47096 
473897 
l20320 
26979 
21 7457 
19088 

601  345 
31  931  3 
51270 
225684 
141527 
363055 
165257 
28755 
228778 
30434 

564048 
356697 
61781 
268141 
l27304 
341  338 
178318 
29566 
268584 
38960 

551  620 
350289 
63972 
280582 
126724 
291  91  7 
172009 
29150 
257065 
37020 

589002 
352966 
70488 
301  279 
1631  78 
271741 
178479 
25426 
243424 
38922 

651579 
41  0645 
9561  9 
354099 
171103 
2971 61 
192697 
271 86 
259265 
43632 

74751  3 
457055 
1 1  6848 
374368 
186816 
30901  7 
217278 
29791 
264602 
36607 

960017 
593395 
207843 
433695 
257847 
377399 
233665 
22651 
31 3654 
36112 

1011182 1007192 
640351 705703 
2651  38 345905 
4631  89 539835 
273283 302284 
388754 393431 
250950 271  776 
20333 20232 
352707 275678 
38839 42300 

941  662 
76301 8 
404407 
570398 
254822 
383371 
291  347 
23290 
456551 
44984 

93341 0 
760496 
489989 
509359 
2791  45 
388520 
288604 
24552 
472467 
2231 1 

1008119 
770809 
579871 
596605 
335802 
187383 
31  6683 
7846 

475406 
27852 

~- 
1027036 
863909 
667801 
683439 
3901 18 
211168 
285244 
25655 
403048 
32893 

00 

Pass No 1792154 2059450 2155418 2234737 2160348 2234905 2502986 2739895 3436278 3704726  3904336 4133850  4168853  4306376  4590311 
Total km 1.59E+10 1.63E+10 1.57E+10 1.61E+10 1.52E+10 1.55E+10 1.74E+10 1.87E+10 2.34E+10 2.51E+10  2.7E+10 2.8E+10  2.84E+10  2.73E+10  3.01E+10 
AVKM 8859.098 7894.748 7303.50 7196.082 7023.02 6949.225 6935.452 6819.764 6805.129 6773.004  6907.023 6778.389  6815.228  6338.237  6557.331 

Note E stands for exponent.  That  is,  1.59E+IO  means  1.59 X 1010. 

Sources BTCE estimates;  Apelbaum  (1993, p. 161); DTC (1 99313, p. 16 and  earlier  editions). 



TABLE X.8 AVERAGE  KILOMETRES  FLOWN  BY  OUTBOUND  PASSENGERS 

Distance Passenger numbers 
Country (km) 1979  1980  1981  1982  1983  1984  1985  1986  1987  1988  1989 

NZ 
Malaysia 
Japan 
Other  Asia 
us 
Europe 
Indonesia 
Africa 
Pacific Is 
Other 

Pass No 
Total km 
AVKM 

2200 498216 
6300 10300 
7800 35711 
7500 221782 
12000 21  9722 
17000 461  871 

11 000 22371 
5500  106067 

4000  91686 
10000 12073 

171  6599 
1.52E-1.10 
88n1.29 

~~~ ~~~ 

581198 
219755 

136654 
41  01 6 

455408 
166240 

125387 

1 88270 
24259 

21  479 

1959666 
1.56E.t.10 
7995.79 

586538 
293762 

1941  34 
53820 

336226 
14431 2 

'I 6041 2 

206931 
26082 

28329 

2030546 
'1 .47E+10 
7261.42 

~~~ " 

560201 
330805 
67026 
226774 
134361 
319343 
1731  89 
25876 
247520 
38686 

2123781 
1.52EtIO 
7154.88 

560083 
325700 
6631 4 
236834 
134021 
284649 
167653 
26550 
250503 
38040 

2090347 
1.46E+10 
6994.74 

600558 
337342 
75086 
259947 
17461 3 
283344 
180003 
25673 
230713 
40493 

2207772 
1.54E.I.10 
7018.00 

652366 
39281 3 
99766 
302494 
175804 
31  31 64 
l94856 
25530 
24391 0 
45840 

2446543 
1.71 E.t.10 
7020.85 

731219 
427854 

316355 
118125 

188765 
332027 
211371 
25721 
258544 
35281 

2645262 
1.83E+10 
6933.26 

950650 
542582 

377256 
198998 

252695 
358220 
230659 
21  023 
30991 1 
3291 3 

3274907 
220Et10 
6742.79 

983758 
585821 
257948 
41  21  35 
272741 
365937 
243763 
1901 0 
336586 
41059 

351  8758 

6751.95 
2.37Et10 

988744 
655922 
3471  32 
491  989 
296190 
404049 

19815 
394027 
42398 

3907954 

6862.20 

2667n8 

2.68E+10 

1990  1991  1992  1993 

951  952 
7001  57 
395376 
527967 
28091 3 
420759 
283369 
22599 
446582 
49245 

407891 9 
2.81  E+lO 
6903.47 

947950 
697940 
4861  52 
529904 
307006 
3941  12 
289307 
21  523 
460562 
28914 

41  63370 
2.85Ei.10 
6867.53 

1020062 
738206 
580730 
562726 
362222 
402076 
31  8233 
24470 
46571 7 
29405 

4503847 
3.1Et10 
6883.73 

1038657 
838236 

456253 
579038 

41  961 8 
447535 
291  896 
32558 
3801 77 
40069 

3.2OE.t.10 
4524037 

7080.58 

Note E stands for exponent.  That is, 1.52E+10 means 1.52 X 1Olo. 
Sources BTCE estimates;  Apclbaum (1 993, p. 161); DTC (1 993b, p. 17 and earlier  editions). 
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TABLE X.9 INTERNATIONAL AVIATION TURBINE  FUEL-PROJECTED GREENHOUSE 
GAS EMISSION LEVELS 

Year  Total CO, 
ending AFC A FC CO, NO,  CH, NMVOC  CO N20 equivalent 
June (ML) (PJl ( W  ( W )  ( W   ( W   ( W   ( W   ( W  

1974 756.19 
1975 834.83 
1976 844.66 
1977 869.32 
1978 928.31 
1979 91  3.59 
1980 953.1 1 
1981 949.69 
1982 101  8.80 
1983 991.80 
1984 989.50 
1985 11  14.20 
1986 1 136.40 
1987 1200.10 
1988 1357.30 
1989 1567.00 
1990 1711.60 
1991 1780.60 
1992 1889.08 

27.828 1886.724 7.235 
30.722 2082.934 7.988 
31.083 2107.460 8.082 
31  .g91 21  68.988 8.318 
34.162 2316.171 8.882 
33.620 2279.444 8.741 
35.074 2378.048 9.1  19 
34.949 2369.515 9.087 
37.492 2541  .g47 9.748 
36.498 2474.581 9.490 
36.414 2468.842 9.468 
41.003 2779.974 10.661 
41.820 2835.363 10.873 
44.1  64 2994.298 1 1.483 
49.949 3386.51 8 12.987 
57.666 3909.728 14.993 
62.987 4270.51 0 16.377 
65.526 4442.668 17.037 
69.51 8 471  3.330 18.075 

0.01 1 
0.012 
0.012 
0.01 3 
0.014 
0.01 3 
0.014 
0.014 
0.01 5 
0.01 5 
0.01 5 
0.01 6 
0.01 7 
0.01 8 
0.020 
0.023 
0.025 
0.026 
0.028 

0.1 11 
0.123 
0.124 
0.128 
0.1  37 
0.1  34 
0.140 
0.140 
0.1 50 
0.1  46 
0.1  46 
0.164 
0.167 
0.1  77 
0.200 
0.231 
0.252 
0.262 
0.278 

1.391 0.056 1964.970 
1.536 0.061 2169.318 
1.554 0.062 21  94.861 
1.600 0.064 2258.940 
1.708 0.068 2412.227 
1.681 0.067 2373.977 
1.754 0.070 2476.670 
1.747 0.070 2467.783 
1.875 0.075 2647.366 
1.825 0.073 2577.206 
1.821 0.073 2571.230 
2.050 0.082 2895.265 
2.091 0.084 2952.952 
2.208 0.088 31  18.477 
2.497 0.100 3526.963 
2.883 0.1  15 4071.872 
3.149 0.126 4447.617 
3.276 0.131 4626.914 
3.476 0.139 4908.801 

1993  2042.00 75.146  5094.872 19.538 0.030 
1994  2050.132 75.445  5115.162 19.616 0.030 
1995  2123.528 78.146  5298.288 20.318 0.031 
1996  2222.669 81.794  5545.648 21.266 0.033 
1997  2326.348 85.610  5804.331 22.258 0.034 
1998  2434.784 89.600  6074.884 23.296 0.036 
1999  2558.102 94.138  6382.566 24.476 0.038 
2000  2695.542 99.196  6725.485 25.791 0.040 
2001  2840.899 104.545  7088.157 27.182 0.042 
2002  2994.666 110.204  7471.81 1 28.653 0.044 
2003  3157.365 116.1  91  7877.751 30.210 0.046 
2004  3329.549 122.527  8307.358 31.857 0.049 
2005 3509.955 129.166  8757.478 33.583 0.052 
2006  3700.753 136.188  9233.526 35.409 0.054 
2007  3902.570 143.615  9737.068 37.340 0.057 
2008  41  16.072 151.471  10269.763 39.383 0.061 
2009  4341.961 159.784  10833.366 41.544 0.064 
201 0 4578.274 168.481  11422.978 43.805 0.067 
2011  4828.088 177.674  12046.273 46.195 0.071 
2012  5092.189 187.393  12705.216 48.722 0.075 
2013  5371.409 197.668  13401.880 51.394 0.079 
2014  5666.623 208.532  14138.452 54.218 0.083 
2015  5983.997 220.21 1 14930.311 57.255 0.088 

Sources BTCE estimates; ABARE (pers. comm. 1994). 

0.301  3.757  0.150  5306.166 
0.302  3.772  0.151  5327.297 
0.313  3.907  0.156  5518.018 
0.327  4.090  0.164  5775.637 
0.342  4.280  0.171  6045.048 
0.358  4.480  0.179  6326.822 
0.377  4.707  0.188  6647.263 
0.397  4.960  0.198  7004.404 
0.418  5.227  0.209  7382.1  17 
0.441  5.510  0.220  7781.682 
0.465  5.810  0.232  8204.457 
0.490  6.126  0.245  8651.881 
0.517  6.458  0.258  9120.668 
0.545  6.809  0.272  9616.458 
0.574  7.1  81  0.287  101  40.883 
0.606  7.574  0.303  10695.671 
0.639  7.989  0.320  11282.647 
0.674  8.424  0.337  11896.71 1 
0.71 1 8.884  0.355  12545.855 
0.750  9.370  0.375  13232.126 
0.791  9.883  0.395  13957.682 
0.834  10.427  0.417  14724.801 
0.881  11.01 1 0.440  15549.501 
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TABLE X.10 AVIATION TURBINE FUEL-TOTAL PROJECTED  GREENHOUSE  GAS 
EMISSION LEVELS 

Year 
ending FC 
June (PJ) 

1974 60.759 
1975 67.077 
1976 67.867 
1977 69.849 
1978 74.588 
I979 73.406 
1980 76.581 
1981 76.306 
1982 81.860 
1983 79.505 
1984 79.224 
1985 84.91 3 
1986 89.048 
1987 93.239 
1988 102.492 
1989 109.439 
I990 104.361 
1991 1 18.433 
1 992 127.274 
1993 135.573 
1994 135.229 
1995 136.760 
1996 142.61 7 
1997 148.707 
1998 155.040 
1999 162.118 
2000 169.876 
2001 178.021 
2002 186.576 
2003 195.565 
2004 205.010 
2005 214.854 
2006 225.1  95 
2007 236.061 
2008 247.480 
2009 259.483 
201 0 271.978 
201 1 285,105 
201 2 298.896 
201 3 31  3.387 
201 4 328.61 6 
2015 344.812 

FC COP NO, 
(MU ( W   ( W  

1651.05 4119.436 16.127 
1822.75 4547.834 17.804 
1844.21 4601.378 18.013 
1898.06 4735.736 18.539 
2026.85 5057.072 19.797 
1994.72 4976.906 19.483 
2081.01 5192.203 20.326 
2073.54 5173.565 20.253 
2224.45 5550.092 21.727 
2160.45 5390.409 21 .l 01 
2152.82 5371.372 21.026 
2307.42 5757.1  05 22.51 6 
241  9.78 6037.448 23.625 
2533.68 6321.633 24.733 
2785.12 6948.986 27.173 
2973.88 7419.950 28.972 
2835.91 7075.709 27.548 
321  8.29 8029.762 31.322 
3458.53 8629.171 33.669 
3684.06 9191.877 35.853 
3674.71 9168.538 35.757 
3716.31 9272.347 36.144 
3875.46 9669.423 37.689 
4040.94 10082.31 8 39.295 
4213.04 1051  1.703 40.965 
4405.38 10991.617 42.831 
461  6.1 9 1 151  7.574 44.874 
4837.53 12069.832 47.020 
5070.01 12649.877 49.274 
5314.26 13259.280 51.641 
5570.93 13899.704 54.128 
5838.43 14567.1  25 56.719 
61  19.44 15268.247 59.441 
6414.70 16004,931 62.300 
6725.00 16779.1  37 65.305 
7051 .l 6 17592.935 68.463 
7390.71 18440.1 17 71.749 
7747.41 19330.088 75.201 
8122.17 20265.133 78.828 
8515.96 21247.648 82.638 
8929.78 22280.149 86.641 
9369.90 23378.286 90.897 

CH, NMVOC CO 
(Gg) (CS) (Ggl 

0.047  0.441  3.993 
0.052  0.486  4.408 
0.053  0.492  4.460 
0.054  0.507  4.590 
0.058  0.541  4.902 
0.057  0.532  4.824 
0.060  0.555  5.033 
0.059  0.553  5.015 
0.064  0.594  5.380 
0.062  0.576  5.222 
0.062  0.574  5.203 
0.065 0.603  5.519 
0.069  0.640  5.822 
0.072 0.667 6.085 
0.078  0.725  6.648 
0.080  0.748  6.973 
0.071 0.666 6.418 
0.084  0.791  7.456 
0.091  0.856  8.039 
0.097  0.905  8.531 
0.096  0.900  8.495 
0.096  0.899  8.538 
0.100  0.935  8.895 
0.104  0.973  9.265 
0.108  1.013  9.650 
0.112  1.056  10.077 
0.117  1.104  10.544 
0.123  1.153  11.032 
0.128  1.205  11.544 
0.134  1.258  12.080 
0.140  1.315  12.643 
0.146  1.374  13.228 
0.152  1.435  13.841 
0.159  1.499  14.484 
0.166  1.566  15.158 
0.174  1.636  15.865 
0.181  1.709  16.600 
0.189  1.785  17.371 
0.198  1.865  18.178 
0.206  1.948  19.025 
0.216  2.035  19.913 
0,225  2.127  20.854 

Total CO, 
N,O equivalent 
(Q) (Ggl 

0.122  4296.012 
0.134  4742.773 
0.136  4798.612 
0.140  4938.729 
0.149  5273.839 
0.147  5190.237 
0.153  5414.763 
0.153  5395.326 
0.1  64  5787.992 
0.159  5621.450 
0.158  5601.589 
0.170  6003.51 1 
0.178  6296.058 
0.1 86 6592.350 
0.205  7246.324 
0.21 9 7736.686 
0.209  7376.358 
0.237  8371.986 
0.255  8997.098 
0.271  9583.606 
0.270  9559.1  87 
0.274  9667.097 
0.285  10081.025 
0.297  1051  1.440 
0.31 0 10959.041 
0.324  11459.300 
0.340  12007.540 
0.356  12583.1  88 
0.373  131  87.793 
0.391  13822.992 
0.41 0 14490.51 7 
0.430  15186.175 
0.450  1591  6.952 
0.472  16684.786 
0.495  17491.721 
0.519  18339.91 1 
0.544  19222.889 
0.570  20150.454 
0.598  21  124.986 
0.627  22148.982 
0.657  23225.063 
0.690  24369.529 

Sources BTCE estimates; ABARE (pers. comm. 1994). 
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APPENDIX XI SHIPPING DATA 

TABLE XI.1 REPRESENTATIVE  DISTANCES FOR THE  OVERSEAS FREIGHT 
TASK-SHIPPING 

Area Representative  ports  Distance (km) 

North  America  (and  Hawaii) 
South  America 
Europe  (including  former USSR) 
Africa 
Asia 

Middle  East 
Papua New Guinea, New Zealand  and  Pacific  Islands 
Trade  area  not  specified 

Melbourne-Norfolk 
Melbourne-Valparaiso 
Melbourne-London 
Melbourne-Capetown 
Melbourne-Yokoharna 
Melbourne-Singapore 
Singapore-Yokohama 
Melbourne-Kuwait 
Adelaide-Auckland 

17  950 
1 1  430 
20 440 
11 000 
9 100 
7 100 
5 350 
12 900 
3 750 

1 1  756 

Sources Apelbaurn (1993, p. 169); Caney&  Reynolds (1988, pp. 151:  167:  175). 

TABLE XL2 REPRESENTATIVE  DISTANCES FOR THE  OVERSEAS  PASSENGER 
TASK-SHIPPING 

Area Representative  ports  Distance (km) 

Africa 
America 
Asia 
Europe-Mediterranean  (Italy,  Greece,  Yugoslavia) 
Europe-Other 
Oceania 
Not  stated 

Source Apelbaum (1993, p. 170). 

Melbourne-Capetown 11 000 
Melbourne-Norfolk 17  950 
Melbourne-Singapore 7 100 
Melbourne-Tunis 16 600 
Melbourne-London 20 440 
Sydney-Auckland 2 350 

8 045 
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TABLE XL3 FUEL UPLIFTED IN AUSTRALIA FOR INTERNATIONAL SHIPPING 

Year  Automotive Industrial 
ending  diesel oil diesel  fuel  Fuel  oil  Total 
June (PJ) (PJ) (PJ) (PJ) 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

Sources 

0.96 
0.85 
1.18 
1.63 
1.54 
1.40 
1.42 
1.42 
1.99 
1.59 
0.80 
0.71 
0.91 
1.40 
2.73 
3.10 
2.71 
2.51 
2.82 
3.1 3 
3.1 5 
3.27 
3.37 
3.46 
3.56 
3.64 
3.64 
3.63 
3.63 
3.62 
3.62 
3.62 
3.62 
3.62 
3.62 
3.62 
3.63 
3.64 
3.65 
3.66 
3.67 
3.67 

8.04 
6.98 
6.73 
8.71 
8.1 1 
6.75 
7.24 
6.31 
4.97 
4.22 
3.58 
3.48 
3.07 
3.22 
3.24 
2.78 
2.85 
1.91 
1.74 
1.48 
1.49 
1.54 
1.59 
1.63 
1.68 
1.72 
1.72 
1.71 
1.72 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.72 
1.72 
1.73 
1.73 
1.73 
1.73 

Bush et al. (1993); BTCE estimates. 

66.2 
59.1 
52.7 
55.0 
52.8 
51.2 
40.5 
41 .O 
27.8 
29.5 
25.4 
25.3 
16.2 
17.3 
18.8 
22.1 
23.0 
21.4 
20.3 
20.2 
20.4 
21 .l 
21.8 
22.3 
23.0 
23.6 
23.6 
23.5 
23.5 
23.4 
23.4 
23.4 
23.4 
23.4 
23.4 
23.4 
23.5 
23.6 
23.6 
23.7 
23.7 
23.7 

75.2 
66.9 
60.7 
65.4 
62.4 
59.3 
49.2 
48.7 
34.7 
36.2 
30.5 
30.2 
20.6 
21.9 
24.8 
28.0 
28.6 
25.8 
24.9 
24.9 
25.0 
25.9 
26.8 
27.4 
28.3 
28.9 
28.9 
28.8 
28.9 
28.8 
28.7 
28.7 
28.8 
28.8 
28.7 
28.7 
28.8 
28.9 
29.0 
29.1 
29.1 
29.2 
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TABLE X1.4 INTERNATIONAL  SHIPPING  EMISSION  PROJECTIONS 

Year 
ending 
June 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

CO, 
(Gsl 

5483.308 
4877.633 
4420.367 
4758.31 6 
4543.543 
4322.550 
3579.245 
3548.587 
2522.21 7 
2634.015 
2223.988 
21  98.606 
1499.41 8 
1590.215 
1794.492 
2032.468 
2075.734 
1876.234 
1806.552 

NO, 
(Q) 

146.066 
130.002 
1 17.500 
125.766 
120.1  75 
1 14.740 
94.254 
93.784 
66.092 
69.593 
58.961 
58.342 
39.350 
41 581 
46.640 
53.177 
54.475 
49.479 
47.527 

1805.220 
181  8.01 2 
1884.741 
1945.753 
1992.841 
2052.679 
21  02.806 
21  01.234 
2092.81 0 
2096.044 
2090.677 
2085.81 6 
2087.425 
2089.974 
2089.723 
2088.598 
2088.316 
2094.932 
2100.830 
21  06.036 
21  10.574 
21  14.468 
21  17.740 

47.475 
47.81 3 
49.568 
51.172 
52.41 I 
53.984 
55.303 
55.261 
55.040 
55.125 
54.984 
54.856 
54.898 
54.965 
54.959 
54.929 
54.922 
55.096 
55.251 
55.388 
55.507 
55.609 
55.696 

0.244 
0.21 6 
0.198 
0.217 
0.207 
0.1  94 
0.1  65 
0.1  62 
0.118 
0.120 
0.1 00 
0.099 
0.070 
0.075 
0.086 
0.096 
0.097 
0.086 
0.084 
0.084 
0.084 
0.087 
0.090 
0.092 
0.095 
0.098 
0.097 
0.097 
0.097 
0.097 
0.097 
0.097 
0.097 
0.097 
0.097 
0.097 
0.097 
0.097 
0.098 
0.098 
0.098 
0.098 

0.285 
0.257 
0.288 
0.365 
0.347 
0.31 1 
0.321 
0.307 
0.347 
0.230 
0.138 
0.126 
0.142 
0.1  95 
0.335 
0.367 
0.328 
0.292 
0.322 
0.351 
0.353 
0.366 
0.378 
0.387 
0.399 
0.409 
0.408 
0.407 
0.407 
0.406 
0.405 
0.406 
0.406 
0.406 
0.406 
0.406 
0.407 
0.408 
0.409 
0.41 0 
0.41 1 
0.41 1 

7.1 89 
6.31 8 
6.076 
7.331 
6.907 
6.121 
5.899 
5.479 
4.530 
4.097 
3.231 
3.1  34 
2.623 
2.955 
3.661 
3.763 
3.654 
3.041 
3.059 
3.081 
3.101 
3.215 
3.31 9 
3.399 
3.501 
3.587 
3.584 
3.570 
3.575 
3.566 
3.558 
3.560 
3.565 
3.564 
3.562 
3.562 
3.573 
3.583 
3.592 
3.600 
3.607 
3.612 

0.1 50 
0.1 34 
0.121 
0.131 
0.125 
0.119 
0.098 
0.097 
0.069 
0.072 
0.061 
0.060 
0.041 
0.044 
0.050 
0.056 
0.057 
0.052 
0.050 
0.050 
0.050 
0.052 
0.054 
0.055 
0.056 
0.058 
0.058 
0.058 
0.058 
0.058 
0.057 
0.057 
0.058 
0.058 
0.057 
0.057 
0.058 
0.058 
0.058 
0.058 
0.058 
0.058 

6715.391 
5974.1  29 
541  2.405 
5821.837 
5559.621 
5291  B03 
4377.278 
4341  .g57 
3083.368 
3222.807 
2722.01 1 
2691.221 
1832.893 
1943.231 
21  91.91 3 
2484.841 
2538.466 
2296.074 
221  0.368 
2208.860 
2224.521 
2306.171 
2380.824 
2438.441 
251  1.660 
2572.994 
2571.071 
2560.764 
2564.721 
2558.154 
2552.206 
2554.174 
2557.294 
2556.987 
2555.609 
2555.265 
2563.360 
2570.577 
2576.947 
2582.500 
2587.264 
2591.268 

Note Historical  emission  estimates  are  very  approximate,  since  constant  emission  factors 
(given in appendix V) are  assumed. 

Source BTCE estimates 
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TABLE XL5 FUEL CONSUMPTION IN COASTAL SHIPPING 

Year 
ending 
June 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

Automotive 
diesel  oil 

PJ) 

3.76 
3.84 
3.49 
5.07 
4.40 
5.74 
8.28 
6.89 
5.01 
4.54 
4.26 
4.26 
3.34 
5.55 
4.32 
3.89 
3.44 
2.30 
5.72 
5.72 
2.36 
2.37 
2.38 
2.38 
2.40 
2.40 
2.41 
2.43 
2.45 
2.43 
2.41 
2.39 
2.37 
2.35 
2.34 
2.33 
2.32 
2.30 
2.30 
2.29 
2.28 
2.28 

Industrial 
diesel  fuel 

P J )  

9.16 
7.61 
8.1 0 
10.40 
15.40 
10.70 
8.61 
7.54 
6.41 
5.41 
3.1 4 
3.58 
2.76 
2.31 
1.78 
1.52 
1.34 
1.24 
1.45 
1.45 
0.98 
0.99 
0.99 
0.99 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
0.99 
0.99 
0.98 
0.97 
0.97 
0.96 
0.96 
0.96 
0.95 
0.95 
0.95 

Fuel oil 
PJ) 

33.02 
28.69 
24.40 
27.35 
31.82 
27.41 
31.45 
33.46 
27.27 
27.48 
26.41 
22.88 
24.66 
24.05 
24.50 
22.00 
18.71 
15.30 
14.89 

Black  coal 
(PJ) 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.58 
3.62 
3.32 
3.30 
3.70 
3.51 
3.91 
3.48 
3.73 
2.82 

14.89  2.82 
13.96  2.36 
14.05 
14.10 
14.09 
14.20 
14.20 
14.28 
14.39 
14.50 
14.37 
14.24 
14.12 
14.01 
13.92 
13.83 
13.76 
13.70 
13.63 
13.59 
13.54 
13.51 
13.50 

2.37 
2.38 
2.38 
2.40 
2.40 
2.41 
2.43 
2.45 
2.43 
2.41 
2.39 
2.37 
2.35 
2.34 
2.33 
2.32 
2.30 
2.30 
2.29 
2.28 
2.28 

Total 
P J )  

45.94 
40.14 
36.05 
42.82 
51.62 
43.85 
48.34 
47.89 
38.69 
38.00 
37.43 
34.03 
34.06 
35.62 
34.10 
31.33 
26.97 
22.56 
25.88 
25.88 
19.66 
19.78 
19.85 
19.85 
20.00 
20.00 
20.12 
20.26 
20.43 
20.23 
20.05 
19.88 
19.73 
19.60 
19.48 
19.38 
19.29 
19.20 
19.14 
19.08 
19.03 
19.02 

Note Excludes  ferries,  fishing  vessels and pleasure  craft. 
Sources Bush et  al. (1993); BTCE estimates. 
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TABL.E X1.6 COASTAL SHIPPING  EMISSIONS  PROJECTIONS 

Year 
ending 
June 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

CO2 
(Ggl 

3325.671 
2905.017 
2604.475 
3090.768 
3721 .l 02 
31  57.352 
3486.337 
3462.226 
2797.827 
2762.227 
2779.090 
2523.520 
2531.036 
2645.220 
2537.495 
2343.382 
2018.725 
1703.979 
1739.428 
1490.457 
1468.940 
1478.161 
1483.295 
1482.985 
1494.448 
1493.994 
1503.028 
151 4.077 
1526.096 
151  1.728 
1498.172 
1485.692 
1474.004 
1464.71 1 
1455.258 
1447.873 
1441.520 
1434.604 
1429.791 
1425.328 
1422.1  73 
1420.788 

85.684 
74.789 
66.529 
78.270 
93.755 
79.745 
88.562 
88.856 
71.894 
70.252 
65.200 
583700 
59.612 
61.205 
59.348 
53.452 
45.774 
37.1  32 
37.576 
31.023 
33.729 
33.941 
34.058 
34.051 
34.314 
34.304 
34.51 1 
34.765 
35.041 
34.71 1 
34.400 
34.113 
33.845 
33.362 
33.41 5 
33.245 
33.099 
32.940 
32.830 
32.727 
32.655 
32.623 

CH4 
( W  

0.1 64 
0.143 
0.131 
0.160 
0.1  95 
0.1  64 
0.179 
0.173 
0.139 
0.133 
0.123 
0.1  14 
0.1 l1 
0.119 
0.1 11 
0.101 
0.087 
0.071 
0.074 
0.062 
0.063 
0.064 
0.064 
0.064 
0.064 
0.065 
0.065 
0.065 
0.066 
0.065 
0.065 
0.064 
0.064 
0.063 
0.063 
0.062 
0.062 
0.062 
0.062 
0.061 
0.061 
0.061 

NMVOCs 
(Ggl 

0.596 
0.580 
0.551 
0.752 
0.756 
0.825 
1.061 
0.900 
0.685 
2.776 
2.441 
2.264 
2.1  94 
2.341 
2.1  83 
1.955 
1.681 
1.335 
1.395 
1 .l 51 
1.230 
1.238 
1.242 
1.242 
1.252 
1.251 
1.259 
1.268 
1.278 
1.266 
1.255 
1.244 
1.235 
1.227 
1.219 
1.213 
1.207 
1.202 
1.198 
1 .l 94 
1.191 
1.190 

CO 
( W  

7.590 
6.700 
6.580 
8.569 
10.813 
8.993 
9.404 
8.326 
6.622 
5.986 
4.996 
5.020 
4.274 
5.119 
4.281 
3.885 
3.402 
2.601 
3.059 
2.625 
2.409 
2.424 
2.433 
2.432 
2.451 
2.450 
2.465 
2.483 
2.503 
2.480 
2.457 
2.437 
2.41 8 
2.402 
2.387 
2.375 
2.364 
2.353 
2.345 
2.338 
2.333 
2.330 

NZ0 
(Q) 

0.092 
0.080 
0.072 
0.086 
0.103 
0.088 
0.097 
0.096 
0.077 
0.075 
0.071 
0.065 
0.065 
0.068 
0.065 
0.059 
0.050 
0.041 
0.042 
0.035 
0.037 
0.037 
0.037 
0.037 
0.038 
0.038 
0.038 
0.038 
0.038 
0.038 
0.038 
0.037 
0.037 
0.037 
0.037 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 
0.036 

CO2 

(@l 
equivalent 

4056.91 2 
3543.875 
31  73.982 
3762.846 
4525.816 
3842.967 
4248.035 
4223.474 
341  3.243 
3379.837 
3351.040 
3039.775 
3053.225 
31 83.227 
3057.448 
281  1.798 
2420.053 
2029.383 
2069.604 
1763.341 
1764.400 
1775.476 
1781.643 
1781.270 
1795.040 
1794.494 
1805.343 
1818.617 
1833.054 
1815.795 
1799.512 
1784.522 
1770.483 
1759.321 
1747.967 
1739.096 
1731.466 
1723.158 
171  7.377 
1712.017 
1708.227 
1706.563 

Notes 1. Excludes  ferries,  fishing  vessels  and  pleasure  craft. 
2. Historical  emission  estimates  are  very  approximate,  since  constant  emission  factors 
(given in appendix V) are  assumed. 

Source BTCE estimates. 

249 



BTCE Report 88 

TABLE X1.7 SHIPPING  PROJECTIONS 

Year EXP BULKIN BULKOUT NBULKIN NBLKOUT 
ending (‘000 IMP SGNE85 (‘000  (‘000 (‘000  (‘000 
June tc/fft tonnes)  ($million)  ($million) tonnes) tonnes) tonnes)  t0nne.S) 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

~ 

0.157  141271 
0.154  176555 
0.120  214651 
0.1  05  21  0435 
0.1  13  205364 
0.128  225178 
0.131  224279 
0.1  35  236337 
0.124  254351 
0.125  267716 
0.125  276798 
0.122 
0.1  24 
0.1  27 
0.129 
0.131 
0.134 
0.1  33 
0.1  31 
0.1  31 
0.129 
0.1  28 
0.1  28 
0.1  27 
0.1  27 
0.126 
0.126 
0.1  26 
0.126 
0.1  26 
0.126 
0.1  26 
0.1  26 

290891 
301  827 
31  1330 
31  8460 
32791 4 
334834 
343241 
351  647 
360054 
368461 
376868 
385275 
393682 
402089 
41  0496 
41  8902 
427309 
43571 6 
4441  23 
452530 
460937 
469344 

3531 
3821 
4843 
4722 
5391 
6267 
7575 
7723 
7749 
8384 
91  64 
9739 
1031 3 
10887 
1 1462 
12036 
12610 
131  84 
13758 
14332 
14906 
15481 
16055 
16629 
17203 
17777 
18351 
18925 
19499 
20074 
20648 
21  222 
21  796 

198031 
209554 
220274 
2291  43 
2281  38 
239338 
255935 
264533 
256754 
2581  03 
265642 
2741  42 
28291 5 
291  968 
30131 1 
31  0953 
321215 
331  81 5 
342765 
354076 
365760 
377831 
390299 
4031  79 
41  6484 
430228 
444425 
459091 
474241 
489891 
506058 
522757 
540008 

18628 
16885 
17476 
14489 
16873 
201  46 
26790 
25822 
25649 
2091 6 
25774 
26765 
27755 
28745 
29735 
30726 
31  71 6 
32706 
33696 
34686 
35677 
36667 
37657 
38647 
39638 
40628 
41  61 8 
42608 
43599 
44589 
45579 
46569 
47560 

167403 
20351 9 
23891 6 
2371  07 
230551 
258824 
257982 
270280 
294374 
297528 
300309 
31  5599 
327463 
337774 
345508 
355765 
363272 
372393 
381  51 4 
390634 
399755 
408875 
41  7996 
4271  17 
436237 
445358 
454479 
463599 
472720 
481  840 
490961 
500082 
509202 

4995 
5682 
5906 
6181 
6604 
6834 
7792 
61  40 
6369 
6290 
6463 
6591 

6767 
631 6 
71  69 
7300 
8633 
9069 
8330 
8585 
991 4 
9335 
9267 
9731 

6722 
6855 
6990 
71  28 
7274 
7422 
7574 
7728 
7886 
8047 
821 1 
8378 
8549 
8724 
8902 
9083 
9269 
9458 
9651 
9848 
10049 

9958 
101  89 
10426 
10669 
1 1028 
1 1399 
1 1783 
12180 
12590 
12993 
13409 
13839 
14282 
14740 
151  88 
15650 
161  26 
1661 7 
171  22 
17643 
181  80 

Sources ABS  (1991c and earlier issues); ABARE (1993a);  BTCE  (1994a);  Apelbaum (1 993); 
ABARE (Bush, S. pers comm. 2 March 1994);  BTCE  estimates. 
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TABLE XL7 SHIPPING  PROJECTIONS (continued) 

X R A T E  Average  Average  Average Fl(liner) FI CBLK CCOM 
distance  distance  distance  (dry bulk) 

Year (in) (out) @as) 
ending (USW (‘000 (‘000 
June AUD) (km) (km)  (km) (Utkrn) (Utkm) tonnes)  tonnes) 

~ 

I983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
I992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
201 3 
201 4 
201 5 

~ 

1.247 
1.234 
1.066 
1.022 
1.020 
1.157 
1.326 
1.290 
1.313 
1.258 
1.115 
1.135 
1.156 
1.176 
1.197 
1.219 
1.209 
1.196 
1.190 
1.180 
1.171 
1 .l 66 
1.162 
1.157 
1.152 
1.148 
1.148 
1.148 
1.148 
1 .l48 
1.148 
1.148 
1.148 

10878 
10814 
10734 
10645 
10827 
11116 
10945 
11154 
11 326 

1 1249 
11293 
1 1336 
11380 
1 1423 
1 1466 
11 509 
11552 
11595 
1 1638 
11681 
11723 
1 1765 
1 1807 
1 1849 
11 891 
1 1933 
1 1974 
12015 
12056 
12097 

121 78 

I 1 a76 

12138 

12591 
12783 

12802 
12944 
12960 
I2766 
12763 
12764 
12805 
12795 
12786 
12776 
12767 
12757 
12747 
12738 

12719 
12709 
12700 
12690 

12672 
12662 
12653 
12644 
12634 
12625 
12616 
12607 

12589 

12848 

12728 

12681 

12598 

7960 
81  68 
10733 
9886 
8937 
7870 

8007 
8075 
81  44 
81  44 
81  44 
81  44 

81  44 
81  44 

81  44 
81  44 
81  44 
81  44 

7938 

a1 44 

81  44 

81  44 
81  44 
81  44 
81  44 
81  44 
81  44 
81 44 

81  44 

81  44 

81  44 

81  44 

81  44 

0.00541 
0.00400 

0.00351 
0.00340 
0.00303 
0.00331 
0.00320 
0.00289 
0.00279 
0.00274 
0.00269 
0.00264 
0.00260 
0.00255 
0.00251 
0.00240 
0.00242 

0.00233 
0.00229 
0.00225 
0.00221 
0.00217 
0.00213 
0.0021 0 
0.00206 
0.00202 
0.00199 
0.00195 
0.00192 

0.00438 

0.00238 

0.0018a 
0.001 a5 

0.00340 
0.00251 
0.00275 
0.00221 
0.00214 
0.00191 

0.00201 

0.00175 
0.00172 
0.001  69 
0.00166 
0.00163 
0.001 60 
0.001 57 
0.00155 
0.00152 
0.00149 
0.00147 
0.00144 
0.00141 
0.00139 
0.00136 
0.00134 
0.00132 
0.00129 
0.00127 
0.00125 
0.00123 
0.00120 

0.001  16 

0.00208 

0.001 a2 

0.001 1 a 

341  27 
39237 
391 90 
41321 
41 1 90 
39930 
39399 
41117 
40830 
40099 
40542 
4081 5 
41 079 
41 220 
41  197 
41  529 
41501 
41759 
42079 
42427 
4281 6 
43230 
43677 
441  52 

45264 
45894 
46569 
4723 1 
47978 
48749 
49579 
50491 

44708 

31  046 
36450 
361  67 
381  62 
37889 
36776 
3601 6 
37760 
37450 
36283 
36472 
37571 

37992 
37967 

38283 
38553 
38886 
39250 
39656 
40088 
40558 
41  055 
41  639 
42224 

43600 
44301 
45093 
4591 1 
46795 
47768 

37845 

3831 3 

42889 

Notes 1. Fl(dry bulk) assumes that  half  the dry bulk  ships  experience a backhauling  problem 
and  arrive  in  Australia  empty. 

2. Fl(passenger  ships) is assumed to be  constant  and  equal to 0.00573 Utonne-km. 
Sources BTCE (1994a); Apelbaum (1993); BTCE (1992); Drewry  Shipping  Consultants 

(1993 and  earlier  issues); BTCE estimates. 
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GLOSSARY 

Activity  levels are  data on the magnitude of human activities  resulting  in 
emissions  talung  place  over a given  period  of  time. The units  in which an 
activity  level  is  expressed  generally depend on the  units of the  emission 
factors  that  are  available  for equipment undertaking  the  activity.  For  example, 
activity  data for calculating CO, emissions from transport  vehcles  are  the 
annual amounts of fuel burned by the  vehicles.  Typically,  activity  levels 
relating to non-C02 emissions from road vehicles  are more appropriately 
expressed  in  terms  of  annual  distance  travelled. 

Aerosols are  small  particles which are suspended in a gas  (such  as  the 
atmosphere). 

Anthropogenic (or enhanced)  greenhouse effect: where concentrations of 
some greenhouse  gases  in  the  atmosphere  are  increasing  as a result of human 
activity. 

Articulated  trucks are  vehicles  constructed  primarily for the  carriage of 
goods,  consisting of a prime mover (having no sigruficant  load-carrying  area), 
but  Linked, with a turntable  device, to a trailer. 

Automotive diesel  oil (ADO) is a medium petroleum oil (obtained from the 
distillation of crude oil) used as  fuel in high-speed and  medium-speed 
compression ignition engines. It is mainly  used  in heavy road  vehicles,  rail 
transport,  agricultural equipment and mining equipment. 

Automotive gasoline (petrol)  is a light petroleum oil used as  fuel in spark 
ignition internal combustion  engines  (other than aviation  piston  engines). It is 
treated  in  refineries to reach a sufficiently hgh octane number for use in motor 
vehicles. There are two types  of  petrol  sold in Australia:  leaded and unleaded. 
The leaded form (containing  either  tetraethyl or tetramethyl  lead) is used in 
motor vehcles  manufactured prior to 1986 and the  unleaded form is used 
mainly  in  post-1983  vehicles. 

Aviation  gasoline (avgas) is light petroleum oil  specially prepared for aviation 
piston  engines. 
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Aviation  turbine  fuel (avtur) is a medium petroleum  oil  used as fuel  for 
aviation  turbine (jet) engines. 

Base case projections are based on the assumption that Australian 
governments  take  no  action  to  reduce  greenhouse gas emissions. 

Black coal, in this Report, refers to  steaming  coal,  used  in the transport  sector 
primarily for  shipping. 

Bunker, a storage facility for  shipping  and  aviation  fuel. 

Buses (see Mobile  sources-Road  transport) 

Carbon dioxide equivalent, the unit  of CO, equivalents implies the mass of 
CO, necessary  to  have  the same radiative effect as the mass of  greenhouse 
gases  emitted (see appendix 11). 

Conversion rate (see Emission  factors). 

Elasticity of a function is a unit-free measure  of the degree  to which the 
dependent  variable  (quantity  demanded  or  quantity supplied, for  example) 
changes  in  response  to a change  in an explanatory  variable (own price, prices 
of other  commodities  and  income,  for example). The elasticity of a function, 
f(x), with respect  to X is defined as: 

Ef,x = [x/f(x)][df(x)/dx] = d In f(x)/d  In X. 

Emission factors are coefficients  specifying  standard rates of  emission  per un i t  
of  activity  (such as grams  per  kilometre  travelled).  Emission  factors are 
generally  based  on  measurement  data  (such as vehicle  emission tests), 
averaged  to  provide  representative  emission rates for a given  activity  under a 
given set of  operating  conditions. 

Emissions  intensity refers to the amount of  greenhouse  gases  produced  per 
unit of fuel  burned. 

End use refers to  emissions  resulting  solely  from  vehicle  operation (see also 
Full  fuel cycle). 

Fluorocarbons (FCs) comprise  various gases used as refrigerants  in  vehicle 
air-conditioners.  These  include  chlorofluorocarbons (CFCs), 
hydrofluorocarbons (HFCs) and hydrochlorofluorocarbons (HCFCs). The 
main refrigerant  used in Australian  vehicle  air-conditioners is a 
chlorofluorocarbon  denoted  by  CFC-12.  However,  Australian  legislation, 
under  the  provisions  ,of the Montreal  Protocol  on  Ozone  Depleting  Substances, 
calls for the phasing  out  of  chlorofluorocarbon  use. All new vehicle air- 
conditioning systems manufactured after the end  of 1994 will use CFC 
substitutes.  For new systems, the main CFC replacement is a 
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hydrofluorocarbon  denoted by HFC-134a. For servicing  existing vehcle air- 
conditioners  the main CFC substitutes  are HFC-13la and a blend  containing 
the  three  fluorocarbons HCFC-22, HFC-lS2a and HCFC-124 (CEPA 1993). 

Fuel  intensity  is  the  inverse of fuel  efficiency and refers to the intensity offtie1 
use for road  vehicles. It is  typically measured in litres per 100 kilometres. 

Fuel oil  refers to heavy petroleum oil,  often  the  residue  of petroleum 
distillation, used  in  ship  furnaces. 

Fugitive  emissions  result from the  leakage of chemical  substances  during 
various human activities. The  main fugitive  emissions from mobile  sources 
occur  through  the  evaporation of fuel from gasoline  vehicles and the  release  of 
fluorocarbons from vehcle air-conditioners. 

Full fuel  cycle  refers  to  emissions  resulting from end-use  plus  those  resulting 
from feedstock  extraction and refining, power generation, and energy 
distribution. 

General aviation  includes commuter  and charter  services,  private and 
training fights and aerial  agricultural work. 

Global warming potential  is an index,  defined  to be the warming effect over a 
given  period due to an emission  of a particular gas, relative to an equal mass 
of CO, (see appendix U). 

Greenhouse effect  is  the phenomenon whereby water vapour and other  gases 
present in small  quantities  in  the atmosphere affect  the  earth's  radiation 
balance,  resulting in a hgher surface  temperature. 

Greenhouse gases  include water vapour (HZO), carbon dioxide (CO2), 
methane (CH4), nitrous  oxide (N20), oxides of nitrogen (NO,) other than 
nitrous  oxide, carbon monoxide (CO), non-methane volatile  organic 
compounds (hMTOCs), sulphur  oxides (SO,), and fluorocarbon (FC) species. 

Gross calorific value (GCV) is  the quantity of  heat  released by a unit quantity 
of fuel when it is burned completely with oxygen, and the  products  of 
combustion are  returned to ambient temperature. GCY is also known as 
higher  heating  value (HHV). 

Industrial  diesel  fuel (IDF) is a heavy petroleum oil used  as fuel in low-speed 
compression i,gnition  (diesel)  engines. It is mainly consumed in the  rail and 
marine transport  sectors. 

Life cycle refers to emissions  res~dting from full fuel  cycle  plus  those  resulting 
from vehlcle  manufacture and vehicle disposal. Inclusion of emissions due to 
the  provision of transport  mfrastructure  results in the s?ylstenzs cycle. 
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Light commercial vehicles are vehicles  constructed primarily for carriage of 
goods,  not  exceeding 3.5 tonnes  gross  vehicle mass. Included are utilities, 
panel vans,  cab chassis and  forward  control  load-carrying  vehicles. 

Liquefied petroleum gas (LPG) is a light petroleum  liquid,  produced  by 
compressing  petroleum  vapour,  used in specially modified  internal 
combustion  engines. In Australia, LPG sold  for  automotive  purposes is 
primarily a mixture  of 70 per cent propane  and 30 per cent butane, with the 
precise composition  varying with application,  season  and  region. 

Logistic curve refers to a graph  of 

g(t) = k(l+ae-bt)-l, 

with k, a, b constants.  The  function g(t) increases with t and  has  an  upper 
asymptote  of k. The logistic  curve is typically used  to model  market 
penetration  of a new product. The curve  grows  slowly at first, but  then 
undergoes a period  of  rapid  growth,  followed by a levelling  off as the product 
reaches market saturation. 

Long-term passenger numbers refers to the number of  Australian  resident 
departures  and  foreign  passenger  arrivals which are undertaking  travel  for a 
period  of  more  than 12 months. 

Mobile sources are sources  of  greenhouse  gas  emissions  associated with 
mobile  fuel  combustion  activities,  regardless  of the sector  or  industry  for 
which the activity is undertaken. The following  source  categories are included 
in this report: 

0 

0 

256 

Air transport includes all civil  aviation  activities. 

- Domestic aviation consists  of  commercial  airline  and general 
aviation  (such as private,  agricultural commuter  and charter) 
services,  for  both freight and  passenger  movements. 

- International  aviation includes  international air freight  and 
passenger movements accomplished  using  fuel  purchased  in 
Australia. 

Road transport includes all activity  (on-road  and  off-road)  by  vehicles 
registered  for  road  use (with a motor  vehicle  registration  authority), 
except  vehicles  belonging  to the Australian  Defence  Force.  Emissions by 
military vehicles  and  vehicles  used  exclusively  for  off-road  purposes 
(such as competition  motorcycles,  forklifts  and  tractors) are accounted 
for  in  other  source  categories  below. The road  transport  sector is 
subdivided  into  categories based on the vehicle  definitions  contained  in 
Australian  Design  Rules (ADRs) for  Motor Vehicles and Trailers (FORS 
1989). 
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- Passenger cars relate to all passenger  vehicles  Tvhich  carry  fewer 
than 10 passengers  (including  the  driver). These consist of cars, 
station wagons, taxis, minibuses,  four-wheel drive  passenger 
vehicles and forward control  passenger  vehicles.  Petrol-fuelled  cars 
are  subdivided by vehicle age into  year  of  manufacture  categories: 
pre-1976,1976-1980,1981-1985, and post-1985. 

- Light goods vehicles are  trucks and light commercial vehicles 
designed to  carry goods and not  exceeding 3.3 tonnes  gross  vehicle 
mass.  These  include utilities, panel m m ,  cab  chassis and forward 
control  load-carrying  vehcles. The equipment carried on special 
purpose vehicles having little  freight-carrying  capacity  (such  as 
ambulances, fire  trucks and mobile  cranes)  are  regarded  as  being 
equivalent  to goods for the purposes of vehicle  definitions (FORS 
1989). 

- Medium goods vehicles are goods vehicles  (including  rigid  trucks, 
articulated  trucks and special purpose vehicles) with gross  vehicle 
mass exceeding 3.5 tonnes  but  not  exceeding 12 tonnes. 

- Heavy goods vehicles are goods vehcles (rigid  trucks,  articulated 
trucks and special purpose vehicles)  exceeding 12 tonnes  gross 
vehcle  mass. 

- Buses are  passenger  vehcles w i t h  10 or more seats,  including  that 
of the  driver. 

- Motorcycles include all two-wheeled and three-wheeled motor 
vehicles. 

Rail  transport includes  non-electric  railway  services  for  both  passenger 
and freight movement. Emissions due to  the  generation of electricity  for 
electric  railways  are  not  included in end-use  emissions  estimates  given in 
the  Report  (such  as  in  table 7.1 or appendix V). See  chapter 3 (and table 
IX.4) for analysis of electric  trains and trams. 

Marine transport includes all civil maritime activity. 

- Domestic marine transport consists  of  coastal shpping (freight and 
cruises),  interstate and urban ferry  services, commercial fishing, 
and small  pleasure  craft movements. 

- International shipping includes  passenger and freight movement 
by sea-going  ships  (of all flags) accomplished  using  marine bunker 
fuel purchased in Australia. 

Military  transport includes  all  activity by mihtary  land  vehicles,  aircraft 
and shps. 
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Other  mobile engines include  unregistered  recreational  or  competition 
vehicles such as trail bikes  and  racing cars. When calculating  transport 
sector  fuel  use  from  total  fuel sales, allowances  often  have  to be made for 
off-road  fuel  use  by  various types of  mobile  equipment. These include 
farm and  forestry  equipment  (such as tractors  and  harvesters),  industrial 
equipment (which is used  by the manufacturing,  construction  and 
mining  sectors  and  includes  vehicles  such as forklifts,  bulldozers  and 
quarry  trucks)  and  miscellaneous  mobile utility engines  (such as lawn- 
mowers  and  chainsaws). 

Modal composition refers to  the  broad type of  transport  used;  for  example, 
road, rail, aviation  and  shipping. 

Motorcycle (see Mobile  sources-Road  transport) 

Natural  gas (NG) consists primarily of  methane  (around 90 per cent,  with 
traces of  other  gaseous  hydrocarbons,  nitrogen  and  carbon  dioxide)  and 
occurs  naturally in underground  deposits. As a transport  fuel, it is generally 
used  in  compressed  or  liquefied  form. 

Natural greenhouse effect refers to the warming effect of  greenhouse gas 
levels  in the atmosphere that are not  of human origin. 

Net calorific value (NCV) is the gross  calorific  value  of a fuel less the  heat  of 
vaporisation (at 25°C and  constant  volume)  of the water that is present in the 
fuel  and  that  formed  during  combustion. NCV is also known as lower  heating 
value (LHV). The International Energy Agency (IEA) generally  reports  energy 
data  in terms of NCV, whereas  Australian  energy  data are typically reported 
in GCVs. The IEA assumes that lower  heating  values are 5 per cent  lower  than 
higher  heating  values  for  oil  and  coal,  and 10 per cent lower  for  natural gas 
(OECD 1991). 

Other trucks include specialist vehicles  or  vehicles  fitted with special  purpose 
equipment,  and  having little or no significant  load-carrying  capacity;  for 
example  ambulances,  mobile  cranes, cherry pickers, fire trucks. 

Oxidation, in this Report, refers to  the  process  by  which  fuel is consumed  by 
burning with oxygen.  The  proportion  of fuel consumed  by  burning is referred 
to as the oxidised  component, while a non-oxidised  component results in solid 
combustion  products  such as soot  and ash. 

Oxidation factor represents the proportion  of  the  fuel  oxidised  during 
combustion. 

Passenger cars (see Mobile  sources-Road  transport). 
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Passenger  kilometres (pkm) is the  product  of the number of passengers in a 
given  vehicle on a given  journey and the &stance (in kilometres)  travelled by 
that  vehicle on that journey. 

Pilots' dispute occurred  during  the  period from the second  quarter  of  1989  to 
the  third  quarter  of  1990  inclusive. 

Reformulated gasoline (RFG) refers  to a variety  of improved (unleaded) 
petrol  blends which are  being  developed  to improve air  quality.  Typically 
RFGs have  added  oxygen  and a reduced  proportion of highly volatile 
compounds. 

Rigid  trucks are  (non-articulated)  vehcles  exceeding 3.5 tonnes  gross  vehicle 
mass, constructed  primarily  for the carriage of goods.  Included  are normal 
rigid trucks with a towbar, drawbar or other  non-articulated  coupling on the 
rear  of  the  vehicle  for  use w i t h  a trailer  or  dolly. 

Short-term  passenger numbers refers to  the number of ,4ustralian resident 
departures and foreign  passenger  arrivals  undertaking  travel  for a period  of 
less  than 12 months. 

Stratosphere is a layer of the atmosphere occurring between approximately  15 
and 50 kilometres  altitude. 

Systems cycle  emissions include  emissions due to  transport vehcle hfecycle 
(fuel  supply,  fuel use, vehicle  manufacture and disposal) and to  the  provision 
of  transport  infrastructure (such as  roads,  railways and airports). 

Tonne kilometres (tkm) is the product of  the  weight  of the freight of a given 
velucle on a given haul and the  distance of that haul. 

Toronto target refers  to a plan adopted by The Chnrzging Atmosphere: 
bnplicatiom for Global Secwity Conference, held  in  Toronto in 1988,  urging 
governments to cut their CO, emissions  to 80 per cent of their 1988 levels by 
2005. 

Troposphere is the lower part of the  earth's atmosphere (up to about  15 
kilometres in altitude). 

Vehicle utilisation  level refers to the total  distance  travelled by a given 
vehicle in a given  time  period  (for  example,  kilometres  per  year). 
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