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List of Abbreviations

CH,4
CO,
CO,-e

LCM
MCM
N.O
WCMG
UAG

methane

carbon dioxide

carbon dioxide equivalent (i.e sum of CO,, CH4 and N,O
emissions each multiplied by appropriate Global Warming
Potential factor) .

Low Concentration Methane

Medium Concentration Methane

nitrous oxide

Waste Coal Mine Gas

Unaccounted for Gas



SUMMARY

This study anal yses the Fugitive Emissions sector of the National Greenhouse
Gas Inventory (NGGI). Fugitive emissions accounted for about 6.8% of total
net emissionsin 1996/97 (land clearing excluded). Emissions from Fugitive
Emissions increased by only 0.5% between 1990 and 1997, compared with a
10.2% increase in total net emissions.

Table 1 summarises the subsectoral contributions to fugitive emissionsin 1997.
Coa mining accounted for nearly 64% and venting and flaring from
hydrocarbons production for nearly 29%. Nearly 78% of the greenhouse impact
of the sector was fugitive methane. The contribution of nitrous oxideis very
small and also very uncertain (it isaminor product of side reactionsin flares).
For these reasons, it has been ignored in preparing the projections.

Table 1 Fugitive emissions by subsector, 1997

Subsectors GgCO, | GgCH, | GgN,O | GgCOe| Percent
Coal (Net) 459 808 0.00 17422 57%
Petroleum 6340 327 0.07 13226 43%
of which:

Venting & Flaring 5294 163 0.06 8729 28%
Gas distribution 0 155 0.00 3260 11%
Other sources 1046 9 0.01 1237 4%
Total fugitive emissions | 6799 1135 0.07 30648 100%

Note: Values are dightly higher than published in the 1997 NGGI, due to methodology revisions (see
below)

Thisreport is arranged in two large Chapters, dealing with each of the two
subsectors, coal and petroleum. This study analyses the factors affecting the
estimates of future emissionsin each of the subsectors. The factors can
generally be grouped into:

1. ratesof growth in the production of coal, petroleum and natural gas,

2. the characteristics, e.g. gassiness of coa fields, CO, content of gasfields, of
the coal, gas and oil fields currently under production, and those which may
be developed over the projection period;

3. management issues such as the extent of mitigation and utilisation of waste
coa mine gases and the maintenance of natural gas distribution systems;
and

4. methodological issues bearing on the way that datais collected, and on the
possible addition of further elements to the fugitive inventory.

In the case of coa emissions, a distinction is made between gross fugitive
emissions, which are calculated prior to any capture, and net fugitive emissions.
In the case of the major source of petroleum emissions, venting and flaring,
mitigation by way of capture and sequestration of the CO, emitted isa



technically feasible, but relatively costly, procedure, and not one which is
widely practiced anywhere in the world at present. We have assumed no
explicit policy intervention to require CO, sequestration.

For each subsector, and each component of each subsector, at least three
emissions scenarios are devel oped:

e« A *“BusnessasUsua” (BAU) case, generally based on projections of
production published by the Australian Bureau of Agricultural and
Resource Economics (ABARE), present physical characteristics and, in the
case of coa mining, the continuation of present rates of recovery of
methane;

e A "High” scenario, generally incorporating higher production growth, a
trend to exploitation of more emissions intensive resources, and no
additional recovery efforts beyond those in the BAU case;

 A*"Low” case, generdly incorporating lower production growth, atrend to
less emissions intensive resources, more active recovery of coal mine
methane, and, and no development of two large and particularly CO,
intensive gas fields.

Thefindings areillustrated in Figures 1, 2 and 3. Figure 1 showsthe
subsectoral contributions to the BAU projection. Emissions are projected to
increase by over 60% of the 1991 value by 2020, mainly due to coal mining and
venting from gas production. Leakage from natural gasis projected to remain
nearly constant, while emissions associated with flaring at oil and gas
production facilities and oil refineries are expected to decrease. It can also be
seen that coal accounts for alittle over half the total emissions throughout the
period.

Figure 2 shows the shares of the total greenhouse impact contributed by the two
gases. Methane contributes between 70% and 80% of total CO,-e emissions
throughout the period, with the share falling dlightly in later years.

Figure 3 showstotal emissions under each of the three scenario cases. Inthe
“High” casetheincreaseis projected to be about 85% of the 1990 value. Inthe
“Low” casethereisvirtualy no change, with decreases from coal, and some
sources of petroleum related emissions, offsetting increases from venting. The
big gap between the "Low" case and the other two casesis mainly attributable to
the lack of the two CO, intensive gas fields mentioned above. The changes are
summarised in Table 2.

It should be noted that the values for the years 1990 to 1997 inclusive are
slightly higher than those reported in the published NGGils for the various years.
The difference is attributable to changes in methodol ogy, which are considered
to provide an improved estimate of actual emissions.

» Estimated emissions of CO2 released from coal seams (see Section 2.2.4)
and from spontaneous combustion of waste coal (see Section 2.2.5) are
included. This change has the effect of increasing fugitive emissions from
coa mining, relative to the NGGI, by between 4.5% and 5.0%.



e Emissions of CO2, contained in pipeline quality natural gas and released “at
the burner tip” when combustion occurs, are also included (see Section
3.5.3. Thischange hasthe effect of increasing fugitive emissions from
petroleum, relative to the NGGI methodology, by about 5% in 1990, with
the increase rising to about 10% by 2007.

It is expected that the second of these methodological changes will be included
in the NGGI from 1998 onward, with retrospective adjustments, asin this
Report, made for earlier years. Consideration of the methodological changes
relating to coal mining emissions may be possible, following the expected
release of detailed new report on coal mine fugitive emissions later in 2000.

Table2 Summary of projection scenarios

Change, 1990-2020

Scenarios 1990 2010 2020 Mt CO,-e | Percent
Mt COz-e Mt COz-e Mt COz-e

Highest 30.8 46.9 55.5 24.7 80%
BAU 30.8 38.7 441 13.3 43%
Lowest (a) 29.6 27.8 29.4 -0.2 -1%
Highest cf BAU 0.0 8.2 11.4
Lowest cf BAU -1.2 -10.9 -14.7
Maximum range 12 19.1 26.1

(a) Thisinvolves a change in methodology affecting gas distribution, which would also have to
be applied retrospectively (see Section 3.5.2)

Measures to increase the capture of coal mine methane would have impacts on
other parts of the NGGI, beyond the fugitive sector. If the captured methane
were flared, the combustion emissions would need to be added to the NGGI —
probably in anew subsector. If the captured methane were used to generate
electricity, it would most likely displace some use of fossil fuel, and so bring
about areduction in emissions in the other parts of the NGGI.

Figurel Projected fugitive emissions under Business as Usual, by sour ce sub-
sector and gas, 1990 to 2020
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Figure 2: Contributionsto total fugitive emissions of each greenhouse gas,
1990 to 2020
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Figure 3. Projected total fugitive emissionsunder BAU, High and L ow
scenarios, 1990 to 2020
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2.

EMISSIONS FROM COAL MINING

2.1 Inventory-wide contribution

Coa mining activity has anumber of impacts on the NGGI. The major impact
isthe release of fugitive methane and CO, emissions during and after the mining
of black coal. Thisaccounted for nearly 57% of the Fugitive Emissions sector
of the NGGI in 1997, and the quantity would have been higher still had there
not been some capture of waste coal mine gas for electricity generation.

Other impacts of coal mining activity show up in other parts of the NGGI:

* CO, and trace quantities of other greenhouse gas emissions are released in
the combustion of fossil fuels to provide electricity, the main form of
energy used in underground mining. These are accounted in the fuel
combustion part of the NGGI (subsector 1A 1a, Electricity and Heat
Production), whether they occur at or away from the mine site;

e CO, and trace quantities of other greenhouse gas emissions are released in
the combustion of diesel fuel, the main form of energy used in open cut
mining. These are accounted in the fuel combustion part of the NGGI
(subsector 1A 1c, Manufacture of Solid Fuels and Other Energy Industries —
Coa Mining).

A recent study (Deslandes, 1999) calculated the greenhouse gas intensity of coal
production in 1998, including electricity use, diesel use and net fugitive
emissions (i.e. after taking methane recovery into account). The findings are

summarised in

Asthere are no fugitive emissions from brown coal, all emissions from brown
coa production are related to energy use. For black coal produced by the open
cut method, about half the emissions related to energy use and half to fugitive
emissions. For black coal mined underground, fugitive emissions accounted for
over 90% of the emissions-intensity.

Table3 Greenhouseintensity of saleable coal production, Australia 1998

Mine Type Greenhouse Greenhouse Overall
Intensity Intensity, net Greenhouse
Fud fugitive Intensity
combustion emissions (tonnes CO;, -
(tonnesCO,/ | (tonnesCO,-¢ e/tonne)
tonne) tonne)
Open cut brown coal 0.005 0 0.005
Open cut black coal 0.024 0.026 0.050
Underground black 0.018 0.195 0.213
cod
Australian Average 0.018 0.061 0.079

Source; Derived by author from Deslandes (1999): tonnage is saleable, not raw coal




It is estimated that in 1998, about 14% of the fugitive waste methane emissions
from underground coal mining were captured. Without this capture, the overall
greenhouse intensity of underground black coal would have been about 0.245
tonnes CO,-e/tonne. Clearly, the higher the rate of capture of fugitive waste
methane emissions, the lower the total of net fugitive emissions from coal
mining.

The captured methane can be mitigated in two ways. It can be flared, in which
case the combustion CO, and other emissions products will enter the fugitive
emissions part of the NGGI (probably 1B1c, Solid fuels— Other). Burning a
quantity of methane instead of venting it reduces the CO,-e emissions by 87%.

The alternative is to use the captured methane for electricity generation. In that
case the combustion CO, and other emissions products will enter not the
fugitive emissions but the fuel combustion part of the NGGI (subsector 1A1a,
Electricity and Heat Production). However, the generation of electricity with
waste methane would displace electricity that would otherwise have been
generated by conventional fuels, so there will be areduction in the emissions
from coal and natural gasin the Electricity and Heat Production subsector. Itis
estimated that for each kt of CO,-e added to the subsector through the
combustion of waste methane for electricity generation, about 2.4 kt CO,-e from
the combustion of other fuelsis avoided (Energy Strategies et al, 1999).
Therefore there is a net reduction of 1.4 kt CO,-e in the fuel combustion
inventory, in addition to the reduction in the fugitive inventory due to the
capture of the methane.

fTable 4illustrates the options with regard to one hypothetical mine, which vents
1,000 tonnes of methane (CH,4) per year. This could be flared, or used to
generate about 5.9 GWh of energy (using gas engines), so avoiding the need to
send out about 6.5 GWh from grid-connected power stations. Capturing and
flaring the methane would reduce the total greenhouse impact (in-site and off-
site) by about 64%. On-site generation using the captured methane would
reduce the total greenhouse impact by 90%.

Table4 Summary of emission options at a coal mine venting 1,000 tonnes
methane per year

Tonnes | Tonnes GWh Tonnes | GWh sent| Tonnes Tonnes | Total
CH,4 CH,4 generated CO, out CO,-e CO, tonnes
captured | emitted | onsite(a) | emitted | off site | emitted emitted | COz-e
on site (b) on site off emitted
site(c)
No 0 1000 0 0 6.50 21000 6498 27498
capture
Capture 1000 0 0 2750 6.50 2750 6498 9248
for flaring
Capture 1000 0 5.85 2750 0 2750 0 2750
for
generation

(@) assuming 170 t CH,/GWh

(b) In order to deliver the same amount of electricity that would be generated on site with use of captured methane,
assuming 10% system losses

(c) assuming 1.0 kt CO»-e/GWh sent out.



To sum up,

» if waste methaneis captured and flared, there is areduction in the fugitive
emissions part of the NGGI, and no effect on the other parts;

» if the same amount of waste methane is captured and used in generation
(whether at the mine site or piped elsewhere) thereisadlightly larger
reduction in the fugitive emissions part of the NGGI, and a further reduction
in the fuel combustion part of the NGGI.

Therefore the mode of use of the captured waste methane, not just the quantity
captured, determines how it impacts on the NGGI.

This only applies to methane captured in the course of coal mining. The NGGI
treats emissions from the combustion of coal seam methane produced separately
from the mining operation, e.g. by drilling boreholes in advance of mining, in
the same way as natural gas or any other fossil fuel.

2.2 Fugitive emissions

2.2.1 Sources of emissions

The dominant source of fugitive emissions from coal mining is the release of
absorbed coal seam gas from the mine and from the mined coal. Coal seam gas
consists of methane, carbon dioxide, or a mixture of the two. Carbon dioxide,
and sometimes smaller quantities of methane, may also be released due to
oxidation of stored coal residues and mining wastes.

Of these sources, only the methane in the coal seam gasis currently entered in
the NGGI. The carbon dioxide in the coal seam gas and the emissions from
oxidation of coal residues are not currently estimated for the NGGI, but could
be — some estimates are made in the following sections.

2.2.2 Release of methane from coal seams

Most coal seams contain methane, and often other gases, particularly carbon
dioxide, trapped within the interstices of the coal. The quantity of methanein
the coal depends on a number of factors, including the rank of the coal and the
depth of the seams concerned. In general, coal rank determines the quantity of
methane generated within the seam over its geological history; the higher the
rank, the greater the quantity generated. Other factors, including depth of
occurrence, the pressure of the gas and the temperature of the coal, affect how
much of the methane originally generated remainsin the seam today. The gasis

11t isunderstood that at least one company includes the exhaust gas from the gas engines with
the fugitive emissions, and subtracts a“displacement credit” by multiplying the electricity
generated by a state average el ectricity emissions factor. Thisform of reporting is acceptable
for the purposes of programs such as the Greenhouse Challenge, but if mine-specific data were
reported for NGGI purposes, only the actual net fugitive emissions value should be used.



liberated during the stress redistribution and fracturing of coal and rock that
occurs during mining.

Ever since underground coal mining began, many centuries ago, the release of
methane and its build up in mine tunnels and shafts has been a major hazard of
theindustry. Many accidents have been caused by underground explosions of
methane. Modern underground coal mining techniques place heavy emphasis
on preventing the underground build up of methane concentrations.

Ventilation is the principal method of controlling methane concentrations in
mines. Large volumes of air are drawn into every part of the mine, and the
exhaust is collected and vented at the surface. Ventilation systems are operated
to ensure that the concentration of methane in the exhaust remains at avery low
level, thereby providing assurance that it is at safe levelsin al parts of the mine.

Methane in ventilation exhaust can be characterised as Low Concentration
Methane (LCM). The methane concentration is nearly always less than 1.2%
methane concentration by volume, and it may be very low (lessthan 0.1%) in
so-called non-gassy mines, i.e. mines where the coal seams contain only small
quantities of methane. These small quantities of methane are mixed with air in
the mine ventilation exhaust system. Because of the low methane
concentrations and the large flow rates, LCM is difficult to mitigate or utilise. It
isnormally smply vented to the atmosphere.

In mines where the undisturbed coal seams contain large quantities of methane
(termed gassy mines), ventilation alone does not provide sufficient control of
methane concentrations to ensure safe operation. Moreover, so-called “ gas-
outs’, which are sudden releases of methane from the working face of the mine,
can create safety hazards and disrupt production. These mines have therefore
installed drainage systems, which extract methane from underground workings
and roadways ahead of mining. Methane drained from minesin thisway is
typically at 40-85% concentration by volume (mixed with air, and in some cases
also with carbon dioxide). Thisisreferred to as Medium Concentration
Methane (MCM). MCM may be simply vented to air, just asLCM is, but
because of the much higher methane concentrations it may also be flared, or
used locally for heat and/or electricity generation.

Currently, all underground coa minesin Australia employ ventilation, as the
most economical method of gas control. Only asmall number of very gassy
mines employ gas pre-drainage, as a supplementary measure. Energy Strategies
et a (1999) estimated that for the years 1996 to 1998, some 47% of the methane
liberated from the 11 most gassy underground minesin Australia— all of which
had drainage systems —was MCM.

Some important characteristics of mine drainage systems are:

» thegasisvariablein flow rate, concentration and composition;

» the quantity of the gas drained from a single mine is generally insufficient
for commercia utilisation; but



* insomeareasit ispossible for a gas collection system to cover a number of
mines.

A number of factors affect the quality of the gas obtained by drainage,
including:

e in-situ gas composition, content and variability;

» the characteristics of the gas collection system, including layout of drain
holes, piping, and maintenance;

» lead time from pre-drainage to actual mining;
» coal production cycle fluctuations and stoppages.

Fugitive emissions of methane also occur from open cut mining operations.
However, the nature of these operations means that methane isreleased in a
very dilute and uncontrolled manner across the whole exposed face of coal in
the mine. While, in general terms, coal seams amenable to open cut mining,
being closer to the surface, will have lower in-situ methane concentrations than
deeper coal seams which are only accessible by underground methods, fugitive
methane emissions from open cut coal mines are nevertheless estimated to be
significant.

There is no cost-effective way of controlling or mitigating methane emissions
from open cut operations.

2.2.3 Quantities of fugitive methane emissions

10

The fugitive emissions from coal mining reported in the 1997 NGGI are
summarised in Table 5. Mines can be classified into three groups:

e Gassy underground mines (Class A), which in 1997 accounted for 520.3 kt
CH,or 66.7% of the total emissions from mines (779.8 kt CHy);

* Lessgassy underground mines (Class B), which in 1997 accounted for 19.6
kt, or 2.5% of total emissions from mines;

*  Open cut mines, which in 1997 accounted for 239.9 kt, or 30.8% of total
emissions from mines.

Class A mines offer the only practical potential for methane mitigation and
capture. The concentration of methane in the ventilation air of Class B minesis
too low for flaring or utilisation. While significant quantities of methane are
produced in open cut mining, there is no cost-effective means of capturing it at
present.

Apart from emissions from the mines themselves, a further 27.9 kt CH, was
estimated to be emitted after mining from coal produced in Class A mines.



Table5 Coal mining methane emissions, 1997 and 1998

kt CH,, | kt CH,4, 1998
1997 | (Estimated)
(NGGI)
Gross emissions from Class A underground mines NA 662.1
Capture from Class A mines NA 100.0
Total net emissionsfrom Class A mines 520.3 562.1
Total emissions from Class B underground mines 19.6 21.3
Total net emissions from underground mines 539.9 583.4
Post-mining emissions from underground coal 27.9 29.7
Emissions from open cut coal mines 239.9 254.9
Total coal mining emissions (net) 807.7 868.0

Note: 1998 estimates in this table differ from corresponding estimatesin Energy Strategies et al
(1999) due to use of more recent production data.

The emissions from Class A mines reported in the NGGI are the net of methane
captured by existing methane recovery and utilisation projects: the gross
emissions are somewhat higher. The actual gross value is not reported in the
NGGI in order to preserve the commercial confidentiality of the capture data
reported by the operators. The estimates for 1998 have been made for the
purposes of this project, and are not reports from the project operators.

The uncertainties associated with the above estimates are high. The estimates
are made by the use of a gorithms which are derived from regression equations
obtained from measurements made at samples of coal mines over two relatively
short periodsin the early 1990s. For the 1997 NGGI, the uncertainty is
estimated to be at least 25%.

There is as yet no comprehensive set of actual measured methane emissions
from underground mines. It is noteworthy that, in general, cumulative values
from reports compiled by those companies which do continually monitor
methane emission levels suggest higher emission quantities. Thisis discussed
further below as a source of “methodological uncertainty” in projecting
emissions.

The most accurate part of the coal mining emissions inventory is the amount of
methane captured, since it tends to be metered as it goes into combustion
engines or flares, and in the case of electricity generation can be cross-checked
against electricity produced (taking into account the volumes of natural gas or
other fuel that may be used for co-firing). The estimates of gross emissions and
hence net emissions (gross less capture) are subject to much higher uncertainty.

It is possible that the development of new mitigation projects could actually lead
to some increase in the estimate of gross emissions, for the following reasons:

» Asmore mines develop mitigation projects the effort put into emissions
monitoring will increase, and as emissions are presently thought to be
underestimated, this aloneislikely to lead to an increase in the gross

11



estimates;

e Some mitigation projects will result in increased safety and coal production.
As such, the gross emissions of methane from the same mine will also
increase (though there will still be a net reduction in emissions);

»  Some mitigation projects may draw on methane from abandoned mines
adjacent to the working main, and so effectively add to the NGGI a class of
emissions that is not at present included.

These factors, which complicate estimates of the overall impact of mitigation,
are summarised in the following a gorithm:

Gross emissions

before start of +  Any additional emissions - Methane = Net emissions

capture operations due to capture operations captured (reported in NGGI)

2.2.4 Release of carbon dioxide from coal seams
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The following estimates assume that seam gas consists of only a mixture of two
gases, namely methane and carbon dioxide. Their proportions are described in
terms of percent by volume (i.e. 20% CO, means 20% by volume CO,, 80% by
volume methane).

Most of the underground mines that have substantial CO, in their seams are
Class A mines, but some Class B mines are also in this category. CO,
concentration varies substantially from mine to mine, with arange of less than
10% to more than 90%.

Different studies have come up with different estimates of average CO,
concentrations:

* Results from coal sample analyses by one producer indicated a range of
16% to 18% from that producer’ s underground mines;

o  Williamset al (1993) estimated an average 25% CO, concentration for the
underground mines studied;

o Dedandes (1999) indicates an average of 29% for the underground mines
surveyed (possibly including some contribution from emissions due to
flaring and utilisation of captured methane).

To the knowledge of the authors, no studies have been undertaken for open cut
mines.

For estimating CO,, fugitive emissions from seam gas, it has been assumed that
the CO, concentration for Classes A and B underground minesin NSW and
Queendland is 20%. Zero CO, concentration has been assumed for all other
classes of mine.



For a 20% CO, concentration, CO, fugitive emissions per tonne of methane
emissions would be (using CH, density of 0.67606 kg/m®, CO, density of
1.85917 kg/m®):
(1.0/0.676) x (0.2/0.8) x 1.859 = 0.6875 tonne CO,
Hence for 1998, Class A (gross) + Class B + Post-mining CH, emissions =
662.1 + 21.3 + 29.7 = 713.1 kt CH, (see Table 5).
Therefore CO; fugitive emissions = 713.1 x 0.6875 = 490 kt CO,.
Given that the 713.1 kt of CH,4 emissions related to underground coal
production is equivalent to 14,975 kt CO,, the inclusion in the inventory of 490

kt fugitive CO, would increase the fugitive emissions impact of underground
coal production by about 3.3%.

2.2.5 Spontaneous combustion and slow oxidation

Coal and other carbonaceous materials exposed to the atmosphere during
mining operations are subject to possible oxidation. At ambient temperatures,
such oxidation occurs at a slow rate, and generates approximately 380 kJ heat
per mole oxygen. If the rate of heat generation is greater than the rate of heat
loss, the temperature of the material will rise. 1f unchecked, the heating could
result in spontaneous combustion, which would produce CO,, and small
quantities of CH,, at a much higher rate than slow oxidation.

Emissions from these sources are not included in the Australian NGGI at
present, because of the large uncertainties. Thisisin line with current overseas
practice, including in the USA.

For underground mines, due to very low occurrence rate, greenhouse gas
emissions from these processes can be considered to be negligible.

For open cut mines, information in the literature mainly comes from studies
conducted by CSIRO in the Hunter region (Williams et al, 1998). In estimating
greenhouse emissions related to these processes, CSIRO assume that spoil piles
are left “un-rehabilitated” for 30 years, and credit the total emissions in those 30
yearsto thefirst year of spoil disposal. Based on these assumptions, the
following approximate emission factors may be derived:

» Slow oxidation = 0.5 kg CO, equivalent per tonne saleable coal production

¢ Spontaneous combustion (CO, + CH,4) = 12 kg CO, equivalent per tonne
saleable coal production

Using these emission factors for 1998, with atotal open cut saleable coal
production of 154.8 Mt, the emissions would be;
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» Slow oxidation = 77.4 kt CO,-e
»  Spontaneous combustion = 1858 kt CO,-e
e Total = 1935kt CO,-e.

While these emissions would nominally be spread over 30 years, it would
approximate the annual value (for the 30" year and on) if the area of spoil
accumulated at the rate of production, and production remained fairly constant
over along time period.

However, thisis not an appropriate assumption for most open cut operations in
Australia. Most mines conduct some form of rehabilitation, and old spoils are
often covered by new spoils. Therefore the surface area of spoil available to
spontaneous combustion and slow oxidation may only change slightly from year
to year, rather than always increasing as assumed above.

Internal investigations conducted by a producer indicate that there are very few
reported incidences of spontaneous combustion at its mines. Assuch, it isfelt
that the above emissions may be over-estimated by a factor of four or even
more: i.e. the annual value would be not 1935 kt CO,-e but less than 480 kt
CO.-e. (Coincidentally, thisvaueis close to the estimate for fugitive CO; in
1998).

If thiswere included in the inventory, it would increase the 1998 emissions from
open cut coal mining by about 9%, from about 5,350 kt CO,-e (254.9 kt CH, —
see Table 5) to about 5830 kt CO,-€.

2.3 Factors bearing on future emissions

2.3.1 Volume and mode of production
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The NGGI methodology calculates fugitive emissions from the tonnage of raw
(not saleable) coal produced, in each of the following categories of mine:

e Underground Class A mines. the same emissions formulae apply
irrespective of whether these mines are located in NSW or Queensland;

e Underground Class B mines: the same emissions formulae apply
irrespective of whether these mines are located in NSW, Queensland or
Tasmanig;

«  Open cut mines: different factors apply to production in NSW (2.18 kg CH,4
per tonne), Queensland (0.82 kg CH, per tonne) and Tasmania (0.68 kg CH4
per tonne).

For each of the above categories, two separate formulae are used and the
average valueis carried forward to the NGGI. The two formulae used are
derived from two separate CSIRO studies. The NGGI Methodology Workbook
2.1 (Nationa Greenhouse Gas Inventory Committee, 1997) requires the results
to be averaged since the two approaches are equally valid and there is at present
no reason to conclude that either is more accurate than the other. It should be



noted that the surveyed average methane-intensities of minesin 1990 and in
1994 are embedded in the two formul ae, so they are inputs rather than outputs.
An apparent intensity value can then be derived by dividing the total emissions
by the tonnage of coal produced, but this should not be confused with the real
intensity value in that year. Historical changes in the apparent intensity value
(shown in Figure 4), are an artefact of the interaction of the two formulae.

The methodology assumes that there are no fugitive emissions associated with
coal produced in Victoria, SA and WA. Post-mining emissions are calculated
only for coal produced in Underground Class A mines.

able 6/summarises the effective emissions-intensities reported in the NGGI in
1997. The values are assumed to be the samein 1998.

Table6 Methane-intensity of coal production, 1998

Kg CH,4per tonne
raw coal
Underground Class A 17.20
Underground Class B 0.54
Open Cut 134
Post mining (Class A only) 0.77
Underground (weighted) 8.74
All coal (gross) 3.49
All coal (net) 3.12

Source: Derived from NGGI

All else being equal:

» thegreater the tonnage of coal produced, the greater the fugitive emissions,
and;

» thegreater the share of total production that comes from the more intensive
modes of mining (Underground Class A in particular), the greater the
emissions-intensity and hence the greater the emissions for the same
tonnage.

Assuming that mining methods and gas draining practices will not change
substantially in the future, then projecting the tonnage produced, the mode of
production and to alesser extent the state of production (for open cut mines)
will mathematically determine the projection of the quantity of fugitive
emissions.

Production of black coal increased at 4.3% per annum in the period 1990 to
1998. The latest ABARE projection of energy supply and demand in Australia
contains a projection of net (saleable) coal production to 2015 (ABARE, 1999).
ABARE projects arate of increase of alittle over 2.1% per annum in the period
1998 to 2007, and about 1.5% in the period 2007-15. Thiswould increase the
production of saleable coal from 219.0 Mt in 1997/98 to 298.4 Mt in 2014/15.
Thisis used asthe basis for a“Business as Usual” projection for coal production
to 2020, on the assumption that the ratio of saleable to raw coal is0.8, asit has
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been since the 1970s. Rates of change above and below thisBAU trend line are
also tested.

Figure4 Fugitive methane emissionsrelated to coal production (kg methane per
tonne of black coal produced)
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2.3.2 Gassiness of coal measures

At present, the NGGI does not take into account actual changes in the gassiness
of the mines comprising each category of production. The average intensitiesin

able 6|are derived from a small number of CSIRO studies carried out in the
early and mid 1990s.

The NGGI methodology actually anticipates the transition to direct reporting
regimein the following terms:

“No two mines have identical greenhouse gas emission characteristics. The
best possible estimate of fugitive emissions would therefore be based on the
sum of measured emissions from each individual mine. A potentia source of
such data, including in situ coal seam methane content and the concentration
of methane in ventilation exhaust, is the data which many mines already
collect for management purposes. However, these data have not in the past
been reported to any central agency. The coal industry is considering such
program beginning with the 1995 emissions year” (National Greenhouse Gas
Inventory Committee, 1997:17).

On current indications, there is some possibility that direct monitoring could be
at least partialy in place for the 1998 NGGI, which will be compiled in early
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2000. Once thaIEi.IS so, real changes in emissions intensity will begin to show up
in the inventory.

How then might the real methane intensity of coal mined change in the future?
There are several factors at work, some suggesting a decrease in intensity and
some an increase. The main factors are:

1. Share of production by mode: underground mining is on the whole more
methane intensive than open cut mining (although some open cut mines,
especialy in NSW, are more methane-intensive than the least gassy
underground mines);

2. Within each mode of production, the share likely to come from the more
gassy coal regions. Deslandes (1999) compared the coal seam methane
intensity of minesin the four major black coa basins. Minesin the southern
coalfield of NSW (around Wollongong) are by far the most gassy. The
Newcastle coalfield is the next mostEPassy, followed by the Hunter and then
the Bowen (Queensland) coalfields.

3. Within existing mines, the change in emissions profile over time: as deeper
seams are worked, gassiness tends to increase.

4. The pattern of mine development and closure. On the one hand, mines which
become dangerously gassy will be unproductive and will be closed. On the
other hand, new underground mining areas will be deeper (hence more gas).
Also, companies will have better technology to manage the gas, and possibly
greater incentives to extract waste gas for electricity generation purposes.
Hence a higher gross emission value may be more acceptable than it is now.

Figure 5 illustrates the share of gassy coal production for the three latest years
that comes from three main groups. underground coal (weighted average of 8.7
kg CH4 per tonne in 1998), NSW open cut (2.2 kg CH,4 per tonne) and
Queensland open cut (0.8 kg CH, per tonne). The capacity of new projects
listed by ABARE (1999) has also been analysed. The total tonnage represented
in these projects is about 72 Mt per year, or about 26% of the output of these
three groups of minesin 1999. These data suggest that the underground share
of production would remain more or less constant, and the share of open cut
production would shift to NSW, which is a more gassy region than Queensland.
On this basis, the average methane intensity of all coal production would tend to
increase slightly, assuming that the methane intensity of each group
(underground, NSW and Queensland open cut) remained more or less constant.

2|t is noted that while compiling emissions data many mines tend to report emissions by
volume, and various density values for methane, ranging from 0.616 to 0.714 kg/m®, have been
used to convert to mass. This density value needs to be standardised to minimise accounting
errors.)

¥ NSW also contains two other regions: the Gunnedah region north of the Hunter, and the
Western to the west of the Hunter. Deslandes (1999) does not report data separately for these
regions, and it is assumed that they are similar to the Hunter in gassiness.
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The location of projected underground mining capacity by region illustrated in
Figure 6 suggests a further shift in the share of underground production from the
most to the least gassy regions. All else being equal, this would lead to a major
reduction in the weighted average methane-intensity of underground coal
production.

To sum up, the data suggest:

* A wesak trend to increasing methane intensity due to a projected risein the
NSW share of open cut mining production;

e A stronger trend to reducing methane intensity due to a projected shift in
underground coal production to the less gassy coafields;

« A trend to increasing methane intensity due to the development of deeper
coal measures at new mines and the working of deeper seams at existing
mines.

All in al, it would be reasonable to assume a constant methane-intensity under

business as usual, but to examine the impacts of both small increases and small
decreases in average intensity.

Figure5 Current production and capacity of minesand projects, by mining
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Figure 6 Current production and capacity of mines and projects by region,

underground mines
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2.3.3 Methane capture issues

Three of the authors of the present study recently carried out areview of the
potential in Australiafor reducing waste coal mine gas (WCMG), i.e. fugitive
emissions from coal mines, through two broad groups of options (Energy
Strategies et al 1999):

* “mitigation” projects, where the captured methaneis flared or otherwise
oxidised. The CO, emitted has 1/21 times the Global Warming Potential of
methane, so there is a net reduction of 87% in the CO,-equivalent impact of
the emissions compared with venting;

« “utilisation” projects, where the energy released from oxidation of the
WCMG provides useful heat or generates electricity. The additional
greenhouse benefit of utilisation compared with mitigation alone depends
on the greenhouse gas intensity of the fuel or electricity displaced. The
increase in greenhouse mitigation benefit is of the order of 10% for projects
which pro%me useful heat, and 25-35% for projects which generate
electricity.

There are examples of these approachesin Australia:

* The relationship between methane capture, electricity generation potential and CO, impact isa
complex one, and varies from site to site, and from year to year for the same generation plant,
according to variables such as the need for top-up natural gas. Some typical values are
illustrated in Table 4. For further details, including discussion of costs, see Energy Strategies et
al (1999).
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e Mitigation: WCMG isflared at Shell Australia’ s German Creek colliery in
Queendand;

« Utilisation for electricity: WCMG gas engines generating electricity are
installed at BHP' s Appin and Tower collieriesin NSW. A pipelineto bring
additional WCMG from West Cliff colliery to the Appin gas engines has
recently been constructed;

« Utilisation for heat: a pipeline to feed WCMG from Powercoal’ s Wyee
Colliery to the boiler air intakes at Vales Point power station (owned by
Delta Generation) is under consideration.

Existing projects captured about 100 kt CH,4 in 1998, so reducing fugitive
emissions from mines froE agross value of about 968 kt CH,4 to a net value of
868 kt CH,4 (see Table 5).* The likely capture by projects already operating or
under construction istermed the “BAU generation” scenario (although it also
includes the impact of the German Creek flaring project). Under this scenario,
methane capture increases to about 133 kt/yr in 2000, and then rises gradually to
139 kt/yr by 2020.

There is considerable further potential for WCMG capture beyond the BAU
scenario. Most of thisislikely to involve electricity generation, but heat
utilisation projects and in some cases flaring alone are al'so possible. Energy
Strategies et al (1999) examined two scenarios in detail:

¢ A “medium generation” scenario, in which generation at existing WCMG
projects is expanded, projects currently under investigation are completed
and an additional 400 GWh per annum of WCMG generation is devel oped
by 2012. This gives an additional 770 GWh per annum beyond the BAU
case,

e A "maximum” scenario, which assumes a further 620 GWh per annum of
WCMG generation above the level of the medium scenario, or 1,390 GWh
per annum beyond BAU.

The extent to which this potential is realised will depend on a number of factors,
including the extent of incentives for generation. The “medium” estimate of
new WCMG generation may correspond to a scenario in which electricity prices
arerelatively low, there is amoderate level of incentive for reducing greenhouse
gas emissions, and mitigation options take precedence over utilisation.

The potential for additional methane capture is estimated at about 145 kt CH,4
per annum beyond BAU under the “medium generation” scenario, and 270 kt
CH, per annum beyond BAU under the “maximum generation” scenario.

If the maximum electricity generation potential were taken up, there would be
only limited scope for other mitigation options. WCMG fallsinto the categories
of either MCM or LCM. The mgjority of WCMG emitted is LCM, but at
present there are fewer options for cost-effective capture and use than for MCM.
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Theonly LCM utilisation project currently under consideration is Wyee/Vales
Point.

The main technical options for electricity generation from WCMG are:

1. Gasengines. these are a proven technology and are operating successfully at
Appin and Tower collieries,

2. Lean burn gas turbines: these are readily available and one unit is currently
being installed by EDL at Appin for a 12 month trial operation in 2000;

3. Steam cycle generators powered by regenerative thermal oxidation; and

4. Steam cycle generators powered by catal ytic conversion.

Regenerative thermal oxidation and catal ytic conversion of WCMG on a
commercia scale are currently being demonstrated, but they are still under
development and their costs are uncertain. The major potential advantage of
these technol ogies are that they can operate on a gas mix of up to 90% LCM,
whereas gas engines typically use 90% MCM and turbines 67-75% MCM.
Therefore they represent the possibility of utilising more of the large amounts of
LCM emitted, albeit at a higher cost.

The study concluded that it is unlikely that the conditions that led to the

devel opment of the existing WCMG projects will be repeated, particularly while
electricity prices remain low. It discussed the additional driversthat may be
required to ensure that the projects currently under investigation are
implemented, existing projects operate to their maximum capacity and the
potential for new projectsis realised.

The effects of the “BAU generation”, “medium generation” and “maximum
generation” scenarios from Energy Strategies et a (1999) are included in the
range of projectionsin the present study.

2.3.4 Methodology factors

The fugitive emissions inventory is obviously dependent on how the NGGI is
calculated as well as on actual physical changesin emissions. This section
discusses the source and magnitude of uncertainties in the methodology and
how these could affect the projections.

Estimation of fugitive methane

Underground mines need to continuously monitor the methane concentrations in
the ventilation air and methane drainage system (if installed), so the most

21



accurate way of compiling the inventory of fugitive emissions from
underground minesisfor all minesto report that data. Deslandes (1999) sent
survey formsto all mines, and received replies from mines representing 90% of
Australian raw coal production (317 Mt: brown coa included) . It isnot clear
from Deslandes' (1999) report:

*  Whether al the underground black coal mines responded, and what
proportion of total underground production the reporting mines represented;

»  Of those that responded, which ones reported actual monitored data, and
which ones reported an estimated value or reliedérn the default methane
emissions factors provided by Deslandes (1999).

Thetotal fugitive emissions reported by Deslandes (1999) for the mines
surveyed was 16.3 Mt CO,-g, of which 73/77 (15.45 Mt CO,-e) was methane
and the rest (0.85 Mt) was carbon dioxide. This givestotal CH, emissions of
15,450/21 = 736 kt, compared with the NGGI estimate for 1998 of 868 k.
However, Deslandes’ (1999) estimate does not cover all of production, and
appears to exclude post-mining emissions (about 30 kt CH,). If put on a
completely comparable basis, the estimates may well be close. However, this
cannot be confirmed without further research. For the time being, this aspect of
the methodology is subject to uncertainty.

The uncertainty regarding fugitive emissions from underground minesis likely
to be reduced through direct reporting. However, the emissions from open cut
mines, which are estimated to account for over one quarter of gross methane
emissions, are difficult to monitor continuously. The NGGI estimates will
continue to rely on the formulae derived from previous research projects, and
reducing the uncertainty will depend on the rate of further research.

Inclusion of fugitive carbon dioxide

Fugitive carbon dioxide from coal seam gasis not at present included in the
NGGI. There appears to be sufficient basis for now including it. The method
proposed earlier relies on two uncertain values: the tonnage of methane seam
gas emitted (as calculated using the NGGI methodology) and the concentration
of CO; in the vented seam gas. This gave an estimate of 490 kt CO, for
underground mines. Deslandes (1999) reports an estimate of 850 kt for all
mines (possibly including some contribution from emissions due to flaring and
utilisation of methane).

Therefore if CO, from coal seam gasis added to the fugitive inventory, the
impact on the NGGI could be in the range of 0.5 to 0.8 Mt CO»-e.

® For underground Class A mines Deslandes (1999) gave a default factor of as 2.3 kg CH,/tonne. Itis
thought that the factor should have been higher by a factor of six, which would bring it much closer to
the 17.2 kg/tonne derived from the NGGI. Use of the default factor would have led to under-reporting,
but since the great majority of the emissions were directly reported, any under-reporting would be
limited.
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Spontaneous combustion and slow oxidation

These factors are subject to a high degree of uncertainty. Asdiscussed above, if
included in the fugitive inventory the impact on the NGGI could be about 0.5
Mt CO,-e. Reducing the uncertainty will depend on the rate of further research.

Abandoned mines

When measuring emissions from open cut mines in the Hunter Valley in 1991,
Williams et a (1993) made an indirect measurement of gas from a recently
abandoned underground mine. This mine appeared to be emitting a rate of
about 44 kt CH,4 per annum, or about 0.9 Mt CO,-e from this one mine alone.

The emissions from this or other abandoned mines are not included in the
inventory, because of lack of direct emissions data and the uncertainty of the
persistence of emissions over time. Thisisin line with current overseas
practice, including in the USA. However, some emissions from abandoned
mines could be indirectly added to the NGGI. One methane capture project
currently under consideration may capture more methane than is being reported
from the working mine where it is to be located, because it will draw on
methane from abandoned mines adjacent to the working mine, and so
effectively add to the NGGI aclass of emissions that is not at present included.
This additional amount will be the difference between the current monitored
amount and the amount to be captured, so it remains uncertain.

2.3.5 Emission projections

The following projections assume that mining methods and gas draining
practices will not change substantially, that pre-mining drainage, such as
extraction of coal bed methane from surface holes, will not be introduced on a
large scale and that novel mining techniques that may result in less fugitive
emissions, such as highwall mining, will not be widely adopted.

Three main projection scenarios for fugitive methane emissions from coal
mining have been devel oped:

« A MIDPOINT emissions projection comprising BAU coal production
growth (see Figure 9), no change in the average methane-intensity of any of
the coal regions (see Figure 10), and readlisation of the “medium generation”
scenario for methane capture;

* A HIGHEST emissions projection comprising higher than BAU growth in
coa production, an increase in the average methane intensity of the coal
regions, and realisation of the “BAU generation” scenario for methane
capture (i.e. existing projects only);

A LOWEST emissions projection comprising lower than BAU growth in
coa production, adecline in the average methane intensity of the coal
regions, and realisation of the “maximum generation” scenario for methane
capture.
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Figure 7 illustrates that in the BAU production scenario, production increases at
amuch lower rate than in the recent past. Thisis so even for the highest
production scenario. Figure 8 illustrates how the main coal regions and modes
of mining would contribute to total black coal production.

These three scenarios areillustrated in Figure 11. Several combinations of
production growth, methane intensity change and methane capture rates are
illustrated. The three main scenarios are indicated with arrow-heads. Some of
the key features are summarised in Table 7. In the Midpoint scenario, the rate
of development of methane capture projects keeps pace with production
increases until 2010. In the Lowest scenario, the absolute level of emissionsin
2020 is still 7% lower than in 1990.

Table7 Summary of projection scenarios

Scenarios 1990 2010 Mt 2020 Mt Change, 1990-2020
Mt COre| COy e COre | MtCOse| %
Highest 16.8 231 28.9 12.1 72%
Midpoint 16.8 18.1 21.3 4.5 27%
L owest 16.8 13.8 15.6 -1.2 -7%
Highest cf 0 5.0 (+28%) 7.6 (+36%)
Midpoint
L owest cf 0 -4.3(-24%) - 5.7 (-27%)
Midpoint
Maximum range 0 9.3 13.3
Figure7 Historical and projected rates of changein black coal production,
1990-2020
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Figure 8 Historical and projected coal production from main regions,

1990-2020
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Figure10 Methaneintensity scenariosfor black coal, 1990-2020
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EMISSIONS FROM OIL AND GAS

Inventory-wide contribution

Oil and gas related activities are amajor source of greenhouse gas emissions,
falling into two major categories:

» combustion emissions, comprising CO, with trace quantities of other
GHGs, mainly associated with energy used in the processing of crude oil
and raw natural gas; and

» fugitive emissions, comprising CO, and methane, plus trace quantities of
nitrogen, derived from awide variety of sources and emission processes.

The major sources of combustion emissions, with quantities taken from the

1997 NGGl, are shown in

Table 8 Combustion related emissions associated with oil and gas
production and processing, 1997 (Gg)

Sour cefactivity Greenhouse Gas

CO, | CH, | N, O | COye
Petroleum refining 6,392 0.10 0.05 6,410
Qil and gas production and 6,788 0.96 0.01 6,811
field processing
Gas transmission 437 0.07 0.00 438
Gas distribution 134 0.02 0.00 134
Total 13,751 1.15 0.06 13,793

It can be seen that petroleum refining and gas processing are by far the largest
sources of emissions. Oil refineries use energy to distil crude oil and for the
various chemical processes required to produce petroleum products which meet
market specifications in terms of octane number, cetane number, sulfur content
etc. Thelargest user of gas processing energy is the North West shelf
liquefaction plant, where LNG is produced for export. However, other plants
which separate raw natural gas into its various components and supply gas to
market specifications, located adjacent to the Gippsland, Cooper Basin and
other gas fields supplying the domestic market, also use substantial quantities of
energy.

The NGGI does not separately account for emissions arising from the use of
energy in the transportation of crude oil and petroleum products. These
emissions are included in the national totals of emissions from the various
transport modes, with the exception of emissions associated with international
transport of crude oil, which are unallocated to any national inventory. The
emission sources which are included in the national inventory are domestic
shipment of crude oil (mostly by sea and pipeline, plus a small amount of rail
and road) and distribution of petroleum products (by sea, pipeline, rail and road,
all in significant volumes).



The sources of fugitive emissions, with quantities taken from the 1997 NGGl,

are shown in

Table9 Fugitive emissions associated with oil and gas production and
processing, 1997 (Gg)

Sour ce/Activity Greenhouse Gas

CO, CH, | N)O CO,-e
Exploration 8 01 0.0 10
Crude ail production 0 0.3 0.0 6
Crude ail transport (domestic) 0 0.3 0.0 6
Crude ail refining and storage 222 0.6 0.0 235
Petroleum product distribution * 0 0.0 0.0 0
Natural gas production and 0 2.0 0.0 42
processing
Gas transmission 0 49 0.0 103
Gas distribution 9 165.2 0.0 3,478
Venting 2,570 125.6 0.0 5,208
Flaring 2,724 334 0.1 3,456
Total 5,533 332.3 0.1 12,542
Total in Gg CO,-e 5,533 6,978 31

*NOTE: Fugitive emissions from this source comprise only indirect greenhouse gases (NMVOCs)

3.2

It can be seen that four sources, venting, flaring, gas distribution and oil
refining, account for the great bulk of the fugitive emissions from the oil and
gasindustries. It can also be seen that, in terms of CO,-e emissions, CO, and
methane make roughly equal contributions.

Most of the various sources of methane emissions are very diffuse —in the main
leaks from pipelines systems. Consequently, there are no opportunities to
mitigate methane emissions by oxidation, whether by controlled combustion to
extract useful energy or by flaring.

Venting from oil and gas production facilities

Venting of both CO, and methane currently occur in Australia. We consider
them separately.

3.2.1 Venting of carbon dioxide

All raw natural gas, i.e. natural gas as it comes out of the ground, is a mixture of
gases. While methane (CH,) isthe major component, ethane (C,Hg) is usualy
also present. Many gasfields also contain higher hydrocarbons, such as
propane, butane, pentane etc., which are either liquid at atmospheric pressure, or
can be liquefied under relatively low pressures. These are collectively termed
natural gasliquids. Natural gas processing largely involves separating the
stream of raw gas into its various hydrocarbon constituents, each of which has a
different market. Sales gas consists largely of methane and, if no higher value

29



market as a petrochemical feedstock can be found, ethane also. Only trace
amounts of the heavier hydrocarbons are included.

Typically, raw gas aso contains non-hydrocarbon components, the most
common of which are CO, and nitrogen. Nitrogen is normally present in
relatively small concentrations and is|eft in the sales gas. However, some gas
fields contain quite high concentrations of CO,. For technical reasons related to
its performance as a fuel, there is an upper limit on the acceptable concentration
of CO; in sales gas, which is normally around 2% by volume (equivalent to 2%
on amolecular basisfor aperfect gas). Where gas fields contain much more
CO; than this, the gas must either be mixed with gas from other fields having
very low CO, concentrations, to achieve the acceptable limit, or, if thisis not
possible, stripped out of the raw gas at the processing plant, using one of a
several available processes referred to as acid gas stripping (other acid gases,
notably H,S, sometimes present in small quantities, must also be removed). The
stripped CO, is normally vented to the atmosphere, and this is the major source
of vented CO..

Where natural gasis being liquefied, for export as LNG, the upper limit on
acceptable CO, concentration is much lower than 1.0%, mainly because of
technical constraintsin the liquefaction process. Stripping and venting therefore
occurs at most liquefaction plants.

Obvioudly, whether CO, venting occurs at all at a natural gas processing plant
and, if it does, the quantity of CO, vented, will depend on the concentration of
CO; inthe raw gas stream being processed. In Australia, asin other natural gas
producing countries, raw gas concentrations of CO, vary between gas fields
acrossawiderange. There can be no sound basis for assuming any particular
average concentration on anational basis. For this reason, the NGGI figures for
this emission source are derived from the annual survey of its member
companies conducted by the Australian Petroleum Production and Exploration
Association (APPEA, 1997). For the same reasons, emissions can only be
projected on afield by field, or project by project basis, where the data needed
to do this are available.

We analyse and project emissions from sources of vented CO, under four main
groupings: the North West Shelf, the Cooper-Eromanga Basin fields, other gas
fields supplying markets in southern and eastern Australia, and potential new
LNG projects.

North West Shelf
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The North West Shelf plant is currently one of the two main sources of vented
CO,, the other being the Moomba plant (see below). Venting also occurs at
some small fields in the south east of SA, but because production from theseis
so small, the emissions can be ignored for the purposes of this study,
notwithstanding the high rates of emission, in terms of tonnes per GJ produced.
Data on the quantities of CO, vented from the North West Shelf each year are



not available. We have therefore derived an approximate estimate using other
data, as follows.

e Assume that the CO, content raw North West Shelf gasis 2.5% on a
volume or molecular basis. According to Felton et a. (1993), raw gas from
one North Rankin well, one of the major field forming part of the project,
has a CO, content of 3.5% on avolume or molecular basis. However, itis
understood that other wells and other fields in the project have somewhat
lower CO, concentrations, and hence the value of 2.5% has been assumed.

e Assumethat all CO; isstripped and vented from that fraction of North West
Shelf production which isliquefied and exported, i.e. CO, content of LNG
iszero. Combining this assumption with the above percentage CO, content
of raw gas yields a venting rate of approximately 0.07 tonne CO, per tonne
of LNG produced.

e Assumethat no CO; is stripped from that fraction of North West Shelf
production which is supplied to the domestic WA market, i.e. al venting is
linked to the production of LNG.

» Assumethat the existing liquefaction plant will continue to operate at the
current rate of 7.5 Mt per year throughout the projection period and that the
rate of venting will also remain constant over the period.

These assumptions apply for each of the projection scenarios described below.

Cooper/Eromanga Basin

The other major source of vented CO, in southern and eastern Australia at
present is the Moomba plant, which processes gas from the fields of the Cooper
and Eromanga Basins for supply to NSW and SA. This gas producing region
contains alarge number of medium to small size fields, some of which contain
high concentrations of CO,. The mix of fields from which gasis being
produced changes over time, as some fields are depleted and others are
discovered. This means that the rate at which CO, is vented also changes over
time, depending on the CO, content of the mix of producing fields at the time.

Data on the quantities of CO, vented from Moomba each year are not available.
We have therefore derived an approximate estimate using other data, as follows.

» Assume that Moomba and the North West Shelf are the only sources of
vented CO..

* Assumethat CO, isvented from the North West Shelf at the rate of 0.07
tonne CO, per tonne of LNG produced (as explained above).

» Assume that gas supplied from Moombais equal to the sum of all gas
consumed in NSW and SA.

CO, vented from Moomba is then calculated as the difference between total
venting and the estimated venting from the North West Shelf. When the
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quantity vented is related to gas produced, year by year from 1991 to 1997, it is
found that the ratio varies between 8.7 and 9.4 kt CO,/PJ of gas produced.

Other gas fields in southern and eastern Australia

It is assumed that thereis currently no significant CO, venting from any of the
other gas fields supplying markets in southern and eastern Australia, and that
thiswill remain the case throughout the period covered by this study, with the
single exception of the Kipper gasfield in the Gippsland Basin. This as yet
undeveloped field has a CO, content of approximately 10.4% on a molecular
basis (Victorian Department of Natural Resources and Environment, pers.
comm.). We assume that this equates to 6 kt CO, per PJ of gas produced. (This
figureis somewhat dependent on the assumptions made about the content of
higher hydrocarbons, nitrogen and other minor constituents of raw gas.) If itis
also assumed that content would be reduced to approximately 1 kt per PJ, to
meet quality standards for sales gas, then the venting rate would be
approximately 5 kt per PJ.

Reserves of gasin Kipper have been put at 600 x 10° ft2 (Victorian Department
of Natural Resources and Environment, 1999), which is equivalent to
approximately 17 x 10° m® or 660 PJ.

New projects in northern and western Australia
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A number of large gas fields have been discovered off the coast of north western
Australia, which could be developed, either as export LNG projects or to supply
domestic Australian markets, during the study period. Some of these fields
contain significant concentrations of CO, and, therefore, if developed, could
giveriseto additional venting emissions. Three possible projects are currently
subject to relatively intense design and planning activity: a doubling of capacity
on the North West Shelf, Gorgon, and Bayu Undan. As yet, no decisions have
been made to proceed with any of these projects.

In its projections ABARE has assumed that exports of LNG will grow from 7.5
Mt p.a. (the current level) to 23.5 Mt p.a., an increase of 16 Mt p.a,, over the
period 2005 to 2011. This growth is equivalent to two new projects of 8 Mt p.a.
each (the economically optimal size for remote offshore developments of this
kind). However, ABARE has no view as to which of the potential projects are
the more likely to proceed.

The three projects mentioned above differ in their CO, contents.

Gorgon contains nearly 17% CO, on amolecular basis (Felton et al., 1993). We
assume that any development of Gorgon will be as an export LNG project, and
that therefore all CO, will be stripped. 17% by volume, given the content of
minor constituents, equates to approximately 10 kt/PJ natural gas produced or
500 kt/Mt of LNG produced.



We assume that the gas processed at a second North West Shelf plant will vent
CO; at the same rate as has been assumed for the current plant, i.e. 70 kt/Mt of
LNG.

The Bayu Undan fields, located in the Zone of Cooperation between Australia
and East Timor, contain significant quantities of liquid hydrocarbon, as well as
gas. They aso have avery low concentration of CO,. Current planning isfor a
liquids only development, with gas being reinjected (Phillips Oil, pers. comm.).
If development proceeded on this basis, no CO, would be vented. It would be
anticipated that at alater date the gas reserves would a so be extracted, and if
this devel opment were as LNG, there would probably be some small venting of
CO,. However, it is possible that development of the gas reserves may be
directed towards domestic marketsin the NT, and possibly Queensland, in
which case no CO, would be vented at the processing plant, as there would be
no need to strip CO, to meet the specifications for pipeline quality gas.

3.2.2 Venting of methane

There are severa sources of vented methane (APPEA, 1997):

* methane which is entrained with CO, in the acid gas stripping process and
vented with the CO,. According to inventory data published by APPEA
(1997), the mass of methane vented in this way has consistently averaged
between 1.7% and 1.9% of the mass of vented CO, over recent years, and
has accounted for roughly 40% of total vented methane;

* methane released from compressor seal gas systems;
» other process emissions.

For the purpose of preparing projections, we have analysed methane vented in
association with CO, separately from the other sources.

Acid gas stripping

In preparing projections of emissions from this source the following
assumptions have been made.

» For all existing gas processing plants with acid gas stripping, methane
vented is equal to 1.8% by mass of vented CO, in each projection year, i.e.
from 1998 onward. This assumption impliesthat there are few
opportunities to modify existing acid gas stripping facilities to reduce
methane emissions.

» For acid gas stripping at new gas processing plants, methane vented is equal
to 1.5% by mass of CO, vented from these plants. This assumption allows

for improved performance through technologica improvements in the new
plants.
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All other sources

While in general it would be expected that quantities of methane vented from
other emission sources would be related in avery general way to the total
quantity of gas produced, there are no reasons to expect that any such
relationship would be either smple or stable. Thereisawide variety of
activities which give rise to methane venting, and volumes vented may vary
widely between gas fields, depending on many different design and operating
characteristics of each field. Nevertheless, in the absence of any better meansto
project emissions from this source, the ratio of emissions to total gas production
has been used as a key parameter.

During the last three inventory years this ratio was between 0.067 and 0.065 kt
CH, per PJ natural gas produced, with a gradually declining trend.

3.2.3 Emissions projections
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All vented CO, and most vented methane is released at gas processing plants
where CO; stripping occurs. Volumes vented depend on both the volume of
raw gas which passes through the stripping process and the quantity of CO,
stripped per unit of gas.

Stripping adds to the cost of natural gas, and is only undertaken if itis
technically necessary, either to meet quality specifications for pipeline gas, or to
allow liquefaction. It is currently undertaken, for one or other of these reasons,
for about half the raw gas produced in Australia. It isnot, and cannot be, known
at thistime which individual gas fields will be producing in 2020. It istherefore
not possible to say how much of Australia's raw gas production in that year will
require CO, stripping, or what the volume stripped per unit of gas produced will
be. Itisclear, however, that venting volumes will be determined by:

» primarily, whether or not certain gas fields with high CO, levels are
developed, and

» secondarily by the concentrations of CO, and methane.

We have constructed three projection scenarios which are composites of both
factors. Three points should be noted.

e Themain, though not the only difference between the "High" and the "Low"
scenarios is whether or not certain high CO2 gas fields, notably Gorgon and
Kipper, are developed.

» No scenario assumes any policy intervention to encourage or mandate
emission reductions. However, for reasons which are discussed in Chapter
4, a"with policy" scenario will probably be very similar to the "Low"
scenario specified here.

 Thecentra scenario is described as "Middle" not "BAU", because al three
are consistent with "business as usua" operations of gas industry, with the



primary driver for the differences between scenarios being different price
levelsfor gas, both within Australia and internationaly (for LNG).

The specifications of the three scenarios are as follows.

Middle scenario

Total domestic consumption of natural gas, i.e. production less LNG exports, is
as projected by ABARE up to 2015 and continues to grow at the same linear
rate for the remaining five years.

For gas supplied from Cooper/Eromanga Basin fields, the following
assumptions are used.

» Therate of venting will be 9.0 kt/PJ throughout the period. Thisrateisthe
average of the rate over recent years. Assuming a constant future rate
implies that the mix of high and low CO; fields will remain roughly
constant. In the absence of detailed knowledge about the size and CO,
content of each field, and of Santos development plans for the Basin as a
whole, there is no way to assess the validity of this assumption or the
probability of it being wrong by any given amount.

* Production of gas from the Cooper Basin equalstotal gas consumption in
NSW and SA, as projected by ABARE, for each year up to and including
2001, and thereafter stays constant at the level for 2001, which is 262.5 PJ,
for the remainder of the study period. This assumption implies that growth
in NSW demand after 2001 will be supplied from either Victorian gasfield,
i.e. Gippsland, which has larger reserves than the Cooper Basin, or from
new sources, such as coal seam methane.

For gas produced from the Kipper field, production at arate of 30 PJ p.a. starts
in 2010, and CO; is stripped and vented at arate of 5 kt/PJ.

Two new LNG projects are devel oped according to the timetable implied by the
ABARE projections, with the second North West Shelf plant being the first, and
Gorgon the second.

Development of Bayu-Undan emits no vented CO..

For methane vented in association with acid gas stripping, methane vented from
existing plantsis 1.8% by mass of vented CO,, and for new plantsis 1.5%.

For other sources of vented methane, the ratio of methane emitted to gas
produced is 0.065 kt/PJin 1998 and falls by 0.5% per year in each subsequent
year.

High scenario

Growth in total domestic gas consumption is 25% higher than in the "Middle"
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scenario.

For Cooper/Eromanga Basin gas, production continues to rise steadily from
2001, reaching alevel in 2020 which is 25% higher than in the Middle case,
while the ratio of emissions to production remains unchanged at 9.0 kt/PJ.

For Kipper, production at arate of 50 PJ p.a. startsin 2005, and CO;, is stripped
and vented at arate of 5 kt/PJ.

For new LNG projects, the second new project, assumed to be Gorgon, is
brought forward by three years compared with the Middle scenario, so that both
new projects start in 2005 and reach full capacity by 2008. An LNG project
using Bayu Undan gas starts production in 2016 with emissions of 20 kt/Mt
LNG.

For methane vented in association with acid gas stripping, the same assumptions
are used asin the Middle case.

For other sources of vented methane, the ratio of methane emitted to gas
produced stays constant for the whole projection period.

Low scenario

Growth in total domestic gas consumption is 25% lower than in the "Middle"
scenario.

For Cooper/Eromanga Basin gas, production falls steadily from 2001 on,
reaching alevel in 2020 which is 25% lower than in the BAU case, while the
ratio of emissions to production remains unchanged at 9.0 kt/PJ.

Kipper is not developed during the study period.

For new LNG projects, the second North West Shelf project is developed asin
the Middle case, but Gorgon does not proceed.

Development of Bayu-Undan emits no vented CO..

For methane vented in association with acid gas stripping, the same assumptions
are used asin the Middle case.

For other sources of vented methane, the ratio of methane emitted to gas

produced is 0.065 kt/PJin 1998 and falls by 0.8% per year in each subsequent
year.

Scenario results
The three natural gas production and consumption scenarios described above are

shown in Figure 12. Domestic consumption and LNG exports are shown
separately.
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Figure 12: Actual and projected production, domestic consumption, exports and
total production of natural gas, 1990-2020
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Total vented CO, emissions are calculated as the sum of emissions from all the
fields and projects discussed. The three projections are shown in Figure 13.

Figure 13: Actual and projected emissions of vented CO,, 1990-2020
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Total vented methane emissions are cal cul ated as the sum of emissions from the
two source categories discussed above. The three projections are shown in
Figure 14.

Figure 14: Actual and projected emissions of vented methane, 1990-2020
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It is not possible to attach probability distributions to these projections, for the
following reasons.

» Thelargest source of uncertainty is whether particular projects will, or will
not, be developed. Major investment decisions of this kind are determined
in part by objective factors, such as product prices, some of which can be
known afew years ahead, though not with great certainty. However,
investment decisions are also affected by a host of quite unknown and
unpredictable factors, relating to corporate strategies and the like.

* Asexplained, thereisvirtually no information available in the public
domain relating to other important factors, such asfield by field CO,
concentrations in Cooper/Eromanga Basin gas fields.

3.2.7 Options for emission reduction
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The principle option for reducing venting emissionsis reinjection of CO; into
suitable underground geological formations, which may include the producing
reservoirs themselves, adjacent depleted reservoirs, or other, non-hydrocarbon
bearing formations. Under some circumstances, CO; reinjection may be used as
atechnigue for maintaining reservoir pressure and hence production rates of ail,
in which case it would be undertaken for straightforward commercial reasons..



3.3

In the great majority of cases, however, thereis no commercial rationale for
reinjecting CO,. There are substantial fixed costs associated with reinjection,
which means that it affords economies of scale. Thusfor any given
development, reinjection of CO2 would be an essentially all or none activity: if
it is undertaken, then virtually al stripped CO2 would be reinjected. This
means that, in terms of the emissions projection scenarios developed in this
Section, reinjection of CO2 for any project would be equivalent to the project
not proceeding.

Reinjection of CO, isarelatively costly process. We have been advised that
overseas experience suggests that the cost may lie between A$15 and A$30 per
tonne of CO,, assuming that CO; has to be stripped for LNG operations, i.e.
excluding the cost of stripping itself (P. Cook, Australian Petroleum CRC, pers.
comm.). A recent Dutch study of the cost of sequestering CO, in depleted gas
fields estimates a cost of NLG20-22 per tonne of CO, for injection and storage
in offshore fields, equivalent to around A$15-16 per tonne (Netherlands
Institute for Applied Geoscience TNO, 1999).

None of the three scenarios we have developed assume that reinjection would be
undertaken. Governments could, if they wish, mandate the reinjection of CO2
for any petroleum development, but would need to consider whether this was
the most cost effective way to reduce national GHG emissions. We return to
this point in Chapter 4.

Flaring from oil and gas production facilities

Broadly speaking, flaring at oil and gas production facilitiesis associated with
two different types of activity.

» Atevery production and processing facility small quantities of volatile
hydrocarbons arise as waste streams from various activities, flaring is the
standard safe way of disposing of these waste hydrocarbon streams.

« Someoil fields with associated gas are developed for oil production only. If
it is decided not to reinject the associated gas (for cost or other reasons) and
if economically feasible opportunities to develop the gas resource are not
available (because the gas resource istoo small or too remotely located),
then the gasisflared. Around the world, flaring under such circumstances
isamajor source of fugitive emissions, e.g. from oilfieldsin Nigeria and
some Persian Gulf countries. In Australiait occurs at some small offshore
oil fieldsin WA.

Flaring gives rise mainly to emissions of CO,. Small quantities of methane are
also emitted as aresult of incomplete combustion.

No data are available to allow flaring from these two source categoriesto be
separately identified. It istherefore very difficult to postulate any plausible
relationship between production of either oil or gas and the level of flaring
emissions. While it might be supposed that emissions in the first category could
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be related, in approximate terms, to the levels of either gas, or gas plus ail,
production, that is certainly not the case with the second category of emissions,
which come from a small number of individual fields. Itisentirely possible that
many of the oil fields which could be sources of flaring in the later part of the
study period have not yet even been discovered.

It isrelevant that the WA Government is strongly encouraging oil producing
companies not to flare associated gas, but to reinject instead. 1n general terms,
the industry is committed to reduce fugitive emissions by reducing the quantity
of hydrocarbonsflared. Nevertheless, there may be future oil developments
which involveflaring. It isalso important to note that ABARE projections
show Australian crude oil production staying roughly constant over the study
period.

We have used the following assumptions in constructing the three cases for CO,
emissions.

» For the Middle case, CO, emissions from flaring fall by 2% per year from
the 1997 level.

» For the High case, CO, emissions from flaring fall by 1.5% per year from
the 1997 level.

» For the Low case, CO, emissions from flaring fall by 2.5% per year from
the 1997 level.

For the reasons explained above, these assumptions are essentially arbitrary.
They assume a policy environment of general awareness about greenhouse gas
emissions, but no specific policy measures, such as a requirement to reinject
associated gas.

Emissions of methane are related to those of CO, by the ratio of their respective
emission factors. Theratio of 0.0127 t CH,4 per tonne of CO; isthe figure used
in compiling the NGGI (National Greenhouse Gas Inventory Committee, 1996)
and has been used for these projections. This means that CO, accounts for 79%
of total emissions on a CO,-€e basis.

Total emissions from flaring at oil and gas production and processing facilities
are shown in Figure 15 on a CO,-e basis.

Reinjection of unwanted methane into suitable reservoir formations is the most
effective way of reducing flaring emissions. Methane reinjection is often
undertaken for commercial reasons. In many oil and gas fields, where the field
production rates of oil and gas yields volumes of gas in excess of available
market demand, methane is reinjected as a means of storing it for later re-
extraction and sale. Methane reinjection is also used as a means of maintaining
reservoir pressure and oil production rates.

If there isno commercial justification for reinjection, governments could, asin
the case, make reinjection mandatory for oil field developers who were
otherwise planning to flare. The policy issues are explored further in Chapter 4.



Figure15: Actual and projected total emissionsfrom flaring at oil and gas
production and processing facilities, 1991-2020
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Reinjection for later extraction is often undertaken as a means of storing gas for
later extraction, in developments where the rate of production is set by the
demand for liquid hydrocarbons.

3.4 Crude oil refining and storage

Flaring at oil refineriesis a source of CO, and methane. The reasons for flaring
are essentially the same as at oil and gas production and processing facilities,
viz. safe disposal of hydrocarbon waste streams. Qil refineries are also a
significant source of volatile hydrocarbon emissions (NMVOCs). However,
since these are not direct greenhouse gases, they are not included in this study.

Emissions from flaring have decreased in the last few years, as oil refineries
have invested to improve the efficiency of their operations and reduce
greenhouse gas emissions. Aside from the effect of such improvementsin
technology, quantities flared are, in broad terms, related to the volume of crude
oil processed.

The recent release of the Action Agenda report for the downstream petroleum
industry (Department of Industry, Science and Resources, 1999) has clarified
the likely future of Australian oil refineries. It ismost unlikely that there will be
any major new investment to increase processing capacity; new investment will
be directed towards the production of higher grade products, such as low sulfur
diesal. Indeed, the report confirms speculation, current for some time, that two
of Australia's eight major refineries may be closed over the next two years. The
candidates for closure are Port Stanvac, in SA, and Clyde, in NSW. If they are
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closed, products which they currently supply would for the most part be
supplied by imports from refineries in Singapore and elsewherein Asia, i.e.
there would be little change in the total capacity of the remaining six refineries.
These two refineries account for approximately 20% of current Australian
refinery capacity.

The following assumptions have therefore been used in constructing the three
cases:

* Emissions of CO, fall from 222 kt in 1997 to 200 kt in 1998, reflecting
further efficiency gains, and then remain at that level up to 2002 under all
three cases,

* Inthe Middle case, emissions then fall to 160 kt by 2004, implying closure
of Port Stanvac and Clyde, with no change to operations at the remaining
refineries,

* Inthe High case emissions stay at 200 kt for the whole study period,;

* Inthe Low case emissionsfall to 140 kt by 2004, implying both closures
and some further efficiency improvements at the remaining refineries.

Emissions of methane are related to those of CO; by the ratio of their respective
emission factors. Theratio of 0.0025 t CH, per tonne of CO; isthe figure used
in compiling the NGGI (National Greenhouse Gas Inventory Committee, 1996)
and has been used for these projections. This means that CO, accounts for 95%
of total emissions on a CO,-e basis. Note that thisis significantly lower than the
ratio for flaring at gas processing facilities, because in the latter case methaneis
the main hydrocarbon flared, whereas at refineries higher hydrocarbons account
for most of the flare stream, and emissions of unburnt methane are consequently
lower.

Emissions of CO, from flaring at oil refineries are shown in Figure 16.

Figure 16: Actual and projected total emissionsfrom flaring at oil refineries,

1990-2020
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3.5 Gas distribution

3.5.1 Estimating methane emissions

Most of the gas lost from gas distribution systemsis by way of leakage from the
low pressure network. The amount of |eakage depends on the number and
condition of jointsin the pipes, and the operating pressures. Leakage from the
high pressure and trunk mainsis negligible. The pipes are welded steel, so
flanged joints are typically only at valves and compressors. Pressures are so
high that any leaks that might occur are obvious, dangerous and quickly
attended.

According to Hutchinson et al (1993), other causes of fugitive emissions from
gas distribution systems (up to and including the customer meter) are:

» third party damage (eg excavators);

* purging of new mains;

* unburnt gas from gas compressors (if there are any on the distribution
system);

e gaslost to atmosphere on start up and shut down of compressors;
e regulating and relief valves.

There may also be fugitive emissions on the customer’ s side of the meter:
e leaking lines at fittings;
e purging of lines during appliance installation and maintenance;



» leaking appliance valves;

» leakage when intermittently operated appliances (eg cookers) are ignited
and extinguished.

There are no Australian data on emissions from the customer side of the meter.
Emissions from the distributor side of the meter are not measured directly, but
must be based on estimates of unaccounted for gas (UAG). While emissions
account for the mgjority of UAG in Australia (Hutchinson et al, 1993), other
elements include: meter inaccuracies; use of gas within the system itself; theft of
gas; variations in temperature and pressure; and differences between billing
cycles and accounting procedures between companies delivering and receiving
the gas.

The methodology in Workbook 2.1 (National Greenhouse Gas Inventory
Committee, 1997) assumes leakage from utility distribution systemsin each
year is equal to 90% of the amount of UAG that can be calculated from the data
for published for each utility in the Australian Gas Association (AGA) annual
Gas Satistics Australia.  The 0.9 ratio of leakage to UAG is somewhat higher
than estimates from industry studies. 80% (Dixon, 1990) and 70-80%
(Hutchinson et al, 1993). The higher ratio adopted in Workbook 2.1 (National
Greenhouse Gas Inventory Committee, 1997) was intended to make some
allowance for the additional emissions from the customers' side of the meter,
which were not covered in the two studies. The methodology takes into account
the composition of each utility’s pipeline gas, which varies slightly from year to
year. While small quantities of CO, and NMV OCs are aso vented, methane
accounts for over 99.7% of the greenhouse impact of natural gas leakage from
the distribution system. The 1997 NGGI reports 165.2 Gg CH4 and 9.4 kt CO,,
making atotal of about 3.5 Mt CO,-e.

Figure 17 illustrates the trend in leakage from 1988 to 1998, calculated using the

NGGI methodology. It aso plots leakage estimates published from time to time
by individua utilities and the AGA.

Figure 17 Estimated leakage from gasdistribution by State, 1988 - 1998
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In 1996 the AGA published an estimate of national distribution leakage based
on information provided by AGA member companies which supply 97% of all
gasissued by distributors in Australia. The AGA (1996) estimate was 99.1 kt
CH,, compared with 136.5 kt CH, estimated for 1996 using the NGGiI
methodology. Thiswould imply that |eakage was 65% of UAG in that year,
rather than 90% as assumed in the NGGI.

However, single year estimates should be treated with caution, since the non-
leakage components of UAG can change considerably from year to year. A
change to a new computer billing system, for example, can shift UAG from one
financial year to another. Trends are more reliable: if afuture AGA survey also
returns alower leakage estimate, then the NGGI methodol ogy should by
adjusted — keeping in mind that some allowance should still be made for losses
on the customer side of the meter. However, it may be more appropriate to base
the latter element on either a percentage of consumption by residential and
commercia customers, or on the number of customers or appliances.

Figure 17 illustrates the trends for the distribution systemsin each State. The
marked reduction in NSW + ACT leakage is due largely to the “ Goldline”
project: the relining with nylon pipe of the entire Sydney low-pressure
distribution system, some of which is now over 150 yearsold. The Australian
Gas Light Company (AGL) has from time to time published leakage estimates
for Sydney and for NSW as awhole in its Greenhouse Challenge reports. These
points are plotted on Figure 17. The AGL trend corresponds reasonably well
with the value estimated in the NGGI. The Sydney relining project was
completed in the mid 1990s. Another old system in Newcastle is also being
relined, but after that no further gains are expected. AGL Canberrahas a
relatively new system laid in nylon from the start, so leakage is already
minimal.

The trends for the other States are more difficult to relate to known physical
changes. There have been no large scale rehabilitation projects comparable to
“Goldline” in other States. The marked increase for Victoria between 1994 and
1995 is due to a change in UAG data collection methodol ogy, which introduced
adiscontinuity in the series. There was an unexplained jump in South
Australian UAG in 1998, which islikely to have been due to accounting or
meter-reading factors rather than physical changes, but this will not be known
until new data become available for subsequent years.

Given the variability of UAG from year to year, it may be advisable to revise
the NGGI methodology to report distribution system leakage as a 3 year moving
average (see difference between Figure 18 and Figure 19).

3.5.2 Projections of methane emissions

Distribution system leakage is largely independent of throughput, so projections
of gas consumption are not a useful indicator of likely rendsin leakage.
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FigureL7 shows that now that the NSW system has been rehabilitated, the
Victorian distribution system is the largest single contributor to national fugitive
emissions (assuming that the 1998 value for SA is an aberration).

It isnot likely that a comprehensive project such as “Goldline” would be
economic in Victoria. The revenue impact of losses on Victorian gas utilitiesis
far lower than on AGL. It isestimated that prior to Goldline, AGL was losing
over 8% of the gasit purchased from its suppliers, and after Goldlineit isdown
to about 2%. For Victoria, it isaready 2% (although the absolute losses are
now higher than in NSW, sales are also higher, so the ratio of leakageto salesis
similar). Furthermore, the wholesale price for natural gas paid by the
distributors to the producers has historically been much lower in Victoriathanin
NSW, further undermining the economic incentive for rehabilitation.

Wholesale gas prices are likely to rise in the future, but whether thiswould be
sufficient to increase rehabilitation activity in the States with the older
distribution systems (Victoriaand SA) remains to be seen.

Given that there appears to be no further imperative for large scale
rehabilitation, the Business as Usual projection assumes a gradual increasein
leakage as the distribution systems age. (It isalso assumed that SA returnsto
the longer term trend line after 1998). The projection isillustrated in Figure 18
(unsmoothed) and 19 (smoothed).

The NGGI estimate for fugitive emissions from gas distribution was 165.2 kt

CH, (3.47 Mt COs-€). Itisprojected that thiswill rise by about 5% to about
174 kt CH4 (3.65 Mt CO»-e) by 2020 in the BAU case.

Figure 18 Historical and projected gasdistribution leakage, 1990 — 2020
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Figure 19 Historical and projected gasdistribution leakage, 1990 — 2020

(Smoothed — 3 year moving aver age)

Gg CH4 leakage per annum

200

=
©
o

|

=
[o2]
o

\\

=
a
[S

=
N
o

—— Australia

—=Vic

100

o]
o

—>-SA

——Qld

D
o

A
S

——NSW+ACT

20

—— WA

1990
1992

1994

1996

—o—NT

1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018
2020

a7



Figure 20 Historical and projected gasdistribution leakage, as a per centage of

gas consumption 1990 — 2020 (leakage smoothed — 3 year moving aver age)
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Figure 20 expresses |eakage as a percentage of the gas sent out into the
distribution networks. ABARE (1999) projects natural gas consumption in
Australiato double, from 639 PJin 1997 to 1248 PJ by 2015. Therefore, if gas
leakage increased by 5% the leaked share of gas sent out would decline from
more than 2% in 1990 to well below 1% in 2015. Note that leakage as a
percentage of gas sent out is calculated after leakage is estimated: thereis no
necessary relationship between gas issues and |eakage rates.

Figure 21 illustrates three scenarios for methane leakage from natural gas
distribution (expressed as Mt CO,-€). The High scenario has been set arbitrarily
at 15% above the BAU scenario. The Low scenario set at 70% of the BAU
value, in effect represents the uncertainty associated with the methodology: if
future surveys were to return similar leakage estimates in the AGA’s 1996
survey, and the NGGI methodology were revised accordingly. The range
between the High and Low scenariosin 2020 is about 1.7 Mt CO,-e. Even
under the High scenario emissions in 2020 would be little higher than in 1990,
because of the large reduction in leakage in the early 1990s due to the
“Goldline” rehabilitation project.




Figure 21 Projected emissionsfrom natural gasdistribution, 1990-2020
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Table 10 Summary of projection scenarios
Scenarios 1990 2010 Mt 2020 Mt Change, 1990-2020
Mt COz-e COz-e COz-e Mt %
CO,-e

Highest 4.1 38 4.2 0.1 2%
BAU 4.1 33 3.6 -05 -11%
Lowest @ 2.9 2.3 25 0.3 -12%
Highest cf Midpoint 0 0.5(+14%) 0.6 (+15%)
Lowest cf Midpoint 0 -1.0(-30%) - 1.1(-30%)
Maximum range 0 15 17

(a) Thisinvolves a change in methodology, which would also have to applied retrospectively

3.5.3 Carbon dioxide emissions "at the burner tip"

Raw natural gas, typically contains CO,, in addition to methane and other
hydrocarbons. Complete removal of CO, isacostly and relatively energy
intensive process, and it is technically acceptable for pipeline gas to contain
small concentrations of CO,. For Australia as a whole, the concentration of
CO; in pipeline gas has averaged about 1.0% on a molecular (or volume) basis
over the past decade or so, being slightly higher in some pipeline systems, and
dlightly lower in others. This CO, isemitted at the burner when the gasis burnt.
Up to now it has not been accounted in the NGGI, but this omission will be
remedied in the 1998 NGGI.

In 1997 the national average concentration was 1.0 Gg/PJ, asit had been for
most of the 1990s. Total emissionsin 1997 were therefore 819 Gg.
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Emissions have been projected by assuming that the concentration will remain
at 1.0% by volume. Emissions will therefore be directly proportional to the
quantity of natural gas consumed in the domestic economy, including gas used
at gas processing plants.

The three domestic gas demand scenarios used to project venting emissions
have been used to project emissions from this source, i.e. for the Middle case,
the ABARE projections of Australian consumption of natural gas, and for the
High and Low cases demand growth from 1997 approximately 25% higher and
25% lower respectively. Projected emissions are shown in Figure 22.

Figure 22: Actual and projected emissions of fugitive CO, from gas
consumption, 1990 to 2020.
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3.6 Other sources of fugitive emissions

3.6.1 Exploration

50

Emissions from petroleum exploration activities are associated with the flaring
of natural gas released in the course of production testing of successful wells.
While emissions will tend to be higher with higher levels of exploration activity,
there is of course no simple relationship between exploration activity and
emissions, since the latter will depend on the outcomes of exploration activity.

Emissions were 10 kt of CO, in 1997. We have assumed emissions of 10 kt in
each year from 1998 to 2020 under all three cases.



3.6.2 Crude oil production

Small quantities of methane are emitted during the loading of crude oil at
production facilities. These emissions have averaged around 0.5 kt p.a. since
1991 and were 0.4 kt in 1997. We have assumed emissions of 0.4 kt in each
year from 1998 to 2020 under all three cases.

3.6.3 Crude oil transport

Further small quantities of methane are emitted during the seaborne transport of
crude oil. These emissions are, in broad terms, proportional to the volume of
crude oil being transported. They have been about 0.3 kt p.a. in recent years
and, having regard to the expected roughly constant level of domestic crude oil
production over the study period, we have assumed this constant level
throughout the study period in all three cases.

3.6.4 Natural gas production and processing (other than venting and
flaring)

Relatively small quantities of methane are emitted as aresult of miscellaneous
leaks in pipe systems at gas production and processing facilities. During recent
years these emissions have ranged from 1.3 to 2.1 kt and averaged about 0.0017
kt per PJ of natural gas produced. We have assumed aratio of 0.0016 kt/PJ
produced for the purpose of projection, and used the three production cases
defined in Section 3.2 above. Thisresultsin emissions from this source roughly
doubling under the Low case and trebling under the High case.

3.6.5 Natural gas transmission

Small quantities of methane escape from gas transmission pipelines, mainly as a
result of blowdowns and other maintenance activities at compressor stations. In
broad terms, the quantity released is proportional to the throughput of the
pipeline system. A factor of 0.007 kt/PJ of gas transported was used for the
NGGI in 1997, and this ratio has been used for projections. The three cases are
defined by the three scenarios of domestic gas consumption, which are defined
in Section 3.2. This sees emissions from this source rise from just under 6 kt in
1997 to nearly 15 kt in 2020 under the BAU case.

3.6.6 Overview of emissions from minor sources

Projected emissions from the minor sources discussed in this Section are shown
in Figure 23 in COz-eterms. Aswill be seen from the discussion, methane
accounts for the overwhelming proportion of these emissions.

51



Figure 23: Actual and projected emissions of fugitive CO, and methane from

minor oil and gasrelated sour ces, 1990 to 2020
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Overview of petroleum (oil and gas) emissions

Figure 23 shows emissions from each of the five main categories or sources of
emissions discussed in the preceding Sections, expressed in CO,-e units, under
the Middle case assumptions. It can be seen that at present venting is the largest
source, with flaring and gas distribution |eakage also major sources. However,
over the projection period, venting comes to dominate emissions.

The dominance of venting, which is mainly a source of CO,, can aso be seenin
Figure 24, which shows emissions of the two gases separately. Although CO,
and methane contribute roughly equal shares of total emissions over most of the
period, thisis not the case over the period 2007-10, where CO, grows more
rapidly. Both the dominance of venting and the rapid growth in total emissions
over that period arise mainly from the assumptions made in the Middle scenario
about the Gorgon LNG project. Under the assumptions used, venting emissions
from this project will account for 24% of total petroleum emissions, and 34% of
CO; emissions from petroleum related activities, in 2011, the year in which the
project is assumed to reach full production. If the assumed North West Shelf
expansion is also included, the share of total emissions attributable to venting
from the two new projects rises to 28%.

This effect can also be seen in Figure 25, which shows total petroleum sector
emissions under the three scenario assumptions. Under the Low casg, itis
assumed that Gorgon does not proceed within the time frame of this study;
consequently emissions are much lower than in either of the other two cases.



It isimportant to emphasise that the projection scenarios have been prepared by
assuming no new policy initiatives relating to GHG emissions. We discuss
policy issues in the next Chapter. The projections are summarised in Table 11.

Table11 Summary of petroleum projection scenarios

Scenarios 1990 2010 Mt 2020 Mt Change, 1990-2020
Mt COre| CO.e COre | MtCOy €] %

Highest 13.7 23.3 25.9 12.2 89%

Midpoint 13.7 20.0 22.2 8.5 62%

Lowest @ 125 13.4 13.2 0.7 6%

Highest cf 0 3.3(+17%) 3.7 (+17%)

Midpoint

Lowest cf -1.2 -6.6 (-33%) -8.0 (-36%)

Midpoint

Maximum range 12 9.9 11.7

(a) Thisinvolves a change in methodology relating to gas distribution, which would aso have to be
applied retrospectively

Figure 24: Actual and projected combined emissions of CO, and methane from
each petroleum related sour ces, by sour ce, 1990-2020
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Figure 25: Actual and projected emissions of CO, and methane from petroleum
related sour ces, by greenhouse gas, 1990-2020
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Figure 26: Actual and projected combined emissions of CO, and methane from
petroleum related sourcesunder thethree scenarios, 1990-2020
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4.

FUGITIVE EMISSION SCENARIOS

4.1 Relationship to greenhouse policy options

The two largest sources of fugitive emissions are WCMG and oil and gas
production. These sectors are likely to be influenced by the greenhouse policy
environment, but in significantly different ways.

4.1.1 Waste Coal Mine Gas

For WCMG, past and present greenhouse policy settings are built into the BAU
case. The current level of WCMG generation, including the increase projected
to result from recent devel opments, was partly influenced by the value placed
on gaining experience with the technology and in demonstrating corporate
responsiveness to the greenhouse issue. However, it islikely that mine safety
considerations, and the expected value of the electricity generated (which in the
event have proved incorrect) had a greater influence.

Whether the “medium generation” or the “ maximum generation” scenarios are
realised will depend largely on future greenhouse policy settings.

The “medium” estimate of new WCMG generation may correspond to a
scenario in which electricity prices are relatively low, there is amoderate level
of incentive for reducing GHG emissions, and mitigation (i.e. flaring) options
take precedence over utilisation. The “maximum” estimate presupposes higher
electricity prices and/or more vigorous greenhouse policies, such as higher
financia incentives for capture, emissions permits covering coal miners or
regulated limits on discharges.

Energy Strategies et al (1999) concluded that:

Inclusion of underground coal mines along with electricity generators within
theinitial scope of an emissions trading scheme would have a strong impact
on WCMG development, possibly making other incentives unnecessary.
Permits should be required for both fugitive methane emissions as well as
combustion CO, emissions.

A grant, subsidy or tax-based mitigation incentive scheme would increase the
incentive for mine operatorsto invest in WCMG abatement, which in some
cases would be generation and in other cases |ower-cost mitigation only.

4.1.2 Oil and gas production
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As aready noted, the major direct policy option available to governmentsisto
eliminate venting and/or flaring by making reinjection a condition of project
development. In the Norwegian sector of the North Sea, the developers of the



Sleipner gas and condensate field were required to reinject The CO, content of
the Sleipner field is 4.5 to 9.3 mole % of the raw gas, which is stripped to a
content of 2.5 mole %. The CO, stripped from the well stream is being injected
into a water-bearing structure in Utsira formation sands about 1000 m below the
seabed. Since production commenced in 1996, over 1 Mt p.a.of CO, has been
injected into to the reservoir (Sleipner Carbon Dioxide Storage Workshop, 25-
26 November 1997, Trondheim, Norway).

As previously explained, mandating emission control by means of reinjection is
an all or nothing policy. The effect of the policy on emissions can therefore be
seen by simply eliminating the projected emissions for whichever fields are
assumed to be affected. Of course, mandating reinjection may increase costs to
the extent that the devel opment was no longer a commercial proposition and
therefore does no proceed. The effect on projected emissions would be
identical. In other words, the two possible outcomes of such a policy would
appear identical in terms of their effect on emissions, though not in many other
respects.

4.2 Cost estimates

Energy Strategies et al. (1999) found that the costs of greenhouse mitigation
through electricity generation using WCMG were sensitive to national
electricity market pool prices. The cost estimate ranged from A$%to 10 per
tonne CO,-e at aprice of 1.2 c/lkWhto A$-2to +2 at 4.8 c/lkWh.

For oil and gas production, cost estimates of between A$15 and A$30 per tonne
of CO,, assuming that CO, hasto be stripped for LNG operations, have aready
been mentioned.

While these costs are high, they are lower than the estimated costs of reducing
emissions through the use of renewable forms of ﬁergy, which the Government
itself has effectively capped at about A$40/tonne.

Other large scal e reduction opportunities in the economy include increasing the
operating efficiency of large scale power generation, the costs of which are
estimated at + A$10 per tonne at 10% discount rate from the proposed
efficiency standards for electricity generators (Efficiency Standards Working
Group, 1999).

The average cost of proposed national energy efficiency programs for
appliances and equipment use, such as minimum energy performance standards

" A negative value for CO, reduction means that the operating or energy cost savings are greater
than the cost of the measure, so the option is cost-effective in its own right.

8 Press release on the 2% Renewables target by Senator Hill, 29 November 1999, stated that
“Certainty for industry to plan for the measure has been provided by fixing the target at 9,500
gigawatt hours and capping penalties for liable parties who fail to meet their purchase obligation
at $ 40 per megawatt hour”. Assuming a general greenhouse-intensity of 1 tonne per MWh,
thisimplies areduction cost to liable parties of $ 40 per tonne. The regulatory penalty sets a
market limit on the cost of renewables, since aliable party facing a price of greater than
A$A0/MWh will be better off paying the fine.
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and enhanced and expanded energy labelling are estimated at about — A$ 30 per
tonne CO,-e (George Wilkenfeld and Associates, 1999)

These cost estimates are summarised in [Table 11

Table 11 Estimated costs of greenhouse gas reduction options

Options Estimated cost per
tonne CO,-e avoided

Energy efficiency programs for appliances and -30

equipment

Electricity generation from waste coal mine gas -210+10

Increasing efficiency of existing electricity generation | +10

Sequestering CO, +15t0 +30

Electricity Generation from Renewables Up to +40

How the costs impact on fugitive emissions outcomes will depend on many
factors, such as how emission costs are internalised in investment decisions and
the scope for lower cost mitigation options to be taken up first in the economy.

For example, by choosing to implement the 2% Renewables target the
Government has in effect implemented a high-cost measure (though one with
significant benefits over and above the direct benefit of emission reduction) in
addition to lower-cost measures.

A similar approach could be applied to oil and gas producers, e.g. by
incorporating a greenhouse trigger in development applications, and granting
project approvals subject to the use of reinjection. This could significantly
reduce the rate of growth in vented CO, emissions, either by making new
projects unviable (if the additional cost cannot be recovered through the product
sales) or ensuring that reinjection does take place where projects proceed.

Alternatively, oil and gas producers could be included within the scope of a
national emissions trading scheme. In that case, they may be able to purchase
permits from power generators (who face reduction costs of A$10 per tonne) at
less cost than undertaking reinjection at A$15 to 30 per tonne. Under this
scenario, fugitive emissions may rise at a higher rate than in other sectors, but
still within an overall national constraint.

The major companies with interest in LNG projects are closaly following

devel opments in both emissions trading and the other Kyoto flexibility
mechanisms (Clean Development Mechanism and Joint Implementation).
Should they participate strongly in these activities, fugitive emissions would
increase, as with emissions trading, but so too would national emissions, all else
being equal.

Clearly, the responsiveness of the growth in fugitive emissions to greenhouse
policy initiatives depends on the precise form of the initiatives, and the relative
mitigation costs which they impose, or imply, for the fugitive and other sectors.
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APPENDIX: NUMERICAL VALUES USED IN TEXT FIGURES

Table A
Figure 1 data: Projected fugitive emissions under Business as Usual, by source sub-sector and gas, 1990 to 2020
1990 1991 1992 1993 11994 1995 1996 |1997 |1998 1999 |2000
Kt  Coal 458.7  463.9  477.8 495.2 454.5 429.0  451.6 459.1 490.3  496.0 501.8
CO;
Petroleum |6736.0  6493.7  6603.8 6621.9 63769 6559.5 6549.8 6340.2 6180.6  6262.4  6319.2
kt  Coal 16760.0 17002.2 17735.6 18005.2 17097.1 16823.9 17639.6 16974.5 18027.6 18101.9 17581.2
CH,
Petroleum |6911.1  6579.0  6727.7  6159.7 6086.3  6539.8  6599.2  6863.8  6883.7  6973.8  6906.3
2001 2002 2003 2004 2005 |2006 2007 2008 2009 2010
kt  Coal 507.7 513.7 520.6 527.5 534.6 541.8 549.1 556.4 563.8 571.4
CO;,
Petroleum |6365.3  6346.5  6391.9  6408.1  6696.4  6684.9 7007.6  8005.7  8996.2  10139.1
kt  Coal 17356.3 17137.5 16920.0 16708.1 16502.1 16838.3 17180.6 17487.3 17798.6 18114.5
CH,
Petroleum |6769.9  6834.3  7021.6  7161.2  7639.0 77024 82244 87555 9270.8  9831.7
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
kt  Coal 579.0 586.8 594.5 602.3 610.2 618.2 626.3 634.6 642.9 651.4
CO;,
Petroleum |11153.4 11157.8 111611 11149.0 11159.0 11165.0 111735 11182.8 11192.8 112035
kt  Coal 18435.0 18760.4 19061.3 19366.1 19674.7 19987.2 20303.7 20624.2 20948.8 21277.4
CH,
Petroleum |10374.1 104425 10508.2 10550.8 10623.9 10690.6 10759.8 10829.1 10898.5 10961.7

A6l




Figure 2 data: Contributionsto total fugitive emissions of each greenhouse gas, 1990 to 2020

62

1990 1991 11992 11993 1994 1995 11996 1997 1998 1999 2000
kt  Total 71947 6957.6 7081.6  7117.1 68314 69885 7001.3 6799.3 6670.9 67584  6821.1
CO,
kt  Total 23671.9 23581.1 24463.3 24164.9 23183.4 23363.7 24238.8 23838.3 24911.3 250757 24487.5
CHa

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
kt  Total 6873.0 6860.2 69125 69356 72310 72267 7556.7 8562.1  9560.0  10710.4
CO,
kt  Total 24126.2 23971.9 23941.6 23869.4 24141.0 24540.7 25405.0 26242.9 27069.4 27946.2
CH,

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
kt  Total 11732.4 117446 117556 11751.3 11769.1 11783.2 11799.9 11817.4 118357 11854.9
CO,
kt  Total 28809.1 29202.9 29569.5 29916.9 30298.7 30677.9 310635 31453.3 31847.3 32239.2
CH,




TableC

Figure3data: Projected total fugitive emissionsunder BAU, High and L ow scenarios, 1990 to 2020

AG3

Coal and [1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Petroleum
kt CO,-e
BAU 30901.0 30571.8 31579.0 31314.9 30044.0 30382.7 31270.8 30659.2 31606.3 31857.8 31331.9
High 30787.97 30418.2 31410.3 311523 29914.1 30237.9 31179.6 30625.7 31802.0 32111.1 32572.6
Low 29560.2 29305.8 30320.5 30192.7 29012.4 29340.2 30274.1 29647.8 30773.4 30974.7 30052.2
2001 2002 2003 2004 2005 |2006 |2007 2008 2009 2010
BAU 31022.1 30854.5 308759 30826.2 313929 31787.8 32981.8 34824.6 36648.8 38675.6
High 33143.2 33649.4 34492.7 35251.3 38069.5 40160.9 43105.6 45251.0 45914.6 46923.5
Low 20136.0 28257.2 274355 26560.8 26324.2 264625 27354.6 27489.6 27612.0 27739.9
2011  [2012  [2013  [2014  [2015  [2016  [2017  [2018 2019  [2020
BAU 40560.1 40965.8 41343.1 41685.8 42085.1 42478.1 42880.1 43287.0 43699.0 44109.8
High 47681.3 48417.9 49148.0 49839.5 50611.1 51738.2 52884.0 53739.2 54608.4 55433.0
Low 27907.8 28059.0 28221.7 28358.2 28535.0 28706.2 28882.8 29062.0 29243.6 29421.3




TableD

Figure 4 data: Fugitive methane emissions related to coal production (kg methane per tonne of black coal produced)

1990 1991 1992 1993 1994 1995 1996 1997 [1998  [1999  [2000

Underground Class A [18.28  18.47 1857 19.02 18.74 18.36 17.20  17.15 17.20 172  17.2
Underground Class B |0.52 0.52 0.50 0.51 0.46 0.50 0.54 0.53 0.54 0.5 0.5
Open Cut 1.26 1.26 1.28 1.28 1.30 1.30 1.29 1.33 1.34 13 1.3
Post mining (Class A [0.7714 0.7714  0.7714 0.7720 0.7714 0.8219 0.7702 0.7745 077 0771 0.771
onl
Unél?arground 11.18  10.78 11.16  11.11  10.25 9.12 9.27 8.78 874 869 863
(weighted)
All coal (gross) 4.28 4.17 4.09 413 3.88 3.55 3.60 3.48 349 347 344
All coal (net) 4.08 3.95 3.86 3.83 3.64 3.37 3.45 3.08 312 3.06 297

2001 2002 2003 2004 2005 2006 2007 [2008 2009 |2010
Underground Class A 17.2 17.2 17.2 17.2 17.2 17.2 172 172 172 172
Underground Class B 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Open Cut 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Post mining (Class A only)|0.771 0.771 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Underground (weighted) |8.58 8.52 8.48 8.44 8.40 8.36 8.32 829 8.26 8.23
All coal (gross) 3.41 3.39 3.37 3.35 3.34 3.32 330 329 328 3.28
All coal (net) 2.95 2.93 2.93 2.92 2.91 2.90 289 289 283 288

2011 [2012 [2013 [2014  [2015 [2016 2017 2018 2019  [2020
Underground Class A 172 172 172 172 172 17.2 17.2 17.2 17.2 17.20
Underground Class B 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.54
Open Cut 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.34
Post mining (Class A only)|0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.77
Underground (weighted) (8.20 8.17 8.18  8.18 819  8.19 8.19 8.20 8.20 8.20
All coal (gross) 327 326 326 3.26 327  3.27 3.27 3.27 3.27 3.27
All coal (net) 288 288 2838 2389 289 290 2.90 2.91 2.91 2.92




TableE
Figure5data: Current production and capacity of mines and projects, by mining method

1997 1998 1999 Projects
Underground 28.7% 29.0% 28.9% 28.6%
NSW Open Cut  (27.4% 27.6% 27.9% 38.4%
QLD Open Cut  [43.9% 43.4% 43.3% 33.1%

100.0%  100.0%  100.0%  100.0%

Table F
Figure 6 data: Current production and capacity of mines and projects by region, underground mines
1997 1998 11999 Projects
Southern U/G 20.9% 19.4% 17.0% 4.0%
Newcastle U/G  |21.7% 20.5% 21.4% 11.8%
Hunter U/G 33.0% 34.2% 35.1% 35.6%
Bowen U/G 24.4% 25.9% 26.6% 48.6%
100.0% 100.0% 100.0% 100.0%

TableG
Figure 7 data: Historical and projected rates of changein black coal production, 1990-2020

1990-1998 |1998-2002 |2002-2007 |2007-2012 |2012-2020
(Historical)
Underground Class A 1.4% 1.1% 1.3% 1.3% 1.3%
Underground Class B 7.1% 2.5% 2.3% 2.1% 1.2%
Open Cut 4.6% 2.5% 2.2% 1.7% 1.2%
All NSW 4.6% 2.52% 2.32% 1.82% 1.49%
All QId 4.5% 2.10% 1.97% 1.60% 0.95%
Total production 4.3% 2.29% 2.13% 1.71% 1.24%




TableH
Figure 8 data: Historical and projected coal production from main regions, 1990-2020 (Mt run of mine coal)

1990 1995 2000 2005 2010 2015 2020
NSW 32.03 26.65 34.17 36.13 38.35 40.71 43.21
Underground A
NSwW 17.74 22.05 26.43 29.46 32.66 35.84 39.19

Underground B
NSW Open Cut|42.85 59.08 78.96 91.54 102.66 111.69 120.32

Qld 2.36 4.99 5.20 5.74 6.34 7.00 7.73
Underground A
Qld 4.61 11.52 14.85 16.97 19.03 20.00 20.20

Underground B
Qld Open Cut (87.96 103.46 121.00 133.20 144.63 153.51 161.34

All others 7.66 9.48 6.48 6.97 7.53 8.19 8.95
Tablel
Figure 9 data: Production scenariosfor black coal, 1990-2020 (Mt run of mine coal)
1990  [1991  [1992  [1993 (1994  [1995  [1996  [1997 1998  [1999  [2000
BAU 195.22 20454 218.07 223.34 223.12 237.23 243.12 261.21 2744  280.7 287.1
Higher growth 195.22 20454 218.07 223.34 223.12 237.23 24312 261.21 2744 280.7 287.1
Lower growth 195.22 204.54 218.07 223.34 223.12 237.23 243.12 261.21 2744  280.7  287.1
2001 2002  [2003  [2004  [2005  [2006  [2007  [2008  [2009 2010
BAU 293.7 3004 306.6 3129 3194 3259 3327 3381 3435 3401
Higher growth 2937 3004 307.1 3139 3209 3281 3354 3423 3494  356.6
Lower growth 203.7 3004 3052 310.0 3149 3198 3249 3288 3328  336.8
2011 2012 [2013  [2014  [2015 [2016  [2017  [2018  [2019 2020
BAU 354.8 3605 3648 369.1 3735 3780 3825 387.0 3916 396.3
Higher growth 364.0 3715 3782 3849 3919 3989 406.1 4135 4209 4286
Lower growth 3409 3450 3481 351.2 3544 3575 360.7 3640 367.3 3706




TableJ

Figure 10 data: Methane intensity scenariosfor black coal, 1990-2020 (kg CH,4 per tonne of run of mine coal produced)

1990 1991  [1992 1993  [1994 1995  [1996  [1997  [1998  [1999 2000
BAU (constant intensity) 4.28 4.17 4.09 4.13 3.88 3.55 3.60 3.48 3.49 3.47 3.44
Increasing intensity 4.28 417 4.09 413 3.88 3.55 3.60 3.48 3.49 3.47 3.45
Decreasing intensity 4.28 4.17 4.09 4.13 3.88 3.55 3.60 3.48 3.49 3.45 3.41

2001  [2002  [2003  [2004  [2005  [2006  [2007  |2008  [2009 2010
BAU (constant intensity) 3.41 3.39 3.37 3.35 3.34 3.32 3.30 3.29 3.28 3.28
Increasing intensity 3.44 3.42 341 341 3.40 3.40 3.39 3.39 3.39 3.39
Decreasing intensity 3.37 3.33 3.31 3.28 3.26 3.23 3.21 3.19 3.18 3.16

2011 2012  [2013  [2014  [2015 [2016  [2017  [2018  [2019  |2020
BAU (constant intensity) 3.27 3.26 3.26 3.26 3.27 3.27 3.27 3.27 3.27 3.27
Increasing intensity 3.40 3.40 341 3.42 3.43 3.43 3.44 3.45 3.46 3.47
Decreasing intensity 3.15 3.13 3.13 3.13 3.12 3.12 3.12 3.11 3.11 3.11




TableK
Figure 11 data: Projected net fugitive methane emissions (Mt CO,-€) from coa mining, 1990-2020 (Mt CO,-€)

1990 1991  [1992 1993  [1994 (1995  [1996  [1997  |1998  [1999 12000
Gross High 175 17.9 18.8 19.4 18.2 17.7 18.4 19.1 20.1 20.5 20.8
Gross BAU 17.5 17.9 18.8 19.4 18.2 17.7 18.4 19.1 20.1 20.4 20.7
Gross Low 175 17.9 18.8 19.4 18.2 17.7 18.4 19.1 20.1 20.3 20.6
Recovered (BAU) -0.8 -0.9 -1.0 -1.3 -1.1 -0.8 -0.7 2.1 2.1 -2.3 -2.3
Recovered (Med Gen) -0.8 -0.9 -1.0 -1.3 -1.1 -0.8 -0.7 -2.1 -2.1 -2.3 -3.2
Recovered (Max Gen) -0.8 -0.9 -1.0 -1.3 -11 -0.8 -0.7 -2.1 2.1 -2.3 -3.2
HIGHEST Net High (BAU Gen)  |16.8 17.0 17.7 18.0 17.1 16.8 17.6 17.0 18.0 18.1 185
Net High (Med Gen) 16.8 17.0 17.7 18.0 17.1 16.8 17.6 17.0 18.0 18.1 17.7
Net High (Max Gen) 16.8 17.0 17.7 18.0 17.1 16.8 17.6 17.0 18.0 18.1 17.7
Net BAU (BAU Gen) 16.8 17.0 17.7 18.0 17.1 16.8 17.6 17.0 18.0 18.1 18.4
MIDPOINT Net BAU (Med Gen) |16.8 17.0 17.7 18.0 17.1 16.8 17.6 17.0 18.0 18.1 17.6
Net BAU (Max Gen) 16.8 17.0 17.7 18.0 17.1 16.8 17.6 17.0 18.0 18.1 17.6
Net Low (BAU Gen) 16.8 17.0 17.7 18.0 17.1 16.8 17.6 17.0 18.0 18.0 18.2
Net Low (Med Gen) 16.8 17.0 17.7 18.0 17.1 16.8 17.6 17.0 18.0 18.0 17.4
LOWEST Net Low (Max Gen) 16.8 17.0 17.7 18.0 17.1 16.8 17.6 17.0 18.0 18.0 17.4




Gross High

Gross BAU

Gross Low

Recovered (BAU)

Recovered (Med Gen)
Recovered (Max Gen)
HIGHEST Net High (BAU Gen)
Net High (Med Gen)

Net High (Max Gen)

Net BAU (BAU Gen)
MIDPOINT Net BAU (Med Gen)
Net BAU (Max Gen)

Net Low (BAU Gen)

Net Low (Med Gen)

LOWEST Net Low (Max Gen)

2001  [2002  [2003  [2004  [2005  |2006  [2007  |2008  [2009  [2010
21.2 21.6 22.0 22.5 22.9 23.4 23.9 24.4 24.9 25.4
21.1 21.4 21.7 22.0 22.4 22.7 23.1 23.4 23.7 24.0
20.8 21.0 21.2 21.4 215 21.7 21.9 22.1 22.2 22.4
-2.3 -2.3 -2.3 -2.3 -2.3 -2.3 -2.3 -2.3 -2.3 -2.3

-3.7 -4.2 -4.8 -5.3 -5.9 -5.9 -5.9 -5.9 -5.9 -5.9

-4.2 -5.3 -6.4 -7.5 -8.5 -8.5 -8.5 -8.5 -8.6 -8.6

18.9 19.2 19.7 20.1 20.6 21.1 21.6 22.1 22.6 23.1
17.5 17.3 17.2 17.1 17.0 17.5 18.0 18.5 19.0 19.5
17.0 16.3 15.6 15.0 14.4 14.9 15.3 15.8 16.3 16.9
18.7 19.1 19.4 19.7 20.0 20.4 20.7 21.0 21.4 21.7
17.4 17.1 16.9 16.7 16.5 16.8 17.2 17.5 17.8 18.1
16.8 16.1 15.3 14.6 13.8 14.2 14.5 14.8 15.1 15.5
185 18.7 18.9 19.0 19.2 19.4 19.6 19.7 19.9 20.1
17.1 16.8 16.4 16.0 15.7 15.8 16.0 16.2 16.3 16.5
16.6 15.7 14.8 13.9 13.0 13.2 13.4 135 13.7 13.8




Gross High

Gross BAU

Gross Low

Recovered (BAU)

Recovered (Med Gen)
Recovered (Max Gen)
HIGHEST Net High (BAU Gen)
Net High (Med Gen)

Net High (Max Gen)

Net BAU (BAU Gen)
MIDPOINT Net BAU (Med Gen)
Net BAU (Max Gen)

Net Low (BAU Gen)

Net Low (Med Gen)

LOWEST Net Low (Max Gen)

2011 2012  [2013  [2014  [2015 [2016  [2017  [2018  [2019  [2020
26.0 26.5 27.1 27.6 28.2 28.8 29.4 30.0 30.6 31.2
24.3 24.7 25.0 25.3 25.6 25.9 26.3 26.6 26.9 27.3
225 22.7 22.9 23.1 23.3 234 236 23.8 24.0 24.2
-2.3 -2.3 -2.3 -2.3 -2.3 -2.3 -2.3 -2.3 -2.3 -2.3
-5.9 -5.9 -5.9 -5.9 -5.9 -5.9 -6.0 -6.0 -6.0 -6.0
-8.6 -8.6 -8.6 -8.6 -8.6 -8.6 -8.6 -8.6 -8.6 -8.6
23.6 24.2 24.7 25.3 25.9 26.4 27.0 27.6 28.3 28.9
20.0 20.6 21.1 21.7 22.2 22.8 23.4 24.0 24.6 25.3
17.4 17.9 18.5 19.0 19.6 20.2 20.8 21.4 22.0 22.6
22.0 22.3 22.7 23.0 23.3 23.6 23.9 24.3 24.6 24.9
18.4 18.8 19.1 19.4 19.7 20.0 20.3 20.6 20.9 21.3
15.8 16.1 16.4 16.7 17.0 17.3 17.6 18.0 18.3 18.6
20.2 20.4 20.6 20.7 20.9 21.1 21.3 215 21.7 21.9
16.6 16.8 17.0 17.1 17.3 17.5 17.7 17.8 18.0 18.2
14.0 14.1 14.3 14.5 14.7 14.8 15.0 15.2 15.4 15.6




TableL
Figure 12 data: Actual and projected production, domestic consumption, exports and total production of natural gas (kt CO2-€), 1990-
2020

1990  [1991  [1992 1993  [1994  [1995 1996  [1997  [1998  [1999  |2000
Domestic Consumption
BAU 688.0 6554 678.6 707.0 7368 793.1 797.1 8185 860.0 9032 976.0
High 688.0 6554 678.6 707.0 7368 793.1 797.1 8185 860.0 914.0 1005.0
Low 688.0 6554 678.6 707.0 7368 793.1 797.1 8185 860.0 8924  947.0
LNG Exports
BAU 109.34 1850 2356 276.6 320.6 3841 4125 4015 4125 408.0 408.0
High 109.34 1850 235.6 276.6 320.6 3841 4125 4015 4125 408.0 408.0
Low 109.34 1850 2356 276.6 320.6 3841 4125 4015 4125 408.0 408.0
Total
BAU 797.34 840.4 9142 983.6 1057.4 1177.2 1209.6 1220.0 12725 1311.2 1384.0
High 797.34 840.4 9142 983.6 1057.4 1177.2 1209.6 1220.0 12725 13220 1413.0
Low 797.34 840.4 9142 983.6 1057.4 1177.2 1209.6 1220.0 1272.5 13004 1355.0




2001  [2002  [2003  [2004  [2005  [2006  [2007  [2008  [2009  [2010
Domestic Consumption
BAU 1021.1 1052.4 1166.4 1250.4 1305.7 1340.4 1428.1 1470.4 1504.4 1539.8
High 1061.4 1100.5 1243.0 1348.0 1417.1 1460.5 1570.1 1623.0 1665.5 1709.8
Low 980.8 1004.3 1089.8 1152.8 1194.3 1220.3 1286.1 1317.8 1343.3 1369.9
LNG Exports
BAU 408.0 408.0 408.0 408.0 6256 6256 843.2 952.0 1060.8 1169.6
High 408.0 408.0 408.0 408.0 734.4 8432 1169.6 12784 1278.4 1278.4
Low 408.0 408.0 408.0 408.0 6256 6256 843.2 843.2 8432 8432
Total
BAU 1429.1 1460.4 15744 1658.4 1931.3 1966.0 2271.3 24224 2565.2 2709.4
High 1469.4 1508.5 1651.0 1756.0 2151.5 2303.7 2739.7 2901.4 2943.9 2988.2
Low 1388.8 1412.3 1497.8 1560.8 1819.9 1845.9 2129.3 2161.0 2186.5 2213.1
2011  [2012 [2013 [2014 [2015 [2016 [2017 [2018 [2019  [2020
Domestic Consumption
BAU 1595.7 1641.0 1684.3 1711.5 1759.8 1803.5 18489 1894.3 1939.7 1985.0
High 1779.6 1836.3 1890.4 1924.4 1984.8 2039.4 2096.1 2152.8 2209.6 2266.3
Low 1411.8 14458 1478.2 1498.6 15349 1567.6 1601.7 1635.7 1669.7 1703.8
LNG Exports
BAU 1278.4 1278.4 1278.4 1278.4 1278.4 1278.4 1278.4 12784 12784 1278.4
High 1278.4 1278.4 1278.4 1278.4 12784 14960 17136 17136 1713.6 1713.6
Low 843.2 843.2 843.2 843.2 843.2 8432 8432 8432 8432 8432
Total
BAU 2874.1 2919.4 2962.7 2989.9 3038.2 3081.9 3127.3 3172.7 3218.1 3263.4
High 3058.0 3114.7 3168.8 3202.8 3263.2 35354 3809.7 3866.4 3923.2 3979.9
Low 2255.0 2289.0 2321.4 2341.8 2378.1 2410.8 24449 24789 25129 2547.0




TableM

Figure 13 data: Actual and projected emissions of vented CO, (kt CO,-€), 1990-2020

1990  [1991  [1992 1993  [1994  [1995  [1996  [1997  [1998  [1999  [2000
BAU  [1966.1 1998.5 2106.1 2243.8 2339.0 2367.8 2387.8 2570.2 24452 2537.0 2573.0
High ~ |1966.1 1998.5 2106.1 2243.8 2339.0 2367.8 2387.8 2570.2 24452 2537.0 2573.0
Low 1966.1 1998.5 2106.1 2243.8 2339.0 2367.8 2387.8 2570.2 24452 2537.0 2573.0
2001  [2002  [2003  [2004  [2005  [2006  [2007  [2008  [2009  [2010
BAU (26250 2625.0 26250 26250 2905.0 2905.0 3185.0 41850 5185.0 6335.0
High ~ |2625.0 2652.6 2680.3 2707.9 40155 5043.2 6350.8 7378.4 7406.1 7683.7
Low 2625.0 2597.4 2569.7 25421 27945 2766.8 3019.2 2991.6 2963.9 2936.3
2011  [2012 [2013 [2014 [2015 [2016  [2017  [2018  [2019  [2020
BAU (73350 73350 73350 73350 73350 73350 73350 73350 73350 7335.0
High ~ (7711.3 7738.9 7766.6 77942 7821.8 7889.5 7957.1 8024.7 8092.4 8120.0
Low 2008.7 2881.1 2853.4 2825.8 2798.2 2770.5 2742.9 27153 2687.6 2660.0




TableN
Figure 14 data : Actual and projected emissions of vented methane (kt CO»-€), 1990-2020

1990  [1991  [1992  |1993  [1994  [1995 [1996  [1997  [1998  [1999  [2000

BAU 78.9 85.5 95.2 90.2 99.6 120.1 123.3 125.6 126.7 130.5 135.4
High 78.9 85.5 95.2 90.2 99.6 120.1 123.3 125.6 126.7 131.6 138.2
Low 78.9 85.5 95.2 90.2 99.6 120.1 123.3 125.6 126.7 129.5 133.0

2001  [2002  [2003  [2004  [2005  [2006  [2007  [2008  [2009  [2010
BAU  [138.8 140.3 147.1 1519 1727 1742 196.8 2204 2434  268.7
High  |142.8 1458 1556 1629 208.3 2337 2817 307.7 3110 318.1
Low 1354 1356  139.8 1424 161.3 1615 1814 1818 181.8  181.8
2011  [2012  [2013 [2014 [2015 [2016  [2017  [2018  [2019  [2020
BAU  [2929 2948 2965 297.3 299.3 3009 3027 3045 3062 307.9
High ~ [323.1 3273 331.3 3340 3385 3573 3762 381.0 3858  389.9
Low 182.7 1831 1834 1830 1835 183.8 1841 1844 1847  184.9
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TableO

Figure 15 data: Actual and projected total emissions (kt CO,-€) from
flaring at oil and gas production and processing facilities, 1990-2020

1990 1991  [1992  [1993  [1994  [1995 [1996  [1997  [1998  [1999  [2000
BAU  [4729.2 4380.3 44467 42055 3804.2 3966.4 3950.0 3520.3 34035 33355 3268.8
High ~ |4729.2 4380.3 4446.7 42055 3804.2 3966.4 3950.0 3520.3 3420.9 3369.6 3319.0
Low 4729.2  4380.3 4446.7 42055 3804.2 3966.4 3950.0 3520.3 3386.2 3301.5 3219.0
2001  [2002  [2003  [2004  [2005  [2006  [2007  |2008  [2009  [2010
BAU  [32034 3139.3 30765 3015.0 2954.7 2895.6 2837.7 2780.9 27253 2670.8
High ~ [3269.3 3220.2 3171.9 31243 3077.5 3031.3 2985.8 2941.1 2896.9 28535
Low 31385 3060.0 2983.5 2909.0 2836.2 2765.3 2696.2 2628.8 2563.1 2499.0
2011  [2012  [2013  [2014 [2015 [2016  [2017  [2018  [2019  |2020
BAU (26174 2565.1 2513.8 24635 2414.2 23659 2318.6 22722 2226.8 2182.3
High ~ |2810.7 27685 2727.0 2686.1 26458 2606.1 2567.0 2528.5 2490.6 2453.2
Low 2436.5 2375.6 2316.2 2258.3 2201.9 2146.8 2093.1 2040.8 1989.8 1940.0




TableP
Figure 16 data: Actual and projected total emissions (kt CO»-€) from flaring at oil refineries, 1990-2020

1990 1991 1992 1993 1994  |1995 1996  [1997 1998 1999 2000
Middle 391.0 425.0 349.6 393.2 3337 301.8 255.0  235.9 2125 2125 212.5
High 391.0 425.0 349.6 393.2 333.7 3018 255.0  235.9 2125 2125 2125
Low 391.0 425.0 349.6 393.2 333.7  301.8 255.0  235.9 2125 2125 212.5
2001 2002 2003 2004 2005  [2006 2007 [2008 2009 2010
Middle 2125 2125 191.3 170.0 170.0 1700 170.0  170.0 170.0 170.0
High 2125 2125 2125 2125 2125 2125 2125 2125 2125 2125
Low 2125 2125 180.6 148.8 148.8 1488 148.8  148.8 148.8 148.8
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Middle 170.0 170.0 170.0 170.0 170.0 170.0 170.0 170.0 170.0 170.0
High 2125 2125 2125 2125 2125 2125 2125 2125 2125 2125
Low 148.8 148.8 148.8 148.8 148.8 148.8 148.8 148.8 148.8 148.8
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Table Q
Figure 17 data: Estimated leakage from gas distribution by State, 1988 — 1998 (kt methane)

Australia Sydney

NSW+A VIC QLD  SA WA NT Australia (AGA)  (AGL)
CT

1988 101.61 39.13 5.96 18.59 2.43 0.00 167.72
1989 100.35 40.11 6.17 2205 9.94 0.00 178.63
1990 111.11 47.22 5.74 21.74  9.07 0.00 194.88 86.4
1991 89.82 40.96 6.69 11.60 9.18 0.00 158.26 92.5
1992 9239 39.36 6.02 21.80 6.26 0.00 165.83
1993 58.55 39.97 8.92 1443 10.97 0.00 132.84
1994 55.70 3193 1094 2053 11.60 0.00 130.69

1995 47.98 68.82 11.29 2448 11.39 0.00 163.96 33.3
1996 36.69 58.01 1436 17.27 10.17 0.00 136.51 96.1 25.5
1997 45.05 64.03 20.09 2295 13.10 0.00 165.21 21.1

1998 37.35 4856 1749 57.29 11.00 0.00 171.68




Table R
Figure 18 data: Historical and projected gasdistribution leakage (Gg CH,), 1990 — 2020

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
NSW+ACT |[111.1 89.8 92.4 58.6 55.7 48.0 36.7 45.0 37.4 37.5 37.7
Vic 47.2 41.0 39.4 40.0 31.9 68.8 58.0 64.0 48.6 49.0 49.5
Qld 5.7 6.7 6.0 8.9 10.9 11.3 14.4 20.1 17.5 18.4 19.3
SA 21.7 11.6 21.8 14.4 20.5 24.5 17.3 22.9 57.3 22.9 23.0
WA 9.1 9.2 6.3 11.0 11.6 11.4 10.2 13.1 11.0 11.2 11.4
NT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Australia  |194.9 158.3 165.8 132.8 130.7 164.0 136.5 165.2 171.7 139.1 141.0
2001 |2002 |2003 |2004 |2005 |2006 |2007 |2008 |2009 |2010
NSW+ACT (37.9 38.1 38.3 38.5 38.7 38.9 39.1 39.3 39.5 39.7
Vic 50.0 50.5 51.0 51.5 52.1 52.6 53.1 53.6 54.2 54.7
Qld 20.2 21.3 21.8 22.3 22.9 235 24.1 24.3 24.5 24.8
SA 23.0 23.0 23.2 235 237 24.0 24.2 24.4 24.7 24.9
WA 11.7 11.9 12.1 12.4 12.6 12.9 13.1 13.4 13.7 13.9
NT
Australia  |142.9 144.8 146.5 148.2 150.0 151.8 153.6 155.0 156.5 158.0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
NSW+ACT (39.9 40.1 40.3 40.5 40.7 40.9 41.1 41.3 41.5 41.7
Vic 55.3 55.8 56.4 56.9 57.5 58.1 58.7 59.2 59.8 60.4
Qld 25.0 25.3 255 25.8 26.0 26.3 26.6 26.8 27.1 27.4
SA 25.2 25.4 25.7 25.9 26.2 26.5 26.7 27.0 27.3 27.5
WA 14.2 14.5 14.8 15.1 15.4 15.7 16.0 16.3 16.7 17.0
NT
Australia  |159.5 161.1 162.6 164.2 165.8 167.4 169.0 170.7 172.3 174.0
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TableS
Figure 19 data: Historical and projected gasdistribution leakage (Gg CH,4), 1990 —2020 (Smoothed — 3 year moving aver age)

1990 |1991 1992 1993 1994 1995 1996  [1997 1998  [1999  |2000

NSW+ACT  [111.1 100.5 97.8 80.3 68.9 54.1 46.8 432 39.7 400 37.5
Vic 47.2 44.1 42.5 40.1 37.1 46.9 52.9  63.6 56.9  53.9 49.0
Qld 5.7 6.2 6.1 7.2 8.6 10.4 122 152 17.3 186 18.4
SA 21.7 16.7 18.4 15.9 18.9 19.8 208 216 325 344 34.4
WA 9.1 9.1 8.2 8.8 9.6 11.3 111 116 114 118 11.2
NT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Australia 194.9 176.6 173.0 152.3 143.1 142.5 143.7  155.2 157.8 158.7  150.6

2001 2002 |2003 |2004 |2005 2006 |2007 2008 2009 2010
NSW+ACT 37.7 37.9 38.1 38.3 38.5 38.7 38.9 39.1 39.3 39.5
Vic 49.5 50.0 50.5 51.0 51.5 52.1 52.6 53.1 53.6 54.2
Qld 19.3 20.3 21.1 21.8 22.3 22.9 235 23.9 24.3 24.5
SA 23.0 23.0 23.1 23.2 235 237 24.0 24.2 24.4 24.7
WA 11.4 11.7 11.9 12.1 12.4 12.6 12.9 13.1 13.4 13.7
NT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Australia 141.0 142.9 144.7 146.5 148.2 150.0 151.8 153.4 155.0 156.5

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
NSW+ACT 39.7 39.9 40.1 40.3 40.5 40.7 40.9 41.1 41.3 41.5
Vic 54.7 55.3 55.8 56.4 56.9 57.5 58.1 58.7 59.2 59.8
Qld 24.8 25.0 25.3 25.5 25.8 26.0 26.3 26.6 26.8 27.1
SA 24.9 25.2 25.4 25.7 25.9 26.2 26.5 26.7 27.0 27.3
WA 13.9 14.2 14.5 14.8 15.1 15.4 15.7 16.0 16.3 16.7
NT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Australia 158.0 159.5 161.1 162.6 164.2 165.8 167.4 169.0 170.7 172.4




TableT
Figure 20 data: Historical and projected gasdistribution leakage, as a per centage of gas consumption 1990 — 2020 (Ileakage smoothed — 3
year moving aver age)

1990 1991 |1992 1993 |1994 [1995  [1996 |1097 1998  [1999 |2000
NSW+ACT [0.083 0.073 0.074 0.047 0.045 0.038  0.027 0.027  0.022  0.021 0.021
Vic 0.016 0.015 0.014 0.013 0.011 0.022  0.018 0.021 0016  0.017 0.017
Qld 0.023 0.015 0.013 0.018 0.020 0.021  0.025 0.034  0.028  0.025 0.020
SA 0.016 0.010 0.018 0.012 0.015 0.019  0.014 0.018  0.042  0.017 0.016
WA 0.005 0.005 0.003 0.005 0.004 0.004  0.004 0.004  0.003  0.003 0.003
NT 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000  0.000  0.000 0.000
Australia  0.024 0.021 0.021 0.016 0.015 0.017  0.014 0.016  0.016  0.013 0.012
2001 2002 2003 2004 2005 2006 2007 2008 |2009 2010
NSW+ACT |0.022 0.021 0.021 0.020 0.019 0.018 0.018 0.019 0.019 0.018
Vic 0.017 0.017 0.016 0.015 0.015 0.015 0.015 0.015 0.015 0.014
Qld 0.018 0.018 0.012 0.011 0.011 0.010 0.009 0.009 0.009 0.009
SA 0.016 0.016 0.016 0.016 0.017 0.017 0.017 0.017 0.017 0.017
WA 0.003 0.003 0.003 0.003 0.003 0.003 0.002 0.002 0.002 0.002
NT 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Australia  |0.012 0.012 0.011 0.011 0.010 0.010 0.010 0.009 0.009 0.009
2011 2012 2013 |2014 2015
NSW+ACT [0.017 0.016 0.016 0.016 0.015
Vic 0.014 0.014 0.014 0.014 0.014
Qld 0.009 0.009 0.009 0.009 0.009
SA 0.017 0.017 0.016 0.017 0.017
WA 0.002 0.002 0.002 0.002 0.002
NT 0.000 0.000 0.000 0.000 0.000
Australia  |0.009 0.009 0.009 0.009 0.008
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TableU

Figure 21 data: Projected emissions (as Mt CO,-e) from natural gasdistribution, 1990-2020

1990  [1991  [1992  [1993  [1994  [1995  [1996  [1997  [1998  [1999  [2000
BAU  |4.09 3.71 3.63 3.20 3.01 2.99 3.02 3.26 3.31 3.33 3.16
High |41 3.71 3.63 3.20 3.01 2.99 3.02 3.26 3.31 3.33 3.37
Low 2.9 2.60 2.54 2.24 2.10 2.09 2.11 2.28 2.32 2.33 2.21
2001  [2002  [2003  [2004  [2005  [2006  [2007  [2008  [2009  |2010
BAU  |2.96 3.00 3.04 3.08 3.11 3.15 3.19 3.22 3.26 3.29
High  |3.40 3.44 3.48 3.52 3.56 3.60 3.64 3.68 3.72 3.76
Low 2.07 2.10 2.12 2.15 2.17 2.19 2.22 2.24 2.27 2.29
2011  [2012 2013  [2014  [2015  [2016  [2017  [2018  [2019  |2020
BAU  [3.32 3.35 3.38 3.42 3.45 3.48 3.52 3.55 3.58 3.62
High  |3.80 3.84 3.88 3.92 3.96 4.00 4.04 4.08 4.12 4.16
Low 2.32 2.34 2.36 2.39 2.41 2.44 2.46 2.49 2.51 2.53




TableV

Figure 22 data: Actual and projected emissions of fugitive CO, (kt) from gas consumption, 1990 to 2020.

1990  [1991  [1992  [1993  [1994  [1995 [1996  [1997  [1998  [1999  [2000
BAU  [688.0 6554 6786 707.0 7368 7931 7971 8185 860.0 903.2  976.0
High ~ |688.0 6554 678.6 707.0 7368 7931 797.1 8185 860.0 914.0  1005.0
Low 688.0 6554 678.6 707.0 7368 793.1 7971 8185 860.0 8924  947.0
2001  [2002  [2003  [2004  [2005  [2006  [2007  [2008  [2009  [2010
BAU  |1021.1 1052.4 1166.4 1250.4 1305.7 13404 1428.1 14704 1504.4 1539.8
High ~ |1061.4 1100.5 1243.0 1348.0 1417.1 1460.5 1570.1 1623.0 1665.5 1709.8
Low 980.8  1004.3 1089.8 1152.8 1194.3 1220.3 1286.1 1317.8 1343.3 1369.9
2011  [2012  [2013  [2014  [2015 [2016  [2017  [2018 [2019  [2020
BAU  [1595.7 1641.0 1684.3 17115 1759.8 1803.5 1848.9 1894.3 1939.7 1985.0
High ~ |1779.6 1836.3 1890.4 1924.4 1984.8 2039.4 2096.1 2152.8 2209.6 2266.3
Low 1411.8 14458 1478.2 1498.6 1534.9 1567.6 1601.7 1635.7 1669.7 1703.8
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TableW

Figure 23 data: Actual and projected emissions of fugitive CO, and methane (kt CO,-€) from minor oil and gasrelated sour ces,
1990 to 2020

1990 |1991 |1992 1993 |1994 1995 |1996 1997 |1998 1999 |2000
BAU (1585 142.9 152.8 171.9 180.7 185.1 181.6 182.7 192.0 199.9 213.4
High  |158.5 142.9 152.8 171.9 180.7 185.1 181.6 182.7 192.0 201.8 218.6
Low 158.5 142.9 152.8 171.9 180.7 185.1 181.6 182.7 192.0 197.9 208.2
2001 |2002 |2003 [2004 |2005 [2006 |2007 [2008 |2009 2010
BAU  [221.8 227.6 248.8 264.4 282.0 288.4 312.0 323.6 333.5 343.8
High  [229.1 236.3 262.6 282.0 305.8 317.4 348.7 362.1 369.9 378.1
Low 214.5 218.9 235.0 246.8 261.9 266.7 286.4 292.4 297.1 302.1

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
BAU  [357.8 366.2 374.3 379.3 388.3 396.4 404.9 413.3 421.7 423.9
High  [391.0 401.5 411.5 417.8 428.9 446.4 464.1 474.6 485.1 489.3
Low 310.0 316.4 322.4 326.3 333.1 339.2 345.6 352.0 358.4 358.5




Table X

Figure 24 data: Actual and projected combined emissions of CO, and methane (kt CO,-€) from each petroleum related sour ces, by
sour ce, 1990-2020

1990 |1991 1992 1993  [1994 1995  [1996 1997 1998 [1999 2000
Venting 3623 3794.2  4105.0 41384 44316 4890.8 4977.8 5208.3 51065 5276.8  5415.9
Flaring 4698.2 43509 44157 4176.1 3777.9 3938.6 39215 3500.8 33812 3313.6  3247.3
Oil refineries 386.9 4214 3466 389.8 3308 299.2 2528 233.9 210.7  210.7 210.7
Minor Sources 158.452 1429 1528 1719 180.7 1851 1816 182.7 192.0  199.9 213.4
CO2 from the Burner Tip |688 655.4 678.6 707 736.8 793.1 797.1 818.5 860 903.2 976
Gas Distribution 4092.6 37080 3632.8 31985 3005.6 2992.5 3018.1 3259.8  3313.8 3332.0 31622
Total 13647.12 13072.7 133315 12781.6 12463.2 13099.2 13148.9  13204.0 13064.2 13236.2 13225.5

2001 |2002 [2003  [2004  [2005  [2006  [2007 2008 [2009  [2010
Venting 5538.9  5571.1 5713.1 5813.9 6530.8 6563.6 7317.2 8813.6  10297.3 11978.3
Flaring 31824 31187 3056.4 2995.2 29353 2876.6 2819.1 2762.7 27075 26533
Oil refineries 210.7 210.7 189.6 1685 1685 1685  168.5 168.5 168.5  168.5
Minor Sources 221.8 2276 2488 2644 2820 2884 3120 323.6 3335 3438
CO2 from the Burner Tip[1021.1 ~ 1052.4  1166.4 1250.4 1305.7 1340.4 1428.1 14704  1504.4 1539.8
Gas Distribution 29604  3000.3 3039.2 3076.8 3113.0 3149.7 3187.0 32224 32557 3287.0
Total 13135.2  13180.9 13413.5 13569.3 14335.3 14387.3 15232.0  16761.2 18267.0 19970.7

2011 2012 2013 2014 2015 2016 2017 [2018 [2019  [2020
Venting 13486.6 ~ 13525.8  13562.1  13577.6  13619.3  13654.8  13691.9 137285  13764.7 13800.4
Flaring 2600.2 2548.2 2497.3 2447.3 2398.4 2350.4 23034 22573 22122 2167.9
Oil refineries 168.5 168.5 168.5 168.5 168.5 168.5 168.5 1685 168.5  168.5
Minor Sources 357.8 366.2 374.3 379.3 388.3 396.4 404.9 413.3 421.7 4239
CO2 from the Burner Tip |1595.7 1641 1684.3 17115 1759.8 1803.5 1849 1894.3 1939.7 1985.0
Gas Distribution 3318.6 3350.5 3382.8 3415.5 3448.6 3482.0 3515.7  3549.9 3584.5 3619.4
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|Total

|21527.4 21600.4 21669.3 21699.8 21782.9 21855.6 21933.3 22011.9

22091.3 22165.2 |

TableY
Figure 25 data: Actual and projected emissions of CO, and methane (kt CO,-€) from petroleum related sour ces, by greenhouse gas,
1990-2020
1990  [1991  [1992  [1993  [1994  [1995  [1996 1997  [1998  [1999  [2000
CO, 6736.0 6493.7 6603.8 66219 6376.9 6559.5 6549.8 6340.2 6180.6 6262.4 6319.2
CH, 6911.8 6579.0 6727.7 6159.7 6086.3 6539.8 6599.2 6863.8 6883.7 6973.8 6906.3
2001  [2002  [2003  [2004  [2005  [2006  [2007  [2008  [2009  [2010
CO, 6365.3 6346.5 6391.9 6408.1 6696.4 6684.9 7007.6 8005.7 8996.2 10139.1
CH, 6769.9 6834.3 7021.6 7161.2 7639.0 77024 82244 87555 9270.8 98317
2011  [2012  [2013  [2014  [2015  [2016  [2017  [2018  [2019  |2020
CO, 11153.4 11157.8 11161.1 11149.0 11159.0 111650 111735 11182.8 11192.8 11203.5
CH, 10374.1 104425 10508.2 10550.8 10623.9 10690.6 10759.8 10829.1 10898.5 10961.7




Tablez

Figure 26 data: Actual and projected combined emissions of CO, and methane (kt CO,-€) from petroleum related sour ces under the
three scenarios, 1990-2020

22

1990 1991 11992 1993 1994 1995 11996 1997 1998 1999 2000
BAU [13682.2 13105.8  13365.6 128145 124925  13129.8  13179.7 132256  13088.4  13259.9  13248.8
High |13682.2 13105.8  13365.6 128145 124925  13129.8  13179.7 132256 131057  13330.5  13597.8
Low 124545 119934 122757  11854.9  11590.8  12232.0 122742 122476  12076.8  12193.6  12165.9

2001 |2002 2003 [2004 |2005 |2006 2007 [2008 |2009 |2010
BAU [13158.0 13203.3 134353  13590.5  14356.2  14407.7  15252.1  16780.9  18286.3  19989.7
High |13799.6 13928.3  14321.3  14619.4  16966.5  18576.1  21027.8 226629  22805.1  23281.2
Low |12086.5 120384 121149 121357  12792.0 127527  13464.3  13439.2  13400.0  13364.7

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
BAU [21546.1 21618.7  21687.3  21717.4  21800.2  21872.6  21950.0  22028.2  22107.3  22181.0
High |23494.6 23674.8  23849.2 239729  24164.6  24699.1  25239.5 254763 257135 258925
Low |13367.8 133527 133351  13289.6  13283.0  13269.2  13259.3  13250.2  13242.0  13228.3
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