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PREFACE

The publication of Energy Accounts for Australia provides
comprehensive energy statistics in a newly developed accounting
framework. The focus of this work is on the physical aspects of energy
rather than those involved with economic valuation. To reflect the major
energy forms used in Australia, the accounts include six major energy
categories: petroleum, coal, electricity, uranium, biomass (wood and
bagasse), and other renewable resources such as wind and solar energy.
Three major accounts, namely stocks, flows and residuals in physical
units, describe the various aspects of energy resources, its production,
conversion and consumption, as well as residuals discharged into the
narural environment.

Energy Accounts for Australia is part of a current project being carried
out by the Australian Bureau of Statistics (ABS) to develop a set of
accounts for a number of Australia’s natural resources. This work follows
the guidelines in the United Nations System for Integrating
Environmental and Economic Accounts which is a component of the
Revised System of National Accounts (1993). Physical resource accounts,
in general, are considered useful for other applications such as assisting
environmental and natural resource management, and economic and
environmental decision-making processes.

The ABS has a broad range of data collections on social and economic
activities in Australia but current data collection in the energy field,
particularly using physical units, is limited. In this publication, many of
the statistics were derived from other agencies’ data collection. The ABS
wishes to thank those organisations which kindly supplied data for
Energy Accounts for Australia.

Comments on this publication would be most welcome and should be
sent to the Director, Environment and Energy Statistics.

W. Mclennan
Australian Statistician

Austratian Bureau of Statistics
Octoher 1996
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CHAPTER 1

BACKGROUND

NATURAL RESOURCE ACCOUNTING

This publication on energy is the first in what is expected to be a series
containing natural resource accounts for Australia. Commencing in
1995-96, the Australian Burezu of Statistics (ABS) is receiving funding for
the development of a program of environmental and resource statistics
in an accounting framework. As part of this program the ABS expects to
develop accounts for a variety of resources including: water, forests,
minerals and fisheries; and accounts on wastes, emissions, land use and
biodiversity will also be considered. These topics will present varying
problems and degrees of difficulty.

Energy has been chosen first because:
s it is all-pervading in economic and environmental terms;
= there is a strong demand for the data; and

s many of the basic data have already been assembled by the Australian
Bureau of Agricultural and Resource Economics and other agencies.

Similar work is proceeding in many countries around the world and will
provide a substantial response to national and international
recommendations. ‘Agenda 21°, the action document arising out of
United Nations Conference on Environment and Development, proposes
‘a program to develop national systems of environmental and economic
accounting in all countries’. This is accompanied by increasing demand
for environmental indicators to complement traditional economic
indicators.

Australia has established a further requirement for such accounts through
the National Strategy for Ecologically Sustainable Development (ESD).
Objective 14.2 of the strategy is: ‘to enhance the quality, accessibility and
relevance of ESD-related data’. Amongst the proposed strategies are work
on conceptual issues underlying development of environmental accounts,
and review of national and sector balance sheets within the Australian
National Accounts.

To assess the sustainability of economic activities and national income,
some account should be taken of environmental costs and the depletion
and degradation of natural resources. For this purpose, an information
system is needed which links the measurement of human activities to
changes in the environment and the resource base. Hence the desirability
of aligning/integrating environmental accounts and indicators with the
System of National Accounts (SNA) which is the international standard.

ABS - ENERGY ACCOUNTS FOR AUSTRALIA « 4604.0 - 1893-94 1



USE OF RESOURCE
ACCOUNTS

NATURE COF RESOURCE
ACCOUNTS

A system for Integrating Environmental and Economic Accounts (SEEA)
was provided as an adjunct to the 1993 Revised SNA. The SEEA
framework proposes several ‘satellite’ accounts for recording
environmental costs and changes to narural resources. The ABS plans to
undertake this work in stages:

» accounts for separating out environment protection related
expenditures;

»  compilation of natural resource accounts (stocks and flows) in
physical units, including residuals (wastes and emissions) and some
other special aspects; and

s exploration of valuation issues which is necessary before the
derivation of monetary estimates directly relatable to national
accounting aggregates such as national product and income.

Regarding the last point, valuation is a problematical aspect and some of
the approaches that can be considered are discussed in the ABS
publication National Balance Sheets for Australia — Issues and
Experimental Estimates, 1989 to 1992 (5241.0) issued in March 1995.
The valuation question will not be pursued here, given that the energy
accounts in this publication are expressed only in physical units and
accounting in monetary terms is not immediately under consideration.

Physical resource accounts are proposed in SEEA as a fully-formed
framework which can stand alone for applications such as resource
management and the formulation of long-term economic and
environmental policy. The following examples give an indication of the
uses of resource accounting in other countries:

s likely effects of changes in economic acrivity on the eavironment and
on the stock of economic resources; and

» implications of policies to limit emissions/discharges and the use of
particular natural assets, whether through legislative control or the
use of economic instruments (e.g. taxes, subsidies).

Physical resource accounts provide measures of:
= stocks (by category);

» flows of materials and energy through the various sectors of the
economy; and

» eventual releases of wastes (some of them re-usable) and emissions.

An appropriate degree of dissection by industry sector and activity
enables links to be made with input-output tables. Indeed the
input-output framework is well suited to showing flows from the natural
environment as inputs to economic activities, and flows of residuals of
production and consumption activities back into the natural
environment. Development along these lines is envisaged.
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While some resource issues may be viewed nationally, many interactions
between the environment and the economy need also to be addressed at
a regional level (e.g. soil degradation, water pollution, forestry issues).
Desirably, therefore, underlying data sets used to compile national level
statistics should maintain spatial detail. Again, this is a direction for
future work and is being progressively catered for in the development of
national databases. It is anticipated that regional level studies will find
some data limitations and so national level data, with suitable
assumptions, may be needed to fill the data gaps.

ABS - ENERGY ACCOUNTS FOR AUSTRALIA + 4604.0 - 199394 3






CHAPTER 2

STRUCTURE OF THIS
PUBLICATION

FORMAT OF STOCK, FLOW
AND RESIDUAL ACCOUNTS

Stock account

EXPLANATION OF ENERGY ACCOUNTS

This chapter describes the structure of energy accounts, the format for
presenting the statistics, and the data sources used.

This publication focuses on the physical measurement of energy,
providing accounts showing energy resources, production, conversion
and consumption, as well as residuals discharged into the natural
environment,

Reflecting the major energy forms used in Australia, the accounts are for
six major categories which are the basis for the respective chapters:
petroleum, coal, electricity, uranium, biomass (wood and bagasse), and
other renewable resources such as wind and solar energy.

Electricity is not a naturally occurring energy resource, being generated
in power stations by converting other energy forms such as fossil and
nuclear fuels, or from hydro, solar, wind and other renewable sources.
However, in recognition of the special importance of electricity in
industrial and domestic applications, and its place in energy flows,
electricity is given separate treatment.

As recommended by United Nations Statistical Office (UNSO 1991),
physical accounts of natural resources generally consist of three major
parts, namely, stock accounts, flow accounts and residual accounts. Stock
accounts deal with the deposits of natural resources and changes in the
deposits over a period of time. For flow accounts, production,
conversion and consumption are the major elements. To quantify the
wastes (particularly environmental pollutants) generated from a full cycle
of production, conversion and consumption, residual accounts are used
in conjunction with the flow accounts, providing detailed information on
type of wastes and pollutants and emission rates.

Each of the main chapters contains separate stock, flow and residual
accounts, plus a background section which provides some basic
information about the energy form. It should be noted that definitions
may differ amongst chapters, particularly for stock accounts. For
exampile, the stock accounts of petroleum, coal and uranium focus on
underground deposits. Wood and bagasse stocks only include those used
as fuels. In the case of hydro, wind and solar-renewable energy
resources, the concept of ‘potential’ is more appropriate than ‘stock’.

Because natural resource accounting is still in the early stage of
development, there is no international standard to be followed in
establishing these three accounts. The Australian Bureau of Statistics
(ABS) has made reference to the experience of some other countries
such as Norway, and has also tried to align with the recommendations
made by UNSO 1991 while taking account of data availability in Australia.
The format for each account is described below.

To present the status of energy resources and changes over time, the
stock account consists of five components: opening stock, closing stock,
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net change, production and adjustment. A typical format is shown in
table 2.1.

21 STOCK ACCOUNT
. (PHYSICAL QUANTITY UNIT)

Year 1 Year 2 Year 3
m&;ﬁq_ S Rl

Adjustment
Production

Closing stock

_Net change

Opening and closing stock refer to estimates of the energy resources at
the beginning and end of the accounting period, (normally the financial
or calendar vear). The estimates of energy resources depend upon the
systems of classification used. For petroleumn and coal, ‘stock’ refers to
economic and sub-economic demonstrated resources, according to the
McKelvey system of classification. ‘Stock’ in Uranium refers to reasonably
assured resources and estimated additional resources — category I,
established by the Organisation for Economic Cooperation and
Development Nuclear Energy Agency and the International Atomic Energy
Agency. More detailed information is provided in the individual chapters.

Production shows the amount of raw energy product produced
{representing a depletion of resource stock during a particular year) and
relates to the amount of mine production. Note that some energy
products from mine production can be used directly as final energy
products.

Adjustment is used to account for other changes in the assessment of
resources, resulting from:

» ncw deposit discoveries;

» improved development technology, allowing a greater proportion of
in-place deposits 1o be exploited; and

» revised assessments of deposit properties, leading to higher (or lower)
recovery factors than those originally calculated.

It should be noted that in this publication, the data on adjustmenc are
derived simply as a balancing item, from the stock and production data
as shown in the following:

Adjustment = Closing stock — Opening stock — Production.
Hence, the amount of adjustment can be positive or negative, depending
upon whether the amount of new discovery is sufficient to offset

production in a particular year. In many cases, the adjusiment is zero,
i.e. the net change in stock is equal to production.

Net change is the difference between opening and closing stock. Changes

in stock mainly result from production (shown as a negative value).
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However, upgrading of the energy resources may add or subtract to
stock and contributes the remaining difference.

Flow account Flow accounts provide information on production, conversion and
consumption over the reference period. They consist of three major
parts: supply, conversion and end use as shown in table 2.2

2. 2 FLOW ACCOUNT

1587-88 1988-89 1989-80 1990-91 1991-92 1962-93

J J o o ! J

Supply
Production®
imports {+)
Exports {-)
Stock change (+ or —)2
Total (A)
Conversion
Coke ovens

Briquetting
Petroleum refining
Gas manufacturing
] Electricity generation
$ Other conversion

Fuel use

Total canversion (B)

Net supply (A-B}
End use

Agriculture

mining

Iron and steel

Chemical
QOther industry
Construction
Road transport
Rail transport
Alr transport
Water transport
Comimercial
Residential
Others®
Consumption
1 Includes the energy produced from a conversion process, e.g coke from coal, electricity from various primary SQurces.

2 Includes discrepancies.
¥ includes Iubricants, greases, bitumen and solvents.

The format of flow accounts adopted here is taken from publications by
the United Nations (1982) and the Australian Bureau of Agricultural and
Resource Economics (ABARE) (1995). The tables present energy balances
consistent with the format of stock accounts.
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Table 2.2 lists all possible entries in a flow account but for a particular
energy source, the items listed will vary. For example, uranium is mainly
produced for export and the domestic use of uranium can be ignored.
Hence, for uranium, only the supply part of the account is shown.

Derived energy products are presented in separate accounts, unlike stock
accounts which mainly present primary energy resources. Supply of
derived energy products, such as petroleum products, coke, briquettes
and coal by-products, should be equivalent to the amount of conversion
from primary energy forms (such as from crude oil and other refinery
feedstock, and coal). Thus, for example, coke is produced by converting
coal and is shown as such in the coal account. In the coke flow account,
the amount of coke converted from coal is repeated as supply
production.

Supply covers a number of flows, namely production, imports, exports
and stock change. Export is shown as a negative value since it reduces
the quantity of energy products in domestic use. For some energy
products such as crude oil and other refinery feedstocks, supply is
partially supplemented by transfer from a conversion process. As
mentioned before, the ABS treats these as a part of supply and this
differs from the usual international presentation. Electricity generation is
in this category. In supply, trading stock change including statistical
discrepancies is also shown and this can be positive or negative. Toral
supply indicates the availability of a particular energy product which
includes use both for conversion to other energy forms and for final
energy consumption.

Conversion provides information on conversion of products from one
energy form into another, such as from crude oil to petroleum products;
from coal to coke, briquettes and coal by-products; and from coal to
electricity. Some miscellaneous conversions are grouped in the category
Other conversion, as follows: returning streams to refineries from the
petrochemical industry; consumption of coke in blast furnaces; blast
furnace gas manufacture; electricity produced through co-generation and
brown coal tar produced in char manufacture. If any of the products are
used as fuel in the conversion process, this is listed separately. The
energy used in the process of conversion can be traced between primary
flow accounts and secondary flow accounts. Examples are the
consumption of petroleum products, gas and electricity in a conversion
process.

End use is the sum of final energy consumption by different industrial
sectors, where fuels release their stored energy, with or without
residuals. Final energy consumption excludes any quantities converted
into other forms of fuels or into electricity, as well as own use of energy
by producing industries. The industrial sectors shown are based on the
Australian and New Zealand Standard Industrial Classification but the
emphasis is placed on the major energy consumers. In flow accounts,
the sectors include Agriculture, Mining, Iron and steel industry, Chemical
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Residual account

UNITS OF MEASUREMENT

industry, Other industry, Construction, Road transport, Rail transport, Air
transport, Water transport, Commercial and residential.

Residual accounts contain the statistical information on residuals
discharged from energy production, conversion and consumption. In a
broad definition, the accounts might include environmental impact and
pollution from energy-related activity, such as land use and noise level.
In Australia, air pollutants and greenhouse gas emissions are major
environmental concerns, and the residual accounts focus on these.
Others such as water pollution and solid-waste pollution are important
but are not covered in this publication because of data limitations at this
stage.

Air pollution and greenhouse gas emissions can be considered in two
broad categories: fuel-combustion emissions and fugitive-fuel emissions.
The first group form the bulk of emissions and are proportional to
energy use. The latter include the activity sources such as preproduction,
production, processing and venting, iransmission and storage,
distribution as well as accidents and system upsets. The major air
poltutants are carbon monoxide, sulphur dioxide, oxides of nitrogen,
lead, suspended particulates and dust, tropospheric ozone, and fluoride.
The common greenhouse gases are carbon dioxide, methane, nitrous
oxide and non-methane volatile organic compounds. It should be noted
that some air pollutants, such as nitrous oxide and tropospheric ozone,
are also regarded as greenhouse gases, due to their indirect greenhouse
warming cffects.

Two kinds of measurement units are in general use: original quantity
units and a common energy-equivalence unit. The original units are
those in which fuels and electricity are most naturally measured, such as
tonnes for coal; litres or barrels for petroleum: kilowart hours for
electricity; cubic metres or cubic feet for gas. There are several
energy-equivalence units available, such as joules or multiples of joules,
tonnes of coal equivalent (TCE), tonnes of oil equivalent (TOE), the
British thermal unit (Btu), and calories or multiples of calories. The
joule is the unit most widely recommended. It had been hoped in this
publication to provide a complete picture of energy stocks and flows in
a common unit of measurement. However, on this initial occasion, the
available data have not made such a presentation possible. For stock
accounts, data were available in original quantity units, and for flow
accounts could be compiled only in energy units. Residual accounts are
presented in original quantity units.
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2-3 ENERGY CONTENT OF FUELS

Energy
Fuef type 3 content
SOLID FUEL (GJA)

Black coal
New South Wales

Exports — coking coal 29.0

Exports — steaming coal 27.0

Electricity generation 235

Steelworks 30.0

Washed steaming coal 27.0

Unwashed steaming coal 23.9
Queensland

Exports — coking coal 30.0

Exports ~ steaming coal 27.0

Electricity generation 24.2

Other 25.2
South Australia 13.5
Western Australia 19.7
Tasmania 22.8
Brown coal
Victoria

Coal a5

Briquettes 22.1
Coke 27.0
Wood {dry) 16.2
Bagasse - 9.6

LIGUID FUEL (ML}

LPG

Propane 2563

Butane 27.7

Mixture 25.7

Matural 26.5
Aviation gasocling 33.0
Automotive gasoline 34.2
Power kerosene 375
Aviation turbing fuel 36.8
Lighting kerosene 36.6
Heating oil 37.3
Automotive diesel oil 38.6
Industrial diesel fuel 386
Fuel cil

Low sulphur 38.7

High sulphur 40.8
Refinery fuel (FOEY) 40.9
Naptha 31.4
Lubricants and greases 38.8
Bitumen 44.0
Solvents 34.4
Waxes 38.8

For footnotes see end of table.
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DATA SOURCES

2 3 ENERGY CONTENT OF FUELS —
u

continued
Energy
Fuel type content
LIQUID FUEL {(MJ/L) — continued
Crude oil and ORFs?
Indigenous 37.0
Imparts (average) 38.7
Ethanocl 23.4
Liquefied natural gas (NW Shelf} ) 25.0
GASEQUS FUEL (M)/m?)
Natural gas (sale quality)
Victoria 38.6
Queensland 39.6
South Australia, New South Wales 39.1
Western Australia 38.2
Northemn Territary 40.4
Ethane 66.0
Town gas
Synthetic natural gas 32.0
Reformed gas 20.0
Termpered LPG 25.0
Termpered natural gas 250
Coke oven gas 18.1
Blast furnace gas 4.0

1 FOE — fuel oil equivalent.
2 ORF — ather refinery feedstocks.

Source: DPIE 1988,

When converting from original quantity units of measure to the common
energy-equivalent unit, the conversion factors used are based on the
gross energy content of the fuel (the total amount of heat that will be
released by combustion). Conversion factors for individual types of fuels
vary according to location of production and grades of fuels as well as
terperature and pressure of the atmosphere. Therefore, calculation
should be based on individual conversion factors and then the results
aggregated to State or national level. Table 2.3 lists indicative conversion
factors for solid, liquid and gaseous fuels, at a temperature of 15°C and
pressure of 1 atmosphere (101.3 kilopascals). For Australian-produced
uranium, the oxide contains 84.8% of the metal by weight. The
conversion factor for the usable energy content of uranium metal is

0.56 petajoules per tonne and for uranium oxide is 0.47 petajoules per
tonne (ABARE 1995).

Most of the statistics used for this publication were assembled, with the
cooperation of the organisations concerned, from external sources rather
than ABS collections. The data sources used are as follows:

n  Stock of natural resources:

« Bureau of Resource Sciences (former Bureau of Mineral Resources);

ABS + ENERGY ACCOUNTS FOR AUSTRALIA » 4604.0 - 1993-94 11



» Australian Surveying & Land Information Group, Department of
Administrative Services;

» Joint Coal Board of New South Wales and Queensland Coal Board:
» Australian Institute of Petroleum: and
= Australian Gas Association.
= Flow of energy supply, conversion and consumption:
s Department of Primary Industries and Energy;
« ABARE;

» Joint Coal Board of New South Wales and Queensland Ceal Board;
and

a Electricity Supply Association of Australia Limirted.
s  Residuals from energy sectors:
m ABARE;
= Bureau of Transport and Communications Economics; and
» National Greenhouse Gas Inventory Committee,

Discrepancies between  Because a variety of external sources have been used, some statistical
sources  differences can be observed. For example, the sum of resources reported
on a State basis did not necessarily agree with national totals derived
independently. National dara are based on estimation for mining basins
(regardless of administrative boundaries), collected by the
Commonwealth Government. The States have tended to collect data on a

basis consistent with State jurisdictions, mainly from company sources,
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3

CHAPTER 3

AUSTRALIA’S ENERGY

SITUATION

Petroieum

SUMMARY OF RESULTS

Australia has abundant energy resources and a significant component of
its economic progress has been based on the development of energy
industries. These are involved with direct energy supply (including to
energy-intensive activities such as aluminium smelting and steel making)
and with export. This chapter provides a summary of energy accounts for
Australia; more detailed information on each specific energy form is
given in later chapters.

Australia is one of only five Organisation for Economic Cooperation and
Development countries that are net energy exporters (the other four are
Canada, Norway, Netherlands and the United Kingdom), and has become:

= the world’s largest exporter of black coal;
s a major uranium producer and exporter; and

s an exporter of Liquefied Petroleum Gas (LPG) and petroleum
products, and a major exporter of Liquefied Natural Gas.

Table 3.1 provides information on the significance of energy exports in
the national economy. Exports of energy products were about 16% of
total export income in 1994-95.

3- 1 EXPORTS OF E_I\IERGY PRODUCTS, 199495 _
Proportion
Value of total
Comimodtty exports Lo Sm_ %
Coal, whether or not pulverised but not agglomerated 6 889 10
Gas, natural and manufactured 1335 2
Petroleurn oils and oils obtained from bituminous minerals, crude 1644 2
Petroleum products 1 307 2
Uranium and thorium ores and concentrates 188 —

Source: ABS 1996.

Major non-renewable resources in Australia include petroleum, black and
brown coal, and uranium. Renewable energy resources are mainly hydro,
biomass, solar and wind energy.

Major cil discoveries were made before 1970 and the major salcs gas,
condensate and LPG discoveries were made before 1980. About

950 gigalitres (6,000 miltion barrels) of crude oil and 3,490 billion cubic
metres (123 rtrillion cubic feet) of sales gas had been identified by the
end of 1994. On the basis of figures for the world’s identified resources
at the beginning of 1993, Australia's initial identified resources of crude
oil make up about 0.3% of the world total, and natural gas makes up
1.8%. Over the last 25 years Australia has enjoyed a high level of oil
self-sufficiency which has fluctuated between 60% and 90% of domestic
oil consumption.
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Oil production began from the Moonie field in 1964 and increased
significantly as Barrow Island was brought into production in 1967 and
the Gippsland Basin in 1970. Production of crude oil reached

20 gigalitres a day in 1973 and has fluctuated between about 20 and

30 gigalitres a day since then. About 625 gigalitres (3,930 million barrels)
of crude oil had been produced by the end of June 1995.

Gas production commenced in the 1960s and pipelines were built to
connect gas fields in the Moomba area to Adelaide (1969), Gippsiand to
Melbourne (1969), Roma to Brisbane (1969), Dongarra to Perth (1971)
and Moomba to Sydney (1976). Since then, a 1,500 kilometre gas
pipeline has been built from Palm Valley (central Australia) to Darwin, a
1,600 kilometre pipeline has been built from North Rankin and
Goodwyn platforms (north-west Australia) 1o Perth and a 1,400 kilometre
pipeline is presently under construction from Yarraloola (north-west
Australia) to Kalgoorlie (south-west Australia). Currently, more than

64 million cubic metres of natural gas is produced per day, 10% of the
total energy production of primary fuels. About 320 billion cubic metres
(11.35 trillion cubic feet) of sales gas had been produced by the end of
June 1995,

Coal  Australia is well endowed with coal resources. About 8% of black coal
and 15% of brown coal resources in the world are located in Australia.
Many of them are positioned in convenient places close to the coast and
population centres, and sufficiently close to the surface so that they can
be developed as open cut mines. A large part of Australia’s coal
production is exported. At current production levels, Australia’s
cconomically recoverable coal resources would support coal production
for several centuries (if there were no land use constraints). Black coal
mines in Australia are largely centred in the Sydney Basin in New South
Wales and Bowen Basin in Queensland, while other parts of New South
Wales and Queensland, as well as Western Australia, South Australia and
Tasmaznia, have significant deposits. Brown coal is mainly mined in the
Latrobe Valley of Victoria with over 93% of Australia’s brown coal
reserves. Much smaller brown coal deposits are found in Tasmania,
South Australia and Western Australia, although there is currently no
production.

Compared with other energy sources, coal is relatively cheap and

reliable, easy to transport and use. Black coal has been a major export
earner for Australia, About 75% of black coal production is for export. Of
the remaining 25%, about 4% is used to produce coke. In domestic
consumption, coal is mainly used for electricity generation, iron and

steel production, metal treatment, and cement and paper manufacture.

Electricity In Australia, for public electricity supply, about 90% of electricity is
generated from fossil fuels with about 10% being produced by
hydro-power stations. Wind farm electrical generation is still very minor,
with 4.2 million kilowatt hours produced in 1993-94. Coal-fired power
stations contribute the major part of electricity generation since Australia

14 ABS - ENERGY ACCOUNTS FOR AUSTRALIA + 4604.0 - 1993-94



Uranium

Wood and bagasse

has vast coal resources available and the price of coal gives this fuel
source 4 competitive advantage.

At 30 June 1994, the rotal installed generating capacity of plants was
39.8 gigawatts, of which 94% (37.3 gigawatts) was installed for the public
supply of electricity and about 6% (2.5 gigawatts) was installed by private
organisations for their own use. (The statistics exclude some mining and
business private electricity generation due to data limitations.) In public
electricity supply, New South Wales has abour 33% of capacity, Victoria
about 19%, Queensland about 17%, South Australia about 6%, Western
Australia about 8%, Tasmania about 7% and the Northern Territory less
than 1%. The remaining 10% was located in the Snowy Mountains
Scheme.

Australia has the world's largest resources of low-cost uranium. The
Ranger mine in the Northern Territory is one of the largest uranium
mines in the world. At the time of writing, current government
legislation only allows the Ranger and Nabarlek mines in the Northern
Territory and the Olympic Dam mine in South Australia to continue
production.

Ranger consists of an open cut mining operation and a concentrating
plant. The plant has a production capability of 3,000 tonnes of uranium
oxide per year. Production for the vear ended 31 December 1994 was
1,462 tonnes of uranium oxide. Olympic Dam consists of an
underground mining operation and a metallurgical complex. Production
for the year ended 31 December 1994 was 1,142 ronnes of uranium
oxide.

Current government legislation does not allow nuclear power stations to
be built in Australia. Domestic consumption is limited to minor use in
medical, industrial and scientific applications, Uranium produced in
Australia is exported to countries which use uranium for generation of
electricity, or for other peaceful purposes. There are stringent nuclear
safeguard conditions applied to exports, and subsequent use of
Australian uranium is bound by international legal obligations in bilateral
nuclear sateguards agreements. The Nuclear Non-Proliferation
(Safeguards) Act (1987) provides for safeguards concerning the
possession and transport of nuclear material and other physical items
related to nuclear reactors in Australia.

There are a variety of biomass energy resources that can be considered
as alternative fuels, but currently only wood fuel and bagasse are used
significantly in Ausitralia. Both wood and bagasse are combusted to
release stored energy.

Common solid wood fuels are firewood, woodchips, fuel pellets and
charcoal as well as wood wastes. Wood and wood wastes have been used
as energy in manufacturing such as paper and paper products, and even
for electricity generation. Wood fuels are continuously consumed for
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conventional heating by many households in Avstralia (Australian Bureau
of Statistics (ABS) 1984, 1985-806).

Bagasse is the fibrous residue from sugar cane after extraction of the
juice, and is burnt 1o provide energy for electricity generation in sugar
mills. The stock of bagasse depends upon farm production levels, and
processing and storage capacity. Bagasse is the second largest renewable
resource used for electricity generation after hydro. The use of bagasse
as fuel is limited to New South Wales and Queensland where sugar is
ErowrL.

Apart from using wood and bagasse, there is increasing capability in
Australia to use landfill gas for electricity generation. Landfill gas is
produced by anaerobic decomposition of organic matter in rubbish tips
to form methane gas. The gas is collected, filtered and then used in a
gas turbine to generate electricity. The total installed capacity of landfill
gas power plants is about 12 megawatts.

Production of alcohol fuels can also use biomass feedstocks such as
cereal grains and straw, bagasse, cassava and forest plantations. The
Australian Government is encouraging all producers of ethanol through
the Ethanol Bounty Scheme, with a total budget of $25 million over
three years. International research shows that alcohol fuels might be
used as alternatives or supplements to petrol for transport vehicles or
other combustion engines. For diesel engines, vegetable oils such as
sunflower, rapeseed and peanut oil have also been considered as
potential alternatives.

Wwind energy  The use of wind energy has been regarded as promising and a low cost
option for generating electricity in Australia. Australia’s large wind
resources are located in coastal and island localities of southern

Australia, particularly in Tasmania, South Australia and Western Australia
where many sites are ranked with the world's best. There is the potential
that wind energy in these States would be sufficient to supply at least
10-20% of their present electricity needs (Department of the Arts, Sport,
the Environment, Tourism and Territories (DASETT) 1991h). Wind. farms
for electricity generation are particularly suitable for those communities
in remote areas that cannot be connected with the electricity supply grid.

In Australia wind energy has traditionally been used for windmills for
water pumping. In recent years, wind farms for electricity generation
have been established in some States as prototypes. So far, the installed
wind farm capacity in Esperance, Western Australia is about 2 megawatts,
in South Australia about 150 kilowatts and in Tasmania about

55 kilowatts.

Solar energy  Australia has vast high quality solar energy resources, which for most of
the continent exceed 1,600 kilowatt hours per square metre per year of
solar radiation. Some areas over the Western Australia-Northern Territory
border exceed 2,500 kilowatt hours per square metre per year. Because
Australia’s best solar resources are located in areas where land is
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SUMMARY OF STOCK
ACCOUNTS

marginal for agricultural purposes, the use of solar energy would have a
relatively low impact on other land uses. As with wind energy, solar
power generation has particular importance in remote areas of Australia.

There are other solar energy uses in Australia, such as solar evaporative
ponds used for salt production, and passive solar space heating. Telstra
Australia (former Telecom Australia) was among the first organisations in
the world to apply solar systems in remote communications power
applications. In Australia the current dominant use of solar energy is
domestic water heating, with about 6% of Australian residences having
domestic solar hot water units. Water heating and process steam used
for industrial and commercial purposes have also grown in recent years.
Other applications such as swimming pool heating, and space heating
and cooling, have been developed. For solar electricity generation, there
are small, self-contained solar power systems installed in conjunction
with a diesel generator, for remote areas. It is expected that solar
electricity generation will grow quickly although the contribution of solar
power to total electricity supply will remain very small.

The stock account for major non-renewable economic energy resources
is given in table 3.2. For purposes of comparison across all energy
resources, stocks are defined in terms of the McKelvey Classification.

Australia’s identified non-renewable energy resocurces are estimated to be
about 6% of the world’s total (Department of Primary Industry and
Energy (DPIE} 1992}. Black coal’s share is about 65% of Australia’s total,
brown coal’'s 20%, uranium’s about 13%, natural gas’s about 2%, and
crude oil, condensate and LPG’s about 1%. It is considered that Australia
is still relatively under-explored for energy resources and that there are
good prospects for further substantial discoveries.

3-2 STOCK ACCOUNT FOR MAJOR NON-RENEWABLE ENERGY RESOURCES, 1993-94 _
Crude oif Condensate Natural gas LPG Black coaf Brown coal tiranium
B i Gl GL Gm* GL Gt Gt ‘000 t

ECONOMIC DEMONSTRATED RESQURCES
Opening stock 247.0 135.0 999.0 134.0 1500 141.00 2631.00
Adjustment 51.0 16.0 174.0 14.0 -2.8 0.1 4.3
Production -25.0 4.0 ~26.0 -4.0 -0.2 =-0.1 2.3
Closing stock 273.0 147.0 1147.0 1440 45.0 41.0 633.0
Net change 28.0 12.0 . 1480 10.0 ) -3.0 0.0 2.0
SUB-ECONOMIC DEMONSTRATED RESOURCES

Opening stock 35.0 54,0 1136.0 88.0 5.0 3.0 76.0
Adjustment -4.0 5.0 60.0 1.0 0.0 0.0 1.0
Closing stock 31.0 59.0 1196.0 88.0 5.0 3.0 77.0

' The data collection period for coal ended at September each year. Here black and brown coal refer to ‘recoverable’ resources.
2 ranium data was based on catendar vear.

_Source: BRS 1996.
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In table 3.2, it can be seen that the opening stock in 1993-94 for
cconomic demonstrated resources of crude oil was 247 gigalitres and the

closing stock was 273 gigalitres. Production was 25 gigalitres during this
year. Through upgrading of the resources, 51 gigalitres were added so
that the net change was an increase of 26 gigalitres to the opening stock.
At current production rates, the resources can support a further 11 years
crude oil demand assuming no further changes in technology or
extension of resources.

For condensate, the production level was relatively low, only about

4 gigalitres in 1993-94. The adjustment added 16 gigalitres to the
opening stock so that the closing stock was up by 12 gigalitres to

147 gigalitres. If 4 gigalitres a year production continues, the condensate
stock would last for a further 37 years with the same caveats as above.

The closing stock of natural gas was 1,147 giga cubic metres, an increase
of 148 giga cubic metres due to new estimates. With production of

26 giga cubic metres a year, the stock is sufficient to meet a further

44 years production, again with the same caveats.

Stocks of LPG have also increased, from 134 gigalitres to 144 gigalitres,
with upgrading of 14 gigalitres minus production of about 4 gigalitres. At
the current production level, present LPG stocks will last for a further

36 years, while the same caveats apply.

Proven economic coal resources are very extensive. The opening stock of
black coal was 52 gigatonnes and the closing stock decreased

3 gigatonnes to 49 gigatonnes. Production was only 0.2 gigatonnes which
indicates that a further 245 yvears production would be possible if there
is no Iland constraints. Brown coal also has vast economic resources,
with closing stock being 41 gigatonnes. At a steady rate of production
around 0.05 gigatonnes a year, present stock could last for many
centuries.

Australia also has large sub-economic energy resources as shown in
table 3.2. In the future, the market situation and changing technology,
could see these resources being upgraded to economic resources.
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__3-3 CLOSING STOCK OF MAJOR NON-RENEWABLE ENERGY RESOURCES

Crude ol Condensate Natural gas LPG Black! coal Brown® coat Uranium?
Year GL GL Gm® 6t Gt Gt 000 1

ECONOMIC DEMONSTRATED RESOURCES

1981-82 261 78 624 123 30 36 314
1982-83 249 71 629 112 31 37 474
188354 231 82 616 85 35 42 483
198485 231 81 691 85 34 42 485
198586 224 80 691 88 34 42 462
1986-87 231 118 832 a7 50 42 470
198788 240 118 1043 85 50 42 480
198888 252 121 1030 128 51 42 474
1989-80 278 107 941 106 51 42 489
1990-91 258 124 950 108 51 42 474
1991-92 251 129 978 133 52 41 462
1992-93 247 135 899 1234 52 41 831
199384 273 147 1147 144 49 41 833
- SUB-ECONOMIC DEMONSTRATED RESOURCES
1981-82 34 27 284 33 0 0 22
198283 46 24 398 25 3 71 64
1983-84 57 29 840 11 1 1 63
1984-85 42 28 830 11 1 1 56
198586 b4 37 803 20 1 1 56
1986 87 3 64 1406 12 2 2 56
198788 28 48 984 13 2 2 58
168889 27 418 1052 37 2 2 58
1983-30 31 66 11863 58 14 3 80
195061 82 71 1293 94 5 3 55
1991-92 39 55 1109 86 5 3 85
1662-93 35 54 1136 88 5 3 76
1993-94 3 B9 1196 89 5 3 7T

1 The data collection pericd for coal ended at September each year. Here black and brown coal refer to ‘recoverable’ resources.
2 Uranium data was based on calendar year,

Source: BRS 1996.

SUMMARY OF FLOW
ACCOUNTS

Table 3.3 shows trends of major non-renewable energy resources over
the period of 1981-82 to 1993-94. Despite 13 years mining production,
stocks increased for all of the cconomic resources shown in rable 3.3, as
a result of continual upgrading of existing resources and discoveries. As
compared with the stock levels in 1981-82, condensate increased about
88%. natural gas about 84% and LPG abhout 17%. The estimate of black
coal was up about 63% and wuranium doubled.

Compared with Australia’s vast energy resources, energy production and
consumption are relatively low in absolute terms, being 2.5 to 3% of the
world’s non-renewable primary fuel production and just over 1% of the
world’s primary energy consumption (DPIE 1992). On the other hand,
Australia’s energy intensity assessed in terms of energy used per unit of
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output was higher than many other countries (Australian Bureau of
Agricaltural and Resource Economics (ABARE) 1995).

A summary of the flow account showing energy supply, conversion and
consumption for Australia, is given in table 3.4. By definition, total
energy supply is equal to the total conversion plus consumption. Energy
supply here is domestic production, plus imports minus exports (plus
industrial stock changes and stadstical discrepancies). The figures in
conversion show the energy consumed in the conversion process, The
sum of end use consumption is equivalent to net supply after conversion.

Over the period of 1982-83 to 1993-94, energy production in Australia
has increased about 34% from 6,730.2 petajoules to 9,035.7 petajoules.
The major part of the increase in energy production was used to boost
energy exports, which almost doubled during the 12 years. Net domestic
supply took about 36% of the increase. To supplement the demand for
certain energy products such as crude oil and feedstock, imports of
energy products were up by 60%.

In the conversion process, energy used for making coke and briquettes
was reduced due to a decline in the coke and briquette markets. Public
electricity generation increased its energy intake by 35%. The use of
town gas has been reducing for some time. Natural gas production has
doubled over the 12-year period.

Energy consumption for industrial, commercial and residential use
between 1982-83 and 1993-94 has increased about 36%. Road transport
was the dominant sector in energy consumption, and increased about
31% during this period. The mining sector had the highest proportional
increase (160%) in energy consumption, from 75 petajoules in 1982-83
to 196 petajoules in 1993-94. Energy consumption for the air transport
sector has also increased, up about 73%, while the commercial sector
increased by 34%. The iron and steel industry used 96 petajoules (up
17%). Water transport reduced its energy demand by 36% as a result of a
decline in Australian-owned shipping activity.

In terms of energy products, the separate flow accounts for 1993-94 are
summarised in tables 3.5 and 3.6 respectively. Table 3.5 is the flow
account for primary energy products and table 3.6 the flow account for
derived energy products (except LPG included in liquid products of
petroleum).
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In table 3.5 amongst the primary energy products, black coal production
(4,787 petajoules), accounted for 33.6% of total primary energy
production. Uranium was the next highest, being 14.5% of the total
(virtually all exported), followed by crude oil and other refinery
feedstock (11.9%), natural gas (11.8%) and brown coal (5.5%). Australia’s

renewable energy resources are minor contributors to total energy

production: wood fuel was 1.2% of the total, bagasse 0.9% and hydro

0.7%.
3-5 FLOW ACCOUNT FOR PRIMARY ENERGY PRODUCTS, 1993-94
Crude
oit and Natural Black Brown Hydro- Solar
ORF! gas coal coal Uranium Wood  Bagasse energy  ener Tota!
; e B PJ PJ i it PJ PJ ic PJ
SUPPLY
Production 10608 10541 4786.6 4886.8 12930 1071 84.5 60.5 2.4 89358
Imports 7871 — — — — — — — 787.1
Exports -364.6 -320.y -3668.1 — -18786.2 — - — — 82226
Other® 21.5 — 78.9 — 583.2 — — 03 — 6833
Total supply 15049 7334 1197.4 486.8 — 107.1 84.5 60.2 2.4 4176.6
CONVERSION
Coke ovens — - 164.3 — — — — — — 164.3
Briquetting — — — 131 — — — — — 13.1
Petraleum refining 1513.0 9.2 — — — — — — - 15222
Gas manufagturing — 1.6 — — — — — — — 1.6
Electricity generation — 147.9 913.9 4732 — — —_ 60.2 — 15952
Other conversion 8.8 — — — — — _ _ — a8
Own fuel use — 20.9 — — — — — — — 20.9
Total conversion 1521.8 179.8 10782 486.3 — — — 60.2 — 3326.1
ﬂgt__gu_pplyﬂ' o 0.6 563.8 119.2 05 — 107.1 84.5 — 24 868.1
END USE
Agriculture — 0.1 — — — — — — - .1
Mining 06 106.1 6.0 — — — — — — 112.7
Iron and steel — 23.1 82 — — — — — — 31.3
Chemical — 55.7 31 — — — — — — 58.8
Other industry — 228.5 95.6 0.5 — 24.9 84.5 — — 434.0
Construction — 0.2 — — — — — — — 0.2
Road transport — 1.2 — — — —_ — — — 1.2
Air transport — 0.4 — — — — — — — 0.4
Water transport -_— 0.1 38 — — — — — — 3.9
Commercial — 39.7 2.3 — — 0.6 — — — 42.6
Residential — 98.7 0.1 — — 816 — — 2.4 182.8
Consumption 0.6 553.8 118.2 0.5 — 107.1 84.5 — 2.4 868.1
' Includes the energy produced from conversion process and naturally occurting LPG. ORF — Other refinery feedstocks.
2 pccounts only for hot water systems.
% Stock changes and discrepancies,
+ After conversion sector use and Insses. Equals total final energy consumption.
Souwrce: ABARE 1985,
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In 199394, of the 8,935.8 petajoules of energy products, 25.6%
(2,287.1 petajoules) was converted into five main secondary energy
products (liquid products of petroleum, town gas, coke, briguettes and
electricity) as shown in table 3.6. Most of the energy was used for
producing petroleum products (66.2%).

_3 -6 FLOW_ ACCOUNT FOR DERIVED ENERGY _PRODUCTS, 1993-94
Products of Town Coal
,oe-rfrme.-um1 gas Coke by-progucts Briguettes EJecmca'ty? Totat
i A o B Pl P Pl PJ . PJ
SUPPLY
Production” 99.9 2.5 107.8 283 12.8 579.9 831.2
Petroleum refining 1513.0 — — — - — 1513.0
Cther conversion — — — 23.2 — 22.1 45.3
{mports 103.8 — — — - — 103.8
Exports -168.7 — -14.3 — 1.5 — -184.5
Other® -24.0 — 29 — -0.6 — -21.7
Total 15240 2.5 96.4 515 10.7 602.0 2287.1
CONVERSION
Coke ovens 0.6 — — — — 0.1 0.7
Briguetting — — — - — 0.2 0.2
Petroieum refining — — — — — 4.4 4.4
Gas manufactunng 1.2 — — - — — 1.2
Electricity generation 28.4 — — 0.5 1.3 — 30.2
Other conversion 8.8 — 88.3 — — — 97.1
Gwn fuel use 91.2 0.2 — — — 759 167.3
Total conversion 130.2 0.2 88.2 0.5 1.3 81.0 301.5
Net supply® 1393.8 2.3 81 51.1 9.4 520.9 19856
END USE

Agriculture 53.1 — — — — 9.1 62.2
Mining 43.0 — 0.2 2.0 — 382 83.4
Iron and steel 1.6 — 24 42.0 — 18.0 6b.0
Chemical £7.3 -— — 71 34 13.5 71.3
Other industry 50.9 — 5.5 — 4.1 174.5 24.5
Construction 425 — — — 0.1 42.6
Road transport 848.7 — — — — 848.7
Rail transport 233 - — — — 6.2 29.5
Air trarsport 144.5 — — — — 0.4 1449
Water transport 43.1 — — — — 0.6 43.7
Cammercial 13.1 0.7 — _ 1.7 111.0 126.5
Residential 16.5 1.5 — — 0.2 148.3 166.5
Others® 56.0 — — — - — 56.0
Consumption 13938 2.3 81 51.1 9.4 520.9 19856

1 Irciudes maturatly occumng LPG.

? Ircludes electricity generated from hydro-power station.

® Includes the energy produced from conversion process. For liquid products of petroleum, productior nere refers to LPG production: for coal by products,
: production refers to those produced from coke ovens,

2 1 Stock changes anc discreparcies.

' After conversion sector use and losses. Equals towl fral energy consumption.

InclLdes iubricants, greases, biumen and solvents.

@ o

Source: ABARE 13895,
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SUMMARY OF RESIDUAL
ACCOUNTS

As with most countries in the world, energy production, conversion and
end use in Australia have been major sources of air pollutants and
greenhouse gas emissions. Compared with Europe or North America,
Australia benefits from its lower population densities and lower sulphur
content of its indigenous crude o0il and coal. However, many Australian
urban areas, particularly capital cities, suffer from air pollution problems,
such as lead and photochemical smog. Australian greenhouse gas
emissions are regarded as significant, ranked at 17th in total world
emissions, and fourth in per capita emissions in which energy-related
activities are major contributors,

Air pollutants and greenhouse gas emissions can generally be classified
into two broad categories: fuel-combustion emissions and fugitive-fuel
emissions. The term ‘fugitive-fuel emissions’' refers to those emissions not
related to combustion for energy. The fugitive emissions are generated
from those sources associated with production, transmission, storage and
distribution of fuel and from mining. In the oil and natural-gas systems,
emissions can occur in ways, such as from venting, flaring and system
leakage in production; and from evaporation, system or equipment
leakage in transmission, storage and distribution system. Fuel-combustion
emissions make up the bulk of emissions.

Table 3.7 summarises the residual accounts for some common air
pollutants and greenhouse gases emitted into the atmosphere from
fuel-combustion activities for the period 1987-88 to 1993-94. During the
period 1989-90 toc 1993-94, energy use in Australia associated with fuel
combustion rose 5%. Consequently, there were general increases for
most air pollurants and greenhouse gas emissions from fuel combustion
activities.

In the period 1989-90 to 1993-94, carbon dioxide emissions rose by 4%
from 262 to 274 million tonnes. Carbon dioxide emissions from energy
and transformation (principally electricity generation) rose 6.4%. The
total emissions of methane also rose by about 3% from 109 kilotonnes to
113 kilotonnes. For methane emissions, a rise of 10% in emissions from
biomass burned for energy was partially offset by a fall of 14% in
emissions of methane from transport. Carbon monoxide emissions fell
over the period, due entirely to the transport emissions declining,.
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RESIDUAL ACCOUNT FOR SELECTED AIR POLLUTANTS AND GREENHOUSE GASES FROM FUEL

3.7

COMBUSTION o _
Units ~ 1987-88  1988-89  1989-90  1990-91  1991-92  1992-93  1993-94
Energy consumption PJ
Energy and transformation 15231 1652.3 1692.0 1716.7 17582 17825 18046
Indugtry 629.2 650.8 691.3 683.4 664.3 £69.9 681.9
Transport 868.6 890.5 896.3 887.0 909.1 920.7 944.8
Small combustion 189.0 196.2 208.6 210.7 217.5 226.3 228.3
Other 22.2 23.2 23.7 23.2 18.9 25.8 26.5
Biomass burned for energy 164.3 174.4 179.1 178.1 164.9 1825 181.2
Total fuel combustion 3396.4 3587.2 3691.1 3699.1 37328 3 807.5 38774
Carbon dioxide Gg
Energy and transformation 128 087.0 139504.0 141 807.0 145297.0 148513.0 149791.0 1508510
Industry 41 693.0 43037.0 47383.0 466850 44 5240 44 725.0 45 342.0
Transport 578b63.0 59263.0 5H9586.0 582440 603870 611200 626890
Small combustion 11183.0 11588.0 12178.0 122580 125820 130700 131810
Other 1570.0 1642.0 1680.0 18410 1342.0 1 808.0 1872.0
Biomass humed for energy — — — — —_— — —
Total fuel combustion 240 386.0 255033.0 262623.0 264 824.0 267 369.0 270514.0 2738934.0
Methane Gg
Energy and transformation 1.6 1.8 i9 1.9 2.0 2.1 21
Industry 1.1 11 1.2 1.2 1.2 1.2 1.3
Transpon 29.7 29.3 299 28.4 26.7 26.3 25.6
Small combustion 0.7 0.7 c.8 0.7 0.7 0.8 0.8
Other 0.1 0.1 0.1 0.1 0.1 0.2 0.2
Biomass burned for energy 71.0 73.3 75.3 77.5 79.8 82.0 82.9
Total fuel combustion 105.1 106.3 109.2 109.8 110.3 1125 112.8
Nitrous oxide Gg
Energy and transformation 1.3 1.4 1.4 15 1.5 1.5 15
Industry 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Transport 3.0 4.1 5.2 h.8 7.1 8.0 8.9
Small combustian 0.1 0.1 Q.1 G.1 041 0.1 0.1
Other — — — — — — —
Biocmass burned for energy 0.7 0.7 0.7 0.7 Q.7 0.8 08
Tatal fue!l combustion 54 6.6 7.7 84 2.6 10.6 116
Oxides of nitrogen Gg
Energy and transformation 405.8 443.9 458.1 470.5 470.5 489.4 489.1
Industry 286.8 300.2 3215 315.7 311.0 316.8 325.0
Transport 495.9 482.3 470.4 448.9 428.2 421.2 409.6
Small combustion 689.6 73.6 71.5 71.9 71.9 75.4 77.5
Other 81 82 9.5 9.1 7.5 10.8 11.1
Biomass burned for energy 13.6 14.4 14.8 14.7 13.86 151 15.8
Total fuel combustion 1279.8 13227 1348.8 13289 13027 1328.6 13281
Carbon monoxide Gg
Energy and transformation 35.0 40.3 41.4 42.7 42.7 43.1 43.9
industry 80.6 86.1 93.0 93.7 94.7 100.6 104.0
Transport 5433.2 5155.7 £ 190.7 4612.4 4 106.3 3 936.8 3514.6
Small combustion 29.5 30.3 29.3 28.9 28.9 29.1 29.9
Other 7.1 7.4 7.8 7.2 6.6 7.4 7.5
Biomass burned for energy 653.3 675.2 692.8 7031 694.9 735.7 753.9
Total fue! combustion 6 238.6 5995.0 605851 5488.0 49741 4 8527 4453.8
.. continued
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3 7 RESIDUAL ACCOUNT FOR SELECTED AIR POLLUTANTS AND GREENHOUSE GASES FROM FUEL
] COMBUSTION — continued

Units

Non-methane volatile organic
compounds

Energy and transformation
Incustry

Transport

Small combustion

Other

Biomass bumed for energy
Total fuel combustion

Source: NGGIC 1896,

Gg

198788

E.6
7.9
682.4
8.3
0.9
169.9
875.0

1989-90 1990-91

1988-89 1991-92 1992-93 1993-94
6.2 6.6 6.8 6.8 6.8 6.9

86 9.0 8.8 8.3 9.9 10.3
665.4 663.3 609.9 £566.0 548.8 521.0
38 85 85 8.5 89 9.2

1.0 1.0 1.0 0.8 1.1 1.1
1731 177.9 182.9 187.9 193.6 195.9
862.9 866.4 817.9 799.3 769.1 744.4
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CHAPTER 4

BACKGROUND

Terms and concepts

PETROLEUM ACCOUNTS

Petroleum is one of the primary fuels which is presumed to be a finite
and non-renewable energy resource. Australia’s first commercial oil and
gas fields were discovered in the 1960s and oil and gas production from
these fields soon became one of the major factors in the Australian
economy in the late 1960s. Over the last 25 years, Australia has enjoyed
a high level of oil self-sufficiency, which has fluctuated berween 60 and
90% of domestic oil consumption.

Nevertheless, Australia’s resources of crude oil are limited and there is
concern as to how much longer the cil production can last. During the
13 years 1982-83 to 1994-95, 332 gigalitres of crude oil were produced
while current estimates suggest that only about 190 gigalitres were
discovered.

All of the domestic consumption of natural gas is met by production in
Australia, and significant additional amounts are exported. About 8% of
Australia’s resources of sales gas has been produced. There are prospects
for significanily increased production for both domestic and export
markets.

This chapter presents physical accounts for petroleum resources in
Australia. The sections of the chapter contain some background
information on perrcleum; a discussion about the level of Australia’s
total petroleum resources and the amounts produced; data on stocks of
demonstrated resources of petroleum; flow accounts, which report
petroleum supply, conversion and end use; and some information on the
residuals discharged into the natural environment.

Petroleum is broadly defined as a nawurally occurring hydrocarbon or
mixture of hydrocarbons. As oil or gas, or in solution, it is widespread in
Australian sedimentary rocks, but major concentrations are generally rare.
Such concentrations which make up Australia’s petroleum endowment
(Harris 1984) may include: conventional oil and gas accumulations;
heavy oil and tar sand accumulations; gas in coal, in tight formations and
in geopressure zones; and accumulations of gas hydrate. Australiz has
hundreds of conventional oil and gas accumulations and large amounts
of gas in coal and in tight formations, but no known, major heavy oil or
tar sand accumulations (National Energy Advisory Committee 1981).

Petroleum resources are the part of Australia’s petroleum endowment
that may be produced profitably by currently feasible or near-feasible
technology and for specified product prices. Petroleum resources are
defined to include only those natural concentrations from which
economic extraction of a part is feasible within the range of technology
and prices likely 1o be seen within the next 20-25 years. Hence,
petroleum resources are a subset of petroleum endowment that can
change according to the assumed technological and economic conditions.
The amount of resources is measured or estimated at standard
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conditions of temperature and pressure, defined as 15°C and
101.325 kilopascals.

Although some production of gas from coal and tight formations is
feasible over the next 25 years, only conventional petroleum, that is
petroleum produced by the flow of naturally occurring fluids into drilled
wells, is considered in the stock account of this chapter.

Petroleum resources can be generally classified into the following
categories.

Crude oil is a mixture of hydrocarbons, existing in the liquid state, both
in natural underground reservoirs and at atmospheric pressure after
passing through surface separating facilities.

Sales gas is derived by processing the natural gas produced from either
gas or oil reservoirs. It contains mainly methane, ethane, minor amounts
of other hydrocarbon gases and some carbon dioxide. The processing
normally removes condensate/crude oil, Liquefied Petroleum Gas (LPG)
and any carbon dioxide in excess of 3%.

Condensate is a liquid mixture of pentanes and heavier hydrocarbons
that are contained in the vapour phase in natural gas in the reservoir
and become liquid at standard field separation conditions, Estimates of
identified condensate resources are available only for those
accumulations from which condensate is likely to be extracted.

LPG usually consists of propane, butane and isobutane and is derived by
processing, through a low pressure separation plant, the natural gas
produced from either gas or oil reservoirs. Estimates of identified LPG
resources are available only for those accumulations from which LPG is
likely to be extracted. LPG is also obtained as a by-product of oil refining.

Liquefied Natural Gas is natural gas which has been processed and then
refrigerated to the very low temperatures needed to reach the liquid stare.

Primary oils (crude oil and condensate) are the normal feedstocks, but
refinery inputs can be other feedstocks, such as a product or a
combination of products derived from crude oil destined for further
processing, or those finished products imported for refinery intake or
returned from other industries.

Refined products are classified into two categories: fuel products and
non-fuel products. Fuel products include automotive gasoline and diesel,
aviation gasoline and turbine, kerosine and heating oil, industrial diesel
and fuel oil, and others such as naphtha and petroleum coke used as
fuel. Non-fuel products include solvents, lubricants, bitumen, waxes and
others such as sulphur and petroleum coke.

McKelvey system of Because petroleum accumulations occur at considerable depth there is
classification  no simple way of locating them or of measuring them, except by
production. The existence of an accumulation can be proved only by
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drilling wells and bringing samples to the surface. The amount of
petroleum within the reservoir in which the accumulation occurs and the
proportion that could theoretically be produced can then be estimated
using information derived from well logs, seismic surveys, analyses of the
produced fluids and measurements made during production tests.
Consideration of how the accumulation could best be produced and the
projected economics of such production are needed to estimate the
proportion that could be produced in actual practice and to decide
whether or not it forms part of resources (production is likely in the
next 25 years).

Geologists and engineers make regular attempts to assess Australia’s
non-renewable energy resources. However, there is nearly always
insufficient information to provide precise numbers and the assessors
have adopted the practice of classifying the resources into categories that
show how certain they are that the resources actually exist and their best
estimate of the economic feasibility of producing them. Over the years, a
complex of homegrown classification systems has evolved suited to the
individual requirements of reporting petroleum resources. This chapter
uses the well-known McKelvey Classification (MC) system throughout in
order to achieve a consistent basis for reporting. The former Bureau of
Mineral Resources (BMR), now Australian Geological Survey Organisation
(AGSO) and the Bureau of Resource Sciences (BRS), formally adopted
the MC system in 1975 for general use in categorising petroleum and
mineral resources (BMR 1976) and the system was further refined in
1984 (BMR 1984).

Under the MC system, resources are classified in terms of their economic
feasibility of production and in terms of their certainty of occurrence as
outlined below and shown in figure 4.1.
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THE McKELVEY MINERAL AND PETROLEUM RESOURCE
4.1 CLASSIFICATION DIAGRAM
Identified Undiscovergd
Demonstrated inferred
B
: g >
2 207 GL Not £
|§ assessed 2
2k}
95% probability o
140 GL £
5% probability g
500 GL o
Average estimate 5
e 2090 GL g
o ot -
§ : 296 assessed
b
=
3]
-t Increasing certainty of existence

Mote: Diagram shows Australia’s remaining recoverable resources of crude oil in_ digalitres (GL), as at
31 December 1994. Includes all of resaurces within Area A of the Zone of Cooperation which are subject to
production sharing agreements batween the permit holders and the {Australia-Indonesia} Joint Authority.

Source: BRS 1996,

Categories of petroleum
resources

Recoverable resources  Peiroleum that can be physically recovered using current recovery
technology.

initial recoverable resources The amount of recoverable petroleum that existed before any of it had
been produced.

Remaining recoverabfe  The amount of recoverable petroleum remaining after production.
résourcés  Remaining recoverable resources equals initial recoverable resources less
production.

Ecoromic resources  Petroleurn that is, or would be if discovered, economically produced
under current and projected prices and costs and with current
technology.

Sup-economic resources  Petroleum thart is not, or would not be if discovered, currently
economically producible, but that may be in the future.

ldentified resources  Petroleum, in specific accumulations, that have been confirmed by
drilling and (usually) recovery at the surface and which are potentially
economic.

Demonstrated  That part of identified resources whose existence is established and
whose quantity is considered probable, based on well data and
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Inferred

Undiscovered resources

PETROLEUM RESQURCES
IN AUSTRALIA

geological projection. The proved and probable reserves of the
petroleum industry are considered to be equivalent to demonstrated
economic recoverable resources plus part of demonstrated sub-economic

recoverable resources.

That part of identified resources whose existence and quantity are
considered uncertain because of distance from well control or because of
geological situation. The possible reserves category of the petroleum
industry can include material equivalent to both inferred recoverable
resources and part of the demonstrated sub-economic recoverable

resources.

Petroleum, in unspecified accumulations, that is surmised to exist on the
basis of geological knowledge and theory.

Most petrolcum originates by the action of hear on organic matter buried
within sedimentary rocks. Australia has a large area onshore and offshore
that contains sedimentary rocks potentially capable of containing
petroleum (map 4.2}, Exploration, essentially over the last 35 vears, has
identified petroleum resources within 14 sedimentary basins within
Western Australia, Queensland, Victoria and Northern Territory. The
largest discoveries in terms of energy have been the Bass Strait oil and
gas fields in 1960s and 1970s, and the Carnarvon basin oil and gas fields
in the 19708 and 1980s.
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Source: BRS 1996,

Although there are many small fields, most of Australia’s identified oil
and condensate resources are in the so-called ‘major fields’ of more than
16 gigalitres (100 million barrels), shown in map 4.3. They contain a
large fraction suitable for production of motor spirit and only a small
fraction suitable for production of lubricant, fuel oil and bitumen which
are mainly produced from imported crude,
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4-3 LOCATION OF PETROLEUM RESOURCES AND PIPELINES
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ldentified resources  Australia’s cumulative initial identified resources of petroleum are shown
plotted by year of discovery in graph 4.4. The estimates of initial
identified resources have been made by BRS using estimates of initial
demonstrated resources (usually as at December 1994) plus an estimates
of inferred resources where available. They include preliminary estimates
of identified resources within Area A of the Zone of Cooperation which
are subject to a production sharing agreement between the permit
holders and the (Australia-Indonesia) Joint Authority. These piots show
that the major oil discoveries were made before 1970 and the major
sales gas, condensate and LPG discoveries were made before 1980, About
950 gigalitres (6,000 million barrels) of crude oil and 3,490 billion cubic
metres (123 trillion cubic feet) of sales gas had been identified by the
end of 1994.
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4 4 CUMULATIVE INITIAL IDENTIFIED RESOURCES BY YEAR OF
- DISCOVERY
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4 4 CUMULATIVE INITIAL {DENTIFIED RESOURCES BY YEAR QF
. DISCOVERY — continued
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Source: BRS 1996.

On the basis of figures for the world’s identified
beginning of 1993 (Masters, Attanasi & Root, ~
identified resources of crude oil make up

and natural gas makes up 1.8%.

Undiscovered resources  Australia’s undiscovered resources
BRS in early 1993 (BRS 1994, 1°¢
petroleum remains to be discr
probability distributions which s..
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date there is an estimated 95% probability that at least 140 gigalitres
(900 million barrels) of crude oil remain to be discovered and a 5%
probability that at least 500 gigalitres (3,200 million barrels) remain to
be discovered. There is, therefore, a 10% probability that the amount
could even lie outside of this range. The average of the assessment, of
290 gigalitres (1,800 million barrels), gives a more or less central
tendency to the range, but has no better chance than any other value of
being the final outcome.

At 95% probability, the assessment of undiscovered resources to be

discovered are at least 200 giga cubic metres for sales gas, 25 gigalitres
for condensate and 25 gigalitres for LPG. There are at least 1,000 giga
cubic metres of undiscovered resources remaining for sales gas,

120 gigalitres for condensate and 80 gigalitres for LPG, at 5% probability,
respectively. The undiscovered resources are averaged to be

470 giga cubic metres for sales gas, 60 gigalitres for condensate and

46 gigalitres for LPG. Note that the assessed undiscovered resources
include undiscovered resources within Area A of the Zone of
Cooperation, which are subject to a production sharing agreement
between the permit holders and the (Australia-Indonesia) Joint Authority.

Australia’s petroleum  Qil production began from the Moonie field in 1964 and increased
production and resource  significantly as Barrow Island was brought into production in 1967 and
sufficiency  the Gippsland Basin in 1970. Production of crude oil reached
20 gigalitres a day in 1973 and has fluctuated berween about 20 and
30 gigalitres a day since then. About 625 gigalitres (3,930 million barrels)
of crude oil had been produced by the end of June 1995.

Gas production also commenced in the 1960s and pipelines were built
to connect gas fields in the Moomba area to Adelaide (1969), Gippsland
to Melbourne (1969), Roma to Brisbane (1969), Dongara to Perth (1971)
and Moomba to Sydney (1976). Since then, a 1,500 kilometre gas
pipeline has been built from Palm Valley (central Australia} to Darwin, 2
1,600 kilometre pipeline has been built from North Rankin and
Goodwyn platforms (Northwest Australia) to Perth and a 1,400 kilometre
pipeline is presently under construction from Yarraloola (Northwest

Australia) to Kalgoorlie (southwest Australia). Currently, more than

64 million cubic metres of natural gas is produced per day, 10% of the
total energy production of primary fuels. About 320 billion cubic metres
(11.35 trillion cubic feet) of sales gas had been produced by the end of
June 1995.

Oil or gas are now produced from 12 sedimentary basins. Graph 4.5
shows the amounts of crude oil, sales gas, condensate and LPG that
were produced in each financial year up to the end of June 1995,
Reported LPG production declined during the late 1980s and early 1990s
partly because of a decrease in LPG production from the Gippsland
Basin and partly because a part of the LPG resource in Western Australia
was delivered to market as part of the sales gas stream. This had the
effect of decreasing apparent production of LPG while increasing
apparent production of sales gas.
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4.5

PETROLEUM PRODUCTION BY FINANCIAL YEAR
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Source: DPIE 1988,

as at 30 June

4 - 5 PETROLEUM PRCDUCTION BY FINANCIAL YEAR — continued
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Australia’s total oil and gas  Graph 4.6 shows two separate graphs. Estimates of cumulative identified

resources and {otal  resources of crude oil and sales gas for each financial year are plotted

production  against each other in the main graph, and the 95%, average (Av.) and 5%
' estimates of undiscovered resources have been added to them, 1o obtain

an estimate of the amounts of oil and gas that may be produced
eventually, called the estimated ultimate recovery (EUR). The EUR
includes identified and undiscovered resources within Area A of the Zone
of Cooperation, which are subject to a production sharing agreement
between the permit holders and the (Australia—Indonesia) Joint Authority.
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INITIAL IDENTIFIED AND UNDISCOVERED GAS RESOURCES
VERSUS OIL RESOURCES AND SALES GAS PRODUCTION VERSUS
4.6 OIL PRODUCTION
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According to whether the 95% or 5% estimates are used, the EUR ranges
berween 1,100 and 1,450 gigalitres of crude oil and 3,700 and

4,500 billion cubic metres of sales gas. Australia’s average estimated
ultimate petroleum resources make up about 0.3% of the world’s crude
oil and 1% of gas as reported in 1993 (Masters, Attanasi & Root 1994).

The average EUR for gas divided by the average EUR for oil gives a ratio
of about 3,200 cubic metres of gas for every kilolitre of oil. This
compares with about 2,100 for the former Soviet Union, 2,000 for
Canada, 1,000 for the United States of America, 950 for the world, 600
for the United Kingdom and 300 for Saudi Arabia, as given by Masters,
Attanasi & Root (1994).

Indicators of resource  An indicator of resource sufficiency is percentage of self-sufficiency, last
sufficiency  published by the Department of Primary Industry and Energy (DPIE)
(1987). Seif sufficiency was defined as:

Self Crude oil and condensate production plus demand for naturally occurring LPG

sufficiency —
4 Net domestic demand for petroleurn products

Since 1970, self-sufficiency has fluctuated between 60 and 90% with
levels above 70% since mid-1984. It would have been difficult ro achieve
levels of self-sufficiency much above 90%, however, because it was
necessary to import a proportion of heavy crude oil suitable for fuel oil,
lubricant and bitumen production. The indicator shows how well

domestic production meets demand.

Another group of indicators that can be used show the relationships
between resources and production. As shown later in this chapter, the
ratio of remaining Economic Demonstrated Resources (EDR) to
production for each vear (graph 4.7) indicates how many years
production the resource would support. The ratio of identified resources
to production might be a better indicator but, company assessments of
inferred petroleum resources are not uniformly available to government
and a national assessment of this category of resources is not
maintained. Even the ratio of remaining ultimate resource to production
is an unsatisfactory measure of resource ‘life’, because it is normal for
production to decline towards the end.

There is a suggestion that the inverse ratio called ‘depletion rate’, which
is annual production as a percentage of remaining petroleum at the end
of the preceding vear, is a better measure of supply security. Remaining
petroleum equals the amount that will ultimately be produced minus the
amount that has already been produced. The amount of petroleum that
will ultimately be produced is the sum of the initial identified and
undiscovered resources (EUR).

Graph 4.7 shows crude oil depletion rates calculated for Australia, based
on the 5%, 95% and average estimates of EUR. Australia's depletion rate
has increased steadily to an average of 4.1% at 30 June 1995. This
compares with crude oil depletion rates of 1.4% for Saudi Arabia,
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2.6% for the former Soviet Union, 5.2% for the United Kingdom, 5.7%
for the United States of America, 5.9% for Canada and 2.2% for the
world. Annual production during 1992 as a percentage of average
remaining petroleum at the end of 1992 is 0.9% for Saudi Arabia, 1.3%
for Canada, 1.3% for the former Soviet Union, 2.5% for the United
Kingdom, 2.7% for the United States of America and 1.3% for the world.
Australia’s sales gas depletion rate averages 0.8% (graph 4.7) as at

30 June 1995.

4 . 7 DEPLETION RATES FOR CRUDE OIL AND SALES GAS
OIL
% depietion rate % depletion rate
& - -6
woms—— 95%
5 - ~-5
4 — ~ 4
3 ~3
2 -] — 2
1 1
00— f T T T T T 0
1862 1867 1972 1977 1982 1987 1982
as at 30 June
GAS
% depletion rate % depletion rate
0.2 — 0.9
95%

0.84 . CAY ~0.8
0.7 5% 0.7
0.6+ ~0.6
0.5 ~0.5
0.4+ ~0.4
0.3 0.3
0.2+ 0.2
0.1 -0.1
0.0 0.0

T T T T T T T
1962 1967 1872 1977 1982 1987 1992
as at 30 June

Sannea- ARS 1996,
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Ancther indicator that can be calculated is the cumulative amount of
petroleum produced as a percentage of ultimate production (EUR).
Graph 4.8 shows that Australia has produced an average of 50% of its
ultimate crude oil resources and 8% of its sales gas resources (including
those within Area A of the Zone of Cooperation which are subject to
production sharing agreements berween the permit holders and the
(Australia-Indonesia) Joint Authority). As at 1 January 1993 Saudi Arabia
had produced 17% of its crude oil, the United Kingdom 29%, Canada
29%, the former Soviet Union 32%, the United States of America 63% and
the world 29% (Masters, Attanasi & Root 1994).

4 8 CUMULATIVE Ol AND GAS PRODUCED AS A PERCENTAGE OF
. ULTIMATE RECOVERY
OIL
% petroleum produced % petroleurn produced
60 - 60
95%
- AV,
50 - 5% ~ 50
40 —40
30+ — 30
20~ - 20
10+ —~ 10
0 T T T T T T T 0
1961 1966 1971 1976 1981 1986 1921
as at 30 June
GAS
% petroleumn produced % petroleum produced
10 — 10
g — 5% 9
. . s Av-
B4 —— 5% P
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i T 1 T 1 T T
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as at 30 June

Source: BRS 1996,
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L

STOCK ACCOUNTS FOR

PETROLEUM

Crude oil

This section deals with Australia’s stock of petroleum resources
remaining underground at a given time, and the changes in historical
estimates. Major causes of changes in stock are production, upgrading of
reserves in identified accumulations and new discoveries. Upgrading of
reserves may be caused by:

s increases in the known volume of existing pools (from drilling and
geophysical data);

s new pool discoveries (often by development wells);

= improved development technology, allowing a greater proportion of
in-place oil to be produced; and

s revised assessments of reservoir and fluid properties, leading o
higher recovery factors than those originally calculated.

In addition, EDR and sub-EDR of petroleum are reported by sedimentary
basin. Note that the petroleum resources and production reported by
State authorities may not necessarily be the same as the figures reported
here, because data sources differ and the reporting of LPG and flared gas
differs from State to State.

Table 4.9 shows the stock accounts for Australia’s EDR of crude oil. In
1982-83 the opening stock was 201 gigalitres of crude oil. At the
beginning of 1994-95, the remaining resources were 12 gigalitres higher,
being at an estirnated 273 gigalitres. Australia’s domestic production of
crude oil during this period totalled 351 gigalitres. Production during the
period was outweighed by upgrading of estimates of resources in
previously discovered fields and by new discoveries.

4.9 STOCK ACCOUNT FOR CRUDE OlL: EDR

. Opening stock Adjustment Praduction  Closing stock MNet change
Year GL - GL GL GL G
1982-83 261 9 -21 249 -12
1983-84 249 8 -26 231 -18
1984-85 231 29 -29 231 0
1985-86 231 23 -30 224 -7
1986-87 224 36 -29 231 7
1987-88 231 38 -29 240 =}
1988-89 240 38 -26 252 12
198990 2562 55 -29 278 26
1980-91 278 9 -29 268 -20
199192 258 21 ~28 251 -7
1992-93 251 30 -23 247 T
1993-94 247 b1 -25 273 26
1994-95 273 n.a. =27 n.a. n.a.

Note: Stocks for 1991-92 onwards have been calculated by interpolation of calendar year data.

Source: BRS 1996
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Sub-economic demonstrated resources are considered to be potentially
economic in the future, when technological or economic conditions
change. As shown in table 4.10, the initial stock of sub-economic
resources of crude oil in Australia was 34 gigalitres in 1982-83, and
31 gigalitres in 1994-95.

4 10 STOCK ACCOUNT FOR CRUDE QIL: SUB-ECONOMIC
. DEMONSTRATED RESOURCES

Opening stock Adjustment Closing stock

Year GL GL GL
1982-83 34 12 48
1983-84 46 11 57
1984-85 57 -15 42
1985-86 42 12 54
1986-87 54 -23 31
1987-88 31 -3 28
1985-89 28 -1 27
1939-90 27 4 31
199091 31 51 82
189192 82 -43 39
1982-93 39 R | 35
1993-94 35 -4 31
1984-985 31 n.a. n.a.

Mote: Stocks for 1991-92 onwards have been calculated by interpolation of calendar year data.

Source: BRS 1956,

Condensate  Australia’s condensate resources are comparable to crude oil resources.

Table 4.11 presents the economic demonstrated condensate resources in
Australia. In 1982-83 the opening stock was 78 gigalitres and in 1994-95
the stock of condensate increased to 147 gigalitres. A significant revision

of condensate stocks occurred in 1986-87 when 40 gigalitres of
condensate resources were added.
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Natural (sales} gas

4.11

Year

198283
1983-84
1984-85
158586
1886-87
1987-88
1988-89
198590
1990-91
199192
1992-93
199394
1994-95

Opening stock

GL
78
71
82
81
80
118
118
121
107
124
129
135
147

Production

STOCK ACCOUNT FOR CONDENSATE: ECONOMIC DEMONSTRATED
RESOURCES

Adjustment Closing stock Net change
GL GL GL GL
7 1 71 8
12 -1 82 11

1 -2 81 -1

1 -2 80 -1
40 -2 118 38
3 -3 118 o}

6 -3 121 3
-11 -3 107 -14
20 -3 124 17
9 -4 128 5
10 -4 135 5]
16 -4 147 12
n.a. -4 n.a. r.d.

Nete: Stocks for 1891-92 onwards have been calculated by interpolation of calendar year daia.

Source: BRS 1956,

Sub-economic condensate resources in Australia are shown in table 4.12.
The opening stock in 1982-83 was 27 gigalitres, and the closing stock in

199495 was 59 gigalitres, a doubling during this period.

4.12

Adjustment

STOCK ACCOUNT FOR CONDENSATE: SUB-ECONOMIC
DEMONSTRATED RESOURCES

Closing stock

Opening stack
Year GL GL L GL
1982-83 27 -3 24
1983-84 24 5 29
1984-85 29 -1 28
198586 28 9 37
1986-87 37 27 84
1987-88 64 -16 48
1988-89 48 -2 46
1989-90 46 20 66
1990-91 66 -10 71
1991-92 71 -16 55
1992-93 55 -1 b4
1993-94 54 5 59
1994-95 59 n.a. n.a.

Note: Stocks for 1991-92 onwards have been calcualted by interpolation of calendar year data.

Source: BRS 1996.

Australia has large EDR of natural (sales) gas given in table 4.13. In
1982-83 the opening stock of EDR was 624 billion cubic metres. Despite
a doubling of produciion, the reserves of natural gas increased to

1,147 billion cubic mertres, in 1994-95.
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4 13 STOCK ACCOUNT FOR NATURAL GAS: ECONOMIC DEMONSTRATED
-

RESOURCES ) )

Opening stack Adjustment Production Closing stock  Met change
Year bill. m2 bill. m? bill. m2 bill. m3 mill. m?
198283 624 17 12 629 5
1983-84 629 -1 -12 616 -13
1984-85 6186 88 -13 691 75
198586 691 14 -14 591 0
1986-87 691 156 -15 832 141
1987-88 832 226 -15 1043 211
1988-89 1043 3 -16 1030 -13
1989-90 1030 -89 -20 941 -89
1990-91 941 30 -21 950 9
1991-92 950 51 -23 978 28
1992-93 978 45 -24 999 21
199394 999 174 -26 1147 148
1994-95 1147 n.a. -29 n.a. n.a.

Note: Stocks for 1991-92 onwards have been calculated by interpolation of calendar year data.

Source: BRS 1936,

Australia has large sub-economic resources of natural (sales) gas available
as listed in table 4.14. At the beginning of 1994-95, sub-EDR of natural
gas were 1,196 billion cubic metres, about the same as EDR.

4 1 4 STOCK ACCOUNT FOR NATURAL GAS, AUSTRALIA: SUB-ECONOMIC
|

- DEMONSTRATED RESOURCES

Opening stock Adfustment

Closing stock
Year bill. m® ~ bill. m? bill. m#
1982-83 284 114 398
1983-84 388 442 840
198485 840 =10 830
198586 830 27 803
198687 803 603 1406
198788 1406 —422 984
1988-89 984 88 1052
1989-50 10562 111 1163
1920-91 1163 -75 1293
1991-62 1293 -184 1108
1992-93 1109 27 1136
1993-924 1138 80 1196
1994-95 1186 na. n.a.

Note: Stocks for 1991-92 onwards have been calculated by interpolation of calendar year data.

Source: BRS 1896.
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LPG  The opening stock of EDR of LPG in 1982-83 was 123 gigalitres and this
increased to 144 gigalitres at the beginning of 1994-95 as shown in table
4.15. LPG production in Australia was steady ar about 4 gigalitres a year
during the last 10 years.

4.15 SIOCK ACCOUNT FOR LPG: ECONOMIC DEMONSTRATED
. RESOURCES

Opening stock Adiustment Production Closing stock et change

Year GL GL GL - GL GL
1982-83 123 -8 -3 112 -11
1983-84 112 24 -3 85 27
1984-85 85 4 -4 85 0
1985-86 85 7 —4 88 3
1986-87 88 13 —4 97 9
1987--88 a7 -8 -4 85b -12
1988-89 85 47 —4 128 43
1989-90 128 -18 -4 106 -22
1990-91 106 3} —4 108 2
1991-92 108 28 —4 133 25
1992-93 133 5 -4 134 1
1983-94 134 14 -4 144 10
1994-95 144 n.a. -4 n.a. n.a.

Note: Stocks for 1981-92 anwards have been calculated by intempolation of calendar year data.

Source: BRS 1996,

Table 4.16 lists sub-EDR of LPG. The stock has increased from
33 gigalitres to 89 gigalitres during the period 1982-83 0 1994-95.

4 16 STOCK ACCOUNT FOR NATURAL LPG: SUB-ECONOMIC
. DEMONSTRATED RESOURCES

Opening stock Adjustment Closing stack

Year ) GL GL GL
1982-83 33 -8 25
1983-84 25 -14 11
1984-85 11 0 11
1985-86 11 g 20
1986-87 20 -8 12
1987-88 12 1 13
1988-89 13 24 37
1989-90 37 21 58
189091 58 25 a4
189192 94 -8 86
1992-93 86 2 88
1893-94 88 1 89
1294-95 89 n.a. n.a.

Mete: Stocks for 1991-92 onwards have been calculated by interpolation of calendar year data.

Source: BRS 1986,
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‘Life’ of petroleum resources  The ratios of Australia’s remaining EDR of petrolecum, as estimated ac the
beginning of cach financial year, and the production for that year are
presented in graph 4.17. The ratios supposedly indicate how many years
production the resource would support assuming that present
production rates could be maintained. For instance, remaining economic
resources of crude oil (which includes oil within Area A of the Zone of
Cooperation which is subject to a production sharing agreement herween
the permit holders and the Australia-Indonesia Joint Authority) indicates
a ‘life’ which has stayed fairly steady at about 10 years since 30 june
1983, Natural (sales) gas has a current life of 39 years, but has ranged
berween about 38 and 64 years.

4 17 REMAINING EDR TO PRODUCTION RATIOS FOR CRUBE OIL, SALES
. GAS, CONDENSATE AND LPG

EDR/production {(years) ECR/production (years)
80+ — 80
""""" ail
70 ———— Condensate [~ 70
LPG
60 e Sales gas — 60
50~ - 20
40 = 40
30+ — 30
20+ 20
10 - - 10
Q o

I T | | 1 I I
1883 1985 1887 1989 1991 1993 1995

Source: BRS 1996,

The fairly constant ‘life” of about 10 years for crude oil over the last 13
years gas indicates that EDR to production ratios are not a reliable
indicator of resource ‘'life’. The ratio has remained fairly steady because
both remaining EDR and production have been steady. Remaining EDR
have been maintained : t a near constant level, despite considerable
production, mainly as 2 result of revisions (additions) to the estimates of
the demonstrated resources within the producing fields and partly as a
result of new discoveries. The estimates of demonstrated resources in
each field commonty have high probability of occurrence and will
therefore be, on average, conservative. Additional resources are often
demonstrated at the identified fields as a result of new-peool discoveries
and cxtensions to known pools and also with improved technology,
improved understanding of reservoirs during production and any
improvements of prices relative to costs. Thus, the estimates of initial
demonstrated resources in each accumulation tend to grow over time as
resources move from the inferred to the demonstrated category.
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L g

Production fields of
petroleum in sedimentary
hasins

FLOW ACCOUNTS FOR
PETROLEUM

Crude oil and other refinery
feedstock

The producing fields for crude oil and condensate are located in

12 sedimentary basins, listed in table 4.18. Of the 297 gigalitres of
economic demonstrated crude oil remaining at the end of 1994, 41%
occurs in the Carnarvon Basin, 38% in the Gippsland Basin and 5% in
the Bonaparte Basin (which includes oil within Area A of the Zone of
Cooperation which is subject to a production sharing agreement between
the permit holders and the Australia-Indonesia Joint Authority).

4 18 DEMONSTRATED RESOURCES BY SEDIMENTARY BASIN,
u AS AT 31 DECEMBER 1994

EDR Sub-EDR

Sales Sales
Off  Cond. LPG gas Git  Cond. LPG gas
GL GL &L bl m® GL GL GL bl m*
Adavale — —_ —_ 1 — — — —
Bass 2 1 1 3 1 5 7 7
Amadeus -— — — — — — —
Amadeus and
Bonaparte 37 3 — 23 —_ -— — —
Bonaparte 8 1 — 1 4 4 4 161
Bowen — — — 5 —_ — — 1
Browse — — — — — 49 74 625
Camarvon 123 123 105 958 & — — 373
Cooper/Eromanga 10 7 12 83 — 3 4 34
Gippsland 114 20 36 206 18 3 — 36
Otway — — — g — — — 4
Perth 2 — — 4 — — — —
Surat — — — 1 — — — —
Total 297 156 154 1292 29 65 90 1249

Source: BRS 1996.

The Carnarvon Basin holds 79% of the demonstrated economic resources
of condensate, the Gippsland Basin 13%, and the Cooper and Eromanga
Basins 4%.

Most of the sub-EDR of crude oil are also located in the Carnarvon,
Gippsland and Bonaparte Basins, with 20, 62 and 14% respectively.
Sub-EDR of condensate are distributed in a number of basins, including
75% in Browse, 8% in Bass, 6% in Bonaparte, 3% in Cooper/Eromanga
and 5% in Gippsland.

This section deals with the physical flow accounts of petroleum and
shows the flows from supply to conversion, and then to the end use for
liquid and gaseous petroleum such as crude oils, feedstocks, petroleum
products, natural gas and town gas.

From table 4.19 it can be seen that the domestic production of crude oil
and other refinery feedstock (1,060.8 petajoules) was approximately 70%
of the total supply in 1993-94. Imported primary oil in the same year
accounted for 787.1 petajoules and exported primary oil was
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364.6 petajoules, so that the net liquid petroleum trade added a net
422.5 petajoules of liquid petroleum to meet domestic demand. In the
conversion process, some other sources such as oil recycling have also
contributed slight amounts of refinery feedstock. The majority of crude
oil and refinery feedstock is used as input for petroleum refining. Prior
to 1991-92, very small quantities were used for electricity generation.

Liquid products of petroleum  ‘Liquid products of petroleum’ refers here to the final marketable
products produced from petroleum, except crude oil and refinery
feedstock, and natural gas and town gas. ‘Production’ is defined as
primary production before refinery, and here only LPG is a liquid form
of petroleum from primary oil production which is considered to be a
final product. Most liquid products of petroleum used domestically are
mainly produced from the Australian petroleum refining industry, which
is listed separately with primary production, see ‘Petroleum refining’ in
table 4.20. In 1993-94, production of LPG was about 100 petajoules and
the total of petroleum refining was 1,513 petajoules. Considered with the
imports and exports, the domestic supply of liquid products of
petroleum totalled 1,524 petajoules in 1993-94.

In conversion which convert liquid products of petroleum to other
energy forms, 130 pemjoules of liquid products of petroleum were used
in 1993-94. ‘Own fuel use’ used 91 petajoules of liquid products of
petroleum in 1993-94, about 70% of total consumption in conversion.
Electricity generation used 28 petajoules, taking about 22% of this
amount. The transport sector is the major end user of liquid products of
petroleum, particularly road transport, used 849 perajoules in 1993-94
which was about 61% of the total. Air transport has continued to
increase in the demand for liquid products of petroleum, reaching about
10% of the total final consumption in 1993-94. Non-transport sectors
used about 24% of liquid products of petroleum, with the ‘other
industry’ (mainly manufacturing industry) being the highest consumer
with about 4%. Residential use of liquid products of petroleum, such as
home heating and mowing, used only 17 petajoules in this period.

Natural gas The production of natural gas has more than doubled during the period
1982-94 with about 30% of current production in 1993-94 being
exported. In the conversion processes, electricity generation takes a large
share of natural gas consumption. However, the majority of natural gas
was used directly by end users. Table 4.21 shows that industries are
major consumers of natural gas, taking about 75% of the total final
supply. Manufacturing industry has the largest share of consumption,
with residential use being significant.

Town gas Town gas production and consumption are listed in table 4.22. Use of
town gas has been in decline for some time, from 9.8 petajoules in
1982-83 to 2.3 petajoules in 1993-94.
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Petroleum production by  Australia’s major areas for primary oil and gas production are Bass Strait,
field the Timor Sea, North West Shelf, Barrow Island and small onshore fields
located in the Cooper-Eromanga Basin, see table 4.23.

Over the past 20 years, Bass Strait oil fields have produced 445 million
litres of oil, 3.5 trillion cubic feet of gas, 52 million litres of LPG and
445 million litres of ethane, making it the largest oil production region
in Australia. The Carnarvon Basin is Australia’s second largest oil and gas
producing region.

Australia’s largest gas producing fields are located in the North West
Shelf off-shore region. Gas is brought from the North Rankin field via a
134 kilometre pipeline to the onshore facilities. The gas fieids began
production in 1984 and expanded in 1989.
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4- 23 PETROLEUM PRODUCTION

Uinits 1986-87 1987-88 1988-89 1989-90 1990-91 1891-92 1892-93 1993-94

Crude oil

Amadeus ML 164 141 107 94 82 93 117 152
Bonaparte ML 771 1337 2430 3775 4078 33796 3 304 1969
Bowen—Surat ML 80 80 122 128 106 34 73 60
Canning ML 50 35 27 20 20 19 17 19
Carnarvon

Barrow Island ML 1080 a79 900 844 819 828 813 845

North West Shelf ML — — _ _ _ _ _ o

Other ML 535 898 1125 3313 4178 4 481 3 666 4172
Cooper—Eromanga

Queensland ML 1702 1518 1374 1276 1143 1 085 990 878

South Australia ML 1365 1337 1569 1473 1452 1340 1062 963
Gippsland ML 23701 22215 17902 17788 16747 16021 16956 15846
Otway ML — — — — — — — —
Perth ML 9 13 17 31 38 33 40 38
Total ML 20457 28551 25574 28744 28661 27780 27037 24942

Condensate

Amadeus ML — 5 6 4 4 5 1
Bonaparte ML — — — — — — — —
Bowen-Surat ML 70 73 =15} 58 58 58 58 69
Canning ML — — — — — — — —
Carnavon

Barrow tsland ML — — — — — — — —

North West Shelf ML 488 1174 1134 1631 1841 1988 2121 2252

Other ML — — — — — — 29 35
Cooper-Erormanga

Queensland ML — — — — — 7T

South Australia ML 731 725 879 665 654 825 599 533
Gippsland ML 745 740 795 888 735 851 849 756
Otway ML — — — — — — 2 3
Perth ML 2 1 1 1 2 2 3 4
Tatat raL 2047 2713 2681 3250 3294 3529 3 666 3731

Liquefied petroleum gas

Amadeus ML — — — — — — — —
Bonaparte ML — — — — — - — —
Bowen-Surat ML 85 101 99 103 101 100 99 108
Canning ML — — — — — — : -
Carnarvon

Barrow Island ML 1 i — — — — — —

North West Shelf ML — — — — — — — —

Other ML — — — — — — — —
Cooper-Eromanga

Queensland ML — — — — _ _ _ _

South Australia ML 964 281 974 999 947 30 935 831
Gippsland ML 2877 2841 2 689 2684 2 500 2568 2744 2 662
Otway ML — — — — — . —
Perth ML — — — - — — —
Total ML 3827 3922 3763 3785 3547 3 589 3778 3701

.. continued
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4-23 ~ PETROLEUM PRODUCTION — continued

Units 1986-87 1987-88 1988-89 1989-90 1990-91 1991-92 1892-93 1993-94

Naturally 6ccurrlng gthane and

natural gas
Amadeus GL 127 276 259 308 325 334 334 339
Bonaparte GL — — — — — — — —
Bowen—Surat, GL 524 602 541 589 S77 1103 1005 1161
Canning GL — — — — — — — —
Carnavon

Barrow Island GL 18 18 18 18 17 18 15 13

North West Shelf GL 2929 3611 3805 7254 9126 10143 11133 128587

Other GL 1 1 1 2 4 158 443 403
Cooper—Eromanga

Queensland GL — — — — — — — —

South Australia GL 5302 5298 5435 54863 4 943 5 005 5149 5328
Cippsiand GL 5433 5362 58635 6 404 5677 5790 5 690 5733
Otway GL 10 13 14 18 23 38 52 95
Perth GL 422 257 148226 204 178 333 385 385
Totat GL 14863 15438 15956 20282 21296 22677 24154 262304

Source: ABARE 1994,

Refinery products by type  During the period of 1980-92, the outputs of Australian refinery
products have shown significant changes. Production of aviation turbine
fuel has increased about 67% and aviation gasoline about 38%.
Automotive diesel fuel rose 42%. Petrol production increased 20%.
However, many petroleum products have declined. Industrial diesel fuel
production fell 81%, and kerosine fell 70%. The total outpur of
petroleum products during this period rose about 19%. Table 4.24
provides the details of Australian refinery production.
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Petroleum import and  Tables 4.25 and 4.26 provide detailed information on Australian imports
export by country and exports of petroleum in 1993-94. Most of the imported primary oil
came from the United Arab Emirates (22%), Saudi Arabia (20%), Papua
New Guinea (18%) and Indonesia (14%).

Singapore is the largest supplier of refined products to Australia. Petrol,
automotive diesel and aviation turbine were the main products supplied.
The second largest supplier of refined petroleum products was the
United States of America.

Japan is the major export market for Australia's primary oil. In 1993-94
Australia exported 3,366 mega litres (38%) of primary oil to Japan. While
Indonesia sold a large quantity of oil to Australia, it also imported

1,601 mega litres Australia’s primary oil.

4.25 PETROLEUM IMPORTS BY SOURCE, 1993-94

Crude Qif
and other Automotive industriaf Lubricating
feedstock Petrof Aviation fuels diesef diese! Fuelt oif oif
Country _ - ML ML ML ML ML ML ML
Bahrain 55.9 — — — — — —
Brunei 4.9 —_ — — — —_ -—
Indonesia 2804.9 — — — 0.3 — —
Korea 52.1 —_ — — 11.9 —_ —
Kuwait 273.2 — — — — —_ —_
Malaysia 196.7 — — — — — —
New Zealand 1152.0 136 — 17.3 0.3 — —
Papua New Guinea 36924 — — — 0.2 — -—
Qatar 1062.0 — — — — — —
Saudi Arabia 39582 39.7 —_ — — — —
Singapore 717.6 178.4 186.7 555.6 125 — 15.6
United Arab Emirates 4360.1 41.3 — — 0.3 —_ —_
United States of
America 1.6 100.6 — 142.9 —_ — 0.9
Vietnam 1576.4 — — — — — —
All countries 2 189.4 447.2 188.9 737.2 26.4 944.4 24.2

T No country details available.

Source: ABS Trade Fastraccs.
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4.26

- PETROLEUM EXPORTS BY DESTINATICN, 1993-94

Industriaf fFuel Lubricating

Automotive
Crude Petrof Avgas Avtur Kerosine diesef diese! it oils
Country ML ML ML ML ML ML ML ML ML
Fiji — 61.3 1.9 52.3 9.6 85.5 29.2 347 15.4
Indonesia 1601.4 — — 0.5 — — 1.8 — 17.6
Japan 3366.1 G.9 — 37.2 — — — — 0.4
Korea 241.9 — 4.0 — — —_ 0.5 — —
New Caledonia — 77.6 0.4 235 — 111.8 — 29.2 7.8
New Zealand 385.1 4252 25.7 7.8 —_ 58.1 — — 64.0
Papua New Guinea 0.3 104.7 9.3 223 43.4 340.9 1.2 19.5 27.3
Singapore 1591.4 168.3 12.9 116.3 — 223 10.6 607.3 101.2
Taiwan 457.0 — — — — — — — 82
United States of
America 1104.8 1.4 — 26.8 — 36 — 126 —
Ships and Aircraft — — — 119185 — 92.3 51.8 669.5 5.8
All countries 8 904.5 891.5 58.9 1579.0 53.2 844.0 109.0 13823 396.8

Saurce: ABS Trade Fastraccs.

Petroleumn consumption

Table 4.27 provides information on liquid petroleum consumption in
Australia by industry. Note that the total marketable petroleum producis
are not necessarily equal to the sum of the individual products due to
netting off the double counting which can occur in the case of some
petroleum product produced by the conversion of other products.

The liquid petroleum consumption varied greatly across industries in
terms of the type and quantity of fuel used, as shown in table 4.27. As
might be expected, transport was one of the sectors with the largest
consumption of liquid petrofeum fuel. Automotive gasoline, both leaded
and unleaded, was the dominant fuel used in road transport (70% of the
total in 1993-94), with automotive diesel 25%. Despite rapid growth in
LPG consumption, it accounted for only about 5% of total fuel.

In air transport, aviation turbine fuel was the predominant fuel used
(98%). Automotive diesel oil accounted for 95% of energy usage in
railway transport. About 78% of total energy used in the shipping
industry was in the form of fuel oil.

The basic chemicals industry was the highest consumer of liquid
petroleum in manufacruring, since miscellaneous petroleum products,
such as olefins and aromatics, and LPG are major input materials.

Automotive diesel oil is the major form of liquid petroleum used in
many other sectors, such as agriculture, forestry, fishing, mining,
construction and private electricity generation, due to the use of internal
combustion engines. In residential, commercial and services sectors, LPG
has increased rapidly.
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RESIDUAL ACCOUNTS FOR

PETROLEUM

Emission factors

Economic activity to do with petroleum resources has a significant
impact on the natural environment. Petroleum exploration, transport,
conversion and end use, release pollutants ro the environment in various
ways, for example:

» spoilage from chemicals and fuel used in exploration drilling;

= oil pollution to the oceans resulting from spills during extraction of oil
from off-shore wells or from accidents involving oil transport carriers;

m oil or gas leakage through pipelines and storage;

m  waste water released from petroleum refineries and petrochemical
planis; and

s air pollution emitted from end use, such as petroleum production
processes and combustion engines.

Of the environmental impacts listed above, air pollution and greenhouse
gas emissions are regarded as amongst the most severe consequences of
petroleum production and consumption. Other forms of environmental
impact, such as waste water discharge and oil pollution in the sea, are
also important but there is generally a lack of data in these areas.

Petroleum production and consumption are responsible for many of the
air pollutants discharged to the atmosphere, such as carbon monoxide;
sulphur dioxide; oxides of nitrogen, lead, suspended particulates,
tropospheric ozone, and volatile organic compounds (VOC); and
greenhouse gas emissions such as carbon dioxide and methane. Most of
the emissions in Australia comes from transport, electricity generation and
industrial operations in which petroleum is used as energy through fuel
combustion. In this section, emissions from production and end use of
petroleum are considered from the two major sources, mobile and
stationary.

Based on international practice, air pollutants and greenhouse gas
emissions are estimated by applving emission factors to estimates of the
volume of energy consumption. An exception is carbon dioxide where an
‘oxidation’ factor must also be included. An emission factor is expressed
in terms of the mass emitted per unit of energy used. The unit of energy
used is the gross calorific value. The oxidation factor describes the
proportion of carbon in the energy products being oxidised during
combustion and is estimated on a mass basis. After combustion, the
remaining carbon is stored in solid products such as ash, soot and
chimney build up.

Table 4.28 lists the carbon dioxide emission and oxidation factors for
major liquid and gas fuels vsed in Australia. It can be seen that for
liquid fuel the oxidation factor is generally 99% of the total carbon
content of fuels, and for gases, it is considered as 100%. Natural gas has
the lowest carbon dioxide emissions with 51.3 gigagrams per peta joule.
LPG is the lowest emitter of carbon dioxide of the liquid fuels

(59.4 gigagrams per petajoule), followed by automotive gasoline

(66.0 gigagrams per petajoule). Detailed information on emission factors
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of air pollutants and greenhouse gas for the transport sector is given in
tabie 4.29.

4 28 LIST OF FUELS AND COQz; EMISSION AND
= OXIDATION FACTORS

Proportion

of fuef CO2 emission
oxidised factor
Fuel type % _ Gg/Pl
Liquids
Automotive gasoline — 66.0
Automotive diesel oil — 69.7
Aviation gasocline —_ 68.0
Aviation turbine — 69.7
Fuel oil — 73.3
Refinery fuel — 68.1
Industrial diesel fuel —_ 69.7
Power kerpsene — 69.7
Lighting kerosene —_ §9.7
Heating oil — 69.7
LPG — 59.4
pnect — 68.6
Total proportion of fuel oxidised 99 —
Gases
Natural gas — 51.3
Total proportion of fuel oxidised 100 —
t pnec — liquid products of petroleumn which are not elsewhere classified.

Sour_'ce: NGGIC 1998,

4 29 EMISSION FACTORS FOR MAJOR AIR POLLUTANTS AND
- GREENHOUSE GASES FOR TRANSPORT

Emission factor

CHa MN2O NOx co NAMVO(Cs
Source o gkm gkm gkm glkm  g/km
Cars
Petrol
Post-1985 0.520 0.048 0.830 5.460 0.268
1981-85 0.058 0.122 0.450 3.850 0.289
1976-80 0.095 0.004 1.400 14.900 1.260
Pre-1976 0.143 0.004 2.460 24.000 2.280
ADQ 0.010 0.010 1.030 1.080 0.6530
LPG 0.087 0.008 1.940 21.600 1.680
Light trucks
Petrol 0.140 0.012 1.760 23.580 1.970
ADO 0.010 0.014 1.180 1.110 0.830
LPG 0.089 0.008 1.980 21.990 1.720
Medium trucks
Petrol 0.174 0.006 4.650 57.800 4.130
ADO 0.020 0.017 3.100 1.820 0.990
LPG 0.130 0.011 2.820 24.000 2.480
.\ continued

ABS « ENERGY ACCOUNTS FOR AUSTRALIA - 4604.0 + 1893-94 71



4 29 EMISSION FACTORS FOR MAJOR AIR POLLUTANTS AND
adk GREENHCUSE GASES FOR TRANSPORT — continued o
Emjssion factor
CHa a0 NOx CO NMVOCs
Source g/km __gkm gkm ghkm gkm
3 Heavy trucks
? Petrol 0.210 0.008 4.660 121.300 6.090
ADO 0.070 0.025 15.290 7.860 2,780
LPG 0.220 0.020 4.830 24.000 4.2190
Buses
Petrol 0.150 0.005 3.910 48.610 3.470
ADO 0.030 0.025 4.800 2.880 1.560
LPG 0.120 0.011 2.760 24000 2.410
Motorcycles
Petral 0.150 0.002 0.210 19.270 4.580
M) g/M) g™l gM) g/hJ
Alrcraft
Domestic
Avgas 0.057 0.001 0.076 22.800 0.513
Avtur 0.009 0.002 0.5631 0.111 0.035
International
Avtur 0.002 0.002 0.531 0.111 0.035%
Railway
ADD 0.003 0.002 1.530 0.202 0.071
IDF 0.003 0.002 1.530 0.202 0.071
Marine
Petrol {2-stroke) 0.670 0.001 0.217 32.500 6.040
ADO 0.004 0.002 1.105 0.248 0.075
IDF 0.007 0.002 1.580 0.163 0.046
Fuel oil 0.003 0.002 2.000 0.044 0.063
NG 0.243 0.001 0,243 0.095 0.029
Military (land)
Petrol 0.026 0.001 0.418 4.240 0.670
ADO 0.010 0.002 0.860 0.600 0.124
Recreation
Petral 0.030 0.001 0.370 7.000 1.080
Industrial equipment
ADO 0.006 0.002 1.006 0.390 0.108
LPG 0.022 0.001 0.437 5.465 0.409
Farm equipment
ADO 0.010 0.002 1.360 0.041 0.189
Utllity engines
Petrol 0.038 0.001 0.087 13.000 3.450

Source: NGGIC 1996.

The emission factors for stationary sources are given in table 4.30. The
worst carbon monoxide emission is from internal combustion diesel and
fuel oil electricity generation, at about 349 megagrams per petajoule,
followed by cil kilns and gas kilns, at about 75 megagrams per petajoule.
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Transport sector emissions

4-30 EMISSION FACTORS FOR STATIONARY SOURCES

Emission factors

co CHa NOx NaO NMVOC
Sourcefequipment Mg/Pl Mg/P) Mg/PJ Mg/P) Mg/P)
Electricity generation
Natural gas — boilers 16 0.1 2280 0.1 0.6
Gas turbine 46 8.0 180.0 0.1 2.4
Residual oil boilers 14 0.8 186.0 0.6 2.1
Distillate boilers 13 0.0 64.0 0.6 1.4
tnternal combuston — diesel 349 4.0 13220 0.6 45.0
Internal combustion — fuel il 349 4.0 13220 0.6 45.0
Internal combustien - natural
gas 340 240.0 1331.0 01 80.0
Other energy transformers and
industrial equipment
Residual oil-fired boilers 14 28 154.0 0.6 0.8
Matural gas-fired boilers 14 1.2 58.0 .1 1.1
Matural gas — kilns 75 1.0 1010.0 0.1 11
Qil — kilns 75 1.0 502.0 0.6 0.8
Natural gas — dryer 10 1.0 58.0 0.1 11
Oil — dryer 15 1.0 160.0 0.6 0.8
Commercial
Gas boilers 9 1.1 41.0 0.1 22
Residual oil boilers 14 1.3 154.0 0.6 3.2
Distillate il boilers 13 0.6 53.0 0.6 0.9
Residential
LPG furnaces 8 0.8 G67.0 a1 16
Distillate oil furnaces 13 4.7 48.0 0.6 19
Gas heaters ig 1.6 39.0 0.1 3.1

The air pollutant and greenhouse gas emissions from the transport
sector in 1993-94 are given in table 4.31. About 88% of total energy was
used for domestic civil transport which was responsible for the majoricy
of emissions. For example, 88% of carbon dioxide, 89% of methane, 97%
of nitrous oxide, 80% of oxides of nitrogen, 98% of carbon monoxide,
96% of non-methane volatile organic compounds and 60% of sulphur
dioxide were emitted by this sector. International marine transport
contributed a significant proportion of sulphur dioxide emissions (38%
of the total) from the use of fuel oil.

Within domestic civil transport in 1993-94, road transport contributed
89% of the total fuel consumption, followed by domestic air transport
(6%), rail (2%) and marine (2%). Road transport contributed a large
proportion of air pollutants and greenhouse gas emissions, with 88% of
carbon dioxide, 87% of methane, 98% of nitrous oxide, 77% of oxides of
nitrogen, 94% of carbon monoxide, 95% of non-methane volatile organic
compounds and 54% of sulphur dioxide. Other transport sectors were
relatively minor in the volume of emissions, except domestic marine with
sulphur dioxide emissions accounting for 37% of the total.
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4-31 AlIR POLLUTANTS AND GREENHOUSE GASES EMISSIONS FROM TRANSPORT, ;L_993—94
Emission type
Energy use CO2 CHa N20 NOx CcO NMVOCs S0x
Souce P Gg  Ce  Ge Ge Ge Gg _ Gg
DOMESTIC CIVIL. TRANSPORT
Domestic air
Avgas 3.3 220.0 0.2 0.0 0.3 74.4 1.7 0.0
Avtur 52.2 3604.0 0.5 0.1 27.7 5.8 1.8 0.7
Total domestic air 55.5 3824.0 0.7 0.1 28,0 80.2 3.5 0.7
Road
Passenger cars
Petrol
Post-1980 290.3 18 969.0 8.0 7.9 75.3 686.4 150.8 3.8
1976-1985 180.6 11 798.0 8.3 0.2 93.0 1294.4 177.5 2.4
Pre-1976 29.8 1 950.0 1.8 0.0 16.9 344.9 47.3 0.4
Total petrof 500.7 32 716.0 16.1 8.1 185.3 23257 375.6 6.5
ADG 229 1580.0 0.0 0.0 4.3 4.5 2.2 1.8
LPG 31.2 1833.0 0.7 0.1 149 165.8 13.0 Q.3
NG c1 7.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 554.9 36 137.0 i6.8 8.2 204.5 2 496.0 390.8 8.7
Light trucks
Petral 78.9 5159.0 22 0.2 29.0 316.5 47.0 0.9
ADO 294 2028.0 01 0.1 7.3 5.8 3.3 2.1
LPG 10.1 593.0 0.2 0.0 5.5 52.9 4.1 0.0
NG 0.1 80 0.0 0.0 0.0 0.0 0.0 0.0
Total 1186 77870 25 0.3 41.8 376.1 54.4 3.0
Medium trucks
Petral 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0
ADO 23.1 15920 0.6 0.1 35.1 225 4.5 1.9
LPG 0.3 16.0 0.0 0.0 0.2 1.2 0.2 0.0
NG 0.1 7.0 0.0 0.0 0.2 0.0 0.0 0.0
Total 235 16150 0.6 0.1 35.5 237 4.7 1.9
Heavy trucks
Petrol 0.2 15.0 0.0 0.0 0.1 0.7 0.1 0.0
ADO 1185 8176.0 0.4 0.1 25.8 305.9 16.7 &.8
LPG 0.2 12.0 0.0 0.0 0.1 1.1 0.1 0.0
NG 0.0 3.0 0.0 0.0 0.1 0.0 0.0 0.0
Totaf 115.0 8 205.0 0.4 0.1 26.0 307.6 16.9 9.8
Buses
Petrol 0.4 26.0 Q.0 0.0 0.3 3.3 0.4 0.0
ADO 16.8 1 160.0 0.0 0.0 7.1 4.2 23 1.4
LPG 0.1 6.0 0.0 0.0 0.1 0.7 0.1 0.0
NG 0.7 40.0 01 0.0 0.9 0.2 0.0 0.0
Totaf i80 12320 0.1 0.0 8.3 8.3 2.7 1.4
Motorcycles
Petral 29 192.0 0.2 0.0 0.3 20.5 8.2 0.0
Total road 836.9 55 168.0 20,7 8.7 316.3 32412 477.6 25.4

.. continued
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4-31 AIR POLLUTANTS AND GREENHOUSE GASES EMISSIONS FROM TRANSPORT, 1993-94 — continued

Emission type
Energy use CO2 CHa NaC NOX co NMVOCs S0x
Source P Gg Gg Gg Gg Gg Gg Gg
DOMESTIC CIVIL TRANSPORT — continued
Rail
ADO 21.9 1511.0 0.1 Q.0 335 4.4 1.6 1.8
IDF 1.1 76.0 0.0 0.0 1.7 0.2 0.1 0.2
Total rail 23.0 1587.0 0.1 0.1 35.2 4.7 1.6 2.0
Marine
Petrof 6.0 389.0 21 0.0 1.5 120.8 19.3 0.1
ADO 1.2 83.0 0.0 0.0 1.3 0.3 Q.1 0.1
IDF 0.6 43.0 0.0 0.0 1.0 0.1 0.0 [l
Fuel Ol 12.4 907.0 0.0 0.0 24.9 0.6 0.8 16.8
NG 0.1 3.0 0.0 0.0 0.0 0.0 0.0 0.0
Total marine 20.2 14250 2.2 0.0 28.7 121.8 20.2 17.1
Total domestic civil 939.4 62 339.0 23.8 8.9 408.9 3 448.6 503.9 46.7
INTERNATIONAL CIVIL TRANSPORT
imernational air!
Avtur 77.6 5384.0 0.7 0.2 41.2 86 2.7 1.0
International sea
ADOG 3.4 233.0 0.0 0.0 5.3 0.6 0.2 0.3
IDF 1.7 115.0 0.0 0.0 2.6 0.3 0.1 C.3
Fuel oil 211 1539.0 0.1 0.0 422 0.9 1.3 28.5
Total sea 26.2 1886.0 0.1 0.1 50.2 1.8 1.6 25.1
Total Intermational 103.7 7 240.0 0.8 0.2 G1.4 10.4 4.3 30.1
MILITARY TRANSPCORT
Petral 0.6 39.0 0.0 0.0 0.3 2.5 0.4 Q.0
ADO a5 244.0 0.0 0.0 4.8 1.0 03 0.3
Aveas 0.1 8.0 0.0 0.0 0.0 2.7 0.1 0.0
Awtur 11.3 779.0 0.1 0.0 6.0 13 0.4 0.2
Total mifitary 15,5 1070.0 0.2 0.0 11,1 7.5 1.1 0.5
OTHER MOBILE ENGINES
Recreational vehicles
Petrol 0.6 38.0 0.0 0.0 0.2 4.2 0.6 0.0
Utility engines
Petrol 4.8 311.0 1.8 0.0 0.4 61.9 16.4 0.1
Total other mobile 5.4 350.0 1.8 0.0 0.6 66.1 17.1 0.1
Total 10641 70 999.0 26.6 9.1 512.1 35325 526.4 773

1 Fuels purchased in Australia.

Eoume: NGGIC 1986,

Fuel combustion emissions Table 4.32 lists the emissions of air pollutants and greenhouse gases
from energy-related fuel combustion sources in 1993-94. The emission
data for years back to 1987-88 are available and the reader is referred to
the original sources published by NGGIC (1996) for details.
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4.32

ENERGY-RELATED AIR PCLLUTANTS AND GREENHOUSE GASES FROM FUEL COMBUSTION EMISSION
1993-94 (EXCLUDING TRANSPORT)

MNOx

Energy use C02 Co CHe NaO
Source category P) Gg Gg Gg Gg Mg
ENERGY INDUSTRY
Electricity generation
Public
Petroleum 6.6 471.0 15 0.02 5.9 0.0
Gas 124.4 6 360.0 2.6 0.18 19.3 0.0
Private
Petroleum 21.8 1502.0 7.2 0.08 27.2 0.0
Gas 21.8 1114.0 0.6 0.07 4.4 0.0
Subtotal slectricity
Petrofeum 28.4 19720 8.6 0.10 331 Q2.0
Gas 146.2 7474.0 3.2 0.26 23.7 0.0
Petroleum refining
Petroleum 84.6 5743 4.3 0.1 29.0 0.1
Gas 10.7 54T 0.5 0.01 6.4 0.0
Totaf g95.3 6291 4.8 0.11 35.4 0.1
Saolid fuel transformation and Other energy
Petroleum 15.8 10890 3.4 0.05 17.6 0.0
Gas 116.9 5967.0 35 0.50 15.1 0.0
Total energy and transformation
Patroleurm 128.7 8804.0 16.3 0.3 79.7 0.1
Gas i 273.8 132 988.0 7.2 0.8 45.2 00
GENERAL tNDUSTRY
Mining
Petroleum 28.4 1 965.0 6.0 0.1 31.8 0.0
Gas 11 58.0 0.0 0.0 0.1 Q.0
Iron and steel
Petroleumn 1.5 98.0 3.9 0.0 0.5 0.0
Gas 231 1180.0 0.8 0.0 6.3 0.0
Food, beverages and tobacco
Petroleum 6.6 429.0 11.0 0.1 1.6 0.0
Gas 26.0 13250 0.4 0.0 1.1 0.0
Paper and paper products
Petroleum 1.4 84.0 2.4 0.0 0.4 0.0
Gas 18.3 835.0 0.3 0.0 1.4 0.0
Chemicals
Petroleum 30.4 1887.0 3.6 0.1 13.4 0.0
Gas 34.9 18380 23 0.1 26.0 0.0
... Continued
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4 32 ENERGY-RELATED AIR POLLUTANTS AND GREENHOUSE GASES FROM FUEL COMBUSTION EMISSION
-

1993-94 (EXCLUDING TRANSPORT) — continued

Source category

Energy use C02 co CHa NOx N0

P) Gg Ge Gg Gg Mg

Non-ferrous metals

GENERAL INDUSTRY - continued

Petroleumn 35.2 25150 6.8 0.1 15.1 Q.0

Gas 109.3 5581.0 4.3 0.1 488 0.0
Non-metalllc mineral products

Petroleum 4.8 313.0 8.9 0.04 2.3 0.0

Gas 52 2 655.0 3.6 0.05 48.8 0.0
Other manufacturing

Petroleum 4.9 315.0 11.3 0.1 1.8 0.0

Gas 229 1169.0 0.4 0.0 2.3 0.0
Construction

Petroleum 42,5 29330 16.6 0.2 42.7 0.0

Gas 0.3 13.0 0.0 0.0 0.0 0.0
Total industry

Petroleum 155,7 10547.0 70.5 0.7 108.6 0.1

Gas 287.9 14 854.0 121 0.3 1346 0.0

OTHER

Commercial services

Petroleum 13.7 863.0 0.5 0.0 1.6 0.0

Gas 40.4 2067.0 0.3 0.0 1.7 0.0
Residential

Petroleum 185 1048.0 0.2 0.1 0.8 0.0

Gas 100.3 5130.0 1.6 0.2 3.5 0.0
Agriculture, fishing and forestry

Petroieum b3.1 3657.0 25.0 0.5 68.6 0.0

Gas 0.1 3.0 0.0 0.0 0.0 0.0
Other industrial processes

A0 8020 - = = -

Petroleum

Petroleum
Gas

TOTAL EMISSIONS

378.7 257210 1125 1.7 260.3 0.2
702.5 36 042.0 212 1.3 185.4 0.0

Note: pnet — liquid products of petroleum which are not elsewhere classified.

Source; NGGIC 1996.
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CHAPTER 5

BACKGROUND

Categories of coal

Hard coal

Brown coal

COAL

Coal has been the highest ranking source of energy for some time.
Compared with other energy forms, coal is relatively cheap, and easy to
transport and use. In many countries, coal is the major fuel used in
electricity generation, and is important in iron and steel making and
other industrial processes. Australia has abundant coal resources, with
many of them located conveniently close to the coast and population
centres, and close to the surface so that they can be develeped as open
cut mines. A large part of Australia’s coal production is exported.

Coal is the family name for a variety of solid organic fuels, and refers to
a whole range of combustible sedimentary rocks spanning a continuous
scale. The classification of coal depends upon its chemical composition
and thermal properties such as calorific value, volarile matter content,
fixed carbon content, degree of dilution by moisture and ash, caking and
coking properties. Two broad categories are internationally recognised
{Organisation for Economic Cooperation and Development/International
Energy Agency {OECD/IEA) 1992).

Coal having a gross calorific value greater than 23,865 kilojoules per
kilogram (5,700 kilocalories per kilogram) on an ash-free but moist basis.
Hard coal comprises two sub-categories:

= Coking coal — coal which can be used for the production of coke
suitable to support a blast furnace charge (also called merallurgical
coal}.

»  Steaming coal — other bimrminous ceal and anthracite (not included
as coking coal) and used for steam raising and space heating.

Non-agglomerating coal having a gross calorific value less than

23,865 kilojoules per kilogram (3,700 kilocalories per kilogram)
containing more than 31% volatile matter on a dry mineral matter-free
basis. Brown coal is divided into two sub-categories:

a  Sub-bituminous coal — coal with a gross calorific value between
17,435 kilojoules per kilogram (4,165 kilocalories per kilogram) and
23,865 kilojoules per kilogram (5,700 kilocalories per kilogram); and

» Lignite — coal with a gross calorific value less than 17,435 kilojoules
per kilogram (4,165 kilocalories per kilogram).

In some countries such as Australia, New Zealand and Unired States,
hard coal includes sub-bituminous coal because the latter has a relatively
high catorific value. The other reason is to follow the traditional
classification for coal in order to maintain the time series. Hard coal is
also called black coal in Australia, and traditionally a majority of coal
reserves in the States except Victoria are regarded as black coal. Victoria
is the only State producing brown coal, with over 93% of Australia’s
brown coal reserves. Much smaller brown coal deposits are found in
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Tasmania, South Australia and Western Australia, although there is
currently no production.

Classification of coal  Coal resources are defined as all of the potentially usable coal in a

resources and reserves  defined area, which is, or could be processed to give a quality acceptable
for commercial usage. Coal reserves are those parts of the coal resources
for which sufficient information is available to enable detailed or
conceptual mine planning and for which such planning has been
undertaken. To assist assessment and calculation of coal resources in
Australia, reliability categories are used based on the degree of assurance
of the coal occurrence. Coal categories used here are based on the
McKelvey Classification adopted by the Bureau of Resource Science. As
location, quantity, and quality of the coal deposit become known from
specific measurements or estimated from geological evidence, the
resources are recognised as identified resources. Identified resources are
further subdivided intec measured, indicated and inferred resources.

For measured resources, the sites for inspection, drilling, sampling, and
measurements are closely spaced. Tonnage is computed from dimensions
revealed in outcrops, trenches, workings, and drill holes, and the quality
is determined from the results of detailed sampling. The geological
information on size, shape, and coal content allow for both a reliable
estimate of the resources and the planning of their extraction.

Indicated resources use assessment methods similar to those for
measured resources to estimate tonnage and quality of coal but the sites
for inspection, sampling and measurement are further apart. Geological
information on indicated resources is sufficient to assume continuity
between points of observation.

Where quantitative estimates of coal resources are obtained largely from
broad knowledge of the geological character of the deposit, and where
drilling samples and measurements are few, the coal deposit is regarded
as an inferred resource.

The sum of measured and indicated resources is called demonstrated
resources. Economic Demonstrated Resources (EDR) are coal resources
that can be profitably extracted under defined investment assumptions.
Sub-economic resources are coal resources that do not meet the criteria
of economic resources. Recoverable coal resources have accounted for
mining recovery factors such as rivers, dams, railway lines, lease
boundaries, open cut slopes, pillars and geological faults.

Map 5.1 shows the identified black coal basins, producing areas and
ports in Australia.
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Coal production, conversion
and consumption in Australia

5.1

IDENTIFIED COAL RESOURCES

U gTajong
Mortan
™ ?\ E "'.:f-
\t.'::{r,

F'ERT))\-']

i . . Newcastle-Lake MacqLarie
T‘.|I|,1'.30IIH3 o SYDN 4
'uL'\ ra Burragorang valley-

~ South Coast
BERRA

Bl viningarca
- Prowven econoric areas
(223 Potential ecanomic areas Spgy TAS
\F - ﬁ Firngal
|_—| Occurrence, minor, subeconomic, N 2
deep or worked out arcas OBART

Source: AUSLG.

Australian coal production was initiated soon after European settlement.
The discovery of high quality black coal in the Sydney Basin
underpinned industrial development in the new colony. Coal mining was
well established in New South Wales by the early 19th century and in
Queenstand by the 1870s. Other States, such as Tasmania, Western
Australia and South Australia had built up a significant production
capacity of black coal in the late 19th and early 20th centuries. Victoria's
brown ceal production had also been established in the same period.

Coal mining in Australia initially adopted traditional underground
merhods. The depth of underground mining is up to 600 metres which
is regarded as the present economic limit. In more recent time, open cut
mining technology has enabled modern equipment to operate at open
cut depths far greater than previously possible. About 72% of Australian
black coal is mined by open cut method. An effective infrastructure for
black coal production has been established, particularly transport
facilities which connect the coal mines to industrial centres and seaports.
Australia is ranked as the sixth largest producer of black coal in the
world, behind China, the United States, the former Soviet Union, India
and South Africa.
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STOCK ACCOUNTS FOR

COAL

Black coal

Black coal was Australia’s first export mineral product. Since 1965
Australian exports of black coal have expanded steadily due to a growth
in world demand for black coal, particularly since the oil crises of the
1970s. At present Australia is the world’s largest exporter of black coal,
accounting for almost 28% of internationally traded coal in 1992, In
recent years, black coal has overtaken wool as the couniry’s most
valuable export commodity and represents about 11% of the total
merchandise exports.

Domestically, black and brown coal are the main energy forms used for
electricity generation, and black coal is important to iron and steel
production, metal treatment, and cement and paper manufacture. As in
many countries, coal was the initial energy form used to generate
electricity, and coal-fired power stations are still dominant in electricity
generation, such that in New South Wales, about 94% of electricity is
generated from coal, and Queensland and South Australia about 86%. A
significant proportion of black coal resources are considered suitable as
coking coals which are essential for the iron and steel industry.

This section presents coal stock accounts for Australia. ‘Stock’ refers to
coal resources remaining in the ground. In terms of the Australian Code
for Reporting Identified Coal Resources and Reserves, the stock includes
all of the potentially usable coal in a defined area, based on the results
of detailed geological and engineering studies. However, it should be
noted that a large proportion of coal resources are affected by other
land uses, such as national parks, urban development and farming (Coal
Resources Development Committee (CDRC) 1994).

Coal resources are reported here in the categories: economic
demonstrated and sub-EDR, and inferred resources. Separate tables are
also used to distinguish coal resources (in situ) and (recoverable). Coal
resources (in situ) cover the total of measured and indicated resources.
Recoverable resources are calculated according to recovery factors
applied to the coal resources (in situ), and recovery factors depend on
the mining method to be used (e.g. 50% for underground resources and
90% for open cut resources). Hence, recoverable resources are the
expected proportion of the demonstrated resources to be extracted. Note
that inferred black coal resources are not quantified here since the
resources are very large in Australia (generally regarded as over

500,000 million tonnes).

The stock of coal changed considerably during the period from 1982-83
to 1993-94, Exploration drilling by government geological surveys and
private companies have lead to the increase in recoverable resources. It
should be noted that the total of resources reported in State accounts
will not necessarily be equivalent to figures estimated on a national basis
since the basis of estimation and definition are not exactly the same.

The total identified black coal resources (not all of which are currently
economic) are extensive. In the last decade, the world’s black coal
resources increased about 32% compared with the 1981 level. Australia
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also increased its estimated recoverable coal resources, while its share of
world black coal rose from 6% to 8% as shown in table 5.2. Australia's
black coal resources are mainly located in New South Wales (49%) and
Queensland (48%) with small but locally significant black coal resources
in Tasmania, Western Australia and South Australia.

5 2 AUSTRALIAN AND WORLD ECONOMIC DEMONSTRATED BLACK COAL
A ud RESOURCES (RECOVERABLE} .
Austrafia World Austrafian share
Year Gt Gt %
1982-83 30.4 631 4.82
1983-84 31.0 631 4.91
198485 35.0 631 5.55
198586 34.0 631 5.39
1986-87 34.0 657 5.18
198788 495 654 7.57
198889 19.7 664 7.60
1989-90 50.8 654 7.7
1990-91 511 650 7.86
1991-92 51.4 850 7.91
199293 52.0 850 8.00
1993-94 49.0 842 7.63

Note: The data collection period ended at September gach year.

Source: BRS 1996.

The estimates for EDR of black coal (in situ) are given in table 5.3.
During the period of 1982-94, the stock increased about 30% from

52.9 gigatonnes to 69.0 gigatonnes. The ‘adjustment’ represents the net
changes in stock, resulting both from production and upgrading the
reserves. A significant change occurred in 1987 with 15.3 gigatonnes
being added 1o the resources, which was caused by a major reassessment
of New South Wales’ coal resources.
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53 STOCK ACCOUNT FOR BLACK COAL: ECONOMIC DEMONSTRATED
- RESOURCES (IN SITU)

Opening stock Adjustrment Closing stock

Year < & G
1982-83 52.9 1.1 54.0
1983-84 54.0 0.0 54.0
1984-85 54.0 0.0 54.0
1985-86 54.0 1.0 55.0
1986-87 55.0 15.3 703
1987-88 70.3 0.0 70.3
1988-88 70.3 0.8 71.2
1989-90 71.2 =03 70.9
1990-91 70.9 0.6 71.5
1991-92 715 0.5 72.0
1992-93 72.0 -3.0 69.0
196304 69.0 0.0 69.0

Note: The dasa coliection period ended at September each vear.

Source: BRS 1996,

The EDR (recoverable) are shown in table 5.4. Recoverable black coal
resources increased abour 61% in the last twelve years from

30.4 gigatonnes to 49.0 gigatonnes. With total production of

2.2 gigatonnes, berween 1982 and 1994, the net change in recoverable
black coal resources was about 18.6 gigatonnes.

5 4 STOCK ACCOUNT FOR BLACK COAL: ECONOMIC DEMONSTRATED
= RESOURCES (RECCVERABLE)

Opening stock Adjustment Proguction® Closing stock Net change

Year Gt Gt -Gt Gt Gt
1682-83 30.4 0.7 -0.1 31.0 0.6
1983-84 31.0 41 -0.1 35.0 4.0
1984-85 35.0 -0.9 0.2 34.0 -1.0
1985-86 34.0 0.2 -0.2 34.0 0.0
1986-87 34.0 15.7 -0.2 48.5 15.5
1987-88 495 0.4 -0.2 497 0.2
198889 49.7 1.3 0.2 50.8 1.1
1988-90 50.8 Q.5 0.2 51.1 0.3
1890-91 51.1 0.5 -0.2 51.4 0.3
1891-92 b1.4 0.8 0.2 520 0.6
1992-93 52.0 0.2 -0.2 52.0 0.0
1943-94 52.0 -2.8 -0.2 49.0 -3.0

1 Raw coal production,
Note: This data collection period ended at September each year.

Source: BRS 1996
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Tables 5.3 and 5.4 indicate that coal production in Australia has large
potential. At the current rate of production of 0.2 gigatonnes a year and
with recoverable coal resources of 49.0 gigatonnes, black coal production
could last for a further 245 years (if there were no land use constraints),
even without further discovery and technological change, assuming prices
remain high enough to make recovery economic.

Australia has limited sub-EDR of black coal as shown in tables 5.4 and
5.5. The coal in situ at 30 September 1994 was 7 gigatonnes and the
recoverable amount was 5 gigatonnes, (a recovery rate of about 70%).

5 5 STOCK ACCOUNT FOR BLACK COAL: SUB-ECONOMIC
el DEMONSTRATED RESOURCES {IN SITU)

Opening stock Adjusiment Closing stock
Year ) Gt Gt Gt
1982-83 0.00 3.00 3.00
1883-84 3.00 -1.00 2.00
1984-85 2.00 1.00 3.00
1985-86 3.00 0.00 3.00
198687 3.00 0.34 334
1987-88 3.34 0.00 3.34
1988-89 334 0.26 3.60
1989-90 3.60 2.70 6.30
199091 6.30 0.70 7.00
199192 7.00 0.00 7.00
1992-93 7.00 0.00 7.00
1993-94 7.00 0.00 7.00

Note: The data collection period ended at September each year.

Source: BRS 1996.

5 6 STOCK ACCOUNT FOR BLACK COAL: SUB-ECONOMIC
= DEMONSTRATED RESOURCES {RECOVERABLE) _
Opening stock Adfustrment Closing stock
Year Gt Gt Gt
1982-83 0.00 2.50 2.50
1983-84 2.50 -1.50 1.00
1984-85 1.00 0.00 1.00
198586 1.00 0.00 1.00
1986-87 1.00 1.02 2.02
198788 2.02 0.00 2.02
1988-8¢ 2.02 -0.02 2.00
1989-90 2.00 1.90 3.90
1990-91 3.90 1.10 5.00
1991-92 5.00 0.00 5.00
1992-93- 5.00 0.00 5.00
1993-94 5.00 0.00 5.00

Note: The data collection peried ended at September each year.

Source: BRS 1996,
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Brown ccal Australia’s brown coal resources are mainly located in Victoria and
] represent about 15.2% of the world total resources (table 5.7). Among
; the countries rich in brown coal, Australia is ranked fourth.,

5 7 AUSTRALIAN AND WORLD ECONOMIC DEMONSTRATED BROWN
e COAL RESOURCES (RECOVERABLE)

Australfa World Austrafian share
Year _ Gt Gt %
1982-83 36.2 254 14.3
1983-84 37.0 254 14.8
1984-85 41.9 254 18.5
1985-86 41.9 254 16.5
1986-87 419 238 17.6
1987-88 41.9 273 15.4
198889 118 273 15.3
198990 41.8 273 15.3
1990-91 1.7 270 15.4
1991-92 41.7 270 15.4
1992-93 41.0 270 15.2
1993-84 41,0 269 15.2

The data coliection period ended &t September each vear.

_Source: BRS 1996.

As shown in table 5.8, the stock of brown coal in 1982-83 was

39.3 gigatonnes in situ, and this figure increased to 46.0 gigatonnes in
1993-94. During this period, the significant changes occurred in 1982-83
and 1983-84, with 2.7 and 4.5 gigatonnes respectively being added to
the account.

5 8 STOCK ACCOUNT FOR BROWN COAL: ECONOMIC DEMONSTRATED
J. RESOURCES (IN SITU) S
Opening stock Adjustment Closing stock
Year Gt G Gt
198283 39.3 2.7 42.0
1983-84 42.0 4.5 46.5
1984-85 46.5 0.0 46.5
1985-86 46.5 0.0 48.5
198¢6-87 46.5 0.0 46.5
1987-88 46.5 0.0 48.5
198889 46.5 -0.1 46.4
1989-90 46.4 0.0 48.4
1990-91 46.4 -0.1 46.3
1991-92 46.3 -0.3 46.0
1992-93 46.0 0.0 46,0
1993-94 48.0 0.0 46.0

Note: The data collection period ended at September each year.

Source; BRS 1986.

86 ABS - ENERGY ACCOUNTS FOR AUSTRALIA » 4604.0 « 1993-94




3 Table 5.9 presents the stock account for recoverable brown coal. Since
1984, Australian recoverable brown coal stocks have remained steady
with only minor decline as a result of production. The remaining stock
of brown coal in 1993-94 was 41 gigatonnes. At the current production
rate of 50 million tonnes a year, the brown coal resources can support

production for about 800 years if there were no land use constraints.

5.9 STOCK ACCOUNT FOR BROWN COAL: ECONOMIC DEMONSTRATED
~d«F  RESOURCES (RECOVERABLE)

Opening stock Adjustment Production Closing stock Net change

vear Gt ot &« e &
1982-83 36.2 0.84 Q.04 37.0 0.8
198384 37.0 4.94 .03 41.9 4.9
198485 41.9 0.04 —0.04 41.9 0.0
1985-86 41.9 Q.04 -0.04 419 0.0
1986-87 419 0.04 ~0.04 41.9 0.0
1987-88 419 —0.08 -0.04 41.8 0.1
1988-8% 41.8 0.05 -0.05 41.8 0.0
1989-80 4i.8 -0.05 -0.05 41.7 0.1
1990-61 41.7 0.05 -0.05 41.7 0.0
199192 41.7 -0.65 -0.05 41.0 0.7
1892-93 41.0 0.05 -0.05 41.0 0.0
1993-94 41.0 0.05 -0.05 41.0 Q.0

Note: The data collection period ended at September sach year.

Source: BRS 1G96.

As with black coal, Australia’s sub-EDR of brown coal are very limited, as
shown in tables 5.10 and 5.11. In 1993-94, the sub-economic
demonstrated brown coal (in situ) was estimated at about

3.0 gigatonnes. Note that the estimates in 1983-84 reflect significant
changes in classification and estimation methods.
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5.1 STOCK ACCOUNT FOR BROWN COAL: SUB-ECONOMIC
. DEMONSTRATED RESOURCES (IN SITU)

Opening stock Adjustment Closing stack

Year Gt Gt Gt
1982-83 0.0 80.0 80.0
1983-84 80.0 -77.1 2.9
1984-85 2.9 0.0 2.9
198586 2.9 0.0 2.9
1986-87 2.9 0.0 2.9
1587-88 29 0.0 2.9
198889 2.9 0.7 3.6
1989-90 3.6 03 3.3
1990-91 3.3 0.0 3.3
1991-92 3.3 03 3.0
1992-93 3.0 0.0 3.0
1993-94 3.0 0.0 3.0

Note: The data collection pericd ended at September each year.

Source: BRS 1986,

5 11 STOCK ACCOUNT FOR BROWN COAL: SUB-ECONOMIC
) DEMONSTRATED RESOQURCES (RECOVERABLE)

Opening stock Adjustment Closing stock

Year Gt Gt Gt
1982-83 0.0 71.0 71.0
1983-84 71.0 -70.0 1.0
1984-85 1.0 0.0 1.0
158586 1.0 0.0 1.0
1986-87 1.0 1.02 2.02
1987-88 2.02 0.0 2.02
1988-89 2.02 -0.02 2.0
1989-90 20 1.0 3.0
1990-91 3.0 0.1 31
1991-92 3.1 -0.1 3.0
1992-93 3.0 0.0 2.0
1993-94 3.0 0.0 3.0

Note: The data collection period ended at September each year.

Source: BRS 1996,

Australia’s (in situ and recoverable) inferred brown coal resources are
listed in table 5.12. During the period of 1982-94, the estimates of
inferred resources doubled to 184 gigatonnes in situ. The large variations

in the beginning of this period reflect changes in classification and
estimation methods.

88 ABS .- ENERGY ACCOUNTS FOR AUSTRALIA « 4604.0 - 1993-94




Effects of cther land uses
on coal resources

5 12 STOCK ACCOUNT FOR BROWN COAL: INFERRED RESOURCES
| ]

{IN SITU} i

Opening stock Adjustrnent Closing stock
Year Gt Gt Gt
1882-83 87.5 -75.5 12.0
1983-84 12.0 191.0 203.0
1984-85 203.0 0.0 203.0
1985-86 203.0 1.0 204.0
1986-87 204.0 0.0 204.0
198788 204.0 0.0 204.0
198889 204.0 0.0 204.0
1989-90 204.0 0.0 204.0
195091 204.0 -20.0 184.0
1991-92 184.0 0.0 184.0
1992-93 184.0 0.0 184.0
1993-94 184.0 0.0 184.0

Note: The data collection period ended at September sach year.

Source: BRS 1996.

Australia has vast economic black and brown coal resources, sufficient to
support coal production for hundreds of years. However, no account is
taken of constraints in accessing these resources and their consequent
availability for production.

In fact, a large proportion of coal resources are affected by other land
uses, such as national parks, dams and water catchmenis, urban areas
and farming. In New South Wales, the results of a recent investigation by
CRDC (1994) show that many of the coal resources of high quality occur
in areas which are under or near national parks, or where urban
development is likely to rake place. The coal mines affected by other
land uses in New South Wales are given in table 5.13, and a summary of
the coal resources in New South Wales is given in table 5.14.
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B.13  cou arrectep sy oTHER LAND USES IN NEW SOUTH WALES

Total

Major seam Minor seam
Land use mi[l. t mill, t mill. t
NEWCASTLE COALFIELD
National park 190 100 290
Urban development 1100 650 1 780
National features
Infrastructure 160 30 180
Lake foreshores 675 450 11256
Flood-prone land 300 550 850
Total 2425 1780 4205
HUNTER COALFIELD
National park 12 000 6 700 18 700
Urban deveiopment 245 — 245
Infrastructure 185 — 185
Water storage 85 — 85
Prime agricultural land 3 500 - 3500
Commonwealth land 3200 — 3200
Natural features 25 — 25
Total 19 240 _ 6 700 25 940
' GUNNEDAH COALFIELD
Naticnal park 1000 1000 2 000
Prime agricuftural land 7 500 8 500 16 000
Total 8 500 g 500 18 000
SOUTHERN COALFIELD
National park a35 520 1 4656
Infrastructure 550 210 760
Water storage 1075 255 1330
Commonwealth land 75 300 375
Natural features 140 25 165
Tolal 2775 1310 4 085
WESTERN COALFELD
National park 11 410 11 230 22 840
NEW SOUTH WALES
National park —_ — 45 08b
Urban development — — 1 695
Infrastructure — — 1135
Water storage — — 2165
Prime agricultural land — — 1415
Commonwealth land —_— - 19 500
Natural features — — 3575
Total — - 74 870

Saurce: CRDC 1994,
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FLOW ACCOUNTS FOR COAL

Black coal

5.14 vy OF COAL IN NEW SOUTH WALES

Total resource Rescurce affected Resource affected

_Field mill. t mill. t %
Newcastle 10 700 4205 39

Hunter 61 100 25940 42

Gunnedah 38000 18 000 AT

Southern 17 045 4085 24

Western 29 863 22640 76

Total 156 808 74 870 48

Source: CRDC 1994,

Table 5.15 presents the flow account for black coal (in petajoules) for
the period 1982 to 1994. Since the early 1980s, more than half of the
output of black coal produced in Ausiralia each year has been exported.
With the growth of coal production, the proportion of coal exported
rose from 61% to 77%. Australia exports black coal to many countries
(see table 5.16).

During the period 1982-94, domestic consumption of black coal
increased by 30%. The major part of black coal used domestically was for
energy conversion {about 89% to 90%).

Electricity generation is the largest consumer of black coal. In the early
1980s, 71% of black coal used domestically was converted into electricity.
The consumption increased 0 76% of the total in 1993-94

{914 petajoules). Black coal was also used for coke production. In 1994,
an amount equivalent to 164 petajoules of black coal was used in coke
ovens, representing about 14% of total domestic black coal uses.

The direct use of black coal as fuel in Australia is very limited, taking
about 10% of the total domestic consumption, mainly in the cement and
paper industries, (about 80% of the total in directly using black coal as
fuel). Table 5.17 lists the details of consumption of black coal by
industry.
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5 - 1_6 COAL EXPORTS, SELECTED COUNTRIES A i o

1993-94 1594-95

Quantity Value Av. value Quantity Value Av. value

_Country 000t $A'000 $At ‘000 t $A'000 Savt

. Japan 61 391 3 385 266 55.14 65 057 3225103 49.57
3 China 558 37 285 66.82 1357 56 449 41.60
. Korea, Republic of 16 496 929 554 56.35 17 339 880 008 50.75
India 7 693 486 797 63.28 8907 537 316 60.33
3 Taiwan 8 314 433 364 52.12 8 356 399 548 47.82
: Belgiurm/Luxembaurg 2398 133 461 55.67 3025 156 64b 51.78
;: Brazil 4 239 243081 57.34 3 654 198 103 54.22
France 2816 170 062 60.39 2978 161 669 h4.29

Italy 2 862 168 478 58.87 2 807 143 776 51.22

United Kingdom 3798 230679 60.74 3 469 197 103 56.82

Turkey 1694 108 767 62.44 2038 112 816 55.33

Total 129 055 7 161 907 55.49 136 236 6 871 968 50.44

_Source: ABS Trade Fastraccs.

Brown ccal Brown coal product is mostly used in the domestic market due 1o
storage and transport difficulties. When exposed to the atmesphere
brown coal can deteriorate rapidly and may even ignite spontaneously.
Therefore brown coal is not suitable to be stored or transported over
long distances. However, after industrial processing to make briquettes,
brown coal can be transported and shipped.

Table 5.18 presents the flow account for brown coal. In the past

12 years, brown coal production rose by 48%. Most brown coal was used
for electricity generation in Victoria. In 1982-83, 94% of the total brown
coal produced was converted into electricity. By 1993-94, this proportion
increased to 97% whilst the use of brown coal for briquette production
fell in the period from 5% of the total brown coal produced o

about 3%.
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5- 18 FLOW ACCOUNT FOR BROWN COAL

Supply Conversion to End use
Efectricity Total Other
Production Total Briquetting  generation  consumption  Net supply  Chemical industry  Consumption
Year PJ P) P PJ PJ P) Pl PJ Pl
1982—83 329‘4 329.4 17.0 308.7 325.7 3.8 — 3.8 38
1983-84 3165 316.5 17.2 295.7 3129 3.6 — 36 36
1984-85 369.2 369.2 185 347.3 365.8 3.4 — 3.4 3.4
198586 350.1 35041 18.8 3278 346.6 35 — 35 35
198687 405.0 405.0 18.3 3836 401.9 3.2 — 3.2 32
1987-88 424.9 424.9 18.0 403.3 4213 36 0.2 3.4 3.6
1988-89 4748 474.8 15.8 457.0 472.8 2.1 0.1 2.0 2.1
1989-90 450.7 480.7 15.8 434.1 4499 0.8 0.3 0.5 0.8
198091 484.1 484.1 16.0 467.6 483.6 0.5 0.1 0.4 0.5
195192 497.3 497.3 17.9 478.9 496.8 0.5 — 0.5 0.5
1992-93 466.8 466.8 11.4 455.0 466.4 0.5 — 0.5 0.5
1993-94 486.8 486.8 13.1 473.2 486.3 0.5 — 0.5 0.5
Source: ABARE 1995.
Coke Coke is a product of black coal and is produced by a conversion

process. In 1993-94, 164 petajoules equivalent of black coal was used
for coking production (see table 5.15). The produced coke was about
108 petajoules as shown in table 5.19, about a 66% conversion rate,

Between 1982-94, the export of coke increased from 0.1 petajoules to
14.3 pertajoules.

A large amount of coke was used in blast furnaces in conversion process,

accounting for over 92% of domestic consumption in 1993-94 as shown
in table 5.19. The iron and steel industry used a small amount of coke
as fuel and this is shown in the end use category.
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Briquettes

Coal by-products

RESIDUAL ACCOUNTS FOR
COAL

Briquettes are produced from brown coal. Unlike coke, briquette
production maintains over 98% of the energy component from brown
coal. In 1993-94, 13.1 petajoules of brown coal was used (see table
5.18) and 12.8 petajoules briquettes were produced (see table 5.20).

Domestic demand for briquettes for electricity generation fell markedly
during the period such that in 1993-94 only 1.3 petajoules was used
(12% of the total). Manufacturing was the major consumer of briquettes
(consumed 4.1 petajoules in 1993-94). Residential use was 0.2 petajoules
of briquettes this year, only 29% of the use in 1982-83,

Coal by-products arise from different sources, such as coke ovens, blast
furnaces, and other conversion processes. Following the decline of the
demand for coke production, the supply of coal by-products has also
been decreased (see table 5.21).

Historically, smog from coal combustion has caused severe problems.
Although there have been significant improvements in technology, coal
burning is still regarded as one of the major sources of environmental
pollution. A range of pollutants can be identified from the smoke, such
as carbon monoxide; sulphur dioxide; oxides of nitrogen, suspended
particulates and dust. Some major greenhouse gases such as carbon
dioxide and methane are associated with the combustion of coal

Air pollutant emissions from coal burning depend upon the chemical
content and physical status of the coal, and the burning conditions.
Estimates of air pollutants and greenhouse gas emissions are generally
based on e¢mission factors and the tonnage of coal used. Table 5.22 lists
the emissions of major air pollutants and greenhouse gases in 1993-94.
The focus is on carben dioxide, methane, nitrous oxide, oxide of
nitrogen and carbon monoxide, for energy use in most sectors other
than transport. For information regarding methodological issues, the
reader should refer to the Workbooks 1.1-8.1, National Greenhouse
Inventory Committee, 1996.

Examining the impact of use of coal, emissions of carbon dioxide rose
4% during 1989-90 to 199394, from 143 million tonnes to 149 million
tonnes, in line with the rise in coal consumption of 4.8%. Carbon
monoxide emissions decreased from 47,400 tonnes to 44,800 ronnes
(5%), methane rose 7%, nitrous oxide rose 7% and oxides of nitrogen
rose 4%. Most emissions came from the energy industry, particularly
from electricity generation.

During the mining process, some greenhouse gases and air pollutants
can also escape, (termed ‘fugitive emissions’). Methane gas escapes
during coal mining. Fugitive emissions are given in table 5.23. Methane
emissions remained about 758 kilotonnes during the period 1989-90 to
1993-94.
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5-21 FLOW ACCOUNTS FOR COAL BY-PRODUCTS

Supply Conversion End use

: Coke Electricity Net ron and Other
1 ovens Others® Total generation supply Mining steef Chemical industry Consumption
E Year P P) PJ PJ P, P PJ Pj P P
f 1982-83 222 30.9 53.1 —_ 53.0 0.2 43.9 8.9 — 53.0
; 198384 20.4 31.0 51.4 — 51.4 0.7 427 8.0 — 51.4
1 1984-85 20.5 30.4 50.9 - 51.0 1.1 41.5 8.4 — 51.0
l 198586 19.5 326 52.1 0.4 51.8 1.0 443 8.5 — 51.8
i 1986-87 19.7 32.6 52.3 0.3 51.9 1.0 44.5 6.6 0.1 51.8
? 1987-88 22.3 28.6 50.9 0.5 50.4 1.3 41.4 7.7 — 50.4
E 1988-89 23.3 30.0 53.3 0.5 52.8 1.5 43.2 8.1 —_ 52.8
E 1989-90 27.6 25.0 826 05 52.2 1.6 42.7 7.9 — 52.2
:“ 1990-91 25.2 264 51.6 0.5 51.14 1.8 41.6 7.8 0.1 81.1
! 1991-92 28.1 221 50.2 0.5 49.7 1.8 40.5 7.4 0.1 49.7
1992-93 28.8 22.6 51.4 0.5 50.9 19 40.5 8.b — 50.9
1993-24 28.3 23.2 515 05 511 20 42.0 7.1 — 51.1

1 Inciude conversion of coke in blast fumace, blast fumace gas manufacture.

Source: ABARE 1995
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_5-22 ENERGY-RELATED AR POLLUTANTS AND GREENHOUSE GASES FROM FUEL COMBUSTION EMISSIONS

Energy use CO2 cOo CHa
Source category Pl 000 t ‘000 t ot
Engrgy
Electricity generation
Fubiic
Black coal 886.8 80 494 9.9 790.0
Brown coal incl. briguettes 457.5 43 293 8.2 220.0
Private
Black coal 12.4 1064 0.1 10.0
Brown coal incl. briguettes 16.9 1461 0.2 20.0
Total 1373.6 126 312 18.3 1040.0
Coke Ovens
Coal 28.2 1724 20 20.0
Briquetting
Coal 0.3 22 0.0 37.0
Totaf 1402.0 128058 20.4 1 060.0
Industry
Mining
Coal 83 634 0.7 10.0
Iron and steei
Coal 1171 9135 89 100.0
Food, beverages and tobacco
Coal 13.5 1239 1.4 20.0
Paper and paper products
Coal 7.3 647 0.8 10.0
Chemicals
Coal 7.1 8621 1.4 20.0
Non-ferrous metais
Coal 60.1 5453 6.2 70.0
Other manufacturing
Coal 24.9 2211 2.0 20.0
Transport
Coal 38 335 128 100
Commercial and services
Ceal 4.1 386 05 10.0
Residential
Coal 0.3 28 1.7 30.0
Total 246.5 20 691 24.4 400.0
Total emissions 16485 148 749 44.8 1 500.0

Source: NGGIC 1996.
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5 23 ENERGY-RELATED AIR POLLUTANTS AND GREENHOUSE GASES
] FROM FUGITIVE EMISSIONS IN COAL MINING, 1993-94

Energy use CHa

_Source category mill, t t
Surface mining
Surface activities 153.3 199.1
Underground mines
Ciass A 33.2 546.2
Class B 24,5 13.2
Total 57.7 559.4
Total 211.0 758.6

Source: NGGIC 1996.
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CHAPTER 6

BACKGROUND

ELECTRICITY

Electricity is a derived energy source obtained by converting other energy
forms such as fossil and nuclear fuels, hydro, solar, and wind sources.
However, electricity provides the major form of energy actually used in
industrial and domestic applications. In energy accounting, it represents
a large part of end use of energy produced.

The sections of the chapter provide general information on electricity
generation and distribution in Australia; the stock accounts, which cover
the hydro-electricity potential, and thermal and hydro plants installed;
the flow accounts cover the total electricity supply and consumption; and
a short discussion of the environmental aspects.

Electricity generation uses a great diversity of technology depending on
the primary energy form used. The type of power station installed in a
country is subject 1o the available energy resources, economic viability,
and environmental consideration. In Australia, for public electricity
supply in 1994-