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FOREWORD 

This report  investigates  the current level 

of energy  consumption by various categories of Australian 

transport. It examines the present Australian transport 

task and  the associated levels of energy consumption, The 

efficiency of each  major mode of transport is assessed in 

terms of energy  consumption - both  direct  and indirect. 
The report is a development o f  work  done in a 

previous  related  report entitled: "Transport  and  Energy 

in Australia: Phase 1 - Review",  which  reviewed  recent 
Australian and overseas literature on the  subjecto 

This report has  been prepared by Nicholas  Clark 

and Associates. The BTE does  not necessarily  agree with 
the findings of the consultant's  report. 

J .H.E,  Taplin 

Director 

Bureau  of Transport  Economics 
Canberra, A.C.T .  
August 1975 



NICHOLAS  CLARK  AND  ASSOCIATES 

P.O. Box 524  
SOUTH MELBOURNE 

20th  Feb, 1 9 7 5  

D r .  J. H. E. Tap l in ,  
Director, 
Bureau of Transport  Economics, 
P.O. Box 367 ,  
CANBERRA CITY,  A.C.T.  2601 

Dear D r .  Tap l in ,  

1 h a v e   p l e a s u r e   i n   f o r w a r d i n g   t o  you   our   repor t  on 
Energy  Consumption by Ca tegor i e s   o f   Aus t r a l i an  
Transpor t .  

The r e p o r t   d e t a i l s   A u s t r a l i a ' s   t r a n s p o r t   t a s k ,  
measured i n  terms of   passenger-ki lometres   and 
tonne-k i lomet res   o f  movement,  and  examines t h e   d i r e c t  
energy  consumption  of  each  of i t s  c o n s t i t u e n t   c a t e g o r -  
ies. These   a re   d rawn  toge ther   in   an   assessment  of t h e  
e f f i c i e n c y   w i t h   w h i c h   e a c h   t r a n s p o r t   n o d e   u t i l i s e s  i t s  
input   o f   p r imary   energy   in   per forn ing  i t s  t a s k .  

A b r i e f   ana lys i s ,   based   ma in ly  on t h e  r e s u l t s  of 
o v e r s e a s   s t u d i e s ,  i s  a l s o  made of t h e   i n d i r e c t   e n e r g y  
consumption  by  t ransport ,  i . e .  t he   ene rgy  consumed i n  
manufac tu r ing   and   i n f r a s t ruc tu re   s e rv i ces   a s soc ia t ed  
wi th   t he   t r anspor t   s ec to r ,   and   an   a s ses smen t   ca r r i ed  
o u t  of t h e   c o n t r i b u t i o n   o f   i n t e r n a t i o n a l   t r a n s p o r t  
movements t o  Aus::.ralia's  energy  budget. 

The m o s t   s i g n i f i c a n t   f i n d i n g s   o f   o u r   s t u d y  are as 
fo l lows :  

. Road t r a n s p o r t   u s e s   f u l l y  7 9  percent   o f  a l l  
domes t i c   t r anspor t   ene rgy ,   and   a s  much as 55 
p e r c e n t   o f   t h e   t o t a l  i s  a t t r i b u t a b l e   t o   p e r s o n a l  
t r a v e l  by t h e   p r i v a t e  car;  

. A u s t r a l i a ' s   i n t e r n a t i o n a l   s h i p p i n g   u s e s   a b o u t  as 
much pr imary  energy as i s  u s e d   f o r   t r a v e l  by 
p r i v a t e  car i n   A u s t r a l i a ;  

. Indi rec t   energy   consumpt ion  by c a r s  i s  equa l  
t o   o v e r  6 0  p e r c e n t   o f   t h e i r  d i rect  consumption; 

I .  ./ 

Offices: 145 Cecil Street, South Melbourne,  3205. Telephone: (03) 69  7159 
6  Scarborough Street,  Red Hill, Canberra 2603 Telephone: (062) 95 8612 

PostalAddress: Box 591, Manuka, ACT 2603 

N.F. CLARK PTY. LTD Registered Office: 6th Floor, 445  Toorak Road,  Toorak 3142 
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NICHOLAS CLARK AND ASSOCIATES 

. The  domestic  transport  modes  which  use  the 
greatest  amounts  of  energy  (principally  the 
road  modes)  are  also  those  which  are  the  most 
energy-intensive,  are powered-by petroleum- 
based  fuels,  and  show  the  most  rapid  rate  of 
growth  of  demand. 

In  the  light  of  these  results,  we  suggest  that 
studies  be  carried  out to assess  the  effects of altern- 
ative  policies  aimed  at  achieving  a  redistribution  of 
energy  usage  within  the  transport  sector.  In  particular 
an  examination  should  be  made of  the  price  elasticity 
of  energy  consumption  for  travel  by  private car, utilis- 
ing  if  necessary the results of studies  of  the  effect 
on  travel  demand of recent  rapid  rises  in  the  cost  of 
petroleum  fuels  in  European  countries. 

Yours  sincerely, 

John A. Lee 
Senior  Associate 
for NICHOLAS CLARK & ASSOCIATES 
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CHAPTER 1 PREAMBLE 

1 .l INTRODUCTION 

The importance of the transport sector in 
Australia is well-documented: it contributes approx- 

imately  nine  per cent of the gross national product and 

is attributed a 12 per cent share  of gross national 

expenditure. It is also a major consumer of primary 

energy. 

This report presents the findings of a study 
aimed at estimating the amount of primary er-ergy consumed 
by the various categories of Australian transport, and 

relating this to the task performed by each. 

Information published by the then  Department of 
National. Development in 1972 ( l )  suggests that in 1970-71, 

of the total national consumption of en.ergy of about 
2200 X 101 kJ, transport uses 26.4 per cent, electricity 

generation 28.9 per cent, agriculture 1.9  per cent, 
remaining primary and secondary industry 38.3 per cent, and 
the domestic and commercial sectors 4.5 per cent. This 
report examines in detai.1, not only the 26.4 per cent used 

by transport, but also the amount of energy consumed in 

the industrial an.d commercial sectors in activities 

directly associated with transport (known as indirect 
energy consumption) and the consumption of energy for 

international transport rnovements attributable to  Australia. 

1 .2 SOURCES OF INFORMATION 

Data  on the traffic task performed by the various 
transport categories are  mainly derived from annual 
reports of the respective operating authorities,  from 
information collected by the Australian Bureau of 
Statistics (formerly the Commonwealth  Bureau of Census 

and Statistics) and, in the case of road transport, from 
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the CBCS surveys of motor  vehicle and bus usage. Where 
assumptions are  made to develop estimates (particularly 

in relatior-  to  international.  traffic), these are  clearly 

stated in the text. 

Information concerning the use of energy has 
been derived from publications of the  Department of 

Minerals and Energy (which incorporates much  of  the 

Department of  National  Development  within its structure), 
and from reports of the various organisations concerned 

with the production and distribution of transport fuels and 

energy sources. In all  cases,  energy  is expressed in terms 
of the energy content of the primary fuel source used to 

derive the energy eventually utilised for transport 

purposes. Thus, the energy consumption of electric 
trains,  for  example, is defined to equal the energy content 

of the coal used to develop the electrical power for 

traction. 

In some  cases,  information concerning indirect 
energy consumption and the specific consumption  rates of 
certain vehicles were not available for Australian 

conditions, an.d- proxy values taken fro21 the results of 

overseas studies had to be used in lieu. Where this is 

the case, the validity of so  doing is discussed in the 
text. 

1 .3  CHOICE O F  BASE YEAR 

Road transport has a major influence on the 
patterns of  energy consumption for transport and on the 
transport task itself. And yet  information on  its 
contribution is, to all intents and purposes, unavailable 

f o r  all but the year 1970-71, t o  which the recent  CBCS  Survey 
of Motor Vehicle Usage refers. F o r  this  reason, and 
because little reliable  information for more recent years 

~~~ 

is available for other modes, 1970-71 was  chosen  as the 

study year. Contributing to the argument was the fact 
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that recent US studies have been published which  apply 
to 1970-71 and which  were of particular use where 

Australian data  are lacking. 

1 .4 ACCURACY O F  ESTIMATES 

The esti.mates of direct energy use by modes 
of road transport are critically dependent on  the data 

base provided by the 1971 CBCS Survey of Motor  Vehicle 
Usage, Whilst the standard sampling errors associated 

with most of the CBCS estimates are not excessive, the 
size and effect of non-sampling errors is unknown. The 

analysis of Chapter 3 (Section 3.3.6) indicates,  however, 
that errors in the estimation of direct energy use by 

road transport are probably of the order of 20 per cent. 
A s  far as other domestic transport modes are concerned, 

errors in estimates of total erLergy use are 1ikel.y to be 
within about 20 per cent, but these modes are  much  less 
significant in the total pattern of energy consumption 

than are the road modes. It is difficult,  however, to 
gauge the likely magnitude o f  error associated with the 
sub-divisions of  each moie's energy consumption. 

The estimates o f  energy usage by international 

transport movements attributable to Australia could be as 

:-mch as 30-50 per cerlt in error,  such is the difficulty 
of accurately estimating both task and specific energy 

consumption  rates,  This point is made at the appropriate 

pl.ace in the text, 

Within all tables, except where otherwise stated, 
discrepancies between totals and the appropriate sums of 
individual entries may be attributed to rcunding errors. 
The symbol ' - - l  means that the entry is zero, negligible 
o r  not applicable. The symbol 'n.a.' means that the en.try 
is not available. 
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1 . 5  CITING OF REFERENCES 

In this report, use is made of publications 
produced by authorities which  have since been changed in 
name, disbanded or whose functions  have  been incorporated 

within the structure of a new authority. For example, 

the former Commonwealth  Bureau of Census and Statistics 
is  now  known as the Australian Bureau of Statistics; 

the former  Department of Shipping and Transport has been 
incorporated within the Department of Transport. 

When a reference is cited, the name of the 

publishing au.thority which is giverb is that which was 
applicable at the time of publishing. 

A final point concerns the attribution of data 

which derives from the 1971-73 CBCS  Survey  of  Motor 
Vehicle Usage. Some  of this source  data  which is unpublished 

has  been obtained by enquiry from Australian Bureau of 
Statistics and where required an appropriate note to this 
effect is made. The only published data so  far appears in 
the CBCS Survey of Motor Vehicle Usage 12 Months Ended 

30th September 1971 (Preliminary), Canberra,  September 1973. 
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CHAPTER 2 THE AUSTRALIAN TRANSPORT TASK 

The task performed by Australian transport 

can  be measured in terms of the number of passenger- 

kilometres  and tonne-kilometres performed by individual 

categories of operation. In this Chapter an evaluation 
of this task has  been made keeping in mind the later 

aim of: 

(i) providing an indication  of  the efficiency 

with  which  each  mode utilises its consumption 

of energy;  and, 

(ii) for  any particular mode, providing the basis 

for calculating the division of energy 

consumption  between the various sub-categories 

of that mode's transport operations. 

Estimates of the transport task for each mode 

are derived from published information, and in some 
cases sub-divisions are made according to assumptions 

clearly stated in the text, The contributions of each 
mode, and certain sub-categories of each mode, to the 

total task, passenger and freight, are summarised in 

Tables 2.17 and 2 , 1 9  at the end o f  the Chapter. 

2.1 ROAD TRANSPORT 

2.1  . l  Cars and  Station Wagons 

The  only reliable scurce of information relating 
to the overall number  of occupant-kilometres travel-led 
in Australia by road vehicles (excluding buses) is the 

CBCS  Survey of Motor Vehicle Usage for the year ending 
30 September 1971 . Table 2 , l  is  taken  from  the preliminary 
rerort of the  survey. It shows that the car,  station 
wagon and motor  cycle  task comprises some 85 per cent of 
the total. 
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TABLE 2.1 - TOTAL ANNUAL OCCUPANT-KILOMETRES BY ROAD 

TRANSPORT (EXCLUDING BUSES), 1970-71 

Type  of  vehicle Occupant-kilometres Per cent 
(1000 million) of total 

Cars and station  wagons 125.7  84.5 
Light commercial vehicles 11.8 7.9 
Trucks 10.1 6.8 
Motor cycles 1 . l  0.7 

Totals 148.7 100.0 

Source: CBCS Survey of Motor Vehicle Usage, 12 Months 
Ended 30th September 1971 (Preliminary). 
_. - Canberra,  September, 1973. 

In the analysis of this Chapter to follow,  it 
is assumed that the remaining l 5  per cent of the passenger 
transport task (attributable to light commercial vehicles 

and trucks) is performed incidentally to the carriage of 

goods. That is, commercial vehicles and trucks perform 

no passenger task per se, but achieve a small level of 

occupant-kiloilretres in performing their road freight task. 

The likely error due to this assumption can  be gauged using 
the proportion of the distance travelled by commercial 

vehicles and trucks for  solely private purposes; this is 
aI2proximately 22 per cent for light commercial vehicles 

and three per cent for trucks. These  imply a likely error 
in the estimate of the occupant task (on the assumption 
that it is essentially performed by c-ars and station 
wagons)-of only about two per cent. 

In the ~preliminary  report  of the Survey of Motor 
Vehicle Usage, there is no sub-division of the number  of 

occupant-kilometres by particular purposes and by detailed 
area of' operation. Estimates from the Survey  are  available, 
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however,  of the numbers of vehicle-kilometres travel-led 

by cars and station wagons in categories resulting from 
such a subdivision. These  are  shown in Table 2.2. The 

interstate column in the Table refers only to vehicle- 

kilometres travelled in other States  by vehicles registered 
in the horze-State. To obtain a true interstate value, 

therefore, the column  has to  be adjusted to include 

vehicle-kilometres travelled in the home-State on 
interstate journeys. With  the available informtion, 

the only way this may be done is to assume that home- 
State use of out-of-State roads is approximately equal 
to home-State use of home-State roads for interstate 

travel,  an assumption likely to underestimate interstate 
vehicle-kilometres for Queensland, Victoria (to a small 
extent) and  South Australia and to overesti.mate the 

task  for  Western Australia and New South Wales. On 

balance,  however,  the assumed total interstate task may 

be close to the actual value. Note that the 'rest-of- 
State'  values  have to be reduced to account for the 

vehicle-kilometres of home-State interstate traffic. 

Again, the assumed rest-of-State task is probably 
sufficiently accurate. The adjusted distribution  of 

vehicle-kilometres is shown in Table 2.3. 

Cars  and  station  wagons travelled 63.8 x 10 9 
kilometres in 1970-71 , which corresponded to 125.7 
X 109 occupant-kilometres. . This represents an average 

nurlber of occupants per car of 1 097 ( 1  ) . 
It is  unlikely that the derived occupancy rate 

a:?plies for all types o f  trip. Comprehensive transport 

studies undertaken for most urban areas in Australia, 
for example, suggest that for the journey t o  wcrk,a  rate 
of 1.3 is more appropriate. Further evidence from these 

same studies vas used to develop appropriate rates for 
other trip categories. 

(1) Thrcughout the subsequerLt text a rounded figure of 2.0 
is used. 
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Area of Operation 

Purpose  Capital Provin- Rest  Total 
City and cial 
Environs  Urban  State Of ~ InteW) state 

Business 7,255.8 904.9  4,434.4  356.4  12,951.6 
Paid to and 2,187.5  226.7  592.4  45.0  3,051 - 7  
f r o m  work 

Unpaid to and 8,944.6  1,185.1  2,469.4  196.0  12,795.1 
from work 
Private 17,077.6 3,011.5 12,957.4  1,956.1  35,003.0 

Total 35,465.9  5,328.2  20,453.6  2,553.5  63,801.9 

( 1 )  Refer text for interpretation o ~ f  'interstate' column. 

Source: Unpublished information f r o m  CBCS  Survey o f  Motor 
Vehicle Usage, 1971 -1 973. 

- TABLE 2 . 3  - ADJUSTED DISTANCES TRAVELLED BY CARS AND 
STATION  WAGONS, BY PURPOSE AND AREA OF 
OPERATION, 1970-71 

(1 0 6 kilometres) 

Area of Operation 

Purpose  Capital Pr ovin- Rest Total 
City  and cial of Inter- 
Environs Urban State state 

Business 7,255.8  904.9  -4,078.0  712.8  12,951  -6 
Paid t o  and 2,187.5  226.7  547.4  90.0 - 3,051  -7 
f r o m  work 

Unpaid to and 8,944.6  1,185.1  2,273.4  392.0  12,795.1 
from work 

Private 17,077~6  3 ,011 .5   11 ,001 .3   3 ,912 .2   35 ,003 .0  

Total 35,465.9  5,328.2  17,9G0.1  5,107.0  63,801.9 
" 

Source :  Refer t o   text. 
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The rates developed are shown in Table 2.4, 
together with the relevant sources of evidence, and 

provide the bases for calculating the cccupant-kilometres, 

by category,  shown in Table 2.5. 

A s  far as possible,  care  was  taken to ensure 

that car occupancy rates were assigned to categories 

in a  way  which was consistent with the rates which  were 
known. A weighted averaging technique, according to 

vehicle-kilometres attributable to each category, was 
used to achieve this balancing process. 

The private/rest-of-State and private/inter- 

state vehicle occupancy rates  seem excessive in comparison 
with the other occupancy figures. In the absence of 
better information,  however, these must be accepted as 

correct. Any difference between the actual and assumed 

value of vehicle occupancy for  any one category- would, 

of course,  result in a change i.n at least two of the 
elements in the Eatrix of  Table 2.5. The accuracy o f  

Table 2.4 is, therefore, critical to that of some of the 
findings of the remainder of the study. Further  research 

could well  concern  itself with obtaining better estir::ates 

for all categories of veb-icle occupancy figures. 

2.1.2 Motor Cycles 

The results of the CBCS Survey of Motor Vehicle 
Usage show that, in 1970-71, motor cycles travelled an 
estimated 1.014 X 109 kilometres ) associated with 
approximately 1 . l  X l O9 occupant-kilometres. This implies 
an average number of occupants per vehicle of 1.1. It is 
not  known how the motor cycle occupancy rate  may  vary  by 

area or by  purpose, but a figure of  1 . l  is probably 
representative of all categories. 

( 1 )  Unpublished information from CBCS Survey of Motor 
Vehicle Usage, 1971-73, subsequent to preliminary 
figure . 
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I TABLE 2.4 - ASSUMED VEHICLE  0CU"ANCY  FOR  CARS AND STATION 
WAGONS BY PURPOSE  AND AREA OF OPERATION 

(persons per vehicle) 

Area of Operation 

Pur;?ose Capital  Provin-  Rest 
City and cial of Inter- All 
Environs Urban State state Areas 

Business 1 . 2  ( 1 )  1 .1  1 . l  1 . l  1 . 2  

Paid to and (1)  1.3 (3) 1.3 1 .1 '  1 . l  1.3 
from w o r k  

Unpa.id t o  and ( 2 )  1.3  (3) 1.3 1 - 1  1 .l  '1 - 3  
from work 

Private 1.8 1.7 4.0 3.4  2.7 
All purposes (4 )   1 .5  ( 5 )  1.5  2.9 2.39 2.0 

Purpo S e 
( 1 )  Business trips: 

(2) Work trips: 

(3) Work trips: 

( h )  A l l  purposes : 

( 5 )  - A I ~  purposes: 

City  or  Town 
Bendigo (1  971 ) 
Roclshampton (1  971 ) 
Launceston (1 967) 

Melbourne (1 964) 
Brisbane (1  960) 

Hobart 
Adelaide (1 968) 

Bendigo ( 1  971 ) 
Rockhampton ( 1  971 ) 
Ipswich (1  966) 
Launceston 1967 
Townsville [ 1 966 1 
Brisbane ( 1  960) 

Hobart 
Adelaide (1  968) 

Bendigo ( 1  971 ) 
Rockhanpton ( 1  971 ) 
Ipswich (1  966) 
Launceston 1967 
Townsville [ 1 9661 

Occupancy 
1.06 
1.01 
1.08 

1 .37  
1033 
1 . 2 2  
1.46 
1 .27  

1 .24 
1 .22  
1 .38 
1 .30 
'1.33 

1 e58  
1 .41 
1.41 
1 .64 

1 .47 .  
1 .43 
1.50 
1.48 
1.44 

Source: See text €or details. The estimates of the Table 
were derived in gar.t from the above transporta- 
tion  study results. 
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TABLE 2.5 - ESTIMATED OCCUPANT-TASK BY CARS AhD STATIOP; 

WAGONS, BY PURPOSE AhD AREA OF OPEilATION, 1970-71 

(1  o9 occupant-km) 

Area of Operation 

Purpose  Capital  Provin-  Rest  Total 
City and cial o f  Inter- 
Environs Urban State state 

Business 8.7  1 .o 4.5 0.8 1500 
Paid to and 2.8 0.3  0.6 0.1 3 .8  
from w o r k  

Unpaid to and 11.6  1.5  2.5  0.4  16.1 
from work 

Private 30.7  5.1  44.0  13.3  93~. 1 

Total 53.2 8.0 51.6  14.8  127.6 ( 1 )  

Notes:  Totals  differ  from row and column totals because 
occupancy  figures o f  Table 2.4 are rounded to 
1st decimal place. 

( 1 )  This  figure differs f r o m  that shown in Table 2.1 
due to rounding of tk.e average occupant number 
from 1.97 to 2.0 (see footnote, page 9 ) .  

Source: Refer to text. 
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From the CBCS survey" ) , 'estimates of the 
number of vehicle-kilometres by each category have 

been made (see Table 2.6) and these have  been  used, 

together with an average occupancy of 1 . 1 ,  to develop 
estimates of the person-kilometres by  area of operation 

and purpose,  shown in Table 2.7. 

TABLE 2.6 - ESTIMATED DISTANCE  TRAVELLED BY MOTOR  CYCLE - 
BY PURPOSE AND AREA OF OPERATION, 1970-71 

(1 0 6 kilometres) 

Area of Operation 

Purpose Capital Provin- Rest  Total 
City and cial of Inter- 
Environs Urbar, State  state 

Business 31.6 2.4 50.7 - 0.2  85.0 
Paid to and 35.7 4.4 17.2  0.5  57.8 
from  work 

Unpa-id  to  and 233.7  47.2  63.5  6.2  350.7 
f r o m  w o r k  

Private 271 - 7  49.4  168.7  30.5 520 3 

T o t a l  572.8 103.4  300-1  37.4  1,013.7 

Source: Unpublished information from CBCS  Survey of Motor 
Vehicle Usage, 1971 -73, subsequent to Preliminary 
Report. 

( 1 )  Unpublished information from CBCS Survey of Motor 
Vekicle Usage, 1971 -73. 
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TABLE 2.7 - ESTIMATED PERSON-TRAVEL BY MOTOR CYCLES, 
BY PURPOSE AND AREA O F  OPERATION, 1970-71 

6 ( I  o person-km) 

Area of Operation 
~~~ ~~ ~ ~~ 

Purpose  Capital Provin- Rest Total 
City  and cial of Inter- 
Environs Urban State state 

Business 34.8  2.6  55.8 0 . 2  93.5 
Paid to and 39.3  4.8  18.9 0.6 63.5 
from  work 

Unpaid to and 257.1  51.9  69.9  6.8  385.7 
from  work 

Private 298-9  54.3  185.6  33.5 572 3 

Total 

Source: Developed  from  Table 2.6 by assuming an average 
occupancy of 1 .1  persons per motor cycle. 

2.1 D 3 Commercial Vehicles 

The CBCS  Survey  of  Motor Vehicle Usage reports 
the total task of road freight veh-icles in 1970-71 as 

27,182 M toEne-kilometres. In the survey, vei.icle Owners 
were  asked,  among  other  things, to provide data  which 
enabled estimates to be made of the number of tonne- 
kilometres performed by vehicles registered in each 
State in metropolitan,  provincial,  urban,  rural and 
out-of-State areas. These  data  are brought together 
in Table 2.8. Before they can be used as an estimate 
of movement within  each  State or Territory, it is 

necessary to adjust the out-of-State movements column, 
in order to obtain a true interstate estimate. The 
same problem arose above in establishing the interstate 

task by cars and station wagoris (see pages 6-7) .  
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TABLE 2.8 - INITIAL  ESTIMATE OF ROAD FREIGHT  TRANSPORT 

TASK BY STATE OF VEHICLE  REGISTRATION AND 
AREA O F  OPERATION, 1970-71 

~ ~~~ 

Area of Operation 
State of 
Vehicle Capital Provin- Rest  Tot a1 
Regis- City and cial of Inter- 
tration Environs~  Urban State  state 

NSW 
VIC 

QLC 

SA 

WA 

TAS 
NT 
ACT 

2,886 
2,114 

677 
729 
852 
124 
44 

195 

909 
307 
244 

4,233 
2,935 
1,563 
, l  ,625 
2,307 

499 
492 

Total 7,619  1 ,512  13,654  4 ,395  27,182 

“ Source: Unpublished information from CBCS Survey of Motor 
Vehicle Usage, 1971-73, subsequent to Preliminary 
Report. 

If. it may be assumed, as it was on a previous 
page for cars and station  wagons, that horre-State use of 

out-of-State roads is approximately equal to- home-State 

use of home-State roads for interstate trips,. then-the 
task is seen to  be broken down by area of operation in 
the manner shown in Table 2.9. 

A limited check  of  the accuracy of Table 2.9 is 
possible with the use of the findings of a survey of 
interstate freight movements for the  year 1970-71, 
undertaken by  the ABS. Results have n o t  yet  been 
pu.blished,  but preliminary information  has  been  made 

available for the purpose of this study. Coverage is 

limited tc those freight forwarders and/or road transport 
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operators who  were engaged in the interstate movement of 

freight for hire and reward between  Sydney,  Newcastle, 

Wollongong,  Melbourne, Bri-sbane, Adelaide, Perth,  Darwin 
ar,d C,?nberra, and who moved a total of at least 2,540 tonnes 
during the quarter ended 30th September, 1971. Thus, 

interstate movements to other  urban centres or from rural 

regions  would not necessarily be included. 

TABLE 2.9 - REVISED ESTIMATE OF ROAD FREIGHT TASK, BY 

AREA O F  OPERLTION,  1970-71 

Area of  Operation 
~~ 

Task 

Capital City and Environs 

Provincial Urban 

Rest  of  State 
Interstate 

Total 27,182 

Source: Refer to text. The interstate task has  been 
adjusted to allow for  home  state travel. o n  
interstate trips. 

The ABS gave totals for tcnnes moved between 
centres and,  by  multiplication by the road distance, 
estimates of' tonne-kilometres of' interstate road freight 

can be produced. These are given in Table 2.10. They are 

far from  comprehensive, but indicate that just over 3,000 
million tonne-kilometres were performed in 1971-72 by 
major operators in the inter-city interstate road freight 

task. A comparison  with  Table 2.9, however, shows a 
discrepancy of 5,620 million tonne-kilometres between the 
two estimates o f  the interstate task"). Whether the 

(1)  Which  represents 64 per cent of the estimate of 
Table 2.9 



TABLE 2 . 1 0  - INTZRCITY FREIGHT MOVEFIENTS BY ROAD: ESTIMATED TOITNE-KILOMETRES PERFORMED 1970-71 

(mi l l ion  tonne-km) 

To:  Sydney New- Woll- 1Ielbo;wne Brisbane Adelaide Perth Darwin Ca-*erra 

F r o m  : castle ongong T o t  a1 

Sydney 

Newcastle 

Wollongorig 

Melbourne 

Brisbane 

Adelaide 

Per th  

D a r w i n  

181.2 4.6 0.8 

171 93 3.7 1.5 
24.2 - - 

477 9 5 
33.3 
11.4 

- 
138.8 
136.2 

30,8 

306.8  220.6 
14,3  13.6 

2.2 3.2 

260.1  186.4 
- 39.7 

78.9 - 
6.1  20.6 
5.8 

16.6 9.0 1 ,119.6 
70.2 
16.8 

6.4 11 .o I ,027.6 
44.4 423.4 
11.7  2.9  423.6 

- ~~ - 
- - 

- 

T o t a l  831.2,  27.6  5.8  828.0 674.1  484.1  217.2 79.1 

Source:  See  text.  
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freight  task  of unsurveyed interstate movements is 

sufficiently  large to explain this discrepancy is  hard to 
say. Included in the figure of 5,620 million tonne- 

kilometres  would be interstate haulage of primary produce 

and interstate movements by  ancillary ( l  ) transport, 

The CBCS Survey of  Motor Vehicle Usage a l s o  

provides esti.mates of the road.  frei.ght task by category 

of  -vehicle usage. These  are  given in Table 2.11 , and 
illustrate the importance of ancillary road transport in 
the tota.1  task. 34 per cent of the total tonne-kilometres 
were performed by ancillary vehicles. Hire and reward 

operations, the most significant category,  were responsible 
for 65 per cent o f  the total. 

TABLE 2.11 - ESTIMATED ROAD FREIGHT TASK,  BY CATEGORY 

OF  VEKICLE  USAGE, 1970-71 

Vehicle Usage Freight Task Per cent of 
Total 

Hire and reward 

1 client 

> 1 client 
Ancillary 
Other 
Not Stated 

5,267 19 .4  
12,361 45.5 

9 , 322 34.3 
67 0.2 

166 0.6 

Total 27,182  100.0 

Source:  CBCS Survey- of ?lotor Vehicle Gsage, 12 months 
ended 30th  September, 1971 (Preliminary). 
Canberra, September 1973. 

(1 ) A n  ancillary function is one which is performed 
incidentally tG the main  task at  hand. Thus  an example 
of ancillary transport of goods is provided by the 
operations of a large department store, whose main 
business is to sell consumer  goods, but part of whose 
service involves the deli~ery, or road  freighting, of 
goods to purchasers. 
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2 .1 .4  Buses 

The Commonweal.th Bureau of Roads' estimates the 

passenger task performed by buses as being 8.87 X 10 9 
passenger-kilometres. The accuracy of this figure is not 
given. N o r  is a break-down of the task according to area 

of operation available. 

The ABS  Bus  Fleet Operations  survey^ for the twelve 
months ended 30th June 1971 does,  however, give estimates 
of vekicle-kilometres by  area of operation, and  Table 2.12 

gives the resulting task if it may  be assumed that total 
passenger-kilometres may be allocated to metropolitan  and 

other areas according  to  the  proportion of vehicle-kilometres 
travelled in each area. This simplified assumption  may  not 

be entire-ly accurate;  it  implies that vehicle occupancies 

for each area  are similar. It is possible, however, that 
urban services ope-rate with a slightly  greater average 
number  of persons per vehicle than  do non-urban and 

provincial services. On  the  other hand, both  charter  and 
scheduled inter-city operati.ons usually run with greater 

passenger l oads ,  and this may be sufficient to justify the 
previous assumption. 

2 . l  .5 Trams 

The  only readily avai.1able estimate of the passenger 

task performed by the tram services of Australia is one 
provided by the Commonwealth Bureau of  Roads''). This  is 
0.53 X 10 9 - passenger-kilometres, although, again, the 
accuracy of the figure cannot be determined. 

Nonetheless,  trams~  carry out only a very  small 
portion of the total passenger task, so an error of the 

order o f  even 20 per cent in the estimation of their 

- 
(1) Commonwealth Bureau of Roads, Report on Roads in 

Australia, ,l 973 
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TABLE 2 . l  2 - ESTIMATED  PASSENGER TASK  BY  BUS, BY AREA 

OF OPERATION, 1970-71 

(I o 9 passenger-km) 

Area  of Operation Passenger Task 

Capital Cities 

Rest of States 
4.67 
4.20 

Total 8.87 

Source: Refer to test 

contribution is  not significant to  the  findings of th.is 

Chapter,  although it is significant to the  calculations 
of energy intensiveness in Chapter 5 .  

2.1.6 Total Road Trarrsport 

The results of the  above  analyses, for cars and 

station  wagons,  motor  cycles, commercial vehicles, buses 

and trams , are summarised in Table 2.13, which shows  the 

estimated traffic task performed by road transport. 

By far the greatest part of the passenger task 
( 9 6  per cent) is performed by the private car, with only 
3 per cent of the task carried out by road public transport 
vehicles. 

2.2 RAIL TRANSPORT 

2.2.1 Urban  Rail Services 

Only the oper-ators of the government rail services 

in Melbourne, -4delaide  and Hobart publish, in their annual 
reports, estimates o f  the numbers of passenger-kilometres 

performed by their operations. N o  information is available 

to enable accurate estimation of the value for other urban 
rail services, but the  order of magnitude of the total 
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TABLE 2.13 - SUMMARY OF ESTIMATED TASK PERFORMED BY 

ROAD TRANSPORT, 1 970-71 

( I  o 9 person-km) 

Mode Urban Non-Urban To ta l  
Areas  Areas 

( A )  PASSENGER  TASK, BY AREA O F  OPERATION 

C a r s  and S t a t i o n  Wagons ( l )  61.2 66.4 127.6 
Motor  Cycles ( 2 )  0.7  0.4 ?.l 

Buses 4 .7  4.2 8.9 

Trams 0 . 5  - 0.5 

Tota l  67.1 .71 . 0 138.1 

( B )  FREIGHT  TASK, BY AREA O F  OPERATION 

Commercial Vehicles (3 )  9.13 18.05 27.18 

( 1 )  Derived f r o m  Table 2.5 
( 2 )  Derived f r o m  Table 2.7 
( 3 )  Derived f r o m  Table 2 .9  

Notes : Area o f  operat ion i s  d iv ided   i n to  Urban aEd  Non-Urban 
areas .  For  a l l  road  transport   other  than  buses and 
trams Urban r e f e r s  t o  ' C a p i t a l   c i t y  and environ'  
and 'Provincial   urban ' ,   and Non-urban r e f e r s  t o  
' r e s t  o f  s t a t e '  ancl ' I n t e r s t a t e ' ;  f o r  buses and 
t rams  the  subdivis ion is  be tween  'Capi ta l   Ci t ies '  
and ' r e s t  o f  s t a t e ' .  

" 
Source:  Refer t o  notes  hereunder.  
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number of passenger-kilometres is estimated below  using 

as a basis the number  of passenger-kilometres per head of 
pcpulation in the cities f o r  which the task is known. 

In Melbourne, Adelaide and Hobart, the average 
numbers  of passenyer-kilometres per head was 866, 211 and 
56 respectively. On the assumption of a simple relationship 

between passenger-km/head  and population,  figures f o r  

passenger-kilometres per head may  be estimated for those 

cities served. by  urban railways f o r  which  no  data  is 
available. Upon this assumption, a total task, for all 

cities,  of 5.9  X 10 passenger-kilometres is obtai.ned. 9 

It  is assumed here that suburban rail services 

in metropolitan  areas are solely passenger carrying; that 

is, in the analysis to follow  of  energy  usage, the total 
consumption of urban  rail services is attributable wholly 

to the carriage of passengers. 

2.2.2 Non-Urban Rail Services: Freight 

The non-urban railway task  is carried both  by 

government-owned services (which move  both passengers and 

freight) and private services (which. are used mainly for 
the carriage of .ores and minerals and other  bulk commodities 

such as su.gar cane, but carry no ptissenger  traffic). 

Table 2.14 shows .the output -of the rail freight 
sector for the year 1970-71. 

Because of the difference in operating character- 

istics  of heavy ore haulage systems, it would be useful to 
determine their share of the total rail freight output. 
Available data  are,  however, limited. The Annual Report 
of the Vestern Australian Government Railways suggests 
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that the carriage of ores and minerals represented just 

under 45 percent of the total tonne-kilometres of the 
W.A.G.R. system in 1970-71, but it is not known to what 
extent this percentage is applicable to other  State 
railways. It  is probable that ore and mineral traffic 

represents about one half of the  total freight task of 

all  railway systems in Australia, both government and 
private. 

TABLE 2.14 - ESTIMATES  FREIGHT TASK OF GOVERNMENT AND 
PRIVATE  RAILWAYS, 1970-71 

Private Railways (a) Govt. All  Railways 
Tonnes Tonne-km Tonnes Tonne-km Tonnes Tonne-km 

1 0 ~ )  109) 1 0 ~ )  1091 I O ~ )  109) 

79.99  13-78  87.30  25.20  167.29  38.98 

Source: (a) ABS Year  Book Australia 1973 
(b) CBCS  Transport and Communicatiocs 1970-71, 

Bulletin No.  62, Canberra, Feb. 1973. 

The inference that possibly 50 per cent of the 
total freight task is comprised of ore and mineral traffic 
may be supported with  the  information provided by  Table 

2 . l  5 (Estimates of the Government Raj lway Freight Task). 
Total ore and mineral~traffic consists of a private railways 

total of 13.78 X 1 O9 tonne-kilometre (from Table 2.1 4 ) ,  
plus a value of 8.53 X 1 O9 tonne-kilometre derived for 
Government railways in Table 2.15. Thus, ore and mineral 
traffic may account for 22.310 X 109 tonne-kilometres, 

being 57 per cent of the total railway freight task of 
38.978 X 1 O9 tonne-kilometres. 
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( I  o 9 tonne-km) 

S t a t e  or State  Rly  C’wealth  Total   Minerals,  Remaining 
Rlys 
t a s k  C o a l  (b) Task (a) 

Ores & Freight  

~ ~ ~~ 

NSW 9.06 - 9.06  2.70  6,36 
V I C  3.47 - 3.47 0.25 3.22 
QLD 5.42  5.42 3.71 2.71 
S A  1 .61 1.39 3.01 1.20 1 .81 

WA 3.40  0.49  3.89  1.54 2.35 
TAS 0.15 - 0.15 - 0.15 

N T  - 0.21 0.21 0.13 0.08 

T o t a l  23.11 2 .10  25.21 8.53 16.68 

Notes:   (a) Commonwealth Rai lways   t ra f f ic  i s  a l loca t ed  
t o  S t a t e s  o n  an approximate  basis  according 
t o  t rack   length .  

(b )  Estimates o f  minerals ,   ores  and c o a l   t a s k  
are  based on the  following  assumptions: 

NSW , 30% o f  t o t a l  t a s k  

V I C  1 . 5 m  (approx.)  tonnes of brown 
coal  hauled 160m km 

OLD 50% o f  t o t a l .  task  (rever.ue f r o m  
minerals  were 40% o f  freight  reverme) 

(26% o f  S ta te   f re ight   revenues  were 
f r o m  minerals) 

‘,ITA Reported  minerals  task 

NT 60% o f  t o t a l   t a s k .  

S A  40$ o f  combined S t a t e  and CR t a s k  

Source: Annual r epor t s  of the   var ious government  rai-lways. 
See a l s o  notes  below. 
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It shsuld be noted that the published statistics 
for the rail freight task include a portion attributable to 

movements on which both passengers and freight were carried. 

This is of some importance, as will be seen in the next 
Chapter, when calculations are made of the amount of  energy 
consumed in performing the respective tasks. 

2.2.3 Non-Urban Rail Services: Passenger 

The  total-number of passenger kilometres by all 

rail  systems in Australia was approximately 10,000 million 

in 1970-71 l .  Of  these, about 5,900 million  have been 
estimated above to be attributable to urban  traffic,  leaving 
4,100 million carried by non-urban  State and Commonwealth 
systems. 

Again, it shoLld be noted that a portion of these 
are carried or, mixed, passenger-freight, trains, a point 

considered further in Chapter 3 .  

N o  information is available to enable the estimated 

task to be separated into categories by  area of operation 

or journey purpose. 
. .  

2.2.4 Total  Rail  Transnort 

The results o f  the preceding  analyses,  concerning 

urban and non-urban rail services,  are sumxarised in Table 

2.16, which shows the estimated tasks performed by  rail 
transport. 

TABLE 2.16 - SUMklmY OF ESTIMATED TASK PERFORMED BY RAIL 
TRANSPORT, 1970-71, BY AREA OF OPERATION 

Task Urban Non-Urban 
Areas Areas Total 

Passenger movement 5.9 4.1 10.0 
- 

(1 09 passenger-km) 
Freight movement 39.0  39.0 

(1 09 tonne-m) 

Source: Refer to text. 

(1) Commnwealth Bureau of Roads Report on Roads in 
Australia, 1973. 
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The passenger task is fairly evenly split 

between the urban and non-urban services, whilst the 

freight  task is almost entirely carried out by non-urban 

rail services. 

2.3 DOMESTIC AIR SERVICES 

In 1970-71, 4,973 million passenger- 
kilometres  were performed by the regular  internal air 

services of Australia (1 1 . 
This estimate excludes movements on non- 

scheduled flights,  both of the domestic airlines, other 
conrnercial airlines, and private aircraft. In  1970-71 , 
267,622 hours  were  flown on the domestic airlines' 
internal scheduled services(2), and 1 ,129,000 hours 
by general  aviation operators(2). In addition,  some 

50,050 hours  were flown in 1970-71 by a l l  airlines 

(domestic and Qantas) in gerLeral aviation operations ( 3 )  . 
Whilst non-scheduled flying  time is 

therefore far in excess of scheduled flying time (more 
than four times as great), it must not be inferred that 
the non-scheduled passenger task is  greater than that 
performed by scheduled services. It  is probably far 
less, due to differences in average load factor, though 
exactly how much less is impcssible to estimate with 

available information. 

A i r  transport provides only a very modest 
contribution to the total domestic freight task. It 
is estimated that 87 million tonne-km were performed 
by the regular  internal airline services in 1970-71 ( 4 )  . 

(I ) ABS Year BOOIC Australia, 1973. 
( 3 )  De-sartinent o f  Civil  Aviation,  Civil  Aviation 1971-72. 
(3) De;sart:::ent of Civil  Aviation,  Civil Aviztion 1970-71 . 
(4) ABS Year B o o k  Australia 1973* 



2.4 COASTAL SHIPPING 

Total interstate movements by coastal 

shipping in 1970-71 involved the loading and discharging 
of 52.18 million tonnes of freight"). By assuming 

an average distance travelled by  sea  of 1300 km(2), i t  
is possible to estimate the freight task performed by 
coastal. shipping as around 68,000 million tonne- 
kilometres. 

Alternatively, an estimate of  the  coastal 
shipping freight task for 1969-70 is known(3) ; this 

is 66,000 million tonne-kilometres. The same source 

estimates the average annual growth  rate in the sea 
freight transport task to be approximately 7.5$, and 

applying this. information to the 1969-70 figure  results 
in  an estimate of 70,950 million tonne-kilometres for 
1970-71. 

A figure  of 70,000 million tonne-kilometres 
is therefore suggested as being a reasonab~le estimate 

o f  the coastal shipping fre,ight task. This  represents 

just over one half o f  the total domestic freight task 
in Australia, 

The number of passenger-kilometres performed 

by domestic sea transport is not very significant, 
being estimated at approximate'ly 257 million passenger- 
kilometres ( 3 )  . F o r  this reason, in the analysis of 
energy consumption in Chapter 3, the contribution of 
domestic shipping to the  total  pattern of energy usage 

f o r  passenger transport has  been ignored. 

(1  ) ABS Year Book Australia 1973. 
(2) Commonwealth Department of Shipping and-Transport, 

Australian Domestic Traffic Task 1969-70, Table 9 ,  
Paper No. 5 ,  February 1972. 

(3) Commonwealth Bureau of Roads, Report on Roads in 
Australia, 1973. 



- 27 - 

2.5 TOTAL DOMESTIC TRANSPORT 

The domestic transport task is sum.arised in 
Table 2.17. Significant points which emerge from the table 

are: 

(i) the high pcrtion ( 9 0  per cent) of total 
personal mobility carried by  road; 

(ii) the relative importance of' freight traffic 

in non-urban areas ( 9 3  per cent of the 
total tonne-kilometres); and 

(iii) the significance of coastal. shipping in 
the  total domestic freight task. 

2.6 INTERNATIONAL  TRANSPORT 

Just as Australia's national. ecergy consumption 

is  not complete without  consideration o f  the er,.ergy used 

for international- trar,sport movements, pa.ssenger and 
freight, attributable to Australia, so too is the transport 

task incomplete without an evaluation of such movements. 
Just what is Austral-ia's share of international. shipping 
and air traffic is, however, difficult to determine. The 
conceptual problem is discussed in more detail in the next 
Chapter, but for the purposes of this study the assumption 
is made that o f  the total tcnne-kilometres avLd pzssenger- 

kilometres of traffic originating and term.inating in 
Australia's ports and airports, one half is attributable 
to Australia and the other tc the other countries with 
which these movements are  associated. 
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TABLE 2.17 - SLTMMARY OF  ESTIMATED DOMESTIC TRANSPORT 

TASK, 1970-71 

Passenger  Task Fr ight  Task 
Mode and ( I  09 person-km) (1  08 tonne-lun) 
Purpose Non-  Non- 

Urban  Urban T o t a l  Urban  Urban T o t a l  

C a r s  and 
s t a t i o n  
wagons 

Business 5.3 
(3)  

Work 16.2 
( 1 1  1 
35.8 
(23) 

P r i v a t e  57.3 
(37) 

Motor 
cyc les  

0 . 7  
(*(l ) 

0.4 
((1 ) 

1 . l  - 
((1 ) 

Commercial 
veh ic l e s  

Buses 

Tram 

To ta l  
Road : 

5.9 4.1 
(4) 

10.0 
(3)  ( 7 ) -  

Train  

A i r  

Sea 

Note:  Figures in   b racke ts   represent   percentage  o f  t o t a l .  

Source:  See  text.  
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2.6.1 International  Shipping 

In 1970-71 , a total o f  123.6 million tonnes 
of international freight were loaded and discharged at 

Australia's ?arts('). Although  information does exist 

to allocate this traffic to geographic trade areas, 
detailed information on voyage distances is not readily 
available, and an assumption of 8,000 kilometres 

average trip length  had to be made. Using this figure, 
and assuming 50 per cent of the total indicated task is 
attributable to Australia, gives a value of anproximately 
494,000 million tonne-kilometres for Australia's 
international freight task. 

The validity of this estimate depends, of course, 

on the assumption concerning average trip length. 

Table 2.18 shows the major  trading  areas associated with 
the shipping movem.ents and forms the broad basis for the 
assumption of 8,000 kilometres average trip length. 

2.6.2 International Air Services 

In 1970-71 , 61 5,699 pa-ssengers disembarked and 
583,449 embarked on international air services to and 

from Australia, a total of 1 , l  99,148 passengers (1 ) ? (2). 

The  bulk  of international air passenger movements 

to and from  Australia  are presented in Table 2.19. The 

(weighted) average distance travelled on international 

flights to and from Australia may therefore be estimated 
as being of the order of 9,000 km. The total passenger 
task indicated is therefore approximately 10,792 million 
passenger-kilometres, of which half, 5 , 3 9 6  million 
passenger-kilometres, may be considered attributable to 
Australia. 

(1) CBCS Transport and Communication 1970-71, Bull. No. 62, 
Canberra,  February 1973. 

(2) This  figure arises from moverr.ents by all airlines into 
and  out of an area embracing Australia, Papua-New Guinea 
and Norfolk Island. Movements between -4ustralia,  and 
Papua-Kew  Guinea and Australia and Xorfolk Island are 
excluded. The Australian passenger and freight task 
estimates are therefore subject to some overvaluing. 
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TABLE 2.18 - AUSTRALIA’S  INTERNATIONAL SHIPPING: CARGO 

DISCHARGED AND LOADED BY MAJOR TRADE  AREA, 

1970-71 

(tonnes) 

Major Trade  Area Cargo Discharged  Cargo Loaded 

North America & Hawaiian 1,794,694  4,671  ,959 
Islands 

South America 47? 346  602,461 
Europe 
U.S.S.R. 

782,657 16,135,460 
944 104,969 

Africa 273,859 2,188,182 
Asia 16,428,694 76,172,665 
P . K . G . ,  K . Z .  and Pacific 1,784,935 1,908,490 

Islands 

Indian  Ocean  Islands 639,355  29,516 
and Antarctic Area 

Total 21 ,752,483 101 ,813,700 

SoErce: CBCS  Transport and Conmunication, 1970-71 . 
Bulletin No. 62, Canberra,  February 1973. 

TABLE 2.19 - INTERNATIONAL AIR PASSENGER MOVEMENTS TO 
AND FROM AUSTRALIA 

Approx. Total 
Rout e distance  passenger 

(km) movements 

Australia - New Zealand 2,400 437,356 
Australia - U . K .  16,oco  309,969 
Australia - U.S.A. 12,800 98,900 
Australia - Japan 9 ? 500  55,858 
All International - 1,199,148 
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In addition, a total of 44,855 tonnes of 
freight and mail  wdre loaded and discharged (1 ) f (2) 

representing approximately 201.8 million tonne-kilometres 

attributable to Australia (again assuming an average 

trip length of 9 ,000  km). 

2.6.3 Total International Transport 

Australia's estimated international transport 

task is summarised in Table 2.20. The over~ihelning 

importance of international shipping in the total freight 

task is illustrafed by comparing Tables 2.2G and 2.17. 
The international shipping task, in terms o f  tonne-kilometres, 

may  well be five times as great as the total domestic freight 
task indicated in Table 2.17. Its importance f r o m  the 

point of view o f  energy consumption is discussed in the 

next Chapter. 

TABLE 2.20 - AUSTRALIA'S ESTIMATED IXTERKATIONAL  TRANSPORT 
TASK, 1970-71 

Mode 
Freight task Passenger task 

( I  o 9 tonne-km) ( I  o 9 passenger-Ism) 
~~ ~ ~~ ~ ~ 

Sea 494.0 n.a. 
Air 0.2 5.4 

Total 494.2 n.a. 

Source: Refer to text. 

(1 ) CBCS Transport and C o n m u n i c a t i o n  1970-71 , Bulletin N o .  62, 
Canberra,  February 1 973. 

( 2 )  See footnote 2, page 28. 
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CHAPTER 3 DIRECT ENERGY CONSUMPTION 

3.1 INTRODUCTION 

In this  Chapter, the direct energy consumption 
by categories of Australian transport is estimatec. 

In most cases, assumptions have  had to be made in order 
to allocate aggregate fuel  sales to the various sub- 

divisions of the transport task; where this has  occurred, 

the bases for the calculations are explained. In some 
cases,  also,  proxy estimates for specific consumption 

rates  have  been derived from overseas sources;  again, 
where this has proved necessary, the sources are given. 

A distinction should be  drawn between  direct and 

indirect energy consumption. This Chapter addresses the 

question  of  direct  consumption, that is the amount of 

energy utilised by the various transport vek.icles.in 

performing their traffic task. This takes no  account, 
however,  of the amount of energy consumed by activities 
less directly associated with the transport task, but 
rightfully categorised as elements in the transport 

sector. These-activities  include,  for example: vehicle 
construction, maintenance and sales;  road,  rail and 

airport construction; transport insu-rance; transport 
fuel refining and electricity geceration; and other 
transport infrastructure activities. Indirect energy 
consumption of this nature is discu.ssed in Chapter 4. 

3.2 PUBLISHED ESTIMATES OF DOMXSTIC  TRANSPORT  CONSUMPTION 

The Department  of National Development (1  1 
estimated that in 1970-71, the domestic transport sector 
accounted for some 26 per cent of the national consumption 

of alL2proximately 2200 X 1 0 l 2  kJ .  Information published 

( 1  ) Australia's Natural Resources, Ministerial S~taternent 
and Review, September 1972. 
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by the Petroleum Information Bureau (l) and  the  Electricity 
Supply  Association of Australia (2) provides a breakdown 

of this energy  consumption by source. Thus, 542 X 1012 kJ 

are derived  from petroleum products ( 3 )  and 2.4 X 1OI2 kJ 

f r o m  utility  electricity,  although the heat  value of 

primary  energy  use6  for  generating this electricity will 
be greater  than  this because of conversion losses. A 

further arnou.nt derives  directly froin coal, a1thou.g.h in 

viev 02 the small  contribution  to  the  total transport 

task 13rovided by coal-burning vehicles,  this  amount is 

nrobably  quite small. 

The overwhelming  importance of petroleum as a 

domestic transport fuel is clearly illustrated in the 
figures above. Over 90 per cent of direct transport 
energy appears to be derived from petroleum products. 

Motor spirits contribute 66 per  cent of the  energy 

arising from  petroleum products used in transport, 
automotive  diesel  distillate 24 per  cent, and aviation 
fuels  nine  per cent. 

On a per  capita  basis,  Australia  consumes about 

4 X 10 7 kJ per capita/year in its domestic (internal) 

transport operations. 

( 1 )  Petroleum  Information  -Bureau,  Oil and Australia  1972: 

( 3 )  Electricity  Supply  Association of Australia. 
The figures behind the facts. Melbourne 1972. 

Electricity  Supply  Industry in Australia, Year 1970-71. 
Melbourne, 1972. 
Petro1eu.m product sources may additionally  be broken 
down as fo1lo:ss : 

( 1  O1 SJ) 

aviation gasoline 3.2 
aviation turbine fuel k7.9 
‘super’ 1zotor spirit I 790.7 
‘standard’ ri:otor  sI2irit 65.0 
power  kerosene 2.6 
autonotive  distillate 132.9 
Total 5k2 .3  
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Kalma et a1 ( l )  reported a more detailed study 

of energy directly consumed by transport in New  South 
Wales in.1970-71 . The total consumption  of 189 X 1 O A 2  kJ 

xas made up in the manner set out in Table 3.1. The 

figures are,  however, based on  New South Wales fuel 

sales, and therefore may include an element of consumption 

by  certain interstate traffic categories. 

3.3 ROAD  TRANSPORT 

3 .3e  1 Cars and Station Wagons 

The analysis of energy-consumption  by cars and 

station  wagons in Australia is based on information fro3 

the CBCS Survey of Motor Vehicle Usage for the year 

ended 30th September, 1971 . 
All the cars and station  wagons  surveyed  during 

the CBCS study comprised petrol-driven vehicles, and,  on 
the basis 'of reported estimates 'of fuel consumption and 

distance travelled, averaged 8.1 kilometres per litre. 

Little data exist to check this figure. 

In view  of the proportion of large-engined 
vehicles in Australia's car population, and the possibility 
of understatement on the part of CBCS  respondents of fuel 

purchased, the estimate of 8.1 km/l may be- a little high, 

but in the absence of better information, this-figure  is 
used in the subsequent calculations. 

A further  likely  source of error,  though 
insignificant, in using this estimate may occur  due to a 

s::lall ;?roportion o f  cars and station  wagons  using  fuels 
other than petrol (principally diesel and liquid 

,:?etroleurn gas) e 

( 1 )  Kalma, J .D. . ,  Aston, A.R., and Millington, R . J .  
Energy Use in the Sydney  Area, Proc. Ecological 
Society of Australia, 7 ,  1973. 



TABLE 3.1 - DIRECT ENERGY CONSUMPTION BY TRANSPORT IN N E W  SOUTH WALES, 1970-71 

( 1 0 l 2  kJ)  

Direct  Energy  Consumption,  New  South  Wales, 1970-71 

Mo d e Coal Elect-  Aviation  Motor  Kero- 
(direct)  ricity fuels spirit  sene 

Auto- 
motive Total 
Dist . 
8 

- 
37 

Note:  Figures in brackets  represent percentage of total  energy  consumption. 

I 

bl 
W 

I 

Source: Kalula, J , D . ,  Aston, A.R., and Mi1.lin.pton, R . J . ,  Energy Use  in  the  Sydney 
Arca. Proc. Ecological  Society of A u s t r n : l . i a ,  7 ,  1973. 
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The  CBCS estimates that the total number of 
kilometres travelled by cars and station wagons in 

Australia amou.nted  to 63,801.9 million kilometres. This 
figure, divided by the average fuel consumption rate of 

8.1 h/l, gives the total amount of  fuel consumed by 
cars and station wagons in Australia: 7,876.8 million 
litres  of  petrol, resulting in a  consumption of 

approximately 270.9 X 10” kJ of energy. 

Estimates of the dis,tances travelled by these 

types of vehicle for particular purposes and by area of 

operation enable a breakdown to be made of this total 

energy consmiption figure. Table 2.3 above shows  how 
the total distance travelled is broken down according 

to these categories. 

An initial matrix of  energy  consumption may 
be developed from  Table 2.3 using the overall average 
petrol consumption  rate  of 8.1 kilometres per litre and 

the energy content of petrol. Table 3 . 2  shows  this 
distribution of energy usage. 

The assumption of a  stable  fuel  consumption 
rate of 8.1 lm/l for all areas of operation,  however, is 
yrobably invalid.. Using  data  from  Britain ( l )  where it 

has been observed that fuel  consumption rates ( k m / l )  

for typical rural conditions were approximate1.y 3 0  per 

cent less thaa those under  typical u-rba3-r: conditions, 

the energy consumption  distribution of Table 3.2.may be 
amended to account for this order  of difference between 
the two areas of operation. Table 3.3 shovs the  amen-ded 
values. 

(1) Everall, P.F., The Effect of Road and Traffic 
Conditions on Fuel Consumption. Min,  of Trans?., 
RRL Report ~ ~ 2 2 6 ,  1968. 
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TABLE 3.2 - INITIAL ESTIWlTE OF EYf3RGI' COKSL9P"TION BY 

CARS AND STATION WAGONS, BY PURPOSE AND AREA 

O F  OPERATION, 1970-71 

(1 O1 kJ)  

Area o f  Operation 

Purr' T-ose Capital Provin- R e s t  To tal 
City and c ial of Inter- 
Environs Urban State state 

Business 30.8 
( 1 1  .4) 

Paid to and 9.3 
f r o m  work (3.4) 

Unpaid to and 38.0 
f r o m  work (14.0) 

Private 72.5  
(26.8) 

1 .o 2.3 0.4 13.0 
( 0 . 4 )  (0.8) (0 .1 )  ( 4  8 )  

Total 150.6  22.6  76.0  21.7  270.9 
(55.6) (8.3) (28.1) (8.0) (100 .0)  

Note:  Figures in brackets represent percentage of 
total  energy consumption. 

Source:  Derived f r o m  Table 2 .3 ,  assuming an average 
petrol consumption rate of 8.1 km/l fcr all 
categories. 
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TABLE 3.3 - ADJUSTED ESTIMATE OF ENERGY CONSUMPTION BY 
CARS AND STATION WAGONS, BY PURPOSE  AND AREA 
O F  OPERATION, 1970-71 

( 1 0 l 2  kJ) 

Area of Operation 

Purpose  Capital Provin- Rest Total 
City and cial of Inter- 
Environs(a)  Urban(a)  State(b)  state(b) 

Business 33.6 4.1 14.5  2.5  54.7 
(1  2.4) (1  05) (5 .4)   (0 .9)  (20.2)  

Paid to and 10.2 1 .l 1.9 0.3 13.5 
f rorz work ( 3  8 )  (0.4) (0.7) (0.1) (5.0) 

Unpaid to and 41.4 5 .5  8.1 . 1.4 56.4 , 
l from work (15.3)  (2.0)  (3 00) (0.5)  (20.8) 
~ 

Private 79.0 14.0 39.2  13.9  146.1 
. .  (29  2)  (5.2)  (14.5)  (5.1 1 (53.9) 

Total 164.2  24.6  63.8 18 .2  270.9 
(60.6) ~. (9 .1)   (23 6)  (6.7) (100.0) 

Note: (a) Based on a fuel  consumption  rate  of 7.43 km/l. 

(b) Based on a fuel  consumption  rate of 9.65 km/l. 

Figures in brackets represent percentage of total 
erLergy consumption. 

Source:  See text. 
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A comperison of the two Tables shows the 

extent of the dependence of the distribution of energy 

use  between the various tasks on the assumed fuel 

consumption. The change in fuel consumption between the 

two Tables,  for  example,  is sufficient to increase the 

energy consumed in ca-sital cities from 53.6 per cent to 
60.6 per cent. It is unfortunate that nore detailed 
information on average fuel  Consumption rates in urban 

areas does not exist f o r  Australia. If it  did, it may 
show that the amoc.nt of er,ergy consumed in State capitals 
by cars and station wagons is different f r o m  that sLYown 

in Table 3.3, where the consumption  rate  is assumed to 
be 7.43 -/l, a value  which cannot be confirmed by any 

Australian studies. 

Table 3.3 is worthy of comment. Of the total 

energy  consumption by cars and station rcagons (essentially 

passenger vehicles) o f  270.9 X 10 kJ, 61 per cent is 
used in the major metropolitan areas, the capital cities 

and their environs as  defined in the CBCS survey. Private 

car  travel, that is excluding business and work trips, is 

by  far the most significant si:ygle purpose category, 
contributing as nucb as 54 per cent of the total. 

1 2  

3.3.2 Motor  Cycles 

In 1970-71 , n o t o r  cycles travelled an estimated 

1.014 X 10 LLxl  (l) vith an average petrol consumption  rate 

of aI2proxinately 23.0 lzilornetres .per litre(2). They thus 
ccnsumed a total of 44.05 million  litres, equivaler‘t to 
1.5 x 1 o1 :;J of er-ergy. 

This figure, though small,  may be broken down 

by purpose and area o f  operation by using the figures 
for vehicle-kilometres quoted in Table 2.6. Table 

3.4 shows this estimated subdivision. 

(1 ) CBCS Survey of Motor Vehicle Usage, 1971 ; unTmblished 
figure subsequent to  that in Prel-iminary Report. 
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TABLE 3.4 - ESTIMATED ENERGY  CONSUMPTION BY MOTOR CYCLES, 
l BY PURPOSE AND AREA O F  OPERATION, 1970-71 , 
~ (10l2 kJ) 
l 

Area  of  Operation 

Purpo S e Capital Provin- Rest Total 
~ 

~ Environs U r b a n  State  state 
City and  cial  of Inter- 

~ 

Business 0.05 0.00 0.08 0.00 0.13 

Paid to and 0.05 0.01 0.03 0.00 0.09 
f r o m  work 

Unpaid to and 0.35 
from  work 

Private 0.41 

0.07 0.1 0 0.01 0 . 5 3  

0.07 0.25 0.05 0.78 
~ 

Total 0.86 0.17 0.45 0.06 1 . 5 3  

Source: See text. 

.~ 

3.3.3 Commercial Vehicles 

The  CBCS Survey of Motor Vehicle Usage again 

provides the basis for an estimation o f  energy consumption 

by commercial vehicles in 1970-71. Its estimates of 
fuel consumption by vehicle type and  kind  of fuel -are 

shown  in Table 3.5. In terms of eriergy consumption-, 
the contribution of each  type of vehicle is shown in 
Table 3.6. 

The survey also provides a breakdown of  fuel 

consumption by category of vehicle usage, from which the 
energy consumption figures of Table 3.7 have  been calcul- 
ated. It should be noted that ancillary  freight'transport 
contributes at least 60 per cent of the total errergy 
consumption of commercial vehicles, and that petrol 

produces over 68 per cent of the total energy used by 
corn:Aercial vehicles. 



- 41 - 

TABLE 3.5 - TOTAL FUEL CONSUMPTION FOR CObDIERCIAL 
VEFiICLES, BY VEHICLE TYPE AND KIND OF 
FUEL, 1970-71 

( ~ O O O  litres) 

Fuel Consumption 
Vehicle Type 

Automotive 
Petrol Distillate Other 

Light commercial 
vehicles - 

Open 
Closed 

Trucks: rigid and 
articulated 

1 BC under 4 tonnes ( l )  658,934  23,135  2,396 
4 BC under 8 tonnes 381 ,132  131,002 636 

Trucks: rigid - 
8 tonnes BC over 116,873  189,777  3,382 

Trucks: articulated - 
8 & under 1 2  tonnes 29,985  48,351 550 

1 2  BC under 16 tonnes 75,595  134,189 655 
16 tonnes & over 44,219  393,715 177 

Other truck type 18,016  5,223 - 
vehicles 

(1  ) Actually tons, but the two are practically 
equivalent (1 tonne = 1 .016 ton). 

Note: Distance travelled within each category derived 
f r o m  unpublished information f r o m  the CBCS 
Survey of Motor Vehicle Usage, 1971 -73. 

Source:  3ased in part on fuel consumption figures 
published in CBCS Survey o f  Motor Vehicle Usage, 
1 2  mor,ths ep-ded 30th September 1971 (Preliminary), 
Canberra, September 1973. 



TABLE 3.6 - ESTIMATED TOTAL EhTERGY CONSUMPTION FOR 
- COMMERCIAL  VEHICLES, BY VEXICLE TYPE, 1970-71 

(l0l2 kJ) 

Vehicle Type  Energy  Consumption 

Light commerciai vehicles - 
Open 22.3 
Closed 9.6 

Trucks: rigid and articulated - 
1 and under 4 tonnes (1 ) 23.6 
4 and under 8 tonnes 18.2 

Trucks: rigid - 
8 tonnes and over 
8 and-under 12 tonnes 

12 and under 16 tonnes 
16 tonnes and over 

Other truck type vehicles 

11.5 
2.9 
7.8 
16.7 

0.8 

Total 113.4 
~ ~~ ~~ 

( 1 )  See footnote to Table 3.5. 

Source: Derived f r o m  Table 3.5. 
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TABLE 3.7 - ESTIMATED TOTAL ENERGY  CONSUMPTION FOR 

COMMERCIAL  VEHICLES, BY TYPE O F  FUEL AND 

VEHICLE USdGE, 1 970-71 

(10l2  ICJ) 

Vehicle Usage 

Type o f  Hire C% Reward 
Fuel  Ancillary N o t  

To ta l  

1 Cl ien t  > I  Cl ient   Stated 

T o t a l  15.4 28.4 68.3 1 .3  113.4 
(13.6) (25.0)  (60.2) ( 1  . l )  (100.0) 

Note:   Figures   in   brackets   represent   percentage o f  
t o t a l  ea.ergy  consumption  by co::mlercial vehic les .  

Source: CBCS Survey o f  M o t o r  Vehicle  Usage, 1971-73. 

Table 3.8 ind ica t e s   t he   e s t ima ted   d i s t r ibu t ion  

o f  energy  use  betweer  journey  purpose  and  area o f  

operation. The b a s i s  o f  i t s  ca lcu la ted   f igures  i s  

developed i n  Annex A ,  where the  necessary  assumptions 

a r e  a l s o  noted. It s h o w s  t h a t  o f  t he   t o t a l   ene rgy  

consumption by (road)  commercial  vehicles, 113.4 X 10 kJ ,  

87 per  cent i s  used  by  business  traffic.   Energy 

consumption  by  laden  vehicles i s  only 56 per  cent o f  

t h e   t o t a l ,   i n d i c a t i n g  an 'unproductive'  consumption o f  

44 per  cent o f  t h e   t o t a l .  

12 

Table  3.8  also shows t h a t  46 per  cent o f  the  

t o t a l  consumption by commercial  veh.icles i s  used i n  

c a p i t a l   c i t y   a r e a s ,  8 per  cent in   p rovinc ia l   u rban   a reas ,  

34 p e r   c e n t   i n   r u r a l   a r e a s  and l 3   p e r   c e n t  on i n t e r s t a t e  

movements. 
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TABLE 3.8 " ESTIMATED ENERGY  CONSUMPTION  FOR COMMERCIAL 

VEIHICLES , BY JOURNEY PURPOSE AND AREA O F  

OPERATION, 1970-71 

( 1 0 l 2 '  kJ) 

Area o f  Operation 

Purpose  Capit.al  Prwin-  Rest T o t a l  
C i ty  and c i a l  o f  I n t e r -  
Environs U r b a n  S t a t e  s t a t e  

Laden Business 28.9 4d5 19.1  10.3  62.9 
(25.5) (4.0) (16.9)  (9.1)  (55.5) 

Unladen  Business 15.5 2.8 14.7  2.9  98.8 
(13.7)  (2.5)  (13.0)  (2.5)  (31.6) 

Total   Business 44.4  7.4  33.8  13.2  98.8 
(39.2)  (6.5)  (29.8).   (11.6) (87.1) 

Paid t o  and 1 .o 0.1 0 .3  0.0 1.5 
from work ( 0 . 9 )  ( 0 . 1 )  (0 .3)  ( 0 . 0 )  (1  * S )  

Unpaid t o  and 2.6 ~ 0.5  -1 . 2  0 .2  4 .4  
f rol-il work ( 2 - 3 )  (0 .4)  ( 1  - 1 )  (0 .1)  (3.9) 

To t a l  

I" Note:  Figures in   b racke ts   represent   percentage  o f  
t o t a l  commercial  vehicle  consumption. 

Source:  See  text.  
" 

-~ 
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3.3.4 Buses 

The ABS Bus Fleet Operations Survey ( 1 )  

provides an estimate of the total annual fuel consump- 

tion of bus fl-ets,  by major usage of fleet, type ;.f 
fuel and state of registraticn. Its  figures, converted 

to litres, are shown in Table 3.9 and the energy 
equivalence is  shown in Table 3.10. The latter 

indicates that only 7.2 X 1 0 l 2  kJ  are used by buses 
in Australia; i.e., o n l y  1.8 per cent of the total 

energy consumed by road vehicles. 

TABLE 3.9 - TOTAL  ANNUAL FD3L CONSUMPTION OF BUS 

FLEETS, BY STATE OF REGISTRATION, MAJOR 
USAGE  OF FLEET AND TYPE O F  FUEL, 1 970-  7 1 

(million litres) 

Major  Usage of Fleet 

State of 
Registration 

Primarily  Hire 
and Reward All Usages 

Petrol  Diesel  Petrol  Diesel (1  1 

NSW (incl. ACT) 
V I C  

QLD 
SA 
WA 
TAS 

NT 

Australia 

12.3 
20.9 

7.7 
5.5 
5.5 
7.7 

60.5 

5 6 , s  
17.3 
17.7 
14.1 
13.2 

1.4 
0.5 

121.3 

15.5 56.8 
24.5  17.3 

9.1 17.7 
6.8 14.1 
6.8 13.2 
8.6 1.4 
0.9 0.5 

72 -3  121.7 

( 1 )  A small percentage o f  diesel fuel is used f o r  
purposes other than primarily for hire and 
reward; this accounts for the anparently 
anomalous totals given for columns 2 and 4.  
The apparent identity of complementary entries 
in the two columns  is  due t o  rounding. 

Source: ABS Bus Fleet Operations Survey, Twelve Months 
Ended 30th June 1971. Reference No.  1 Q. 18. 

( 1 )  Australian Bureau of Statistics. Bus Fleet Operations 
Survey, mqelve Months Ended 30th  June 1971. Reference 
No. 1 4 . 1 8 . ,  Canberra, January 1974. 



TABLE 3.10 - TOTAL ANNUAL ENERGY CONSUMPTION OF BUS 
FLEETS, BY STATE OF REGISTRATION, MAJOR 
USAGE OF FLEET AND TYPE OF FUEL, 1970-71 

(10l2 kJ) 

Major  Usage of Fleet 

State Of Primarily H i r e  BC Reward All  Usages Registration 

Petrol  Diesel Total  Petrol Diesel(’)Total 

N.S.W.  0.42 ’ 2.19 2.61 0 :53 2.1 9 2.72 
(incl. 
A.C.T.) 

V I C  0 0.72 0.67 1.39 0.84 0.67 1 .51 
QLD . 0.26 0.68 i. . 9 4 0.31 0.68 0.99 
S .A. 0.1 9 0.54 0 073 0.23 0.54 0077 
W.A. 0.19 0.51 0.70 0.23 0.51 0.74 
TAS . 
N.T. 

0.26 0.05 0.31 0.30 0.05 0.35 
0.03 0.02 0.05 0.03 0.02 0.05 

Australia 2.08 4.67 6.75 2.49 4.69 7.1 8 

(1) See footnote to Ta-ble 3 . 9 .  

Source: Refer to  text. 

Thirty-eight per cent of the total energy 
consumption  by buses occurs in New South  Wales and the 
Australian Capital Territory. 

A further subcategorisation of erergy usage 
by buses m a y  be developed from ABS estimates of 

vehicle-kilometres by  area of operation,  identifying 
the contribution of the major metropolitan-areas:: 
Table 3.11 shows this,  with figures again based on the 
assumption that energy  consumption rates. (kJ/km) are 

30  per cent greater in urban  areas than in urban areas. 
For  convenience,  Table 3.12.summarises this information, 

and shows that hire and reward traffic contributes by 

far the greatest porti-on of energy consumption  and, 

somewhat surprisingly, that traffic in areas other  than 

the capital cities contributes as much  as 38 per cent 
of the total energy consumption  by buses in Australia. 
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T A B L E  3.1 1 - EhZRGY  CONSUMPTION  OF  BUS FLEETS, B P  AREA 

O F  OPERATION AND MAJOR  USAGE O F  FLEET, 1970-71 

( 1 0 l 2  kJ) 

A r e a  o f  O p e r a t i o n  

Major  U s a g e  o f  F l ee t  
~~ 

Primari ly  H i r e   A l l  
and R e w a r d   U s a g e s  

NEW SOUTH  WALES 

Sydney 1 .7  1.7 
R e s t  o f  NSW (incl. ACT) 1 .o 1 .o 
TOTAL 2.6 2 . 7  

V I C T O R I A  

Melbcurne 0 . 9  1 .o  
R e s t  o f  7 i c t o r i a  0.5 0.5 

TOTAL 
~~ ~ 

QUE!ENSLAND 

B r i s b a n e  0.5 0 .6  

R e s t  o f  Q u e e n s l a n d  0 . 4  0 .4  

TOTAL 0.9  1 .o 
- 

SOUTH AUSTRALIA 

A d e l a i d e  0.5 0.5 
R e s t  o f  Soc th  A u s t r a l i a  0.3 0.3 

TOTAL 0.7 0.8 

WESTERN  AUSTRALIA 

Pe r th  0.5 0 - 5  
R e s t  o f  Western A u s t r a l i a  0.2 0.2 

TOTAL 0.7 0 - 7  

TASMANIA 

H o b a r t  ( 1 ) O . l  0.1 
R e s t  of T a s m a n i a  ( 1 )9 .2   0 .2  

TOTAL (1 b . 3  9.3 

KORTHERK  TERRITORY 

D a r w i n  0 .0  c.0 
R e s t  o f  N o r t h e r n  T e r r i t o r y  0.0 0.0 

TOTAL 0.1 0.1 

TOTAL - LYUSTRBLIA 6.7 7.1 

( 1 )  V e h - k m  n o t  publ i shed  f o r  reasons o f  c o n f i d e n t i a l i t y - .  
H i r e  and r e w a r d  energy c c n s u m p t i o n   a s s u m e d  equa l  t o  
that  f o r  a l l  usages. 
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TABLE 3.1 2 - SUMMARY OF ENERGY CONSUMPTION BY BUS 
FLEETS, BY AREA OF OPERATION AND MAJOR 

USAGE  OF FLEET, 1970-71 

(10l2 kJ)  

Area of 
Operation 

Major  Usage of Fleet 

Primarily Hire & Reward Al-l Usages 

Ca;?ital cities 

Rest of States 

4.2 
2.6 

4.4 
2.7 

Total - Australia 6.7 7.1 

Source:  Developed from Table 3.1 l , assuming that 
energy consumption  rates ( k J / b )  are 30% 
greater in urban  areas than in urban areas. 

l 3.3.5 Trams 

Only Melbourne and Adelaide were provided 
with tram services in 1970-71. The total number of 
tram kilometres travelled was 25,806 million"). The 

annual re-!:ort for 1970-71 of the Melbourne and 
Metrovoljtan Tramways Board quotes for its trams a 

spec:i?ic el-ectrical znergy  consumption  rate of 

1 1  . l 9 6  MJ ::?er tram-mile (6.957 X 1 O3 IcJ per tram- 
kilo - :e t re )  , a figure which, for the pwposes of this 
re! ort, has to be converted to account for the energy 
l o s s  involved in converting coal into electricity. 

Taking, f r o n r  Fryer's study(2), a value  for  conversion 
losses of 74 per  cent, it may be concluded that 
Melbourne's trams utilise a7proximatel.y 26.76 X 103 kJ 
of' primary er.ergy for every tram-kilometre travelled. 

(1 ) CBCS Transport and Communication, 1970-71. Bulletin 
No. 62, Canberra,  February 1973. 

(2) Fryer, J.J. Energy  for Australia's Future and its 
1mpl.ications for Marine Waters. Proc.  Institution 
of  Engineers, Thermo-F~luid~s Conference on Thermal 
Discharge,  Sydney,  December 1972. 
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No similar figures exist f o r  Adelaide. It 

is probably reasonable to assume,  however, that its 

trams operate with. similar sFecific energy consumption 

rates, and therefore that the total (primary) energy 

consumption of trams in Australia amounts to 0.69 X 
10l2 kJ (25.806 X 106 km at 26.758 X 103 kJ  per km). 

3.3.6 Total Road Transport 

The analysis s o  far has indicated aggregate 
values for direct energy consumption by road transport 

in Australia in 1970-71 as shown in Table 3.13. 

TABLE 3.13 - DIRECT  ENERGY  CONSUMPTION BY TOTAL 

AUSTRALIAN ROAD TRANSPORT, 1970-71 

Mode 
Energy Consu.mption 

(10’ IcJ)  

Cars and station wagons 

Motor cycles 

Commercial vehicles 
Buses 

Trams 

Total 393 6 

Source:  Refer t o  text. 

Total  fuel sales (l) of  motor spirit (petrol) 
and automotive distillate amount tc an equivalent o f  

approximately 489 X 101 kJ .  These derived estimates 
of energy consumption indicate a difference o f  95 X 1 0 l 2  

kJ. Some part of this difference  may be transport 
energy but another T3art is the  energy  consumption of a 

ra:?ge of uses including pciwer b o a t s ,  tractors, 
construction  equipzent, r.lotor nowers, etc. No data  are 

(1) Petroleum  Information Bureau. Oil and Australia, 
1972: The Figures Behind the Facts.  Melbourne, 
December 1972. 
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available to make allowance for these categories of 

use. Accordingly no adjustment to these derived 

estimates is  possible, nor is it necessary. 

3.4 RAIL  TRANSPORT 

3 . h .  1 Urban Rail Services 

The total heat value of electricity sold f o r  

traction purposes in Australia amounted to 2.4 X 101' kJ 
in 1970-71 (l), equivalent to a primary energy consumption 
of about 9.23 X 1 0 l 2  kJ. These purposes are essentially 
confined to traw services in Melbourne and Adelaide 

and suburban rail services in Melbourne and Sydney. 
Subtracting the energy consumption of the trams 

( 0 . 6 9  X 1012 kJ, estimated above), the remainder of the 
-total energy consumption  may be assumed to be 

atkributed to the urban passenger rail services in 
~.,-,..,.".rne 1 7- .- - and Sydney, a?proximatel.y 8.54 X 101 kJ. 

All other  cities  with  urban  rail services use 
non-electric locomotives and publish no estimates of 

their energy usage. The only way of estimating this, 
given the available information,  is to assume that 

electric and non-electric traction utilise the  same 
energy input per train-km and then to multiply the 

energy consumption  for Melbourne's and Sydney's services 
by a factor approximating the'likely ratio o f  energy 
usage. If this factor can be assumed to be based on 

service train-kilometres, the amount of energy consumed 
by urbar, passenger rail  services in cities other than 
Melbourne and Sydney  is approximately 2.91 X 101 kJ-. 
Thus, the total primary energy consumption of urban 
rail services in Austr.alia is approximately 1 1  .G5 X 10 kJ. 12 

The estimate of 1 1  .45 X 10' kJ is, of course, 

not an accurate one because of the assumptions used to 

derive it. Although it is  likely that the use of 
different pcwer units in Australian cities is more 

(1) Electricity~Supylly Association of Australia. The 
Electricity Supply  Industry in Australia, Year 1970-71. 
Melbourne, 1972. 
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directly related to local prices of supplied energy, 

rather  than to the similarity of energy conversion 

efficiencies provided by the units  themselves, no 

information exists to suggest large differences 

between the energy requirements per train-km of 
electric and non-electric urbar, systems. 

The contribution to total energy consumption 

by  urbac rai.1 services of the Sydney and Melbourne 

electric systems is, however,  large and i .3 estimated 

with some degree of confidence. It is 15lzely, 
therefore, that the figure of 11.45 X 10' ' kJ  for the 

total lies within 10-15 per cent of the actual value. 

A s  mentioned in Chapter 2, it is assumed in 
this study that the energy consumed by suburbau. rail 

services is devoted solely to the carriage of 
passengers. The  small amount of mail and parcels 

traffic is regarded only- as a ,secondary function of 

these urbar- passenger services. 

3.4.'2 Non-Urban Rail Services 

Figures derived f r o m  the annual reports of 

the various State and Commonwealth railway  authorities, 

and summarised by the CBCS"), show that Government 
rail services directly consumed 118,355 tonnes of coal, 
approximately 77.28 million  litres of oil, and 
110,722 litres of 13etro1, equivalent, in total, to 
aL2proxirnately 23.4 X 101 kJ .  Subtracting tke a;s;u;-:ed 

en.ergy consumption of urban non-electric services, 

2 , 9  X 10 k J ,  the total consumption of non-urban 
Governnent services was about 20.5 X 1 O1 kJ in 1970-71. 

1 2  

The Government services, examined above, "ove 

both passengers and freight. It is  necessary, therefore, 
to sT.lit the energy consumed by those services into the 

(1 ) CBCS Transport and ComunicatiorLs, 1970-71 . Bulletin 
No. 6 2 ,  Canberra,  February, 1973. 



- 52 - 

respective  shares, an exercise which depends critically 

on the conceptual basis for determining the  energy 

requirements of each category. Whilst a certain  number 

of trains are sole’ly freight-carrying, goods and mail 

are also carried on. passenger services. The annual 

reports of the respective operating authorities do, 
hox+,ever, provide a means of estimating the shares on 

the basis of the number of train-kilometres travelled 

by each type of service. In 1970-71, 35.167 million 
trz!in-kilometres were performed by Government country 
passenger trains, 2.408 million by mixed service trains, 
and 79.606 million by goods trains. Assuming the 
mixed service train-kilometres to be split evenly 

between passenger and goods categories, it is estimated 

that the total energy  consumption by Government non- 

urban services ,. 20.5 X 1 O1 kJ, is made up of 6.4 X 1 O1 kJ 
by passenger services and 14.1 X 1 O~l kJ by  goods services. 

The  validity of these estimates,  however, 

depends OE the assumption that the performance of an 
average goods train-kilometre requires essentially the 
saE?e amount of energy as does that of an average 

passenger train-kilometre. 

There  is no available estimate of  energy usage 

by private railways in Australia. These services 

contributed fully 35 per cent .of the rail  freight task 
in. 1970-71. With the available information,  the-  only 
way of determining their contribution of.energy 

.. . 

consumption  is to factor the Government-rail freight 

consumption according to the, tonne-kilometres performed 
(see Table 2.14). On this basis, the energy consumption 
by private railways,  all of which  are devoted solely to 

goods movements,  is calculated as 7.7 X 10 
(i.e., 35/65 of 14.1 X. 10 kJ). 

1-2 kJ 
1 2  

The  validity  of the assumption that rates  of 

energy usage (i.e., per tonne-kilometre) are  similar 

for private and Government freight-services is difficult 
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to determine. The private railways generally haul heavy 
mineral loads over large distances and in doing so 

probably derive econoxies of scale  from the point of 

view of fuel usage. But they- also operate with  lower 

back-haul loadings. Overall, it is probably reasonable 

to assume similar energy-performance relationships. 

Table 3.14 illustr-ates the estimates relating 
to energy consumption  by Government and private non- 

urban rail services. 

TABLE 3 .l 4 - ENEXGY CONSUMPTION BY GOVERiWIENT AND 
PRIVATE NON-URBAK RAIL  SERVICES, 1970-71 

(l0l2 kJ )  

Government Private 
Services Services Tot a1 

- 

Passenger 6.4 - 6.4 
Freight 14.1 7.7 21 .8 

Tot a1 20.5 7 -7 28.2 

Source:  Refer to  text. 

3.5 DOMESTIC AIR SERVICES 

The Petroleum Information Bureau's'' ) figures 
for the consumption of oil products in Australia in 

1970-71 show a consumption of' 95.393 million  litres of 
aviation gasoline and 1,321.472 million litres of 
aviation turbine fuel (of which 713.090 million litres 
were subject to excise tax, and were therefore utilised 
6y domestic aircraft). The heat  value of the gasoline 
and excised turbine fuel is approximately 29.6 X 101 kJ.  
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There  is no published information  relating 

to the likely contribution  of non-scheduled aircraft 

movements to this total energy consumption  by domestic 

aircraft. A reasonable division, in view  of the nature 

of the aircraft used to generate the two types of 

movements ( 1 )  , is to ascribe usage of aviation turbine 
fuel to the scheduled services alone. Assuming that 

the quantity of  aviation turbine fuel consumed by the 

non-scheduled services  is  roughly equal to the 

quantity of  aviation gasoline consumed by the scheduled 
services suggests that the consequent error in 
estimating fuel  usage by the scheduled services is 
unlikely to be large. Thus,  the total energy usage of 

the scheduled services is estimated as 25.9 X 101 * kJ 
(the heat content of 713.09 M1 of-aviation turbine fuel) 
with the energy usage of non-scheduled services being 

ignored in this analysis. 

Again, problems arise in allocating this 
energy  consumption to  pa-ssenger and freight operations. 

The majority of  air freight (approximately two thirds 

of the total of 101,296 tonnes, including mail, in 
1970-71) is carried on passenger-carrying aircraft. 

Three possible bases for subdividing the total erLergy 

consumption are: 

(i) according to the revenue.derived  from  each 
category of operation; 

(ii) according to tonne-kilometres, by  determining 
the equivalent weight of each pa.ssenger and 

the services (seat, floor, buffet,  cabin 
staff, etc.) provided for  him;  and, 

(iii) by assuming that cargo is mainly carried in 

surplus aircraft space 01: services required 
solely for  the carriage of passengers (i.e., 
that the marginal energy cost of freight is 

almost zero. 

( 1 )  CBCS Transport and Commnication 1970-71, Bulletin 
N o .  62, Table No. 89. 
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The validity of the  first method depends on 

whether or not the airlines' pricing policy is directly 

related to the respective cost of  fuel used to carry 

passengers and freight. This is doubtful. A study  of 
airline pricing procedures cannot be made here, but it 

is  likely that the price charged for the carriage of 

an item of freight exceeds the marginal cost of moving 
that item. It is more likely that the airlines 
essentially regard the passenger market as that which 

determines the sup:2ly of air services. 

The second means of allocating energy is 

probably the most rational. It is based on the reasonable 
premise that the use of  energy  for each category is 

directly related to the weight component of the 

respective services. TAA's experience with the 
Fokker F27 Friendship aircraft in its QC (Quick Change) 
configuration gives some indication o f  the effective 

conversion  between passenger-kilometres and tonne- 

kilometres. Loaded but withoKt fuel in its palletised 

passenger configuration, an F27 weighs 14,810 kg 

(assuming a 63 per cent passenger lozd  factor,  which 
corresponds to a load of 23 passengers). In its cargo 
configuration  it  weighs 15,117 kg (at 63.3 per cent 
weight load factor). Assuming the average weight of 

passenger plus luggage is 90 kg, 1 tonne-kiloaetre is 
therefore found to be a-proximately equivalent to 7 
passenger-kilometres. Of course, the F27 may not  be 
indicative of the same  ratio for other aircraft, and 
the point should be made that other all-cargo aircraft 
do operate scheduled services,  but no other  information 
exists tc determine a more typical figure based on 

system-wide comparisons. 

The third method derives some justification 

from the fact that airline capacity is essentially 
provided in Australia to meet the passenger market. 

The aircraft in use in Australia are of optimum design 
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for passenger carriage over the medium ranges typical 

to Australian inter-city traffic, and cargo capability 

tends to  be a secondary consideration. It must,  however, 
be argued that the energy used in aircraft, particularly 
01: take-off, ,a period of concentrated er.ergy use,  is 

pkysically directed towards moving a combined cargo  of 

passengers and freight, and that (again, principally 

on take-off) the,contribution of each to the  total 

energy used is closely related to the comparative 
weights. 

It is therefore assumed, in subdividing total 
domestic airline energy  use, that it is permissible 
to allocate on the basis of passenger- o r  tonne- 
kilometres, with one tonne-kilometre equivalent to 

7 passenger-kilometres. Doing so  gives a breakdown of 
energy usage as  shown in Table 3 . 1 5 .  

TABLE 3 .15  - ENERGY USE-BY DOMESTIC AIR SERVICES, 
19701-71 

Type 
of 

traffic 
Task 

performed 

Energy  use 

(10l2  kJ) 

Passenger 4,973 M pass-km 23.1 

Freight 87 M toane-h 2.8 
. ,  

Total 25.9 
~ ~~ 

Source:  Refer to  text. 

3 e 6 COASTAL SHIPPING 

The energy  consumption of shipping is 

extremely difficult to estimate. Whilst the -Petroleum 
Information Bureau publishes statistics of bunker fuel 
sales, there is  no means of determining the proportions 
of the total used for dom.estic coastal traffic' and 

international shipping movements. 



Nor is it possible to determine accurately 

energy usage from the other end, as it were, by 

establishing a value  for the specific fuel  consumption 

rate  by  a typical coastal vessel and multiplying this by 

the estimated ship-kilometres travelled. However,  it 
has been suggested" ) that a 15,000 tonne (1 0,000 

tonnes DWT) containership achieves a  propulsion 
efficiency of approximately 65 cargo tonne-kilometres 
per litre of fuel consumed (that is, per 38,000 kJ of 

fuel energy consumed, approximately). 

Applying this  figure to the  total task 

performed by coastal shipping in 1970-71 , 71,682 million 
tonne-kilometres, gives a total energy consumption 

of approximately 41.9 X 1 0 l 2  kJ.  

3.7 TOTAL DOMESTIC  TRASSPORT 

The preceding discussion and analysis is 

summarised in Table 3.16, which shows the breakdown of 
direct energy consumption by domestic transport 

operations. It is important to bear in mind,  though, 

that the table does not show the total energy- use 

attributable to each transport mode. Indirect energy 

consumption, of some  significance,  is discussed in 
Chapter 4. 

Referring to direct energy  consumption alone 
for the  moment, it is interesting to note the irnportance 
of road transport, and pzrticularly the contribution 
o f  personal travel, xithin the domestic energy economy. 
Road trans:?ort uses about 79  per cent o f  all domestic 
transport energy, and as much as 55 per cent of the 
total is attributable t o  personal travel by  the private 

car. Of the energy used by private cars and station 
wagons (referring to Table 3 .3 ) ,  approximately 5j per 
cent  is consumed for purposes other than business 

( 1 )  Rice, R.A., System  Energy  as  a  Factor in Considering 
Future Transportation. Paper. presented to ASME Winter 
Annual Meeting,  New York, h-ov.-Dec. 1970. 



- 58 - 

travel or the journey to work; i.e., for social, 

recreational and shopping travel, representing 

30 per cent .of the total domestic transport consumption. 

The contributions of the rail and air modes 

to energy consumption for  both personal travel and 
freight movement are  small compared with those o f  the 

two main road transport mocies, cars and commercial 

vehicles and (for freight) coastal  shipping,  although 

energy  use for personal travel by air is becoming 

significant in the context of the rapid  growth in 

air passenger travel in the last decade. 

The importance o f  car  and  air.transport 

modes f o r  personal mobility is further discussed in 
Chapter 5 ,  when the energy  consumption by each  mode 
is related to the task  which it performs and comments 
are made on likely  trends in energy consumption. 

Table 3.16 may be compared with estimates 

of the 1xoda.l shares of direct transport energy 

consumption in the US in 1970 provided by Hirst ( 1 )  
and Ellis(2) and  shown in Table 3.17. Most of the 
differences between the Australian estimates and those 

for the US can be explained by the comparatively higher 
degree of urbanisation in Australia, by differences 

in the levels of provision of certain  modes, and by 

the more advanced development o f  air transport (both 

passenger and freight) in the US. 

( 1 )  Hirst, E., Energy  Intensiveness of Passenger and 
Freight  Transport  Modes, 1950-1970. Report 
ORNL-NSF-68-44, Oak Ridge  National  Laboratory, 
Oak Ridge,  Tennessee, April 1973. 

(2) Ellis, J.C., Energy and the Automobile. Paper 
presented at the National Convention of SAE- 
Australasia, Melbou.rne, November 1973.  
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TABLE 3 .l 6 - SUbDiARY O F  ESTIMATED  DIRECT  ENERGY 

CONSUMPTION BY MOEES O F  DOMESTIC 

TRAXSPORT, 1970-71 

(10" kJ) 

P e r s o n a l   T r a v e l  Goods Movement 

Mode Non- Non- 
TOTAL 

Urban U r b a n  To t  a1 U r b a n  Wan %tal 

C a r s  and 
s t a t i o n  
wagons 

Motor 
c y c l e s  

Corimer- 
c i a l  
v e h i c l e s  

Buses 

Tram 

T o t  a1 
Road 

T r a i n  

A i r  

S e a  

~~ ~" ~ 

N o t e :  Fig-lr'es fn pzrentkeses Tepresent p..rce-nt-?ge o f  t o t a l .  

Source: Su;;mary o f  e s t i m a t e s   r e f e r r e d  t o  i n  the text. 
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TABLE 3.1 7 - ESTIMATES O F  T m  MODAL SHARES OF PRIMARY 
ENERGY  DIRECTLY CONSUMED BY TRANSPORT IN 
THE U S ,  1970 

Mode 

Percentage  of  total (direct) 
transport energy consumption 

Hirst (1 973) Ellis (1973) 

Automobiles - urban 34.2 
- intercity 20.0 

Trucks - intercity freight 6.9 
- other 14.2 

Buses 

To tal Road 

" 
0.8 

Railroads - freight 3.1 
- passenger 0.2 

Aircraft - freight 0.8 
- passenger 5 . 6  
- general aviation 0.6 
- military - 3.8 

Pipelines 1.2 

Marine 

21 .l 

0.8 

76.1 

3.3 

10.8 

1.2 

53 

22 

- 
75 

3 

13 

4 

Other 8.6 8.6 5 

Total (all ;nodes) 100.0 100.0 100 

Sources: Hirst, E., Energy  Intensiveness of Passenger 
and Freight Transport Modes, 1950-1970. 
ReP0r.t ORNL-NSF-68-44, Oak Ridge National 
Laboratory, Oak Ridge,  Tennessee,  April 1973. 
Ellis, J . C . ,  Energy 2nd th.e Automobile. Paper 
presented at the National Convention of 
SAE-Australasia, Melbourne, November 1973. 



3.8 INTERNATIONAL  TRANSPORT 

3.8.1 Introduction 

As is mentioned in Chapter 2, the  national 
pattern  of  energy  consumption  by  transport  is  not 

complete  unless  consideration is given to the  share  of 

international air transport  and shi-nping (each 

discussed  separately in the  following sections) which 

is attributable to Australia. Australia  generates 

and  attracts  both  passenger  and  freight moverzents 

by  each of these  modes,  and it is  aypropriate to 
allocate to Australia a portion o f  their  energy use. 

It is difficult-, however, to argue a 
conceptual  yet  workable  basis  for  such apportioning: 

for example, (i) should  all  movement into acd out of 

Australia be  charged t o  Australia's  energy account; 

or, (ii) should  only  those  movements  into  Australia 

or o ~ l y  those  movements  out of Australia be charged; 

o r ,  alternatively, (iii) should Australia be  charged 

with one half of the  total of all moven:.ents into  and 

out of Australia? Taking a more specific example, 

is it appropriate to regard  the  shipment of iron  ore 
to  Japan  as  taking place  solely  for  the  export 

benefit of  Australia,  solely  for  the  import  benefit 

o f  Japan, o r  as a combination  of  each? This latter 

case  suggests  that  for th.e purpose  of  establishing 

balanced  international  accounts Qf energy  usage,  it 

would  be  appropriate to  clivide the er?.ergy used in 

such tasks by  two; i. e., by assuming that half of 

the  energy  used in such  xovements  is  attributable to 

each country. 

The  question is complicated  the fact 

that  purchases o f  fuel  for  international  movements 

do  not al.ways take  place in the  country to which 

the  task is attributable. It is common,  for  example, 



for  vessels to load up in the Middle  East or Singapore 

with  sufficient  fuel  for the voyage to Australia  and 

back, with no  associated  demand  for  bunkering in' 

Australian ports. In the case of shipping, it is 
virtually  impossible tc determine Australia's share 

of the amount  of  fuel  purchased  at  international 
supply  terminals or,made  by spot  purchases  throughout 

the world. 

3.8.2 International  Shipping 

Rice") has  suggested  that a 100,000 tonne 

supertanker  shows a propulsion  efficiency  of 

approximately 400 cargo  tonne-km  per  litre  of fuel 
consumed (that is , per 38,000 kJ of fuel  energy 
consumed approximately). 

Applying  this  figure to  the  total  task 

performed (from Chapter 2) gives a total  energy 

consumption of 47 X 10l2 kJ  for  international  freight 
shipping. 

If, however, it is assumed that the specific 
energy  consumption  rate of the  vessels used for 

Australia's shipping  task  is  closer to that of a 

15,000 t'onne containership (of  the  sort assumed  for 
the  domestic  shipping task), the  total  consumption 

is  approximately 290 X 10' kJ. 

The  actual  figure  undoubtedly  lies  between 

the  two  extremal  estimates,  and for the  purpose of 

comparison, .a rough  approximation of 200 X 10l2 kJ 
is  taken in the ensuing discussion. It should be 
recognised that such an estimate is little  better  than 
an educated guess, based on broad  assumptions  concerning 

average  trip  length  and  specific  fuel  consumption rates. 

~ ( 1 )  Rice,  R.A.,.System  Energy  as a Factor in Considering 
~ 

~ Winter  Annual  Meeting,  New  York, Nov.-Dec. 1970. 
Future  Transportation.  Paper presented to ASME 
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3.8.3 International Air Services 

In the following  analysis, it is implicitly 
assumed that sales o f  excise-exempt aviation turbine 

fuel in Australia represent Australials share of the 
total demacd for international air transport. This 

may,  of course, not necessarily be so, aEd it should 
be recognised that estimates based on this assumption 

may err on the low  side, both because of Qantas' fuel 

purchases in other countries azd because of the 
contribution of other airlines to the xovement of 

freight and passengers to ap.d f r o n  Australia. 

The heat equivalent of the excise-exempt 

turbine fuel sold in Australia (608.382 million litres) 
is approximately 23.0 X 10l2 kJ.  In order t c  s;3lit 
this consumption into that associated with passenger 

and freight movements,  it is again assumed that 
1 tonne-kilometre is equivalent to 7 .0  passenger- 
kilometres, and that weight provides the best basis 

for such an allocation. 44,855 tonnes of freight 
(including mail) were loaded and discharged at 

Austral.ia's international  air terminals in 1970-71, 
and 1 ,l 99,148 passengers embarked ar.d disembarked. 
Thus, the energy usage is separated in the ratio of 
171,307 to 44,855 (passengers to  freight), giving 
18.2 X 1 0 l 2  kJ attributable to passengers and 
4.8 X 10l 2  kJ attributable to freight. 

3.8,4 Total  International  Transport 

The order-cf-magnitude estimates of energy 
usage by international movements of passengers and 

freight by  sea aEd air are brought together in 
Table 3E1 8. They show that energy- use by air transport 
is overshadowed by the large. consumption  by international 

freight shipping. 



TABLE 3.18 - SUMMARY O F  ESTIMATED  DIRECT-  ENERGY 
CONSUMPTION BY AUSTRALIA * S INTERNATIONAL 
TRANSPORT MOVEMENTS, 1970-71 

(10l2 kJ) 

Mode Passenger  Freight  Tot a1 

Shipping n.a. (1 ) 200 n. a. 
Air 18.2 4.8 23.0 

Tot a1 n.a. 

(1) The required information is unavailable. 

Source: Refer to text. 

Comparing  Table 3.16 with Table 3.18 above, 
it may be observed that international shipping  uses 
about as much primary energy as is used for travel by 

private car within Australia. It is second only to 
car travel as a consumer o f  energy. It is also 
interesting, though perhaps not surprising, to note 

that the two modes  which use the largest amounts of 
energy are -those wh.ich, at the moment,  rely on 
petroleum products for their fuel. This point is 

developed further in Chapter 5 .  
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CHAPTER 4 INDIRECT ENERGY CONSUMPTION 

Chapter 3 discusses the primary energy used 
directly in moving passengers and freight by the 

various modes of transport in Australia. But its 
estimates do not include consideration of the 

amount of energy consumed by the infrastructure 

associated with each mode. F o r  the purposes o f  

national energy accounting this category of energy 

usage is concealed within industrial and commercial 

usage categories, but inter-modal comparisons of 

transport energy usage cannot be fully made if 

recognition is not givexx to the  fact that associated 
with private car  travel,  for  example,  is a series of 
economic activities necessary to provide the means 

ar?d the facilities for such travel. It would not be 
right to suggest that the efficiency in terms o f  task 

performance with which  each rnocle utilises primary 
energy is related solely to its direct energy usage. 

Rather, if it  may be assumed that infrastructure usage 

is also directed towards the output task, full 

consideration must be givec.  to both direct and 

indirect usages. 

It could be argued, of course, that energy 
used in, for  example,  the manufacture of cars is 

directed towards =ore than  the sole objective of 
performing the car's traffic task; that such ev-ergy- 
usage contributes to employment and national econonic 

development. Nevertheless, it must be claimed that 
if intermodal compa.risons of energy usage are to  be 
atteqted, the implications of policy measures designed 
to reduce  energy  consumption by- any particular mode,  

or to achieve economies of energy use by shifting the 
demand for- travel by particular modes through the use of 

pricing  measures,  will apply as much tc the infra- 
structure activities, and their associated energy 



demands,  as to direct energy usage  by each mode. On 

the other hand; indirect energy  consumption  may  well 

be relatively.insensitive to the task performed by 

a particular !:lode. Thus, energy split and modal split 

may exhibit independent behaviour for some modes. 
The need  for an examination of indirect energy consump- 

tion,  however,  remains valid. 

What, specifically, is meant by indirect 

en.ergy usage? The following list may be  incomplete, 

but essentially -indirect energy usage by the various 
transport modes mainly comprises the consu.mption of 

primary energy by the following activities: 

Cars,  station wagons and commercial vehicles - 
the manufacture,  distribution and sales of 

vehicles and parts, vehicle maintenance, 
fuel production,  refining and retailing, the 

provision of roadspace and associated w o r k s ,  

insurance, medical., police and other facilities 

and services related to road  travel; 

Trams and trains - vehicle  nanufacture, 
service hdministration, vehicle and track 

maintenance, and electricity and fuel 

distribution; 

Aircraft - manufacture (whether overseas or 
not) , distribution,  sales and maintenance, 
airport construction and operati.on, the 
provision of  insurance, medical. and 

emergency services, the provision and 
operation of navigational -aicis, and the- 
production and distribution  of  fuels; 

Shipping - ship  construction,  distribution 
acd  mainten.an.ce,  port construction and 
operation,  insurance, medical and other 

services,  and the production and distribution 
of fuels. 
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It has- not been  possible, in this report, to 
provide an analysis of energy usage by each o f  these 

infrastructure activities. In the only Australian 
study in this field, Beck ) has examined the armunt 
o f  energy required to produce a typical. Australian 

passenger car. He estimates this to lie  between 
6 48 X 10l2 kJ and 60 X 10 kJ by assuming that the 

energy required to assemble a ffknocked  downtf  motor car 

on importation is negligible compared with the energy 

requ.ired  tc construct and assemble a locally produced 

vehicle. 312,583 new locally produced cars and 
station wagons were registered in Australia in 
1970-71. If each required 54 X 10 kJ to manufacture, 
the total energy consumed is approximately 16.9 X 10 1 2  

kJ per annum. 

6 

No Australian study provides figures for the 
energy  consumption by other activities associated with 

the car mode or by- activities associated with other 

modes. A few US estimates are  available, solely 
relating to the private car. The results o f  the most 

recent  study are shown in Table 4.1. In view o f  the 

similarities o f  car ownership and infrastructure 

associated with the car between  the US and Australia, 
it is probably reasonable tc assume that the indirect 
consumption by the Australian car bears a similar 
relationship with direct consumption to that shown f o r  

the US in the Table. The results of suck: an assu:;nption 

for Austral-ia are  shown in Table 4.2. 

Beck's figure  for the energy consumed in 
producing passenger cars is a:3proximatelq- tvo-thirds of 

that produced under the assumption of similarity with 
American conditions. Whether or not the difference is 

explained by. differences in approach or by- fundamental 

( 1  ) Beck, J.A., Energy  Used in Producicg Passenger 
- Motor Cars. Bulletin S o .  10, Transport Section, 
Department of C i v i l  Engineering, University of 
Melbourne, 1973. 



TABLE 4.1 - ESTIMATED INDIRECT  ENERGY  CONSUMPTION 
BY  CARS IN THE U S ,  1970 

Category 
Energy  Percentage of total 

(direct & indirect) 
( I O l 5  kJ  consumption 

Petrol refining and retail 2.18 
sales 

Oil consu.mption, refining 0.12 
and retail sales 

Car manufacturing 

Car  retail sales 

Repairs,  maintenance, parts 

Parking construction and 
maintenance 

Tyre ::mn.ufacturing and retail 
sales 

Insurance 

Highway  construction and 
maintenance 

0.84 

0.22 

0 .39  

0.46 

0.24 

0.33 

I .06 

14.3 

0.8 

5.5 

1.4 

2.6 

3.0 

I .6 

2.2 

6.9 

Total - Indirect energy 
consumption 5.84 38.2 

Fuel consumption (direct -9.43 61 .8 
energy consumption) 

Total - Direct and Indirect 
consumption 15-27  100.0 

SoLrce: Hirst, E., and -Herendeen, R. T o t a l  Energy 
Demand f o r  Automobiles. ~ SAE Paper 730065, 
International Automotive Engineering Congress, 
Detroit, January 1973. 
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TABLE 4.2 - ESTIMATED INDIRECT CONSUTIFTION BY CARS 

IN AUSTRALIA, 1970-71 

( 1 O I 2  kJ) 

Category T o t a l  energy 
consumption 

P e t r o l   r e f i n i n g  and r e t a i l  
s a l e s  

O i l  consumption,  refining ar?d 
r e t a i  1 s a l e s  

C a r  manufacturing 

66 

4 

C a r  r e t a i l   s a l e s  7 

Repairs  maintenance  parts  12 

Parking  construct ion and 
m a i  n t  enan-c e 

Tyre  manufacturing  and  retai.1 
s a l e s  

14 

7 

Insurance  10 

Highway cons t ruc t ion   md  
maintenance 

32 

~ ~~ ~ ~~ ~~ 

Tota l  - Indirect   energy 

Direct  energy 287 

465 

( 1 )  Compare with  the  es t imate   der ived f r o m  Beck's 
w o r k  o f  approximately 17 X 10l2 kJ. 

Source:  Developed by applying the esti.mates o f  Table 
4.1 t o  es t imated  direct   energy  usage  in  
Aus t r a l i a  . 
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differences between the  two countries is difficult to 
say, but  the important point about Table 4.2 concerns 

the importance of indirect energy  consumption  in 

relation to  the direct  consumption  of energy by cars 

in Australia. ~ 1ndi.rect consumption is a very 
significant category, contributing an amount 

equivalent to over 6 0  per cent of- th-e direct energy 
consumption attributable to  cars. 

It is un1ikel.y that indirect energy 
associated with  other modes is  of the same relative 
importance as that for private cars. N o  information 

exists,  though, to enable a full analysis to be made. 
If one were to hazard a guess at the indirect energy 
use of other modes  as a  percen.tage of the total 

(direct and indirect) usage,  the  following  ranges 

might be appropriate: 

Indirect  energy as 
Mode a percentage of 

total  energy 

Commercial vehicle 25-40 
Rai 1 
Air 

15-35 
45-60 

Sea 5-20 

Obviously,  further  studies  need to be  made 
to establish better estimates of indirect energy 
consumption by  all modes of transport in Australia. 
The scale of this category for cars in the US, however, 
suggests that  it is of considerable importance in the 
total energy budget. 
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CHAPTER 5 EFFICIENCY OF ENERGY USAGE 

5.1 INTRODUCTION 

In this Chapter, the estimates of traffic 
task  from  Chapter 2, and those of direct energy 

consumption  from Chapter 3 .are combined to give an 
indication of' the relative efficiency with  which 

each category of Australian transport utilises 
primary energy in the performance of its particular 

task. This efficiency is commonly- measured in terms 

of the amount of energy required to perform one 

tonne-kilonletre or one person-kilometre, and is  often 

called the 'energy-intensiveness' of the respective 

modes. The term 'propulsion-efficiencyf is also 

commonly quoted in similar studies; this represents 
the  number of tonne-kilometres or passenger-kilometres 

performed for each unit of primary energy consumed; 

i.e., the 'propulsion-efficiency' of ary mode is the 

inverse of its 'en.ergy-intensiveness'.  In this study, 
the 'energy-intensiveness' is used as a measure o f  

energy  utilisation efficiency. 

A particularly important conceptual. point 
relating to such measures is the fact  that, technically, 

both direct and indirect energy consumption shozld be 
considered for each mode. The  value of measures of' 

energy-intensiveness lies in their provision of a means 
f o r  making rnodaJ comparisons of energy usage on a 
common basis. Obviously, if one mode  is associated 
vith a significantly higher level of indirect energy 
consumption (as is, tnougllt to be the case;  see CLzapter 4) ,  
then a comparison  between moc'ces of energy-intensiveness 
based o n  direct consumption alone would give an 
incomplete indication  of  the  full  nature of energy 

usage and would favour the lzi3zhest user of indirect 

en  er-gy . 
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Despite these qualifications, in the an-alysis 
tc follow, a comparison  is  made of energy-intensiveness 

based o n  direct energy usage alone. This is becau.se 

o f  a lack of sufficiently detailed  data relating to 

the amount of  ecergy consumed by infrastructure 

services associated with each mode, a matter 

discussed in Chapter 4. The  likely influence of 
indirect energy consuinption on these derived 

measures of energy  utilisation efficiency is,  hoxever, 

di.scussed later in this Chapter. 

It has  been  made  clear in the analysis of 
the transport task and en.ergy consumption for inter- 

national (sea and air) transport movements attributable 

to Australia (see Chapters 2 and 3 )  that the assumptions 
made necessary by  the,lack of reliable and detailed 

information  render the estimates no better than 
indicators of orders of magnitude. For this reason, 
no analysis is attempted in this  Chapter o f  the energy- 

intensiveness of these categories of Australian 

transport;, to do so would be to attribute to the 
estimates a level. o f  accuracy whicb. they do not possess. 

5.2 DIRECT ENERGY-INTENSIVENESS OF AUSTRALIAN TRANSPORT 

5.2.1 Cars and Station Wagocs 

Table 5.1 shows the resuits  of  dividing 

Table 3.3, representing direct energy consumption, by 
Table 2.5, representing the passenger task (in 
pzssenger-km) performed by cars and station  wagons in 
1970-71. Obviously, the distribution  of  values within 

Table 3.3 reflects the assumption made in the analysis 
of energy consumption concerning the specific fuel 

consumption rates for particular areas of operation. 
F o r  this reason, comparisons between r o w s  in the Table 

are probably more valid than  between columns. A 

further source o f  error may  stem  from the car occupancy 
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TABLE 5.1 - ESTIMATED DIRECT ENERGY-INTENSIVENESS FOR 
C-ARS AND STATION  WAGONS, BY PURPOSE AKD 
AREA O F  OPERATION, 1970-71 

(ICJ per passenger-kilometre) 

Area o f  Operation 

Purpo S e Capital P1-ovi1-1- Rest Tot a1 
City BC cial o f  Inter- 
Environs Urban State state 

Paid to and 3 ,600  3,700  3,200  3,000 
f r o m  work 

Unpaid to 3,600 3,700 3,200  3,500 3,500 
and f r o m  work 

Private 2,600  2,700 900 1,000 1 ,600 

All purposes 3,100  3,100  1,2oc  1,200  2,100 

” Note: Figures rocnded to nearest 1 O C  units. 

Source: Developed by dividing Table 3.3 by Table 2.5.  

figures, calculated in Chapter 2, some o f  which  were 

pointed out as seeming to be too large. In particular, 
the inference is that the yrivate/rest-of-State and 

private/interstate energy intensiveness figures might 
be regarded rrith caution. 

Nevertheless,  it is generally apparent from 

the Table that business and journey-to-work travel 
is more energy-intensive (i.e., requires a greater 
amount of energy  per passenger-kilometre o f  output) 
than is 13rivate travel, for which vehicle occupancy 
ratios are generally higher. 



5.2.2 Moto'r Cycles 

Because of the small  variation in vehicle 

occupancy and specific fuel consu.mption rates for 

motor cycles in various areas of operation  and 

travelling for various purposes., it is sufficient 

only to report the overall direct energy-intensiveness, 

a2proximately 1400 kJ per person-kilometre. 

5.2.3 Commercial Vehicles 

Table 5.2 shows the estimated direct energy- 

intensiveness of commercial vehicles, by vehicle- 
usage. It is derived from  Tables 2.11 and 3 . 7 ,  and 
shows, in particular, that commercial vehicles 

operating ancillary services are considerably less 
efficient, in terms of aggregate energy usage, than 
vehicles operating for  hire an.d reward. This  may 

be partly due to the greater likelihood of empty 
return trips, an observation confirmed to some 

extent by the differences  between  hire and reward 
vehicles operating for 0n.e client only and those 

operating in the size of vehicles used for the 

respective services. 

TABLE 5.2 - ESTIMATED DIRECT ENERGY-INTENSIVENESS OF 
COMMERCIAL  VEHICLES, BY VEHICLE USAGE, 

(kJ per tonne-km) - 
Vehicle Usage  Direct Energy-Intensiveness 

Hire and reward 
1 client 

> I  client 
Ancillary 
Not stated 

Note: 
" Figures rounded to nearest 100 units. 

" Source: Developed by dividing Table 3.7 by  Table 2.11. 
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Table 5.3 shows how the direct energy- 

intensiveness of commercial vehicles  varies  with 

area of operation. Not surprisingly, less energy 

per tonne-km is required for rural and interstate 

journeys than f o r  journeys in urban areas. 

TABLE 5.3 - ESTIMATED DIRECT ENERGY-INTENSIVENESS OF 
COMMXRCIAL  VEHICLES, BY BRl3A O F  

OPERATION, 1970-71 
(kJ per tonne-km) 

Area of operation  Direct energy-intensiveness 

Capital city and 5,800 
environs 

Provincial urban 4,900 

Rest o f  state 3,700 

Interstate 1,500 

Note: Figures rounded to nearest 100 units. 

Source: Developed  by dividing Table 3.8 by  Table 2.9. 

5.2.4 " Buses 

The variation in energy-intensiveness f o r  

buses,  by  area of operation is derived from Tables 
2.12 and 3.12, and sh.own in Table 5.4. 

- TABLE 5 .4  - DIRECT E?;ERGY-INTENSIVENESS OF BUSES 
BY AREA O F  OPERLTION, 1970-71 

Area of 
Operation 

Direct energy-intensiveness 
(kJ per nassenger-km) 

Capital cities 

Rest of States 

All areas 800 

Note: Figures rounded to nearest 100 units. 

Source : Developed  by  dividing  Table 3.12 by  Table 2.12 .  
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5.2.5 Trams 

The derived direct energy-inteIIsiveness of 

Adelaide's and Melbourne's tram services ranged around 

1300 kJ per passenger-kilometre. This is the best 
estimate that can  be made using the available data 

(see pages 18 and 4 9 ) .  

5.2.6 Urban. Rail  Services 

The  estimation-of total passenger- 

kilometres by  urban rail services may not be accurate 

(see Chapter 2), but on. the basis of an assumed task 

o f  5.9 X 109 passenger-kilometres, the direct energy- 
intensiveness of all  urban rail services in Australian 
cities is approximately l900 kJ per passenger-kilometre. 

5.2.7 Non-Urban Rail Services 

Becau.se of' the way in which  total  energy 
consumption estimates were allocated to the various 

categories of  rail freight task according t o  tonne- 

kilometres performed (see Chapter 3) the energy- 
intensiveness of each -category appears the same, 
approximately 600 kJ per tonne-kilometre. It is 
urfortunate that more detailed information  does  not 
permit an examination of the variation in this figure 

by type of operator (Government and private). 

Non-Erbar, passenger rail services perform 
4,100 million passenger-kilometres and, in doing s o ,  

uEe 6 ,4  X 1 0 I 2 ~ k J  o f  primary ertergy, a direct energy- 
intensiveness of approxima.tely 1600 kJ  per- pa-ssenger- 
kilometre. 

5.2.8 Domestic Air Services 

The calculated direct energy-intensiveness 

of domestic air carriers is approximately 4,600 kJ per 
passenger-kilometre, and 32,200 IcJ per tonne-kilometre 
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of freight,  although the assumptions made in 

allocating total energy use between passenger and 

freight movexents and the fact that energy consumDtion 

by non-scheduled aircraft has  been ignored should  be 

cl.early recognised. 

5.2.9 Coastal  Shipping 

The  coastal shipping task of 70,000 

million tonne-kilometres is associated with an 

estimated energy usage of about 42 X 1 0 l 2  kJ ;  i.e., 
shipping achieves an energy-intersiveness of about 

600 kJ per tonne-kilometre of freight. 

5.2.10 Summary 

The calculated energy-intensiveness of the 
various modes of Australian. transport are brought 
together in Table 5.5. Taking  the passenger figures 

first, at least two important points can  be  made. 

Firstly, with the  exception of aircraft and 
buses, the most common forms of passenger transport 

(car, tram and train) seem not to differ a great d.eal 

in their energy-intensiveness. The car is more 

energy-intensive than the others, but not much more 
S O .  This is, perhaps, due to the fact that the 
average occupancy of a i2rivate car for & journeys 
is a?proxinately 2.0, while certain public trans:>ort 
ncde vehicles operate over a high proportion of 

their travelled mileage at very  low occupancies. 

This factor must, to some extent,  negate inherent 
el..ergy efficiencies of mass transport vehicles. On 
the other hand, the energy-intensiveness of bus 

services anpears low, and although the accuracy of 
the bus passenger task estimate is u r k n o w n  (section 

2.1 . h ) ,  it does seem that bus transport is more 
efficient than all other forms of transport. This  is 
possibly due tc higher load factors. 
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TABLE 5.5 - SUMMARY OF ESTIbUTED ENERGY-INTENSIVENESS 
OF VARIOUS MODES OF AUSTRALIAN TRANSPORT, 

1970-71 

Passenger task Freight task 
(kJ/pass . -h) (kJ/tonne-km) 

Mode 
Non- Aus t- Non- Aus t- 

Urban  urban  ralia  Urban  urban ralia 

Cars and 3,100  1,200  2,100 - - 
station 
wagons 

Motor - - 1,400 - - 
cycles 

Commercial - - - 5,700 2,600  3,600 
vehicles 

Buses 900  600 800 - - 

Trams 1,300 - 1,300 - - 
Trains 1,900  1,600  1,800 - 600  600 

Aircraft - 4,600 4,600 - 32,000  32,000 

Coastal - - - - 600  600 
vessels 

All 2,900 1,500 2,200  5,700 900 1,200 
Australian 
t r a n s p o d  

Note: 
" Figures rounded to nearest 100 units. 

" Source:  Summary  of derived estimates;  se~e text. 

Secondly, aircraft are,  by compa.rison, 
considerably more energy-intensive- than  all  other 
passenger' modes,  requiring more  than  five times the 
erlergy input of a bus- tc achieve 0r.e passenger- 

kilometre. 

For freight movements, shipping aIxd railways 

are by  far the  least energy-intensive, while aircraft 
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agai.n use more energy per tonne-kilometre than 

any other mode (vhether they do so to the extent 

indicated in Table 5.5 is,  however, a matter for 
debate;  obviously, a n o r e  detailed study  is requ-ired 

to refine the air freight figure shown). 

5.3 SOME INFLUENCES O S  THE VALIDITY OF ENERGY- 
EFFICIENCY ESTIX.1TES 

5.3.1 The Effect of Indirect Energy Consumptan 

If the relative values of indirect energy 
consumptioc. by the various modes may be taken to 

be as suggested in Chapter 4 ,  the total energy- 
intensiveness of each moc'e will be somewhat different 
from that shown in Table 5.5. The figures  for 
indirect consumption are not sufficiently accurate 

to develop detailed estimates of  total energy- 

intensiveness, but it is sufficient to note that 
tke private car requires an increased amount of 

erergy tc achieve or,e passenger-kilometre, the 

increase bei.ng larger  than that required to adjust 

the energy-intensiveness figures for the other 

mcdes. The estimated indirect energy consumption 

sL:ggested in Chapter 4 would have the effect of 
increasing the total energy-intensiveness o f  

Australia's domestic transport modes to  the values 

shown in Table 5.6. 

Few conclusions may be made  from the 
absolute values in the Table, but their relative 
values suggest that, if both direct and indirect 

en.ergy consumption  are  considered, the private car 
is significantly more energy-intensive than other 
personaJ. travel modes,  with  the exception of 
aircraft. Trams aEd trajns exhibit similar 

characteristics of er-ergy  efficiency. 



TABLE 5.6 - SUMMARY OF ESTIMATED TOTAL (DIRIWT AND 

INDIRECT) ENERGY-INTENSIVENESS OF 
VARIOUS MODES O F  AUSTRALIAN  TRANSPORT, 

1970-71 

- 
Total energy-intensiveness 

Mode Passenger task Freight task 
(kJ/pass . -km) (kJ/t onne-km) 

Cars and 
station wagons 

Motor cycles 

Commercial 
vehicles 

Buses 

3,700 

1,200 

- 

5,500 

( 1 )  This estimate is of doubtful  value, because of 
the assumptions used to derive it. 

Note: Figures are rounded to nearest 100 units. 

Source: See text. 

For~freight movements, the rail and coastal 

shipping modes do not differ  greatly, but-are 
considerably less energy-intensive than conmercial 
vehicles and aircraft. 

5.3.2 The Effect of  Type of Fuel 

It is important that the energy consumption 
by transport is derived from a variety of primary 

sources. It is also important to note that the modes 
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which U se  th meatest amounts of energy (prin .c i p a1 l y  

the road modes), and those which  are most energy- 

intensive, are those  which exhibit the following 

characteristics: 

(i) they are the modes, the demands for and, 

consequently, tasks of which  are growing 

at the fastest rates; 

(ii) they are the modes which  are powered by 

petroleum-based fuels. 

The importance of these considerations is 

highlighted by the estimation ( l )  that by the year . - 

2000, the expected cumulative requirement €or energy 
resources in Australia as a percentage of the present 

known indigenous reserves of each resource will be as 
follows: 

Energy Resource Percentage 

Black  coal 13 

Brown  coal 18 
Petroleum fuels 820 

Natural gas 75 

5.3.3 Effect  of  Indirect  Routing 

So far in this report, the transport task  has 
been evaluated in terms of passenger-kilometres or 

tonne-kilometres performed. But this measure of task 
takes no account of the fact that some :-.lod.es of 
trafisport travel by =ore indirect routes than others 
in .?erforming the primary objective: that of 
transferring persons 01- goods between two points. To 

take a simple example, the airline distance between 

two major cities is obviously less than the road or 
sea  route  distance, and as a result,  the airlines 

(1  ) Fuels  Branch, Department of Minerals and Energy. 
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achieve a greater degree of what may be called here 
'route efficiency', thus influencing comparative 

measures of energy intensiveness in performing the 

primary traffic task. 

There i s ~ n o  convenient measure of the 

extent to which  some modes follow longer routes than 
others for  all categories of movement. For this 
reason,  it is not possible to adjust the estimates 

of energy-intensiveness to account for route 
efficiencies. But an indication of their  likely 

effect may be provided by examining the respective 
distances between major capital cities in Australia 
by significant interstate modes. These are shown 
in Table 5 . 7 ,  where  it  can be seen  that, taking the 
Sydney-Adelaide route  as an illustrative example, 

sea, rail and road routes are, respectively, 1.50, 

i 

~ 

i 
~ 1.38  and 1.20 times the airline distance. Obviously, 
l 

these factors are different for other intercity routes, 

as  is  shown in the Table. In general,  however, there 
is not a great deal  of  difference  between the route 

lengths by  road and rail, but the distance by sea 
is consistently much greater and the distance by air 

consistently less. 

This  means, of course, that derived figures 

for the tran-sport task should really be modified by 
the factors appropriate for  each type of trip. In the 
context of this study, and the available information, 
all that can be said is that the estimates of energy- 
intensiveness made in this Chapt'er probably tend  to 
favour slightly the sea mode and, to  a lesser extent, 
the rail and road modes. 
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T - ABLE 5.7 - DISTANCES BETWEEN C A P I T A L   C I T I E S  I N  

AUSTRALIA 

( k i l o m e t r e s )  

O r i g i n /  BY BY BY BY 
D e s t i n a t i o n   R a i l  Sea A i r   R o a d  

C a n b e r r a  t o  - 
Sydney 
Melbourne 
B r i s b a n e  
A d e l a i d e  
Per th  
H o b a r t  
D a r w i n  

Sydney t o  - 
Melbourne 
B r i s b a n e  
A d e l a i d e  
Per th  
H o b a r t  
D a r w i n  

Melbourne t o  - 
B r i s b a n e  
A d e l a i d e  
Per th  
H o b a r t  
D a r w i n  

Brisbane t o  - 
A d e l a i d e  
Pe r th  
H o b a r t  
D a r w i n  

A d e l a i d e  t o  - 
P e r t h  
H o b a r t  
D a r w i n  

Per th  t o  - 
H o b a r t  
D a r w i n  

306 
655 

1 ,316 
1 , 2 1 2  
3,953 

883 
4,404 

Source:  CBCS Transpor t  and Co!xmnica t ion ,  1970-71. 
B u l l e t i n  N o .  62,  C a n b e r r a ,  February  1973. 
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CHAPTER 6 CONCLUDING COMMENTS 

This  study  has attempted to evaluate the 

energy consumption of categories of Australian transport, 

and to indicate the efficiency with  which  each  mode, 

system-wide, utilises its input of energy in performing 

its transport task.  As such, it is valuable in 
providing assistance in the development of policies 
for energy utilisation  within a sector of total  energy 

consumption which is of considerable significance ( 1 )  . 
Alone,  however, it does not indicate  the  likely effects 
of these policy measures. Any attempt to influence 

the redistribution of energy usage,  both  nationally 

and within  the transport sector, should only be made 

with a knowledge of the effects of those measures on 

the demand for  each  category of transport and the 

associated energy consumption patterns. 

In Chapter 5 of this report, the estimates 
of the transport task and energy usage  have  been 
combined to give the energy-intensiveness of  each mode 
of Australian transport. The  figures summarise much 

of the preceding analysis in a way  which permits the 

various modes to be compared on a common basis. They 
show  that, with the exception of rail  transport,  which 

relies in part on petroleum fuel, the petroleum-driven 
modes (road and air transport)'are significantly more 

er-ergy-intensive than other public transport modes if 
indirect energy consumption is taken into account. 

Superficially, it might be expected that changes 
in the supply or price  of transport fuels w o u l d  affect 
the demalzd for each mode in some relationship  with  its 
energy-intensiveness, (i.e.,. an increase in the price 

of "etroleurn products, for example, would be reflected 

( 1 )  The transport sector accounts for approximately 
26 per cent of the total national energy consumption 
(Section 3.2). 
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in a greater reduction in demand for those petrol- 

driven modes which  are energy-intensive than  for those 

:,-hich. are less s o ) .  Whether or not this is s o ,  

however, deaends on the elasticity of demand for each 

mcde  with respect to price changes, a natter which 

requires further study. 

For this reason, this study should be seen 

to form part of a continuing series of studies of 

trar,sport energy consumption in Austral.ia. 
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ANNEX A 

ENERGY  CONSUMED BY C O " J 3 R C I A L   V E H I C L E S  

The energy consumption distribution for 

conmercial vehicles,  by purpose and area  of 

operation,  is developed from estimates of energy 

consumption per vehicle  kilometre  by type of  vehicle, 

factored according to driving conditions, and CBCS 

figures for total annual mileage under each category. 

Table 3 . 6  sh.ows the gross annual energy 
consumption f o r  all classes of commercial vehicle. 

These vehicles travel the distances  shown in Table A . l ,  

which is drawn  from CBCS estimates. Assuming that 

energy efficiency rates,  for all vehicles, in terms 
of units of energy used per kilometre travelled are 

50 per cent less in urban areas  than in rural  areas, 
the energy consumption rates of  Table A . 2  may be 

calculated. 

Table A . 2  may  now  be applied to CBCS 

estimates of total vehicle kilometres travelled by 

commercial vehicles (by vehicle type, purpose and area 

of operation) to produce Table A.3, a matrix of 
energy use by purpose and area of operation, in which 
interstate traffic has  been adjusted according to 

the same reciprocity assumption used for interstate 
car and station wagon traffic.. 
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TA4BLE A . l  - TOTAL DISTANCE  TRAVELLED BY COMMERCIAL 

VEHICLES BY VEHICLE TYPE AND AREA OF 
OPERATION, 1970-71 

( ‘ 0 0 0  kilometres) 

Area of Operation 

Urban Rural 
Vehicle Type Tot a1 

Light commercial 
vehicles - 
Open 
Closed 

2,388,380 3,432,027 5,820,429 
1 ,960,451 786,394 2,746,862 

Trucks: rigid and 
articulated - 
1 & under 
4 tonnes ( 1 )  

2 ,083,123  1 ,485,133  3 ,568,266 

4 & under 
8 tonnes 

708,029  896,182  1,604,266 

Trucks: rigid - 
8 tonnes & over 413,240  415,725  828,968 

Trucks: articulated 

8 & under 
1 2  tonnes 
1 2  & under 
16 tonnes 
16  tonnes & over 184,759 71 9,438  904,200 

Other truck type 60,738  33 706 94,444 
vehicles 

Total 
~~ ~ ~~~~ 

( 1 )  Refer to footnote to Table 3.5. 

Source: CBCS Survey of Motor Vehicle  Usage, 1971-73, 
unpublished data. 
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TABLE A . 2  - ENERGY  CONSUMPTION RATES O F  COMMERCIAL 
VEHICLES, BY AREA O F  OPERATION 

(kilometres per 109 kJ) 

Area of Operation 

Vehicle 
Type 

Capital  Provin-  Rest 
'. City  and  cial of Inter- 
~nvirons Urban State  state 

Light commercial 
vehicles - 
Open 209,327  209,328  313,993  313,993 
Closed 258,824  258,824  388,237  388,237 

Trucks : rigid 
and articulated 

1 & under 130,000 130,000 195,001  195,001 
4 tonnes (1 1 
4 & under 71,835  71,835  107,753  107,753 
8 tonnes 

Trucks: rigid - 
8 tonnes 60,243  60,243  90,365  90,365 
BC over 

Trucks : 
articulated - 
8 & under 49,976  49,976  74,964 ' -74,964 
1 2  tonnes 
1 2  & under 46,202  46,202  69,304  69,304 
16 tonnes 
16 tonnes 
& aver 

Other truck 
vehicles 

39,799  39',  799  59,699  59,699 

( 1 )  Refer to footnote to Table 3.5. 

Source: See  text^. 
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T A B L E  A .  3 - EhrERGY  CONSUMPTION BY COMMERCIAL VESICLES 

BY PURPOSE AND AREA O F  OPE'RXTIOPJ, 

1970-71 

( 1 0 l 2  kJ) 

Area o f  Operation 
~~~ ~~ 

Purpose  Capital Provin- Rest T o t a l  
C i ty  ZC c i a l  o f  I n t e r -  
Envirvrs U r b a n  S t a t e  s t a t e  

Laden business 28.90  4.57 19.12 10.31  62-90 

Unladen  business 15.52  2.79  14.70  2.86  35.87 

A l l  business 44.42  7.36  33.82  13.17  98.77 

Paid t o  and 1 .03  0 .12  0.29 0.02 1.46 
from work 

Unpaid t o  and 2.57  0.46 1 .21  0.16  4,40 
from work 

All purposes 51.93  '8.85  38.34  14.29  113.41 

Source:  See  text.  

R75/546 
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