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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 of 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 subject,

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
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NICHOLAS CLARK AND ASSOCIATES

P.O. Box 524
SOUTH MELBOURNE

20th Feb, 1975

Dr. J. H. E. Taplin,

Director,

Bureau of Transport Economics,
P.O0. Box 367,

CANBERRA CITY, A.C.T. 2601

Dear Dr. Taplin,

I have pleasure in forwarding to you our repbrt on
Energy Consumption by Categories of Australian
Transport.

The report details Australia's transport task,
measured in terms of passenger-kilometres and
tonne-kilometres of movement, and examines the direct
energy consumption of each of its constituent categor-
ies. These are drawn together in an assessment of the
efficiency with which each transport mode utilises its
input of primary energy in performing its task.

A brief analysis, based mainly on the results of
overseas studies, is also made of the indirect energy
consumption by transport, i.e. the energy consumed in
manufacturing and infrastructure services associated
with the transport sector, and an assessment carried
out of the contribution of international transport
movements to Australia's energy budget.

The most significant findings of our study are as
follows:

Road transport uses fully 79 percent of all
domestic transport energy, and as much as 55
percent of the total is attributable to personal
travel by the private car;

. Australia's international shipping uses about as
much primary energy as is used for travel by
private car in Australia;

. Indirect energy consumption by cars is equal
to over 60 percent of their direct consumption;

N4
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6 Scarborough Street, Red Hill, Canberra 2603 Telephone: (062) 95 8612

Postal Address: 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 1f 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,
x 6,01

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

1.1 INTRODUCTION

The importance of the transport sector in
Australia is well-documented: 4it 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 erergy 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(1) éuggests that in 1970-71,
of the total national consumption of energy 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 detail, not only the 26.4 per cent used
by transport, but also the amount of energy consumed in
the industrial and commercial sectors in activities
directly associated with transport (known as indirect
energy consumption) and the consumption of energy for

international transport movements attributable to Australia.
1.2 SOURCES OF INFORMATION

Data on the traffic task performed by the various
transpcrt 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

(1) Australia's Natural Resources, Ministerial Statement
and Review, September 1972,




the CBCS surveys of motor vehicle and bus usage. Where
assumptions are made to develop estimates (particularly
in relation 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 sfructure),
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 transpdrt
purposes. Thus, the energy consumptidn of eiecfricr
trains, for example, is defined to equal the energy content
of the coél used to develop the eleétfical power for

traction.

In some cases, information concerning indirect
energy consumption and the specific consumptipn‘rates of
certain vehicles were not available for‘Australian '
conditions;'ahd’proxy‘Values taken from the results of
overseas studies had to be used ih lieu. Where this is
the case, the validity of so doing is discussed in the
text. | B : “

1.3 CHOICE OF BASE YEAR

Road transport has a major influence on the
ratterns of energy consumption fof’tfahéporfrahdrén the
transport task itself. And yet information,on its
contribution is,ito'ail inténts and purpoées,runavailable
for all but the year 1970-71, to which the recent CBCS Survey
of Motor VéhicieiUSage refefs.{ For fhis reasbn, and
because littlérfeliab;e inférmationrfor mofe’recent,years
is available fbr other modes,‘1970—71 wés chqsenras the

stﬁdy yéar; Contribufing to the argument was the fact



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 OF ESTIMATES

The estimates 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 Chépter 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.
As far as other domestic transport modes are concerned,
errors in estimates of total energy use are likely 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 of error associated with the

sub-divisions of each mode's energy consumption.

The estimates of erergy usage by internatiomnal
transport movements attributable to Australia could be as
much as 30-50 per cent in error, such is the difficulty
of accurately estimating both task and specific energy
consumption rates. This point is made at the appropriate

place 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 '--' means that the entry is zero, negligible
or not applicable. The symbol 'n.a.' means that the entry

is not available.



1.5 CITING OF REFERENCES

In this report, use is madé of publications
produced by authorities which haversihcé been changed in
name, disbanded or whose functions have been incorpcrated
within the structure of a new authority. For example,
the former Commonwealth Bureau df 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 auvthority which is given is that which was

applicable at the time of publiShing.

A final pcint concérns 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 enquify from Australian Bureau of

" Statistics and where required an appropfiate 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 (Prelimiﬁary), Canberra, September 1973.




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 operétions.

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 2.19 at the end of the Chapter.

2.1 ROAD TRANSPORT

2.1.1 Cars and Station Wagons

The only reliable scurce of information relating
to the overall number of occupant—kilometres travelled
in Australia by road vehicles (excluding buses) is the
CBCS Survey of Motor Vehicle Usage for the year ending
30 September 1971. Table 2.1 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 wvehicles 11.8 ‘ 7.9
Trucks - 10.1 6.8
Motor cycles . 1.1 0.7
Totals ‘ 148.7 ‘ 100.0

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

In the analys1s of thls Chapter to follow, it
is assumed that the remalnlng 15 per cent off the passenger
transport task (attrlbutable to 11ght commer01a1 vehicles
and trucks) is performed 1n01dentally to the carriage of
goods. 'Thet4is; cemmercialrvehiclesrand trucks perform
no passenger task per se,'puf achieve a small level of
occupant-kilometres in performing their road freight task.
The likely error due to this assumption cen‘be gauged using
the proportion of the distance;travelled by commercial
vehicles and trucks for solely private purposes; this is
approximately 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 assumptien
that it is essentially performed by cars and statlon"

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 operetion. Estimates from the Survey are available,



however, of the numbers of vehicle-kilometres travelled
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 home-State. To obtain a true interstate value,
therefore, the column has te be adjusted to include
vehicle-kilometres travelled in the home-State on
interstate journeys. With the available information,
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, Victofia,(to a small
extent) and South Australia and to overestimaterthe
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.

9

Cars and station wagons travelled 63.8 x 10
kilometres in 1970-71, wkhich corresponded to 125.7
X 109 occupant-kilometres. - This reprresents an average
number of occupants per car of 1997(1).

It is unlikely that the derived occupancy rate
anplies for all types of trip. Comprehensive transport
studies undertaken for most urban areas in Australia,
for example, suggest that for the journey to wcrk,a rate
of 1.3 is more appropriate. Further evidence from these
same studies was used to develop appropriate rates for

other trip categories,

(1) Throughout the subsequernt text a rounded figure of 2.0
is used,



TABLE 2.2 ~ DISTANCES TRAVELLED BY CARS AND STATION WAGONS,

‘BY PURPOSE AND AREA OF OPERATION, 1970-71

7(106 kilometres)

Area of Operation

Purpose Capital Provin- Rest

Total
City and cial of - Inter11) )
Environs Urban State state .
Business 7,255.8  904.9  L4,h3hk.k  356.4 12,951.6
Paid to and 2,187.5 226,7 592.4 45,0 3,051.7
from work. : o . - :
Unpzid to and 8,94lL.6 1,185.1 2,469.4 - 196.0 12,795.1
from work ‘ o
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 of 'interstate' column.
Source: Unpublished information from CBCS SurVey of Motor
Vehicle Usage, 1971-1973. B
TABLE 2.3 - ADJUSTED DISTANCES TRAVELLED BY CARS AND
STATION WAGONS, BY PURPOSE AND AREA OF
OPERATION, 1970-71
| 6
-+ (10” kilometres) -
Area of Operatibﬂ
Purpose Capital Provin- = Rest : Total
City and cial - of Interf
Environs Urban State- state
Business 7,255.8 - 904,9 h,078.0 712.8 12,951.6
Paid to and 2,187.5  226.7 .. 547.4 . 90.0 -3,051.7
from work , S S ,
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 17,900.1 5,107.0 63,801.9

Source: Refer to text.



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.

As 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, howe&er, 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 in at least two of the
elements in the matrix of Table 2.5. The accuracy of
Table 2.4 is, therefore, critical to that of some of the
findings of the remainder of the study. Purther research
could well concern itself with obtaining better estimates

for all categories of wvebicle 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 1 associated with

9

approximately 1.1 x 107 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 1.1 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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| TABLE 2.# — ASSUMED VEHICLE OCCUPANCY FOR CARS AND STATION
‘ "WAGONS BY PURPOSE AND AREA OF OPERATION

(persons per vehicle)

Area of Operation

; Purnose Capital Provin- Rest
? ' : ~.City and cial of = Inter- "All
i Environs = Urban State state Areas
| Business ' 1.2 (1) 1.1 1.1 1.1 1.2
| Paid to and (1) 1.3 (3) 1.3 1.1 1.1 1.3
from work
Unpaid to and  (2) 1.3 (3) 1.3 1.1 1.1 1.3
from work ’
Private 1.8 1.7 4.0 3.4 2.7
A1l purposes  (4) 1.5  (5) 1.5 2.9 2.9 2.0
. Purpose . City or Town . Occupancy
(1) Business trips: Berdigo (1971) . 1.06 -
 Rockhampton (1971) 1.01
Launceston (1967) 1.08
(2) Work trips: " Melbourne (1964) 1.37
- : Brisbane (1960) 1.33
- Sydney (1971 : 21,22
| Hobart (1964 1.46
| .~ Adelaide (1968) : 1.27
|
| (3) Work trips: Bendigo (1971) .24
| Rockhampton (1971) 1.22
| Ipswich‘(1966) 1.38
| , , Launceston (1967 1.30
| | - Townsville (1966 1.33
| (4) A1l purposes: Brisbane (1960) 1.58
Sydney (1971 ’ : 1.41 -
Hobart (1964 1,41
‘Adelaide (1968) : “1.64
(5) ‘A1l purposes:  Bendigo (197#)7 1.47
- T Rockhampton (1971) 1.43
Ipswich (1966) 1,50
Launceston 21967 1.48
Townsville (1966 1.44
Soﬁrce: See texi for details. The estimates of the Table

were derived in part from the above transportan
tion study results.



TABLE 2.5 - ESTIMATED OCCUPANT-TASK BY CARS AND STATTION
WAGONS, BY PURPOSE AND AREA OF OPERATION, 1970-71

(109 occupant—km)

Area of Operation

Purpose Capital Provin- Rest Total
City and cial of Inter-
Environs TUrban State state
Business 8.7 1.0 4.5 . 15,
Paid to and 2,8 0.3 0.6 0.1 3.8
from work :
Unpaid to and 11.6 1.5 2.5 0.4 16.1
from work
Private 30.7 5.1 L, 0. 13.3 93.1
| ' (1)
Total 53.2 8.0 51.6 14,8 127.6
Notes: Totals differ from row and column totals because

occupancy figures of Table 2.4 are rounded to
1st decimal place.

(1) This figure differs from that shown in Table 2.1

due to rounding of tke average occupant number
from 1.97 to 2.0 (see foctnote, page 9).

Source: Refer to text.



(1)

number of vehicle-kilometres by each category have

From the CBCS survey , estimates of the

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 ARFEA OF  OPERATION, 1970-71

(106 kilometres)

Area of Operation

Purpose Capital Provin- Rest ~ Total

City and cial - of - Inter-
Environs Urban State state
Business  31.6 2.4 50,7 - 0.2 85.0
Paid to and o 35.7 L,h  17.2 0.5 57.8
from work : . : - - :
Unpaid to and 233.7 ¥7.2 - 63.5 6.2 350.7
from work L o :
Private . 271.7 49l 168.7 30.5 520.3
Total 572.8 103.4 300.1 37.4 1,013.7
Source: Unpublished information from CBCS Survey of Motor
Vekicle Usage, 1971-73, subsequent to Preliminary
Report. A

(1) Unpublished information from CBCS Survey of Motor
Vekicle Usage, 1971-73.



TABLE 2.7 - ESTIMATED PERSON-TRAVEL BY MOTOR CYCLES,
BY PURPOSE AND AREA OF OPERATION, 1970-71

(106 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 630.0 113.7 330,1 k1.2 1,115.0

Source: Developed from Table 2.6 by assuming an average

occupancy of 1,1 persons per motor cycle.

2.1.3 Commercial Vehicles

The CBCS Survey of Motor Vehicle Usage reports
the total task of road freight vehicles in 1970~71 as
27,182 M tonne-kilometres. In the survey, venicle owhners
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 wagons (see pages 6—7).
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TABLE 2.8 — INITTAL ESTIMATE OF ROAD FREIGHT TRANSPORT
" TASK BY STATE OF VEHICLE REGISTRATION AND
AREA OF OFERATION, 1970-71

(million tonne-km)

Area of Operation

State of 7

Vehicle Capital Provin- Rest 7 Total
Regis- City and cial of Inter-

tration = Environs Urban State state

NSW . 2,886 909 4,233 1,460 9,488
VIC 2,114 307 2,935 1,4h2 6,798
QLD 677 24 1,563 476 2,959
SA 729 - . 1,625 934k 3,286
WA ' 852 - 2,307 36 3,196
TAS 12 5k 499 8 683
NT Wy - k92 41 577
ACT ‘ 195 - - - 195
Total 7,619 1,512 13,654 4,395 27,182

Source: Unpublished information from CBCS Surveyrof Motor
Vekicle 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 home-State use of
out-of-State roads is approximately equal to home-State
use of home-State. roads for interstate:trips,'fhen—thef
task is seen to be broken down by area of operation in

the manner shown in Table 2.9.

A limited check ofvthe accﬁracx~of Table 2.9 is
possible with the use of the findingsrof a survey. of 7
interstate freight mbveménts‘forrthe_year 1970;71;
undertaken by the ABS. Resuits havé not yetrbeén‘
publiéhedgrbut pfelimihéry iﬂfofmation hés beén made
available for the pﬁfpose of this study. VCoverage is

limited tc those freight forwarders and/or road transport



operators who were engaged in the interstate movement of
freight for hire and reward between Sydney, Newcastle,
Wollongong, Melbourne, Brisbane, Adelaide, Perth, Darwin
and Conberra, 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 OF OPERATION, 1970=71

(million tonne-km)

Area of Operation . Task
Capital City and Environs 7,619
Provincial Urban 1,512
Rest of State 9,259
Interstate 8,790
Total 27,182

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

The ABS gave totals for tcnnes moved between
centres and, by multiplication by the road distance,
estimates of tonne—kilometfes of intersfate 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 tcnne~kilometres between the

(1)

two estimates of the interstate task . Whether the

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



. TABLE 2,10 — INTERCITY FREIGHT MOVEMENTS BY ROAD: ESTIMATED TONINE-KILOMETRES PERFORMED 1970-71

(million tonne-km)

To: Sydney‘ New—- = hbil- Melbourne Brisbane "Adelaide Perth Darwin Cenberra

From: ‘ castle ongong y , ‘ Total

Sydney oL - Ly7.5  306.8 220.6 89.0 16.6 9.0 1,119.6
Newcastle - - - 33.3 1.3  13.6 9.0 - - - 70.2
Wollongong - .- - 1.4 - 2.2 3.2 - - - 16.8
Melbourne L453,1° 9.4 3.5 = . 260.1  186.4 87.8 6.4 11.0 1,027.6
Brisbane  181.2 4.6 0.8  138.8 - 99,7 k.0 L.k - 4234
Adelaide 171.3 3.7 1.5 136.2 78.9 - 17.5 11.7° 2,9 423,6
Perth 2h.2 - - 30.8 6.1 . 20.6 - - - 8.7
‘Darwin | - - - - 5.8 - - - - ‘ 5.8
Canberra 1.3 - - ‘ - - - - _ - 1.3
Total . 831.2. 27.6 15;8 - 828.0 674 .1 h8h, 1 217.2 79.1 . 23,0 3,170.0

Source: See text.



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(1> transport.

The CBCS Survey of Motor Vehicle Usage also
provides estimates of the road freight task by category
of vehicle usage. These are given in Table 2.11, and
illustrate the importance of ancillary road transport in
the total task. 34 per cent of the total tonne-kilometres
were performed by ancillary vehicles. Hire and reward »
operations, the most significant category, were résponsible

" for 65 per cent of the total.

TABLE 2.11 - ESTIMATED ROAD FREIGHT TASK, BY CATEGORY
OF VEHICLE USAGE, 1970-71

(million tonne-km)

Vehicle Usage Freight Task Per cent of
’ Total

Hire and reward

1 client 5,267 19.4

>1 client 12,361 b5.5
Ancillary 9,322 34,3
Other 67 0.2
Not Stated ' 166 0.6
Total 27,182 100.0
Source: CBCS Survey of Motor Vehicle Usage, 12 months

ended 30th September, 1971 (Preliminary).
Canberra, September 1973.

(1) An ancillary function is one which is performed
incidentally to the main task at hand. Thus an example
of ancillary transport of goods is provided bv the
operations of a large department store, whose main
business is to sell consumer goods, but part of whose
service involves the delivery, or rcad freighting, of
goods to purchasers.



2.1.4 Buses

The Coﬁmonwealth Bureau of Roads' estimates the
paseenger'task perfermed by buses as being 8.87 x 109
pasSenger—kilometres.‘(The accuracy of this figure is not
given. Nor is‘a'break—dOWn of the task according to area

of operationjavaiiable.

The ABS Bus Fleet Operatiohs Surrey'for the twelve
months ended 30th June 1971 does, however, g1ve estimates
of veklcle—kllometres by area of operation, and Table 2. 12
glves the result1ng task if it may be assumed that total
passenger-kilometres may be allocatedrto;metropolltan and -
other areas according to the,prdportien of vehicle—kilometres
travelled inreaeh area, This simplified assumption may not
be'entirely accurate; it implies that vebicle occupancies

for: each area are similar, It 1s poss1b1e, however, that

Vurban serv1ces operate w1th a slightly greater average

number of porsons per vehicle than do- non-urban and
prov1n01a1‘serv1ces. KOn the other hand both charter and
sehedulea inter-city operatlons usually run with greaterr
passenger loads, and this may be sufficient to justify the

previous assuﬁption;
2.1}5 >Trams

The only readily available estimate of the paseehger
task performed byrtﬁe tram services of Australia is omne

(1)

provided by the Commonwealth Bureau of Roads . ‘Thisris

O.53fx,109 passenger—kilometree,,although, again, the

accuracy of the figure »cannot be determined.

’ Ndnetheless, trams carry out only a very small
portlon of the total passenger task, so an error of the

order of even 20 per cent in the estlmatlon of thelr

(1) >Cemmonwealth Bureau of Roads;‘Report on Roads in
Australia, 1973 : -



TABLE 2.12 - ESTIMATED PASSENGER TASK BY BUS, BY AREA
OF OPERATION, 1970-71

(109 passenger—km)

Area of Operation Passenger Task
Capital Cities L,67
Rest of States L.,20
Total 8.87
Source: Refer to test

contribution is not significant to the findings of this
Chapter, although it is significant to the calculations

of energy intensiveness in Chapter 5.

2.1.6 Total Road Transport

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
(96 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 RATL TRANSPORT

2.2.1 Urban Rail Services

Only the operators of the government rail services

in Melbourne, Adelaide and Hobart publish, in their annual

reports, estimates of the numbers of passenger-kilometres

performed by their operations. No information is avaijlable

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, 1970-71 -

’(109 person-km)

Mode e Urban - Non-Urban Total

Areas Areas

(A) PASSENGER TASK, BY AREA OF OPERATION

Cars andrstation'Wagons(1)'_ 61.2 66 .1 127.6
~ Motor Cycles(z) S , 70,71 0.4 1.1
Buses o ' 7 R h,2 . . 8.9
Trams 0.5 - 0.5
Total 67.1 - 71.0 138.1

(B) FREIGHT TASK, BY AREA OF OPERATION

Commercial Vehicles(?) 9.13  18.05 27.18

(1) Derived from Table 2.5
(2) Derived from Table 2.7
(3) Derived from:Table 2.9

Notes :

Source:

‘Area of operation is divided into Ufbén and Non-Urban

areas. For all road transport other than buses and
trams Urban refers to 'Capital city and environ'
and 'Provincial urban'; and Non-urban refers to
'rest of state'! and 'Interstate!; for buses and
trams the subdivision is between 'Capital Cities'!
and 'rest of state'. :

Refer to notes hereunder .



number of passenger-kilometres is estimated below using
as a basis the number of passenger-kilometres per head of

pcpulation in the cities for which the task is known.

In Melbourne, Adelaide and Hobart, the average
numbers of passenger-~kilometres per head was 866, 211 and
56 respectively. On the assumption of a simple relationship
between passenger-km/head and population, figures for
prassenger-kilometres per head may be estimated for those
cities served by urban railways for which no data is
available, Upon this assumption, a total task, for all

cities, of 5.9 x 109 passenger-kilometres is obtained.

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 raijilway 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 sugar cane, but carry no passenger 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.
Avajilable data are, however, limited. The Annual Report

of the Western Australian Government Railways suggests
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that the carriage of ores and minerals represented just
under h5 pefcent,of the total tcnne-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 RATLWAYS, 1970-71

(a) (b) All Railways

Private Railways Govt. Railways

Tonnes Tonne-km Tonnes Tonneékm Tonnes Tonne-km
(x'1o6) (x 109) ) (x 106) (x 109)  (x 106) (x 109)
79.99 13378 - 87.30 25.20 167.29 38.98

Source: (a) ABS Year Book Australia 1973

(b) CBCS Transport and Communications 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
2.15 (Estimates of'fhe‘Government Rajlway Freight Task).
Total bré and‘mineral'tfaffic,consiéts of a pri&ate railways
total of 13.78 x 109 tonne—kilometré (from Table 2.14),
plus a value of 8,53 x 109 tonne~kilometre derived for
Goverhment rajlways in.Table 2.15. Thus, ore and mineral
traffic may accountufor 22,310 x 109'tonne-kilometres,
being 57 per cent of the total railway freight task of

38.978 x 109 tonne-kilometres.



TABLE 2,15 = ESTIMATE O THE GOVERNMENT RATLWAY FREIGHT

TASK,

1970=71

(109 tonne—km)

State or State Rly C'wealth Total Minerals, Remaining
Rlys( )» Ores &(b) Freight
task a Coal Task

NSW .06 - 9,06 2.70 6.36

VIC 3.47 - 3.47 0.25 3.22

QLD 5.42 - 5.42 2.71 2.71

SA 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

NT - 0.21 0.21 0.13 0.08

Total 23.11 2.10 25.21 8.53 16.68

Notes: (a) Commonwealth Railways traffic is allocated

Source:

to States on an approximate basis according
to track length.

(b) Estimates of minerals,
are based on the following assumptions:

Nsw
VIC

QLD

SA

WA
NT

30% of total task

ores

and coal task

1.5m (approx.) tonnes of brown
coal hauled 160m km

50% of total task (revenue from
minerals were 40% of freight revenue)

40% of combined State and CR task
(26% of State freight revenues were

from minerals)

Reported minerals task

60% of total task.

Annual reports of the various government railways.
See also notes below.
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It should be noted that the published statistics
for the rail freight taék include a portion attributable to
movements on which both passengers and freight were carried.

i 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(1). 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 should be noted that a portion of these
are carried on mixed, passenger-freight, trains, a point

considered further in Chapter 3.

‘No 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 Transvort

The results of the preceding analyses, concerning
urban and non-urban rail services, afé summmarised in Table
2.16, which shows thérestimated tasks performed by rail

transporﬁ.

TABLE 2,16 - SUMMARY OF ESTIMATED‘TASK PERFORMED BY RATL
TRANSPORTz 1970-71, BY AREA OF OPERATION

: » Urban Non-Urban =~ - o
Task ‘ - Areas . ‘ Areas . , Total
Passenger movement 5.9 L1 : 10.0

(109 passenger-km)
Freight movement - 39.0 39.0
(109 tonne—km)

Source: Refer to text.

(1) Ccommonwealth Bureau of Roads Report on Roads in
Australia, 1973.



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 ATR SERVICES

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

. . 1
services of Australia

This estimate excludes movements on non-
scheduled flights, both of the domestic airlines, other
cormercial airlinés, and private aircraft. In 1970—71,'
267,622 hours were flown on the domestic airlines! ‘
internal scheduled services(z), and 1,129,000 hours
by general aviation operators 2 . In addition, some
50,050 hours were flown in 1970-71 by all airlines

(3)

(domestic and Qantas) in general aviation operations .

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 gfeater 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.

Air 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 .

(1) ABS Year Book Australia, 1973.
2) Department of Civil Aviation, Civil Aviation 1971-=72,
(3) Devartment of Civil Aviation, Civil Aviztion 1970-71,.

(4) ABS Year Boock Australia 1973.
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2.4 COASTAL SHIPPING

Total interstate movements by coastal
shipping in 1970-71 involved the loading and dischérging
of 52.18 million tonnes of freight(1). By assuming
an average distance travelled by sea of 1300 km(z), it
is possible to estimate the freight task performed by
coastal shipping as around 68,000 million tonne-

kilometres.

Alternatively, an estimate of the coasfal
shipping freight task for 1969-70 is known(B); 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
iﬁ an estimafe of 70,950 million tonne-kilometres for

1970-71.

A figurefofl70,000 miliion:tohne—kiiometres
is therefore suggested as being a reasonable estimate
of the coastal shipping freight task. This represents
just over one half of the total domesfic freight task

in Australia.

The number of péésengerfkilqmetfes performed
by domestic séa trahspbrt isrnot Very significant,
being estimated ét approximéfely 257 million passenger-
kilometres(B). For this reason, in theranalysis of
energy,cqnsumption in Chapter 3, the contribution of
domestic shipping;to the total pattern.of energy usage

for 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 2,
Paaer No. 5, February 1972.

(3) Commionwealth Bureau of Roads, Report on Roads in

Australia, 1973.
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2,5 TOTAL DOMESTIC TRANSPORT

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

are:

(1) the high pcrtion (90 per cent) of total

personal mobility carried by road;

(ii) the relative importance of freight traffic
in non-urban areas (93 per cent of the

total tonne-kilometres); and

(iii) the significance of coastal shipping in

the total domestic freight task.,
2.6 INTERNATITONAL TRANSPORT

Just as Australia's national energy consumption
is not complete without consideration of the ernergy used
for international trarsport movements, passenger and
freight, attributable to Australia, so too is the transport
task incomplete without an evaluation of such movements.
Just what is Australia'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 of the total fcnne-kilometres ard passenger-—
kilometres of traffic originating and terminating 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 - SUMMARY OF ESTIMATED DOMESTIC TRANSPORT
TASK, 1970-71

Passenger Task Frsight Task
Mode and (109 person-km) (107 tonne-km)
Purpose Non- Non-

Urban: Urban Total Urban Urban Total

Cars aﬁd -

% station
§ wagons
| Business - 9.7 © 5.3 15,0 - - -
| (6) (3)  (10)
Work 16.2 3.6 19.9 - - -
(1) (&) (13)
Private  35.8 57.3  93.1
(23)  (37) (61)
L  Motor 0.7 0.k 1.1 - - -
P ‘ cycles (<1) (<1) (<1)
o Commercial = - - 9. 18.1 27.2
‘ vehicles ’ : ‘ ' ‘ (7) (13) (20)
Buses M;?V h,2 8.9 - - | -
(3)  (3) (6)
Tram 0.5 - 0.5 - - -
(<) (<1)
Total 67.6  70.8 7 138.5 9.1 18,1 27.2
Road: = (w6)  (90)  (7) (13) (20)
Train 5.9 k.1 10.0 - 39.0 39.0
. B CO R &) (7) (29)  (29)
Air - 5.0 50 - <0.1 . =0.1
o (3 G <) (<)
Sea - <0.1  <0.1 - 70.0 70.0
. | <1) (<) (51)  (51)
| Total 73.5 80.0 153.6 9,1 127.2  136.3
| (48)  (52) - (100) (7) (93) (100)
1 ‘ | Note: Figures in brackets represent percentage of total.

Source: See text.



2.6.1 International Shipping

In 1970-71, a total of 123.6 million tonnes
of international freight were loaded and discharged at
Australia's ports(1). 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 approximately
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 movements and forms the broad basis for the

assumption of 8,000 kilometres average trip length,

2.6.2 International Air Services

In 1970—71,7615;699 passengers disembarked and
583,449 embarked on international air services to and
from Australia, a total of 1,199,148 passengers(1)’(2).

The bulk of international air passenger movements
to and from Australia are presented in Table 2,19. The
(weighted) average distancé 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, 5,396 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 movements by all airlines into
and out of an area embracing Australia, Papua-New Guinea
and Norfolk Island. Movements between Australia, and
Papua-New Guinea and Australia and Norfolk 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 SHTIPPING: CARGO

DISCHARGED AND LCADED 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 h7,346 602,461
Europe 782,657 16,135,460
U.S.S.R. oLl 104,969
Africa 273,859 2,188,182
Asia 16,428,694 76,172,665
P.N.G., N.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
Source: CBCS Transport and Communication, 1970;71.

Bulletin No. 62, Canberra, February 1973.

TABLE 2.19 - INTERNATIONAL ATR PASSENGER MOVEMENTS TO

AND FROM AUSTRALTA

E ‘ Approx. Total

" "Route distance bPassenger

: (km) movements
Australia - New Zealand 2,400 437,356
Australia - U.K. 16,000 309,969
Australia - U.S.A. 12,800 98,900
Australia - Japan 9,500 55,858

All International

1,199,148




In addition, a total of 44,855 tonnes of

(1),(2),

representing approximately 201.8 million tonne-kilometres

freight ard mail wdre loaded and discharged

attributable to Australia (again assuming an average

trip length of 9,000 km).

2.6.3 Total International Transport

Australia's estimated intermational transport
task is summarised in Table 2.20. The overwhelming
importance of international shipping in the total freight
taslt is illustrajed by comparing Tables 2.20 and 2.17.
The international shipping task, in terms of tonne-kilometres,
may well be five times as great as the total domestic freight
task indicated in Table 2.17. Its importance from the
point of view of energy consumption is discussed in the

next Chapter.

TABLE 2,20 — AUSTRALTA'S ESTIMATED INTERNATIONAL TRANSPORT
TASK, 1970-71

Freight task Passenger task
Mode (109 tonne-km) (109 passenger-km)
Sea 494 .0 n.a.
Air 0.2 5.4
Total 4oL, 2 n.a.

Source: Refer to text.

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

(2) See footnote 2, page 28.



CHAPTER 3 : DIRECT ENERGY CONSUMPTION

3.1 INTRODUCTION

" In this Chapter, the direct energy consumption
by categories of Australian transport is estimated.
In most cases, assumptions have had to be made in order -
to allocate aggregate‘fuel sales to the wvarious sub-
divisions of the transport task; where this has occurred,
the bases for'the'éalculations 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 vekhicles in
performing their traffic task. This takes no account,
howevéf, of the’amounf of,ehergy consumed by activities
less directly associated with theitransport task, but

rightfully categorised as elements in the transport

sector., These-activities include, for example: +vehicle
construction, mainternance and sales; road, rail and
airport construction; transport insurance; transport

fuel refining and electricity generation; and other
transport infrastructure activities. Indirect energy

consumption of this nature is discussed in Chapter 4.

3.2 PUBLISHED ESTIMATES OF DOMESTIC TRANSPORT CONSUMPTION -

(1)

estimated that in 1970-71, the domestic transport sector

The Department of National Development

accounted for some 26 per cent of the national consumption

of avproximately 2200 x 1012 kJ. Information published

(1) Australia's Natural Resources, MinisterialfstatéMent
and Review, September 1972.
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by the Petroleum Information Bureau(1) and the Electricity
Supply Association of Australia(z) provides a breakdown

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

are derived from petroleum products(B, and 2.4 x 1012 kJ
from utility electricity, although the heat wvalue of
primary energy used for generating this electricity will
be greater than this because of conversion losses. A
further amount derives directlv from coal, although in
view of the small contribution to the total transport

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

nrobably quite small,

The overwhelming importance of petroleum as a
domestic transport fuel is clearly illustreted in the
figures above. Over 90 per cent of direct tranéport>
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 diéselrdistillate 24 per cent, and aviation

fuels nine per cent.

On a per capita basis, Australia consumes about

7

4 x 10’ kJ per capita/year in its domestic (internal)

transport opérations.

(1) Petroleum Information Bureau, 0il and Australia 1972:
The figures behind the facts. Melbourne 1972.

(2) Electricity Supply Association of Australia., The
Electricity Supply Industry in Australia, Year 1970-71.
Melbourne, 1972.

(3) Petroleum product sources may additionally be broken
down as follows: 192

(107 xJ)
aviation gasoline 3.2
aviation turbine fuel L7.9
'super! motor spirit 290.7
'standard! motor soirit 65,0
power kerosene 2.6
automotive distillate 132.9

Total 542.3
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Kalma et al(1) reported a more detailed study
of energy directly consumed by transport in New South
Wales in 1970-71. The total consumption of 189 x 1012 kJ
was 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

3.3.1 Cars and Station Wagons

The analysis of energy .consumption by cars and
station wagons in Australia is based on information from
the CBCS Survey of Motor Vehicle Usage for the year
ended 30th September, 1971.

All the cars and station wagons surve&ed during
the CBCS study compriéed 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,
butain 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 océur due to a
smail proportion ofrcérs and station wagons using fuels
other than petrol (principally4diesel and liquid

netroleun gas).

(1) Xalma, 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 NEW SOUTH WALES, 1970-71

12

(10°° kJ)

Direct Energy Consumption, New South Wales, 1970-71

Mode Auto-
Coal Elect- " Aviation Motor Kero- motive Total
(direct) ricity fuels spirit  sene Dist.
Railways 3 1 - - - 8 12 (6.3)
Aviation - - 20 - - - 20(10.6)
Motor - - - 119 1 37 157(83.1)

vehicles

Total 3(1.6)  1(0.5) 20(10.6) 119(62.9) 1(0.5) 45(23.8) 189(100)

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

Source: Kalma, J.,D., Aston, A.R., and Millington, R.J., Energy Use in the Sydney
Arca. Proc. Ecological Society of Australia, 7, 1973.

g€ -
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The CBCS estimates that the total number of
kilometres travelled by cars and station wagons‘in
Australia amounted to 63,801.9 million kilometres. This
figure, divided by the average fuel consumption rate of
8.1 km/1, gives the total amount of fuel consumed by
cars and statioﬂ wagons in Australia: 7,876.8 million
litres of pefrol, resulting in a consumption of
approximately 270.9 x 10'% kJ of energy.

Estimates of the distances travelled by these
types of wvehicle for particular purposes and by area of
operation enable a breakdown to. be made of this total
energy consumption figure. 'Tablé 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 2.37using the overall average
petrol consumption rate of 8,1 kilometres per litrérand
the energy content of'petfbl.~ Table 3.2 shows this

distribution of ehergy usage.

The aSsumption 6f7a stable fuel consumption
rate of 8.1 km/1 for all areas of operation, however, is
nrobably invalid[, Using data from Britain 1) where it
has been observed‘that fuel consumption rates (km/l)
for typical rural conditioné were approximately 30 per
cent less than those under typical urban 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 shows the amended

values.

(1) Everall, P.F., The Effect of Road and Traffic
Conditions on Fuel Consumption. Min. of Transo.,
RRL Report LR226, 1968,
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TABLE 3.2 — INITTAL ESTIMATE OF ENERGY CONSUMPTION BY
CARS AND STATION WAGONS, BY PURPOSE AND AREA
OF OPERATION, 1970-71

12

(10 ° kJ)

Area of Operation

Purvpose Capital 7 Provin- Rest Total
City and cial of . Inter-
Environs Urban State state
Business ' 30.8 3.8 17.3 3.0 55.0
(11.4) (1.4) (6.4) (1.1) (20.3)
Paid to and 9.3 1.0 2.3 0.4 13.0
from work (3.4)  (0.4) (0.8) (0.1)  (4.8)
Unpaid to and 38.0 5.0 9.7 1.7 54.3
from work (14.0) (1.8) (3.6). (0.6) - (20.0)
Private 72.5 12.8 Lé.7 16.6 148.6

(26.8) (%.7) (17.2) (6.1) (54.9)

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 from Table 2.3, assuming an average
petrol consumption rate of 8.1 km/1 for all
categories.



TABLE 3.3 —

ADJUSTED ESTIMATE OF ENERGY CONSUMPTION BY

Business

CARS AND STATION WAGONS, BY PURPOSE AND AREA
OF OPERATION, 1970-71.
(1012 kJ)
Areé of Operation
- Purpose Capital Pro%in— Rest Total
City and - cial = - of
Environs (a) Urban(a) State(b) state(b)
33.6 L. 14,5 54,7
(12.4) (1.5) (5.4) (20.2)
Paid to and 10.2 1.1 1.9 13.5
from work (3.8) (0.4) (0.7) (5.0)
Unpaid to and 41.4 5.57: 8.1 56.4
from work ‘(15.3) (2.0) (3.0) (20.8)
. 79.0 4.0 39.2 146.1
(29.2) (5.2) (14.5) (53.9)
164.2 2h,6 63.8 270;9
- (60.6) (9.1)  (23.6) (100.0)

(a) Based on a fuel consumption rate of 7.43 km/1.

(b) Based on a fuel consumption rate of 9.65 km/1.

© Figures in braékets represent percentége of total

erergy consumption,

See text. -



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
consunmption. The change in fuel consumption between the
two Tables, for example, is sufficient tc¢ increase the
energy consumed in canital cities from 55.6 per cent to
60.6 per cent. It is unfortunate that more detailed
information on average fuel consumption rates in urban
areas does not exist forrAustralia. If it did, it may
show that the amount of energy consumed in State capitals
by cars and station wagons is different from that shown
in Table 3.3, where the consumption rate is assumed to 7
be 7.43 km/1, 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 wagomns (essentially

12 kJ, 61 per cent is

passenger vehicles) of 270.9 x 10
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 sinzle purpose category,

contributing as much as 54 per cent of the total.

3.3.2 Motor Cycles

In 1970-71, motor cycles travelled an estimated

1.014 x 1O9 km(1 with an average petrol consumption rate

of avoproximately 23.0 lzilometres per litre 2). They thus
censumed a total of 44.05 million litres, equivalent to
1.5 x 1O12 xJ of erergy.

This figure, though small, may be broken down
by purpose and area of 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; un»nublished
figure subsequent to that in Preliminary Report.



TABLE 3.4 - ESTIMATED ENERGY CONSUMPTION BY MOTOR CYCLES,

BY PURPOSE AND AREA OF OPERATION, 1970-71
12

(10'° xJ)

Area of Operation

Purpose . Capital  Provin- Rest ' Total
City and cial of Inter—-
Environs Urban State state
Business . 0.05 0.00 0.08 0.00  0.13
Paid to and 0.05 0.01 0.03 0.00 - 0,09
from work :
Unpaid to and  0.35 0.07 0.10 0.01  0.53
from work :
Private 0.41 . 0.07 0.25 0.05 0.78
Total . 0.8  0.17  0.4s 0.06 1.53

Source: See text.

3.3.3 Commercial Vehicles

The CBCS Survey of Motor Vehicle Usage again
provides the basis for an estimation of ehergy consumption
by commercial vehicles in 1970-71. - Tts estimétes of
fuel consumption by vehicle type and kind ofrfuel’are
shown in Table 3.5. In terms of erergy 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 bf vehicle usage, from which the
energy consumption figures of Table 3.7 have been calcul-
ated. It should be noted that ancillary—freight‘trénsport
contributes at least 60 per cent of the total energy
consumption of dommérciai'vehiclés, and that petrol
produces over 68 pér‘éentrof the total énérgyrused by

comuiercial vehicles.,
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TABLE 3.5 — TOTAL FUEL CONSUMPTION FOR COMMERCTAL
VEJICLES, BY VEHICLE TYPE AND KIND OF
FUEL, 1970-71

(1000 litres)

Fuel Consumption

hi
Vehicle Type Automotive

Petrol Distillate Other
Light commercial
vehicles -
Open 645,823 2,232 Ly
Closed 278,924 145 -
Trucks: rigid and
articulated -
1 & under 4 tonnes(1) 658,934 23,135 2,396
L & under 8 tonnes 381,132 131,002 636
Trucks: rigid -
8 tonnes & over 116,873 189,777 3,382
Trucks: articulated -

8 & under 12 tonnes 29,985 48,351 550
12 & under 16 tonnes 75,595 134,189 655
16 tonnes & over 4y, 219 393,715 177

Other truck type 18,016 5,223 -
vehicles
Total 2,249,502 927,775 8,274

(1) Actually tons, but the two are practically
equivalent (1 tonne = 1.016 ton).

Note: Distance travelled within each category derived
from unpublished information from the CBCS
Survey of Motor Vehicle Usage, 1971-73,

Source: Based in part on fuel consumption figures
published in CBCS Survey of Motor Vehicle Usage,
12 months ended 30th September 1971 (Preliminary),
Canberra, Seprtember 19773,
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TABLE 3.6 — ESTIMATED TOTAL ENERGY‘CONSUMPTION FOR
COMMERCTAL VEHICLES, BY VEHICLE TYPE, 1970-71

| (1012 xJ)

Vehicle Type "Energy Consumption

Light cOmmerciaI vehicles -

Open . S . 22.3

Closed ’ ‘ 9.6
Trucks: rigid and articulated -

1 and under h‘tonnes(1) o ' 23.6

4 and under 8 tonnes , : 18.2
Trucks: rigid -

8 tonnes and over , B 11.5

8 and under 12 tonnes ‘ ' C 2.9

12 and under 16 tonnes = j 7.8

16 tonnes and over 16.7
Other truck type vehicles ' 0.8
Total : : ‘ 113 .4

(1) See footnote to Table 3.5.

Source: Derivedgfrom Table 3.5.
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TABLE 3,7 - ESTIMATED TOTAL ENERGY CONSUMPTION FOR
COMMERCIAL VEHICLES, BY TYPE OF FUEL AND
VEHICLE USAGE, 1970-71

12

(10°° xJ)

Vehicle Usage

Type of Hire & Reward

Fuel Ancillary Not Total
1 Client >1 Client Stated

Petrol 7.4 9.8 59.1 1.0 774
(6.5) (8.6) (52.1) (0.9) (68.3)

Automotive 7.9 18.5 9.1 0.3 35.7
distillate (0.0) (16.3) (8.0) (0.3) (31.5)
Other ‘ 0.0 0.2 0.1 - 0.0 0.3
(0.0) (0.2) (0.1) (0.0) (0.3)
Total 15.4 28,4 68.13 113.4

(13.6) (25.0) (60.2) (1:?) (100.0)

Note: - PFigures in brackets represent percentage of
total erergy consumption by commercial wvehicles.

Source: CBCS Survey of Motor Vehicle Usage, 1971-73.

Table 3.8 indicates the estimated distribution
of energy use betweenrn journey purpose and area of
operation., The basis of ifs calculated figures is
developed in Annex A, where the necessary assumptions
are also noted. It shows that of the total energy
consumption by (road) commercial vehicles, 113.4 x 1012 kJ,
87 per cent is used by business traffic. Energy
consumption by laden vehicles is only 536 per cent of

the total, indicating an 'unproductive! consumption of

44 per cent of the total.

Table 3.8 also shows that 46 per cent of the
total consumption by commercial vekhicles is used in
capital city areas, 8 per cent in provincial urban areas,
34 per cent in rural areas and 13 per cent on interstate

movements.
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TABLE 3.8 - ESTIMATED ENERGY CONSUMPTION FOR COMMERCIAL
VEHICLES, BY JOURNEY PURPOSE AND AREA OF
OPERATION, 1970-71

12

(to' = kJ)

- Area of Operation

Purpose Capital Provin- ,Resf Total
City and cial of Inter-
~ Environs Urban State state
Laden Business ; 28.9 L6 19.1 10.3 62.9
~(25.5) (4.0)  (16.9) (9.1)  (55.5)
Unladen Business 15.5 2.8 1h.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 08.8
(39.2) (6.5) (29.8) (11.6) (87.1)

Paid to and 1.0 0.1 0.3 0.0 1.5
from work : (0.9) (0.1) (0;3) ‘ (0.0) (1;3)
Unpaid to and = 2.6 0.5 . - 1.2 0.2 = 4.4
from work (2.3) (o.4)  (1.1) . (0.1) (3.9)

0.9 8.8

Private 3.9 0.9 3.0
. (3.4)  (0.8) (2.7) (0.8)  (7.7)

Total 51.9 8.9 38.3 4.3 113.4
' (45.8) (7.8)  (33.8)  (12.6) (100.0)

Figures‘in brackets represent percentage of
total commercial vehicle consumption.

2
o
o
o

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 of
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 1012 kJ are used by buses

in Australia; i.e., only 1.8 per cent of the total

energy consumed by road vehicles.

TABLE 3.9 - TOTAL ANNUAL FUEL CONSUMPTION OF BUS
FLEETS, BY STATE OF REGISTRATTION, MAJOR
USAGE OF FLEET AND TYPE OF FUEL, 1970-71

(million litres) -

Major Usage of Fleet

State of Primarily Hire

Registration and Reward All Usages

Petrol Diesel Petrol Diesel(1)

NSW (incl. ACT) - 12.3 56.8 15.5 56.8
VIC 20.9 17.3 24.5 17.3
QLD 7.7 17.7 9.1 17.7
SA 5.5 14.1 6.8 14,1
WA - 5.5 13.2 6.8 13,2
TAS 7.7 1.4 8.6 1.4
NT 0.9 0.5 0.9 0.5
Australia 60.5 121.3 72,3 121.7

(1) A small percentage of diesel fuel is used for
purposes other than primarily for hire and
reward; this accounts for the apparently
anomalous totals given for columns 2 and L,
The apparent identity of complementary entries
in the two columns is due to rounding.

Source: ABS Bus Fleet Operations Survey, Twelve Months
Ended 30th June 1971. Reference No. 14,18,

(1) Australian Bureau of Statistics. Bus Fleet Operations
Survey, Twelve Months Ended 30th June 1971. Reference
No, 14.18., Canberra, January 1974,
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TABLE 3.10 - TOTAL ANNUAL ENERGY CONSUMPTION OF BUS
FLEETS, BY STATE OF REGISTRATION, MAJOR
' USAGE OF FLEET AND TYPE OF FUEL, 1970-71

12

(10°° xJ)
Major Usage of Fleet
State of . . . L
. R A1l U es
Registration Pr:tmarlly Hire &‘ eward sag

~Petrol Diesel Total Petrol DieselO)Total

N.S.VW. 0.42 - 2.19 2.61  0.53 2.19 2,72
(incl

A.C.T.) , L ,
VIC. 0.72 0.67 1.39 0.84 = 0.67 1.51
QLD. 0.26 0.68 .94 0.31 0.6‘8 0.99
S.A. 0.19 0.54 0.73 0.23 0.54 0.77
W.A. ~ 0.19  0.51  0.70  0.23 © 0.51 0.74
TAS. , 0.26  0.05 0.31 0.30 0.05 0.35

N.T. 0.03 0.02 0.05 0.03 0.02 0.05

Australia  2.08  4.67 = 6.75  2.49  L.69  7.18

(1) see footnote to Table 3.9.

Source: Refer to tekt.

Thlrty-elght per cent of the total energy
consumptlon by buses occurs in New South Wales and the

Australian Capltal Terrltory.‘

A further subcategorisationrof erergy usage
by buses may be developed from ABS estimates of
vehlcle—kllometres by area of operatlon, 1dent1fy1ng
the contrlbutlon of the maJor metropolltan areas.r
Table 3.11 shows this, with flgures again based on the
assumption that energy consumptlon 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 contribﬁtes by

far the greatest portion 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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TABLE 3.11 - ENERGY CONSUMPTION OF BUS FLEETS, BY ARFA
OF OPERATION AND MAJOR USAGE OF FLEET, 1970-71

(10'% xJ)
Major Usage of Fleet
A 0 ti
rea of Operation Primarily Hire All

and Reward Usages

NEW SOUTH WALES

Sydney 1.7 1.7
Rest of NSW (incl. ACT) 1.0 1.0
TOTAL 2.6 2.7
VICTORIA
Melbcurne 7 0.9 1.0
Rest of Victoria : : 0.5 : 0.5
TOTAL ' 1.4 1.5
QUEENSLAND
Brisbane 0.5 0.
Rest of Queensland 0.4 A
TOTAL 0.9 1.0
SOUTH AUSTRALTIA
Adelaide ‘ 0.5 0.5
Rest of South Australia 0.3 0.3
TOTAL ‘ 0.7 0.8
WESTERN AUSTRALIA
Perth 0.5 0.5
Rest of Western Australia 0.2 0.2
TOTAL 0.7 0.7
TASMANTA
Hobart (1)o.1 0.1
Rest of Tasmania (1)o.2 0.2
TOTAL (1)o.3 0.3
NORTHERN TERRITORY
Darwin 0.0 C.0
Rest of Northern Territory 0.0 0.0
TOTAL 0.1 0.1
TOTAL - AUSTRALTA 6.7 7.1

(1) Veh-km not published for reasons of confidentiality.
Hire and reward energy ccnsumption assumed equal to
that for all usages.

Source: ABS Bus Fleet Operations Survey, Twelve Months Ended
30th June, 1971. Ref. No. 14.18, Canberra, Jan. 1974%.
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TABLE 3.12 - SUMMARY OF ENERGY CONSUMPTION BY BUS
FLEETS, BY AREA OF OPERATION AND MAJOR
USAGE OF FLEET, 1970-71

‘ 12

(10'° xJ)
Area of Major Usage of Fleet
Operation Primarily Hire & Reward All Usages
Capital cities 4,2 4.4
Rest of States : 2.6 2.7
Total - Australia 6.7 7.1

Source: Developed from Table 3.11, assuming that
energy consumption rates (kJ/km) are 30%
greater in urban areas than in urban areas.

3.3.5 Trams

Oniy Mélbourne and Adelaide were provided
with tram services in 1970-71. The total number of
tram kilometres travelled was 25,806 million(1). The .
annual revrort for 1970-71 of the Melbourne and
Metronrnaolitan TfamwaYS Board quotes for its trams a
specific clectrical energy consumption rate of
11.196 MJ ~er tram—miler(6.957 x 103 kJ per tram-
kiloretré), a figure which, for the nurposes of this
re: ort, has to be converted to“accoﬁntnfbr the ehergy~
loss involved in convertin% ;oal into electricity.-

2

Taking, from Fryer's study , a value for conversion

losses of 74 per cent, it may be concluded that

3

Melbourne's trams utilise approximately 26.76 x 10 g

of primary erergy 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
Implications for Marine Waters. Proc. Institution
of Bngineers, Thermo-Fluids Conference on Thermal

Discharge, Sydney, December 1972,
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No similar figures exist for Adelaide. It
is probably reasonable to assume, however, that its
trams operate with similar specific energy consumption
rates, and therefore that the total (primary) energy
consumption of trams in Australia amounts to 0.69 x

1012 kJ (25.806 x 106 km at 26,758 x 102 kJ per km),

3.3.6 Total Road Transport

The ahalysis so 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

Energy Consumption

Mode (1 01 2 ]’J)

Cars and station wagons 270.9
Motor cycles 1.5
Commercial vehicles 113.4
Buses 7.1
Trams ' ‘ 0.7
Total 393.6
Source: Refer to text.

Total fuel sales(1) of motor spirit (petrol)
and automotive distillate amount tc an equivalent of

approximately 489 x 1012 kJ. These derived estimates

of energy consumption indicate a difference of 95 x 1O12
kXJ. Some part of this difference may be transport
energy but another »art is the energy consumption of a
range of uses including power boats, tractors,

construction equipment, motor mowers, etc. No data are

(1) Petroleum Information Bureau. 0Oil and Austraiia,
1972: The Figures Behind the Facts. Melbourne,
December 1972.




available to make allowance for these categories of
use. Accordingly no adjustment to these derived

estimates is possible, nor is it mnecessary.

3.4 RAIL TRANSPORT

3.4.1 Urban Rail Services

The total heat value of electricity sold for
traction purposes in Australia amounted to 2.47x‘1012 kJ
in 1970-71 1), equivalent to a primary energy consumption
of about 9.23 x 1012 kJ. These purposes are essentially
confined to tram services in Melbourne and Adelaide
and suburban rail services in Melbourne and Sydney.
Subtracting the energy consumption of the trams
(0.69 x 10?2 kJ; estimated above), the remainder of the
total energy consumption may be assumed to be |
attribufed'tdtfhé urban passenger rail services in
Melbh-urne and Sydney, anproximately 8.54 x 1012 kJ,

All other cities with urbah 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 inpﬁtrpgr train-km and then to multiply the )
energy consumption for Melbourne's and Sydney's services
by a factor approximating the likely ratio of energy
usage., If this factor can be assumed torbe based on
service train—kilometres, the amount of energy consumed
by urban passenger rail services in c1t1es other than
Melbourne and Sydney is approx1mately 2. 91 x 1012 kJIV
Thus, the total primary energy consumptlon of urban |
rail services in Australia is approx1mately 11 45 x 1012 J.

,The'estimate of 11.45 x 1072 13 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) Eleutr101ty Sunnly Association of Australla. The
Electricity Sunply Industry in Australla, Year 1970-71.
Melbourne, 1972.




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 urban systems.

The contribution to total energy consumption
by urban rail services of the Sydney and Melbourne
electric systems is, hoWever, large and is estimated
with some degree of confidence. It is lilzely,
therefore, that the figure of 11.45 x 10 2 kJ for the

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

As mentioned in Chapter 2, it is assumed in
this study that the energy consumed by suburban rail
services is devoted solely to the éarriage of
passengers. The small amount of mail and parcels
traffic is regarded only as a secondary function of

these urban passenger services.

3.4.2 Non-Urban Rail Services

Figures derived from the annual reports of.
the #arious State and Commonwealth railway authorities,
and summarised by the CBCS(1), show that Government
rail services directly consumed 118,355 tonnes of coal,
approximately 77.28 million litres of o0il, and
110,722 litres of wetrol, equivalent, in total, to
anproximately 23.4 x 1012 kJ. Subtracting the assured
erergy consumption of urban non-electric services,
2.9 x 1O12 kJ, the total consumption of non-urban
Government services was about 20.5 x 1012 kJ in 1970-71.
The Government services, examined above, move
both passengers and freight. It is mnecessary, therefore,

to svlit the energy consumed by those services into the

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




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 solely freight-carrying, gocds and mail
are also carried on passenger services. The annual
reports of the respective operating authorities do,'
however, prov1de a means of estlmatlng the shares on
the basis of the number of traln—kllometres travelled
by each type of serv1ce In 1970-71, 35 167 m11110n
tr<1n—k110metres were performed by Government country
passenger tralns, 2.408 million by mlxed service tralns,
and 79.606 million by goods trains. Assuming the

mixed service traln—kllometres to bersplit eVenly
between passenger and goods categories, it is estimated
that the total energy consumption by Government non-

urban services, 20.5 x 1012 kJ, is made up of 6.4 x 10'2 kg

by passenger services and 14.1 X,1012 kJ by goocds services.
The validity of these estimates, however,

depends or the assumption that the performance of an

average goods train-kilometre requires essentially the

same 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 contributicn of energy
consuhption is to factor the Government- rail freight
consumption according to the tonne-kilometres performed
(see‘Table 2.1&). On this basis, the energy consumption
by private rajlways, all of which are devoted solely to
goods movements, 1s calculated as 7. 7 X 1012 kJ‘

(1.e., 35/65 of 14.1 x 1012 kJ).

The valldlty of the assumptlon 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 economies 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 illustrates the estimates relating
to energy consumption by Government and private non-

urban rail services.

TABLE 3.14 - ENERGY CONSUMPTION BY GOVERNMENT AND
PRIVATE NON-URBAN RATI, SERVICES, 1970-71

1
(10 2 kJ)
Goverpment Priv?te Total
Services Services

Passenger 6.4 - 6.4
Freight 14 .1 7.7 21.8
Total 20.5 7.7 28.2
Source: Refer to text.
3.5 WDOMESTIC AIR SERVICES

The Petroleum Information Bureau's(1) figures

for the consumption of o0il products in Australia in
1970~71 show a consumption of 95.393 million litres of
aviation gasoline and 1,321.472 milljion litres of
aviation turbine fuel (of which 713.090 million litres
were subject to excise tax, and were therefore utilised
Yy domestic aircraft). The heat value of the gasoline

1
and excised turbine fuel is approximately 29.6 x 10 2 kJ.

(1) Petroleum Information Bureau. 0il and Australia,
1972: The Figures Behind the Facts. Melbourne,
December 1972.




There is no published information relating
to the likely contribution of mnon-scheduled aircraft
movements to this total energy consumption by domestic
aircraft. A reasonable division, in view of the nature
of the aircraft used to generaté 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 foughly equal to the

quantity of aviation gasoline consumed by the scheduled
services suggests that the consequent error in
estimating fuel uéagé by fhe schéduied services is
unlikely to be large. Thus, the total energy usage of
the scheduled services is estimated as 25.9 x 1012 kJ
(the heat content of 713.09 M1 of aviation turbine fuel)
with the'énergy usage of non-scheduled -services being

ignored in this analysis.

Again, problems arise in allocating this
energy consumption to passenger 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 erergy

consumption are:

(1) according to the revenue derived from each

category of operation;

(ii) according to tonne-kilometres, by determining
the equivalent weight of each passenger and
the services (seat, floor, buffet, cabin
staff, etc.) provided for him; and,

(iii) by asSﬁmihg that cargo is mainly carried in
surplué aircraft space or sServices required
solely for the carriage of passengers (i.e.,
that the marginal energy cost of freight is

almost zero.

(1) CBCS Transport and Communication 1970-71, Bulletin
No. 62, Table No. 89.




The validity of the first method dewnends 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 supoly of air services.

The second means of allocating energy is
probably the most rational. It is based on the reasbnable
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 of the effective
conversion between passenger-kilometres and tonne-
kilometres. Loaded but without fuel in its palletised
passenger configuration, an F27 weighs 14,810 kg
(assuming a 63 per cent passenger load 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-kilometre is
therefore found to be apprbximafely 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 fto 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
on take-off, a period of concentrated energy use, is
physically 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- or tonne-
kilometres, with ome tonne-kilometre equivalent to
7 passenger-kilometres. Doing so gives a breakdown of.

energy usage as shown in Table 3.15.

TABLE 3.15 - ENERGY USE-BY DOMESTIC ATIR SERVICES,

- 1970-71
Typé _' ' : Energy use
of - Task’ 12

traffic ~ performed (10 % xJ)
Passengef‘ | 4,973 M pass-km - 23.1
Freight 87 M tonne-km 2.8
Total | o o J 25.9
Source: Refer to text.

3.6 COASTAL SHIPPING

The energy consumption of éhipping is
extremely difficult to estimate. Whilst the Petroleum
Information;Bureau,publishes,statistics,of>bunkerrfuel
sales, there is no means of determining the proportions
of the total used for domestic coastal,traffié 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(1) that a 15,000 tonne (10,000
tonnes DWT) containership achieves a propulsion
efficiency of approximately 65 cérgo tonne~kilometres
per litre of fuel consumed (that is, per 38,000 kJ of

fuel energy consumed, approximate]y).

Applying this figure to the total task
performed by coastal shipping in 1970-71, 71,682 million
tonne~kilometres, gives a total energy consumption

: 1
of approximately 41.9 x 10 2 kJ,

3.7 TOTAL DOMESTIC TRANSPORT

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 tc 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 importance
of road transport, and particularly the contribution
of personal travel, within the domestic energy economy.
Road transmort uses about 79 per cent of all domestic
transport energy, and as much as 55 per cent of the
total is attributable to personal travel by the private
car. Of the energy used by private cars and station
wagons (referring to Table 3.3), approximately 55 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, Nov.-Dec. 1970.




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 consumptlon for both personal travel and

freight movement are small compared w1th those of the
two maln road transport modes, cars and commer01al
vehlcles and (for frelght) coastal shlpplng,‘although
energy use for personal travel by air is becomlng
significant in the context of the rapid growth in

air passenger travel in the last decade.

The importance of car and airctransport
modes for 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

consumption in therUS in 1970 prov1ded by H1rst(1)’
and B11is?) and shown in Table 3.17. Most of the

of the modal shares of dlrect transport energy

differences between the\Austra]ian estimates and those
for the US can Be eXplained by the comparatively higher
degree of urbenisation in Austrelia, by differences
in the levels of provision of certain rmodes, and by
the more advanced development of air transport (both

passenger  and freight) in the US.

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

(2) E®Ri11is, J.C., Energy and the Automobile. 7Paper
presented at the National Convention of SAE-
Australasia, Melbourne, November 1973.
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TABLE 3.16 - SUMMARY OF ESTIMATED DIRECT ENERGY
CONSUMPTION BY MODES OF DOMESTIC
TRANSPORT, 1970~71

(10"% %)

Personal Travel Goocds Movement

‘ TOTAL
Mode Non- Non- T

Urban Urban Total TUrban Urban Total

Cars and 188.8 82.0 270.9 - - - 270.
station (38) (16) (55) (55)
wagons
Motor 1.0 0.5 1.5 - - - 1.5
cycles (<1) (1) (<1) (<1)
Conmer- 9.0 5.6 14,7 51.8 L47.0 98.8 113.4
cial () (1) (3 (o) (9) (20) (23)
vehicles
Buses e 2.7 7.1 - - - 7.1
(<1)  (<1) (1) (1)
Tram 0.7 - 0.7 - - - 0.7
(<1) (<) (<1)
Total 203.9 90.8 294.,9 51,8 47,0 98,8 1393.7
Road (B1)  (18) (39) (10)  (9) (20) (79)
Train 11.5 6.4 17.9 - 21.0 21.8 39,7
(2) (1) (4) ()  (¥)  (8)
Air - 23,1 23.1 - 2.8 2,8 25,9
5) (5) <1) 1) (5)
Sea - - — - 41.9 41.9  41.9
(8)  (8) (8)
TOTAL 215.4 120.3 335.9 51.8 113.5 165.3 501.2
poMESTIC  (43)  (24) (67) (10) (22) (32) (100)

Note: Figures in parentheses represent pesrcentage of total.

Socurce: Swimary of estimates referred to in the text.



TABLE 3.17 - ESTIMATES OF THE MODAL SHARES OF PRIMARY
ENERGY DIRECTLY CONSUMED . BY TRANSPORT IN
THE US, 1970

Percentage of total (direct)

Mode transport energy consumption

Hirst (1973) Ellis (1973)

Automobiles - urban 34,2
- intercity 20,0 54,2 53

Trucks - intercity freight 6.9
- other 14,2 21 .1 22
Buses 0.8 0.8 __
Total Road ’ 76.1 75

Railroads - freight 3.1
- passenger 70.2 ' 3.3 . 3

Aircraft - freight 0.8

- passenger | ' 5.6

- general aviation 0.6
- military 3.8 10.8 13
Pipelines 1,2 1.2 -
Marine o= L
Other S 8.6 8.6 5
Total (all modes) 100.0  100.0 100

Sources: Hirét, E., Energy Intensiveness of Passenger

and Freight Transport Modes, 1950-1970.
Report ORNL-NSF-68-4L, Oak Ridge National
Laboratory, Oak Ridge, Tennessee, April 1973.

Eilis, J.C., Energy and the Automobile. Paper
presented at the National Convention of
SAE-Australasia, Melbourne, November 1973.
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3.8 INTERNATIONAL TRANSPORT

3.8,1 Introduction

rAs 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 shipping (each
discussed senarately in the following sections) which
is attributable tc Australia. Australia generates
and attracts both passenger and freight movements
by each of these modes, and it is appropriate to

allocate to Australia a vportion of their energy use.

It is difficult, however, to argue a
conceptual yet workable basis for such apportioning:
for example, (i) should all movement into and out of
Australia be charged to Australia's energy account;
or, (ii) should only those movements into Australia
or only those movements out of Australia be charged;
or, alternatively, (iii) should Australia be charged
with one half of the total of all movements 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
of Japan, or as a combination of each? This latter
case suggests that for the purvose of establishing
balanced international accounts Qf energy usage, it
would be appropriate tc divide the energy used in
such tasks by two; 1i.e., by assuming that half of
the energy used in such movements is attributable to

each country.

The question is complicated bv the fact
that purchases of fuel for international movements
do not always take place in the country to which

the task is attributable. It is common, for example,
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for vessels to load up in the Middle Fast or Singapore
with sufficient fuel for the voyage tc Australia and
back, with no associated demand for bunkering in
Australian ports. In the case of shipping, it is
virtually iﬁposéiblé to determine Australia's share

of the amount of fuel purchased at international
supply‘termihéls or made by spot pﬁrchases thfoughoﬁt
the world. R o '

3.8.2 International- Shipping

Rice(1) has suggested that a 100,000 tonne
supertanker shows a propulsion efficiency of
approximately 40O cargo tonne-km per litre of fuel‘
consumed (that is, per 38,000 kJ of fuel energy

consumed approximately).‘

N Applying this figure to the total task
performed (from Chapter,Z)”gives a total energy
consumption of 47 x 1012 kJ for international freight

shipping.

if, however, itrisréssﬁmed that the specific
energy consﬁmptiqn'faté of thé vessels used fqr '
Australia's shipping task is closer to that of‘é'
15,00Qthnné containership (of the‘sdrt assumed for
the domestic shipbing task), the totél édﬁsumption 7
is approXimateiy 290 x 1012‘kJ. h ‘ -

The actual figure undoubtedly'1ies between
the two extremal éstimates, and for the purpose of
comparison, a rough approéximation of 200 x 1012 kJ
is taken in the ensuing discussion. It should be
recognised that such én'estimate is little better than
an educated guess, baSed on broad assumptions concerning

average trip length ahd‘speéific fuél:cdnsumption rates,

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

Future Transportation. Paper presented to ASME
Winter Annual Meeting, New York, Nov.-Dec. 1970,




3.8.3 International Air Services

In the following analysis, it is implicitly
assumed that sales of excise-exempt aviation turbine
fuel in Australia rebresent Australia's share of the
total demand for international air transport. This
may, of course, not necessarily be so, and 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 and because of the
contribution of other airlines tc the movement of

freight and passengers to and from Australia.

The heat equivalent of the excise-exempt
turbine fuel sold in Australia (608.382 million litres)
is approximately 23.0 x 1012 kJ. In order tc sp»plit
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
Australia's international air terminals in 1970-71,
and 1,199,148 passengers embarked and disembarked.
Thus, the energy usage is separated in the ratio of
171,307 to 44,855 (passengers to freight), giving

18.2 x 1012 kJ attributable to passengers and

L.8 x 1012 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 ard air are brought together in
Table 3.18. They show that energy use by air transport
is overshadowed by the large consumption by international

freight shipping.
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TABLE 3.18 - SUMMARY OF BESTIMATED DIRECT ENERGY
CONSUMPTION BY AUSTRALTA'S INTERNATIONAL
TRANSPORT MOVEMENTS, 1970-71
— ™ -

(10'° xJ)

Mode ‘ Passenger Freight : Total
Shipping ‘ n.a.(1), 200 . n.a,. -
Air o 18.2 , k.8 - .23.0
Total n.a. 204 .8 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 internétional shipping uses
about as much primary enéfgy‘as is used for travel By
private car within Australia., It ié'sécbﬁdronly to
car travel as a consumer of energy. Tt is also
interesting, though perhaps not surprising, to hoter
that the two modes which use fhe largest amounts of
energy are -those which; at the moment, rely on ,
petroleum products for their fuel. This‘point'ié

developed further in Chapter 5.



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. For the purposes of
national energy aécounting this catégpry of energy
usage is concéaled within industrial and commercial
usage categories, but inter-modal comparisons of
transport energy usage cannot be fully made if
recognition is mot giver to the fact that associated
with private car travel, for example, is a(series of
economic activities necessary to provide the means
and the facilities for such travel. It would not be
right to suggest that the efficiency in terms of task
performance with which each mode 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 given 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 more than the sole objective of
performing the car's traffic task; that such energy
usage contributes to employment and national economic
development. Nevertheless, it must be claimed that
if intermodal comparisons of energy usage are to be
attempted, 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
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demands, as to direct energy usage by each mode. = On
the other hénd;4indirect energy consumption may well

be relatively insensitive to- the task performed by

a particular mode. 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 meaht by indirect
energy usage? The following listrmay”be incompléte,
but"essehtiaily‘indirect‘energy ﬁéage by the various
transport modes méinly éomprises the consumption of

primary energy by the following activities:

Cars, station wagons and commercial vebkicles -

the manufacture, distribution and sales of
vehicles and parts, vehicle méintenance,

fuel production, refining and retailing, the
provision of roadspace and associated works,
insurance, médical, police and other facilities

- and services related to road travel;

Trams and trains - vehicle manufacture,

service administration, vehicle and track
maintenance, and electricity and fuel

- distribution;

Aircraft - manufacture (whether overseas oOr
not), distribution, sales and maintenrance,
,airportrconstruction and operation, the-
provision of insufance, medical and
emergency. services, the provision and -
operation of navigational aids, and the

produption and distribution of fuels;

Shipping ~ ship cbnstruction} distribution
and maintenance, pdrt construction and
opération, 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 of these
infrastructure activities. In the only Australian
study in thkis field, Beck(1) has examined the anmount
of energy required to nroduce a typical Australian
passenger car. He estimates this to lie between
Le x 1012'kJ and 60 x 106 kJ by assuming that the
energy required toc assemble a "iknocked down" motor car
on importation is negligible compared with the energy
required 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 106 kJ to manufacture,
the total energy consumed is approximately 16.9 x 1012‘

kJ per annum.

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 of the most
recent study are shown in Table 4,1. In view‘of the
similarities of 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 for
the US in the Table. The results of such an assumption

for Australia are shown in Table 4,2.

Beck's figure for the energy consumed in
producing passenger cars is anproximately two-thirds of
that prcduced 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 Producing Passenger
Motor Cars., Bulletin No. 10, Transport Section,
Department of Civil Engineering, University of
Melbourne, 1973.
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TABLE. 4.1 - ESTIMATED INDIRECT ENERGY CONSUMPTION
BY CARS IN THE US, 1970

Energy Percentage of total

Category COHS$?Pti0n (direct & indirect)
(10 kJ consumption
Petrol refining and retail 2.18 14.3
sales
0il consumption, refining - 0,12 0.8
and retail sales
Car manufacturing ' 0,84 = 5,5
Car retail sales 0,22'7 ‘ 1.4
Repairs, maintenance, parts 0.39 , 2.6
Parking construction and 0.46 3.0
maintenance
Tyre manufacturing and retail 0.24 1.6
sales : : - - '
Insuranée o ) 0.33 o 2.2
Highway construction and , - 1.06 6.9
maintenance

Total ~ Indirect énergy

consumption 5.84 : . 38.2
Fuel consumption (direct - 9,43 - 61.8"
energy consumption) ‘ ' . - "
Total - Direct apd Indirect '15.27 ) 100.0
consumption
Soturce: Hirst, E., and Herendeen, R. Total Energy

Demand for Automobiles. - SAE Paper 730065,
International Automotive Engineering Congress,
Detroit, January 1973. S - :
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TABLE 4.2 - ESTIMATED INDIRECT CONSUMPTION BY CARS
IN AUSTRALIA, 1970-71

2
(101 kJ)
. Total energy
Category consumption

Petrol refining and retail 66

sales -
0il consumption, refining and L

retail sales

- (1)

Car manufacturing 26
Car retail sales ‘ ‘ 7
Repairs, maintenance, parts : 12
Parking construction and , ' 14

maintenance i
Tyre manufacturing and retail 7

sales
Insurance 10
Highway-cohstruction and 32

maintenance
Total - Indirect energy 178
Direct energy 287
Total Les

(1) Compare with the estimate derived from Beck's
work of approximately 17 x 1012 kJ.

Source: Developed by applving the estimates of Table
4,1 to estimated direct energy usage in
Australia.,



dlfferences 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. - Indirect consumption is a very
signifieanf eategory, contributing an amount
equivalent to over 60 per cent of the direct energy:

consumption attributable to cars.

Tt is unlikely that indirect energy
associated with other modes is of the same relaﬁive
importance as that for private cars. No 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 percentage of the total
(dlrect and 1nd1rect) usage, the follow1ng ranges

might be appropriate:

Indirect energy as
Mode a percentage of
~total energy

Commercial vehicle 25-40
Rail , 15-35
Air ) L5-60

Sea 5-20

Obviously, further studies need to be made
to establlsh better estimates of indirect energy

consumptlon by all modes of transport 1n Australia.

The scale of thls,category for cars in the US, however,

suggests that it is of considerable importance in the

total energy budget.



CHAPTER 5 EFFICTIENCY 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<~kilometre or omne person-kilometre, and is often
called the 'energy-intensiveness'! of the respective
modes. The term 'propulsion-efficiency! is aléo
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 any mode is the
inverse of its 'energy-intensiveness'. In this study,
the 'energy-intensiveness' is used as a measure of

energy utilisation efficiency.

A particularly important conceptual point
relating to such measures is the fact that, technically,
both direct and indirect energy consumption should be
considered for each mode. The value of measures of
energy-intensiveness lies in their provision of a means
for making modal comparisons of energy usage on a
common basis., Obviously, if one mode is associated
with a significantly bigher level of indirect energy
consumption (as is, thought to be the case; see Chapter 4L
then a comparison between modes of energy-intensiveness
based on direct comsumption alone would give an
incompnlete indication of the full nature of energy
usage and would favour the highest user of indirect

energy.



Despite these qualifications, in theranalysis
tc follow, a comparison is made of energy-intensiveness
based on direct energy usage alone. This is because
of a lack of sufficiently detailed data relating to
the amount of energy consumed by infrastructure
services associated with each mode, a matter
discussed in Chanter 4. The likely influence of
indirect energy consumption on these derived '
measures of energy utilisation efficiency is, however,

discussed later in this Chapter.

It has been made clear in the analysis of
the transport task and energy 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 of the energy-
intensiveness of these categories of Australian
transport; to do so would be to attribute to the

estimates a level of accuracy which they do not possess.

5.2 DIRECT ENERGY-INTENSIVENESS OF AUSTRALIAN TRANSPORT

5.2.1 Cars and Station Wagons

Table 5.1 shows the resultsxbf diViding
Table 3.3, répresenting direct énergy éonsumption, by
Tablé 2.5, répfésénting the passehger'tégk (%ﬁ 7 ‘ -
passenéer—km) pérformed by cars and sfafianwégdns in
1970471.' ObQiously; the'disfribution ofWQalﬁés withihr
Table'3.3 reflecfs the assumption made invthe'énalysis
of eﬂergy'cthQMption concerning the specific fuel
consumptioh ratéé for particular areasrof dpefafion.
For thiérréason,‘cqmbarisons between rows in the Table'
are probably mare valid than befwéén éolﬁmns. A

further source of error may stem from the car occupancy



TABLE 5.1 - ESTIMATED DIRECT ENERGY-INTENSIVENESS FOR

CARS AND STATION WAGONS,

BY PURPOSE AND

ARFA OF OPERATION,

1970-71

(kJ per passenger—kilometre)

Area of Operation

Purpose Cavital Provin- Rest Total
City & cial of Inter-
Environs Urban State state
Business 3,900 4,100 3,200 3,1C0 3,600
Paid to and 3,600 3,700 3,200 3,000 3,600
from work
Unpaid to 3,600' 3,700 3,200 ' 3,500 | 3;500
and from work - : ‘
Private ' 2,600 2,700 900 1,000 1,600
A1l purposes 3,100 3,100 1,20C 1,200 2,100
Note: Figures rounded tc nearest 10C units.

-Source: Developed by dividing Table 3.3 by Table 2.5.

figures, calculated in Chapter 2, some of which were

pointed out as seeming to
the inference is that the

private/interstate energy

be regarded with caution.

Nevertheless,

it

be toc large.

In particular,

private/rest-of-State and

intensiveness figures might

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 of output)

than is »nrivate travel,

for which wvehicle occupancy

ratios are generally higher.
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5.2.2 Motor Cycles

rﬁecausé of the small variation ihivehicle
occupancy and specific fuel consumpfion rates for
motor cycles inlvarious areas of operatioh and
travelling for various purposes, it is sufficient
only to report the‘overall direct enefgy—intensiveness,

anproximately 1400 kJ per person-kilometre.

5,2.3 Commercial Vehicles

Table 5.2 shows the estimated direct energy-
intensiveness of commercial vehicles, by wvehicle
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 termé of aggregate energy usage, than
vehicles operating for hire and reward. This may
be'partly due to the greatéf'likelihood of empty
returh trips, an observation‘coﬁfifmed to some
extent by the differences between hire and reward
vehicles operating for ore client only and thkose
operating in the size of vehicles used for the

respective services.

TABLE 5 2 ~ ESTIMATED DIRECT ENERGY—INTENSIVENESS OF
7 COMMERCIAL VEHICLES, BY VEHICLE USAGE
1970-71

(kJ per tonne-km)

Vehicle Usage " ‘Direct Energy—Intenéiveness

Hire and reward

1 client ‘ . . o . . 2,900 .

>1 client . - 2,300
Ancillary 7,300
Not stated 7,800
Total 4,200
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 vebicles varies with
area of operation. Not surprisingly, less energy
per tonne-km is required for rural and interstate

journeys than for journeys in urban areas.

TABLE 5.3 ~ ESTIMATED DIRECT ENERGY-TINTENSIVENESS OF
COMMERCIAL VEHICLES, BY AREA OF
OPERATION, 1970-71

(kJ per tonne—km)

Area of operation Direct energy-intensiveness
Capital city and ‘ . 5,800
environs B
Provincial urban ) 4,900
Rest of state 3,700
Interstate ' 1,500
All areas 3,600
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 for
buses, by area of operation is derived from Tables

2.12 and 3.12, and shown in Table 5.4.

ABLE 5.4 - DIRECT ENERGY~INTENSIVENESS OF BUSES
BY ARFA OF OPERATION, 1970-71

Area of Direct energy-intensiveness
Operation (kJ per passenger—km)
Capital cities 900
Rest of States 600
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 derlved dlrect energy—lnten31veness of
Adelalde s and Melbourne s tram serv1ces ranged around
1300 kJ per passenger-kllometre. This is the best
estimate that can be made using the evailable data

(see pages 18 and 49).

5.2,6 Urban Rail Services

- The estimation‘offtotal passenger—
kilometres by urban rail services may not be accurate
(see Chapter 2), but on the basis of an assumed task
of 5.9 x 109 passenger-kilometres, the direct energy-
intensiveness of all urban rail services in Australian

| ,

[ cities is approximately 1900 kJ per passenger-kilometre.
;

|

5.2.7 Non-Urban Rail Services

Because of the way in which total energy
consumption estimates were allocated to the varlous
categories of rail frelght task accordlng to 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 wvariation in this figure

by type of operator (Government and private).

Non-urban passenger rail services perform
4,100 million passenger-kilometres and, in doing so,
use 6.4 x71012th of primary enefgy,ra'difect energy-
intensiveness of approximately 1600 kJ per passenger-

kilometre.

5.2.8 Domestic Air Services

| The calculated direct energy—intenéiﬁeness
of domestic air carriers is approximately 4,600 kJ per

| passenger-kilometre, and 32,200 kJ per tonne-kilometre
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of freight, although the assumptions made in
allocating total energy use between passenger and
freight movements and the fact that energy consumpntion
by non-scheduled aircraft has been ignored should be

clearly recognised.

5.2.9 Coastal Shipping

The coastal shipping task of 70,000
millibn tonne-kilometres is associated with an
estimated energy usage of about 42 x 1O12 kJ; di.e.,
shipping achieves an energy-internsiveness 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 deal
in their energy-intensiveness. The car is more
energy-intensive than the others, but not much more
so., This is, perhaps, due to the fact that the
average occupancy of a private car for all journeys
is anproximately 2.0, while certain public transwort
mcde vehicles operate over a high proportion of
their travelled mileage at wvery low occupancies.

This factor must, to some extent, negate inherent
errergy efficiencies of mass transport vehicles. On
the other hand, the energy-intensiveness of bus
services appears low, and although the accuracy of
the bus passenger task estimate is unknown (section
2.1.&),it does seem that bus transport is more
efficient than all other forms of transport. This is

possibly due tc higher load factors.



TABLE 5.5 - SUMMARY OF ESTIMATED ENERGY-INTENSIVENESS:
OF VARTOUS MODES -OF AUSTRALIAN TRANSPORT,

1970-71.
Passenger task Freight task
(kJ/pass.-km) (kJ/tonne-km)
Mode ‘ '
Non- Aust- Non- Aust-
Urban_urban ralia Urban wurban ralia
Cars and 3,100 1,200 2,100 - - -
station . - : ) : ‘
wagons
Motor - - 1,4h00 - - -
cyvcles :
Commercial - - - 5,700 2,600 3,600
vehicles
Buses 900 600 800 - - -
Trams 1,300 - 1,300 - Vi =
Trains - 1,900 1,600 1,800 - 600 600
Aircraft - 4,600 4,600 - 32,000 32,000
Coastal - - - - 600 600
vessels ’ ‘
A1l 2,900 1,500 2,200 5,700 900 1,200
Australian , -
transport
Note: FigureS'rounded to nearest 100 unifs.’
Source: Summary of defived estimates; seq‘text,

Secondly, aircraft aré, by comparison,
considerably nmore energy-intensive than all other
passenger modes, requiring more than five times the
energy,input‘of,a bus- tc .achieve ore passenger-

kilometre.

For freight moverments, shipping and railways

are by far the least energy-~intensive, while aircraft



again use more energy per tonne-kilometre than

any other mode (whether they do so to the extent
indicated in Table 5.5 is, however, a matter for
debate; obviously, a nmore detailed study is required

to refine the air freight figure shown).

5.3 SOME INFLUENCES ON THE VALIDITY OF ENERGY-~
EFFICIENCY ESTIMATES

5.3.1 The Effect of IndirectiEnergy Consumption

If the relative values of indirect energy
consumption by the various modes may be taken to
be as suggested in Chapter 4, the total energy-
intensiveneés of each mode 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
tlte private car requires an increased amount of
erergy tc achieve one passenger-kilometre, the
increase being larger than that required to adjust
the energy-intensiveness figures for the other
medes. The estimated indirect energy consumption
suggested in Chapter 4 would have the effect of
increasing the total energy-intensiveness of
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
energy consumption are considered, the private'car
is significantly more energy-intensive than other
personal travel modes, with the exception of
ajircraft., Trams and trains exhibit similar

characteristics of erergy efficiency.
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TABLE 5.6 - SUMMARY OF ESTIMATED TOTAL (DIRECT AND
INDIRECT) ENERGY-INTENSIVENESS OF
VARTOUS MODES OF AUSTRALIAN TRANSPORT,
1970-71

Total energy-intensiveness

Mode Passenger task,' ,Freight task
(kJ/pass.-km) (kJ/tonne-km)

Cars and ' 3,600 y -
station wagons '
Motor cycles : - 3,700 ) -
Commercial - : 5;500
vehicles s .
Buses ) : 1,200 S =
Trams I 1,700 | -
Trains . 2,300 700
Aircraft 9,800 (1)67,000
Coastal vessels | - -  ‘ 700

(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'gréatly,‘but’are
considerably less energy-intensive than commercial

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



which use the greatest amounts of energy (principally
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(1) that by the year
2000, the expected cumulative requirement for 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 odes of
transport travel by more indirect routes than others
in wnerforming the primary objective: that of
transferring persons or goods between two points. To
take a simple example, the airline distance between
two major cities is obviocusly less than the road or

sea route distance, and as a result, the airlines

(1) Fuels Branch, Department of Minerals and Energy.



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 is_ no 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 adjustrthe estimates
of energy—intéﬁéiveness to éccounf"for route
efficiencies. But an indication of>their-iikely
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,
1.38 and 1.20 times the airline distance. Obviously,
these factors are different for other‘interéity 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 transport task should really be modified by
the factors appropriate for each type of frip. In the
context of this study, and the available information,
all that can be said is that the estimates ofrenergy—rr
intensiveness made in this Chapter probably tend to -
favour slightly the sea mode and,'to a”lessér extent,

the rail and road modes.
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TABLE 5.7 - DISTANCES BETWEEN CAPITAL CITIES IN
AUSTRALTA

(kilometres)

Origin/ By By By By
Destination Rail Sea Air Road

Canberra to -

Sydney 327 - - 248 306
" Melbourne 842 - 4813 655
Brisbane 1,313 - 954 1,316
Adelaide 1,619 - 988 1,212
Perth 4,272 - 3,204 3,953
Hobart - - 916 883
Darwin - - 3,405 L, hok
Sydney to -~ ‘ ]
Melbourne 959 1,078 % 893
Brisbane 986 969 771 1,010
Adelaide 1,654 1,788 1,195 1,432
Perth' 3,960 3a997 3:2"'11 l¥,17Ll-
Hobart - 1,173 1,052 1,126
Darwin - 4,584 3,157 L, 521
Melbourne to -
Brisbane 1,945 2,020 1,409 1,903
Adelaide 777 954 660 747
Perth 3,430 3,150 2,875 3,488
Hobart - 876 623 233
Darwin - 5,650 3,426 3,939
Brisbane to -
Adelaide 2,640 2,742 1,966 2,442
Perth 4,946 4,936 4,182 5,184
Hobart - . 2,11# 1,833 2,137
Darwin - 3,795 2,887 3,511

Adelaide to -

Perth 2,653 2,553 2,216 2,742

Hobart - 1,431 1,282 1,665

Darwin - 5,893 2,766 3,192
Perth to -

Hobart - 3,389 3,501 3,722

Darwin - 3,424 3,006 h,125
Source: CBCS Transport and Communication, 1970-71,

Bulletin No. 62, Canberra, February 1973.
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CHAPTER 6 o 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‘energyyin performing
its transport task. As such, it is valuable‘in
providing assistance in the development of policies
for energy utilisation w1th1n a sector of total energy
consumption which is of con51derable 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
reliee in part on petroleum fuel, the petroleum—~driven
modes (road and air trahsport)‘are'significantly mo;e
erergy-intensive than other public transport modes if

indirect energy consumption is taken into account.

7 Superficially, it might be expected that changes
in the‘supply or‘price of transport fuels woulc affect
the demand for each mode in some relationship with its
energy—intensivehess, (i.e,l an increase in the;price

of »netroleum products, for example, would be reflected

(1) The transport sector accounts for approximately
26 per cent of the total mnational 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
ihich are less so). Whether or not this is so,
however, depnends on the elasticity of demand for each
mcde with respect to price changes, a matter which

requires further study.

For this reason, this study should be seen
to form part of a continuing series of studies of

transport energy consumption in Australia.



ANNEX A

ENERGY CONSUMED BY COMMERCIAL VEHICLES

The emnergy consumption distribution for
commercial vehicles, by purpose and aréa’of
operation, is developed from estimates of energy
consumption per vehicle kilometre by type of vehicle,
factored according to driving conditions, and CBCS

figurés for total annual mileage under each category.

Table 3.6 shows the gross annual energy
consumption for all classes of commercial wvehicle.
These vehicles travel the distances shown in Table A.1,
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.



TABLE A.1
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- TOTAL DISTANCE TRAVELLED BY COMMERCIAL

VEHICLES BY VEHICLE TYPE

AND AREA OF

OPERATION,

1970-71

(1000 kilometres)

Area of Operation

Vehicle Type Total
Urban Rural
Light commercial
vehicles -
Open 2,388,380 3,432,027 5,820,429
Closed 1,960,451 786,394 2,746,862
Trucks: rigid and |
articulated - :
1 & under ) 2,083,123 1,485,133 3,568,266
4 tonnes o
4 & under 708,029 896,182 1,604,266
8 tonnes )
Trucks: rigid - .
8 tonnes & over 413,240 415,725 828,968
Trucks: articulated
8 & under 55,947 134,476 - 190,425
12 tonnes
12 & under 125,154 352,378 477,531
16 tonnes
16 tonnes & over 184,759 719,438 904,200
Other truck type 60,738 33,706 ol Ll
vehicles
Total 7,979,819 8,255,459 16,235,340

(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 OF COMMERCTAL
VEHICLES, BY AREA OF OPERATION

9

(kilpmetres per 107 kJ)

Area of Operation

V;higle Capital Provin-  Rest
yp - - City and cial of Inter-
; Environs ~ Urban State state
Light commercial
vehicles - o ‘ :
~ Open 209,327 209,328 313,993 313,993
Closed 258,824 258,824 388,237 388,237
Trucks: rigid
and articulated .
1 & under(1) 130,000 130,000 195,001 195,001
4 tonnes : : ‘ S
4 & under 71,835 71,835 107,753 107,753
8 tonnes ‘
Trucks: rigid - 7 o ‘ . -
8 tonnes 60,243 60,243 90,365 90,365
& over : ‘
Trucks:
articulated -
8 & under : 749,976 k9,976 74,964 74,964
12 tonnes
12 & under 46,202 16,202 69,304 69,30k
16 tonnes | R S
16 tonnes 39,799 39,799 59,699 59,699

& over

Other truck type 101,474 - 101,474 152,211 152,211
vehicles ] ) o

(1) Refer to footnote to Table 3.5.

Source: See text.



TABLE A.3 - ENERGY CONSUMPTION BY COMMERCIAL VEETCLES
BY PURPOSE AND AREA OF OPERATION,

1970-71
(1o12 kJ)
Area of Operation
Purpose Capital Provin- Rest Total
City & cial of Inter-

Enviras Urban State state

Laden business 28,90 4,57 19.12 10.31 62.90

Unladen business 15,52 2,79 14,70 2,86 135,87

All business Ly k2 7.36 33.82 13.17 98.77
Paid to and 1.03 0.12 0,29 0.02 1.46
from work

Unpaid to and 2.57 0.46 1.21 0.16 4,40
from work

Private 3.91 0,91 3,02 0.94 8.78
All purposes 51.93 8.85 138.34 14,29 113.41
Source: See text.

R75/546
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