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introduction

The Western Australian Greenhouse and Energy Taskforce (hereafter referred to as the taskforce)
has engaged ABARE fo review ABARE's latest long term energy and greenhouse gas (GHG)
emissions outlook [Akmal and Riwoe 2005) for Western Australia, taking the following issues into
account:

> the electricity generation mix, in light of the latest projections of the Western Australian Office
of Energy and the Independent Market Operator

the isolation of flaring from stationary energy emission estimates
the projection of liquefied natural gas (LING) production and associated fugitive emissions

the impact of the Mandatory Renewable Energy Target [MRET) scheme and Western Austra-
lian renewable energy policy, including the 6 per cent renewable energy target

> the use of emission factors that are specific to Western Australia.

This review is conducted using E,cast, ABARE's energy forecasting and analysis framework. The
analysis draws explicitly on ABARE's regular analysis of Australian commodity markets, particularly

for the medium term.



overview of the E cast model and
key assumptions

EACCISf overview

ABARE uses the E,cast modeling framework to develop detailed and consistent projections of
Australian energy consumption and production. E cast is a partial equilibrium model of the Austra-
lian energy sector that approximates the principal interdependencies between energy production,
conversion and consumption in Australia. It is used to project, on an annual basis, energy consump-
fion, by fuel type, by indusiry and by state or territory. It explicitly takes info account real incomes

and industry production frends, fuel prices and technical change (or energy efficiency improve-
ments). A brief overview of the key features of the current version of E,cast is provided in box 1.

Regional coverage in the model comprises: New South Wales, including the Australian Capital
Territory; Victoria; Queensland; South Australia; Western Australia; Tasmania; and the Northern

Territory.

The broad fuel and industry coverage of the model is outlined in tables 1 and 2. E cast explicitly

covers the demand for eighteen fuels across
twenty-seven end use and conversion secfors.
The industry coverage includes specific repre-
sentation of Australia’s major energy intensive
industries, comprising: wood, paper and
printing; petroleum refining; chemical, rubber
and plastic products; nonmetallic mineral prod-
ucts; iron and steel manufacturing; aluminium
smelting; other basic nonferrous metals; and
electricity generation. The fransport sector is
also represented in detail, comprising road
(passenger and other); rail: water (international,
domestic); and air (international, domestic)
fransport.

Demand functions for each of the main fuel
types (such as electricity, natural gas, coal and
pefroleum products) in each industry sector (by
stafe and territory) have been estimated econo-
metfrically and incorporate own price, cross
price, income or activity, and technical change
effects.

The E,cast modeling framework incorporates
domestic as well as infernational frade in
energy sources. Export forecasts for black coal
and liquefied natural gas (ING) are taken from
ABARE's commodity forecasts and represented

'| fuel coverage in E cast

Black coal
Brown coal

Coal byproducts
— coke oven gas
— blost furnace gas

Coke

Qil (crude oil and condensate)

Solar (residential solar hot water)

Biomass (bagasse, wood and wood waste)
liquefied petroleum gas (LPG)

Other petfroleum products

Electricity
- peak
- offpeak

Hydroelectricity
Wind energy
Natural gas
Coal seam gas
Ethane

Biogas (sewage and landfill gas)
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2 industry coverage

Sectors/subsectors ANZSIC code
Conversion
Coke oven operations 2714
Blast furnace operations 2715
Petroleum refining 2510, 2512-2515
Petrochemicals na
Electricity generation 361
Fuel use in conversion na
Transmission losses na
End use
Agriculture Division A
Mining Division B
Manufacturing and construction Division C
- wood, paper and prinfing 23-24
— chemical, rubber and plastic
producfs 2520-2599
- nonmefallic mineral products 26
— iron and steel (excludes coke ovens  2700-2713,
and blast furnaces) 2716-2719
- basic nonferrous metals 272-273
> aluminium smelfing 2722
> other basic nonferrous metals 2720-2721,
2723-2729
— other manufacturing and consfruction na
Transport Division |
(excludes sectors 66 and 67)
- road fransport o1
> passenger mofor vehicles na
> other road fransport na
- railway transport 62
— water fransport 63
> domestic water fransport 6301
> infernational water fransport 6302
— air fransport 64
> domestic air transport na
> international air fransport na
- pipeline transport 6501

Sectors 37, 66 and 67;
Divisions F, G, H, J, K, L,

Commercial and services

M, N, O, Pand Q
Residential na
Solvents, lubricants and bitumen na

Source: Based on Australian Bureau of Statistics and New Zealand
Department of Statistics, Australian and New Zealand Standard
Industrial Classification, 1993 edition.

in the model directly. Net trade in oil and
refined petroleum products is determined within
the model. Interstate flows in electricity and
natural gas are also modeled explicitly, with
the direction of trade determined by the model.
However, for reasons of simplicity, interstate
frade in refined pefroleum products and coal is
not modeled.

E, cast provides a detailed treatment of the
Australian energy sector, including energy
production, frade and consumption. As a result,
the model can be used to produce a range of
results, including Australian and state energy
balance tables.

assumptions

The activity variable used in each of the fuel
demand equations is pivotal to the model. For
all nonenergy infensive sectors, gross sfate
product (GSP) is used o approximate changes
in income or business activity at the state level.
For energy infensive industries, that are typically
characterised by large and lumpy capacity
expansion, projected industry output (production)
at a state level is used as the activity variable.
The energy intensive industries modeled in this
way are aluminium smelting, other basic nonfer-
rous metals and iron and steel manufacturing.

Western Australia’s gross state product
increased af a relatively moderate pace of
2.7 per centin 2004-05, following robust
growth of 8.1 per cent in 2003-04 (figure A).
According fo the Western Australion Depart-
ment of Treasury and Finance (2006, state
GSP is forecast to grow by 5.0 per cent in
2005-06. Over the medium term to 2010-
11, economic growth in Western Australia is
assumed fo average 3.7 per cent a year.

Beyond the medium term and out to 2029-30,
the Western Australian economy is assumed to
grow at a relatively lower rate of 3.3 per cent
a year. Over the entire outlook period of 27
years, economic growth in the state is assumed
fo average 3.4 per cent a year. Over the same
period, Australian GDP is assumed to grow by
3.0 per cent a year.
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box 1: key features of E cast

In 2000, ABARE commenced development of its E cast energy forecasting and analysis
framework. The first version of the model was documented in Dickson et al. (2001). Since
then the model has been enhanced and refined in a number of directions, providing a
sound platform for the development and analysis of medium and long term energy and
greenhouse gas emission projections. Key features of the 2005 version of E cast are
outlined below.
> [E,castis a dynamic partial equilibrium framework that provides a detailed treatment of
the Australian energy sector, representing energy production, frade and consumption.
> The Australian energy system is divided into seven conversion sectors and twenty end
use secfors.

> Fuel coverage is extensive, including eighteen primary and secondary fuels.

> Results for all states and territories {the ACT is included in New South Wales) are
provided.

> Defailed representafion is provided of energy demand. The demand for each fuel is
modeled as a function of income or activity, fuel prices (own and cross) and technical
change effects.

> Primary energy consumption is distinguished from final {or end use) energy consump-
fion, consistent with the approach used by the International Energy Agency (2004).

> Projections are provided for the period 2003-04 to 2029-30.

> Demand parameters are estimated econometrically using data for the period 1973-74
to 2000-01.

> Business activity is generally represented by gross state product (GSP).
> Energy infensive industries are modeled explicitly, taking into account large and lumpy
capacity expansions. The industries modeled in this way are:
« aluminium smelfing
« other basic nonferrous metals {mainly alumina)
« iron and sfeel.

> Peak and offpeak electricity demands are modeled explicitly.

> The electricity generation module includes seventeen generation technologies — three
peak and fourteen base load technologies.

> Key policy measures modeled explicitly are:
« the Australian Government's mandatory renewable energy farget scheme
« the New South Wales Government’s greenhouse gas benchmarks scheme and
« the Queensland Government's cleaner energy strategy (referred to as the 13 per

cent gas scheme).

> Supply of natural gas (including coal seam gas and ethane) is modeled at the basin
level, taking into account future gas discoveries and reserves growth. A total of sixteen
sources of gas, including an external supply source for eastern Australia, are repre-
sented in the model.
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With estimated production of 10.9 million tonnes in A economic growth in western
2003-04, Western Australia accounts for 65 per australia

cent of Ausfralia’s alumina oufput. Over the medium

term, alumina production in the state is assumed 8

fo increase by 28 per cent to 14 million tonnes, as

a result of expected capacity expansions af the 6

Wagerup (2 million tonnes) and Worsley {0.25

million tonnes) refineries and a 0.6 million tonne 4

a year efficiency upgrade at the Pinjarra refinery. : assumptions
Underpinned by an assumed 1 million tonne @

year expansion af the Worsley refinery during the %

mid-2020s and minor efficiency improvements else-

where, alumina production in the state is assumed to -2

exceed 16 million fonnes by the end of the outlook 1994 2001 2008 2015 2022 2029
period. 95 02 09 -16 23 -30

Direct reduced iron (DRI} output in Western

Australia from the state’s (and Australia’s) only DRI plant at Port Hedland amounted to 1.7 million
fonnes in 2003-04, with estimated gas consumption of nearly 32 petajoules (or 22 per cent of
the manufacturing sector’s total gas use for that year). Following a gas explosion in May 2004,
the plant was shut down and it is assumed that the plant will remain closed over the entire outlook
period. The production of pig iron from the recently commissioned HISmelt plant in Western
Australia (again the only facility of its kind in Australia) is assumed to reach full capacity (0.8
million tonnes) in 2008-09. Beyond the medium term, pig iron production in the state is assumed fo
grow at 0.5 per cent a year, reflecting efficiency improvements.

Currently, Western Australia has one LING export project, the North West Shelf, the annual supply
capacity of which is around 11.7 million tonnes from four trains. With the construction of a fifth train
at the project, LNG capacity in the state is set fo increase to nearly 16 million tonnes in 2008. By
the end of the outlook period in 2029-30, Western Australia’s LING exports are assumed to exceed
53 million tonnes, growing at an average annual rate of 7.6 per cent. This outlook assumes the
development of several projects that are currently in the planning phase, including Gorgon ING,
Pluto, Pilbara LNG and Browse, as well as additional trains at the North West Shelf and Gorgon.

renewable energy target

Itis assumed that the Western Australian Government's 6 per cent renewable energy target for

the South West Interconnected System (SWIS) will be achieved by 2009-10. The SWIS region
accounts for around 56 per cent of total electricity generation in the state (Government of Western
Australia 2003). As electricity generation in E cast is modeled at the state level and not af the
regional level, it is assumed that renewable electricity will account for at least 3.4 per cent (0.56 X
0.06 = 0.034) of Western Australia’s total electricity generation in 2009-10. In 2003-04, renew-

able electricity accounted for 1.3 per cent of total electricity generation in the state.

greenhouse gas emissions and emission factors

In this study, emissions of carbon dioxide (CO,) are analysed, covering the fuel combustion and
fugitive emissions sectors. Accordingly, all references to emissions in this report should be taken to
refer to carbon dioxide emissions only. The emission factors that are used in this analysis vary by
industry and are sourced from the Western Australian Greenhouse Gas Inventory 1990, 1995,

2002 [AGO 2005a).
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orojections of electricity generation
in wesfern australio

electricity generation mix

Currently, gas fired generation accounts for nearly 60 per cent of Western Australia’s total
electricity generation. With an estimated share of 37 per cent, coal is the second most impor-

fant source of electricity in the state. Renewable electricity represents 1.3 per cent of the present
electricity mix. More than half of the state’s total electricity generation occurs in the South West
Interconnected System (SWIS), which is the focus of the 6 per cent renewable energy target. In
the following section, the current status and capacity forecasts of the SWIS, according to Western
Power and the Independent Market Operator (IMO), are discussed. This is followed by a discus-
sion of statewide projections developed using E,cast.

south west interconnected system

In 2000-01, electricity generation occurring in the SWIS represented around 56 per cent of total
electricity generation in Western Australia (Western Australian Office of Energy 2003). While the
maijority of gas fired electricity generation occurs outside the SWIS, the opposite is frue of coal
fired electricity generation. For example, in 2003-04 nearly 78 per cent of generation in the SWIS
was sourced from coal fired power stations and less than 22 per cent was sourced from gas.
Renewable electricity generation represented around 0.5 per cent.

The installed ‘sent-out capacity’ (the capacity of generators taking account of their utilisation

rate] in the SWIS region is around 3300 megawatts (Western Power 2004 ). Of this, around
1900 megawatts (or 58 per cent] is accounted for by coal plants. Another 1200 megawatts is
accounted for by gas plants, with renewable generators (mainly wind) accounting for less than 0.5
per cent.

The makeup of electricity generation capacity in the SWIS is likely fo change over the coming
years, with several new plants coming on line, as well as several power plants being decommis-
sioned, reflecting a shift to gas fired generation. Using a derived ufilisation rate based on the
sent-out capacity reported by Western Power, there is nearly 1900 megawatts of committed and
proposed future sent-out generation capacity in the SWIS (IMO 2005). Nearly 1000 megawatts
of this is in gas plants. The plants being decommissioned amount to nearly 600 megawatts, with
around 70 per cent of this being coal generation (Western Power 2004).

electricity generation projections

This overall shift to gas fired generation is reflected in ABARE's electricity generation projections
for Western Australia as a whole, shown in table 3. It is expected that over the next few years,
while there will be a distinct shift from coal fo gas fired capacity development, sent-out generation
from gas plants will be somewhat restricted as a result of input constraints and pipeline capacity.
However, these constraints are expected to ease over the projection period.
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For the period from 2003-04 to 2013-14, 3 electricity generation, by fuel

total electricity generation in Western Australia western australia

is projected to grow by 37 per cent to 34

terawatt hours (TWh) (table 3). Over the same Coal Gas Total
period, coal fired generation is projected to TWh TWh TWh
increase on average by 1.8 per cent a year 200304 99 14.9 240
to 11 TWh, accounting for 19 per cent of the 2009-10 10.3 188 310
projected expansion in total electricity genera-  2013-14 11.0 21.3 34.2
tion. Gas fired generation, on the other hand, 2019-20 12.2 25.8 39.9
is projected to increase to more than 21 TWh 2029-30 14.2 34.8 S

in 2013-14, growing af an average rafe of 3.7
per cent a year.

The coal and gas fired electricity generation projections to 2013-14 in this study are broadly
consistent with Western Power's projected installed capacity in the SWIS region. The Western
Power capacity forecasts are reported on a ‘sent out fo network” basis during summer peak condi-
fions, when daytime temperatures can reach as high as 41°C. After taking account of the decom-
missioned plants, Western Power has projected a sent-out coal fired capacity of 1398 megawatts

for the SWIS in 2013-14.

Currently, Western Australia’s capacity use factor — the amount of electricity actually produced per
unit of capacity — of coal fired generation is relatively low compared with those for the other states.
Assuming the capacity use factor of coal fired generation in Western Australia rises to around

Q0 per cent in 2013-14, this would represent just over 11 TWh of coal fired electricity generation
for that year. The SWIS accounts for a large, but not the entire, proportion of coal fired capacity.
Therefore the projected coal fired generation of 11 TWh in 2013-14 in this report is slightly less
than Western Power's capacity forecasts for the same year.

Over the entire outlook period, electricity generation in Western Australia is projected in E cast fo
grow af an average rafe of 2.8 per cent a year to more than 51 TWh in 2029-30. Underpinned
by an above average growth rate of 3.3 per cent a year, the share of gas in the electricity mix is
projected to increase from 60 per cent currently to 68 per cent in 2029-30.

renewable energy

Currently, renewable energy contributes around 1.3 per cent to tofal electricity generation in
Western Australia, of which 65 per cent is from the Ord River hydroelectric generator, which is
not in the SWIS. There are, however, a number of renewable projects that are in the SWIS that
are expected to commence production over the next few years. These include the Alinta and Emu
Park wind farms, with a total capacity of nearly 170 megawatts. Biogas and biomass generation
capacity is expected to rise to 28.8 megawatts and 25 megawatts respectively by 2009-10.

Because of the intermittent and seasonal nature of these technologies, the utilisation rates of such
plants are lower than thermal nonrenewable plants. As such, the sent-out generation expected from
these planfs is lower than the nameplate capacity would indicate.

Underpinned by the 6 per cent renewable energy policy for the SWIS, which is specifically
modeled in £, cast, renewable generation in the state is projected to increase by a factor of 3.8 to
1.2 TWHh in 2009-10. This would represent almost 4.0 per cent of Western Australia’s electricity
generation. On the basis of assumptions about the long run marginal cost of the available tech-
nologies, it is projected that wind plants will account for 85 per cent of this forecast expansion, and
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projected renewable electricity generation
western australia

2003-04 2004-05 2009-10 2014-15 2019-20 2024-25 2029-30

PJ P P P PJ P) Pl

Hydroelectric 0.74 0.74 0.74 0.74 0.74 0.74 0.74
Wind 0.23 0.71 3.03 3.11 3.19 3.27 3.35
Biomass 0.04 0.04 0.30 0.30 0.31 0.32 0.33
Biogas 0.14 0.19 0.36 0.38 0.49 0.65 0.85
Total 1.16 1.68 4.43 4.53 4.73 4.98 5.27
TWh TWh TWh TWh TWh TWh TWh

Hydroelectric 0.21 0.21 0.21 0.21 0.21 0.21 0.21
Wind 0.06 0.20 0.84 0.86 0.89 0.91 0.93
Biomass 0.01 0.01 0.08 0.08 0.09 0.09 0.09
Biogas 0.04 0.05 0.10 0.11 0.14 0.18 0.24
Total 0.32 0.47 1.23 1.26 1.31 1.38 1.46

biomass and biogas for the balance.

However, this strong growth is not projected to continue beyond 2009-10. The measures providing
impetus for renewable generation development are assumed to cease after this year as the MRET
scheme does not extend beyond this time and the 6 per cent target has been achieved. Beyond
2009-10 and out to 2029-30, renewable electricity generation is projected to grow at a relatively
low rate of 0.4 per cent a year to 1.5 TWh in 2029-30. Consequently, the share of renewable
energy in the state’s electricity generation mix is projected fo fall back to less than 3.0 per cent by
the end of the outlook period. This growth could differ if measures such as MRET or the 6 per cent
target were extended beyond this time or if other policy measures were implemented.



orojections of primary energy
consumption and greenhouse gas
emissions in Western Australio

At a projected average rate of growth of 2.7 per cent a year over the outlook period, primary
energy consumption in Western Australia is projected to increase from 765 petajoules in 2003-04 to
1538 pefajoules in 2029-30 (table 5). The projected growth in primary energy consumption in these
estimates is slightly higher than the results reported in ABARE's previous energy projections {Akmal
and Riwoe 2005) and mainly reflects the higher forecast growth in GSP over the medium term.

Of the increase, 57 per cent is projected to be accounted for by gas and 34 per cent by oil
(comprising crude oil, condensate and naturally occurring LPG). As a result, the share of gas in the
stafe’s primary energy mix is projected to increase from 49 per cent in 2003-04 to 53 per cent

at the end of the outlook period. Growth in black coal consumption is expected to be relatively
subdued, increasing by only 55 petajoules over the period, and accounting for only 7 per cent of

the increase in total consumption.

total primary energy consumption, by fuel
western australia

2003-04 2004-05 2009-10 2014-15 2019-20 2024-25 2029-30
Pl PJ PJ Pl P P) P)
Black coal 124.3 130.8 150.1 156.7 164.2 171.2 178.8
Oil 251.1 254.5 293.5 339.9 390.2 447 3 513.1
Gas 3727 403.4 524.2 611.4 691.8 738.1 816.6
Renewables 16.6 17.5 22.8 23.9 25.6 27.5 29.5
Total 764.7 8006.1 900.6 11320 1271.8 1384.1 15379
total primary energy consumption, by sector
western australia
2003-04 2004-05 2009-10 2014-15 2019-20 2024-25 2029-30
P Pl Pl P P P P)
Agriculture 15.1 15.2 16.0 16.8 17.6 18.5 19.3
Mining 102.8 115.2 155.3 226.6 289.1 320.9 379.8
Manufacturing and
construction 202.9 225.7 200.2 312.3 326.4 340.3 362.8
Electricity generation 263.5 266.6 309.6 338.4 371.4 405.6 442.3
Transport and storage 148.0 151.0 174.7 198.6 224.8 253.0 284.4
Commercial and services 7.7 7.5 8.2 Q7 10.7 11.9 13.1
Residential 19.2 19.4 21.5 23.3 25.3 27.3 294
Nonenergy fuel uses 55 5.6 5.9 6.2 6.4 6.7 0.9
Total 7647 8006.1 990.6 1132.0 12718 1.384.1 1537.9
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On the back of a nearly sevenfold increase in the state’s LNG exports, the largest rise in energy
consumption on a sectoral basis is projected to occur in the mining sector, which is projected to
more than friple from 103 petajoules in 2003-04 to 380 petajoules in 2029-30 (iable 6]. As o
result, the share of mining in Western Australia’s energy consumption is projected to increase from
13 per cent in 2003-04 to nearly 25 per cent by the end of the outlook period.

With a share of 34 per cent, electricity generation is Western Australid’s largest energy consuming
sector. Energy consumption in the sector is forecast to grow on average by 2 per cent a year to

4472 petajoules in 2029-30 — an increase of 68 per cent.

stationary carbon dioxide emissions

In 2003-04, carbon dioxide emissions from the stationary energy sector in Western Australia
totaled 36 million tonnes. These are projected fo rise to 71 million tonnes by 2029-30 (table 7).
Stationary emissions, as defined in this study, include emissions from all the major industries listed in
table 2, except the transport sector. In addition, following the National Greenhouse Gas Inventory
guidelines [AGO 2005b), emissions of greenhouse gases arising from the use of gas and coal in
the iron and steel industry are also excluded from the stationary energy sector and are included
as part of the industrial processes sector (not discussed here). Furthermore, the use of natural gas

7 carbon dioxide emissions from the stationary energy sector, by fuel
western australia

2003-04 2004-05 2009-10 2014-15 2019-20 2024-25 2029-30

Mt Mt Mt Mt Mt Mt Mt
Black coal 11.2 11.2 12.1 12.7 13.3 13.9 14.6
Petroleum products 7.2 7.2 8.3 9.8 11.5 13.4 15.8
Gas 16.9 20.0 250 29.2 33.0 35.1 38.8
Biomass 1.2 1.2 1.3 1.4 1.5 1.5 1.6
Total 36.3 39.6 46.7 53.1 59.3 64.0 /0.8

as fertiliser feedstock is also excluded from the stationary energy sector emissions analysis. Based
on figures calculated from ABARE's latest fuel and electricity survey and correspondence with
Wesfarmers, it is assumed that 70 per cent of total gas consumption in the basic chemicals industry
is fertiliser feedstock.

Consumption of natural gas is projected to be the major source of stationary energy carbon
dioxide emissions over the projection period, increasing to more than half of stationary energy
emissions by 2029-30 because of its increased use. Liquid fuels are projected to be the second
highest contributor fo stationary energy emissions, accounting for 16 million tonnes of carbon
dioxide emissions at the end of the outlook period. Combustion of black coal, primarily in the
state’s electricity industry, is projected to account for around 15 million fonnes of carbon dioxide
emissions by 2029-30.

10
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fugitive emissions

For the purpose of this study, fugitive emissions are defined as emissions associated with coal,
oil and gas extraction. These include emissions associated with oil refining, gas transmission and
distribution, and venting and flaring related to oil and gas production.

In 2003-04, fugifive emissions for Western Australia were estimated to be 1.4 million fonnes.
This figure is projected fo rise to nearly 8 million fonnes in 2029-30 (table 8). Currently, flaring
accounts for the highest proportion of fugitive emissions, but is overtaken by venting by the end
of the period. This reflects increasing gas production as well as developments coming on line in
relatively high carbon dioxide concentration basins, such as Browse.

The E,cast modeling framework does not include region specific projections of oil exploration or
crude oil production. Hence, it is not possible to provide an estimate of emissions from this activity
that is specific to Western Australia.

The projections for venting shown in table 8 are based on ABARE assumptions of venting rates
and include a large proportion of emissions from the Gorgon project being sequestered but no
sequestration in the Browse development. The extent to which carbon sequestration will occur in
future developments is unclear. Several sequestration options have been proposed for the Gorgon
development, while no sequestration plans have so far been disclosed for the Browse develop-

total fugitive carbon dioxide emissions, by activity
western australia

2003-04 2004-05 2009-10 2014-15 2019-20 2024-25 2029-30

Mt Mt Mt Mt Mt Mt Mt
Gas

- venting 0.649 0.868 1.311 2.238 3.687 3.906 4.418
— flaring 0.757 0.923 1.302 2.174 2.880 2.996 3.490

— transmission and
distribution 0.010 0.011 0.014 0.015 0.016 0.017 0.019
- tofal 1.415 1.801 2.626 4.428 6.584 6.919 7.927
Oil refining 0.033 0.032 0.034 0.036 0.038 0.040 0.042
Total 1.448 1.834 2.660 4.464 6.622 6.959 7.969
total fugitive carbon dioxide emissions with sequestration in browse, by activity

western australia
2003-04 2004-05 2009-10 2014-15 2019-20 2024-25 2029-30
Mt Mt Mt Mt Mt Mt Mt
Gas

- venting 0.649 0.868 1.311 2.238 2.412 2.489 3.001
— flaring 0.757 0.923 1.302 2174 2.880 2.996 3.490

- transmission and
disfribution 0.010 0.011 0.014 0.015 0.016 0.017 0.019
— fofal 1.415 1.801 2.626 4.428 5.309 5.502 6.511
QOil refining 0.033 0.032 0.034 0.036 0.038 0.040 0.042
Total 1.448 1.834 2.660 4.464 5.347 5.542 6.552

1
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ment. Given the relatively high carbon dioxide concentrations of Gorgon and Browse, such plans
could have significant effects on future fugitive emissions.

If sequestration at the Browse development were carried out at a rate similar to Gorgon, this could
reduce the projected total Western Australian fugitive emissions in 2029-30 to 6.6 million fonnes

(table 9).

Total carbon dioxide emissions in Western Australia are projected to more than double over the
projection period to 98 million tonnes (table 10). Total emissions (that is, the sum of stationary,
fugitive and transport emissions) were 48 million tonnes in 2003-04 and are projected o grow on
average by 2.8 per cent a year to 2029-30. While initially representing approximately 3 per cent
of total emissions, fugitive emissions are projected fo rise to 8 per cent of fotal emissions, based on
expected strong growth in future gas developments.

'| total fugitive carbon dioxide emissions, by type
western australia

2003-04 2004-05 2009-10 2014-15 2019-20 2024-25 2029-30

Mt Mt Mt Mt Mt Mt Mt
Stationary 36.3 39.6 46.7 53.1 50.3 64.0 70.8
Fugitive 1.4 1.8 2.7 4.5 6.6 7.0 8.0
Transport Q.8 10.0 11.6 13.2 15.0 16.8 18.9
Total 47.6 51.5 60.9 70.7 80.8 87.8 Q7.7
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