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4.3.2.2 Emission factors

Emission factors are based on the methodology presented in the Australian methodology for the estimation of
greenhouse gas emissions and sinks 2006: Energy (fugitive fuel emissions) (NGGIC 2007), as used to compile
Australia’s National Greenhouse Accounts.

Table 34: Natural gas transmission—NGA default emission factors

Operation or process source Emission factor (tonnes CO5-e/km pipeline length)
CO7 CHg4 COz-e
Natural gas transmission 0.02 8.7 8.7

Source: Department of Climate Change forthcoming.

4.3.7 Natural gas distribution—UNFCCC Category 1.B.2.b.iv

The boundary between natural gas transmission and distribution is generally taken to be the city gate regulator stations

at which gas pressures are reduced from transmission pressures to sub-transmission pressures. For the purposes of this

methodology, natural gas distribution comprises low, medium and high-pressure reticulation < 1050 kilopascals.
Greenhouse gases emitted from utility pipeline systems are estimated from the following equation:

E = S, x %UAG, x 0.55 x Ci,

Where:
E is the total mass of greenhouse gas emitted from the gas distribution system in utility pipelines system
(in tonnes CO»-€)

S is the total gas utility sales from the pipeline system (in terajoules)

%UAG is the percentage of unaccounted for gas in a state’s pipeline system, relative to the amount issued annually

by gas utilities (see Table 35)

C is the natural gas composition factor for natural gas supplied from the state pipeline system (in tonnes CO,-e per

terajoule) (see Table 35)

0.55 represents the portion of unaccounted for gas allocated as leakage Department of Climate Change
forthcoming.

Table 35: Natural gas combustion emission factors and unaccounted for gas loss factors

State Unaccounted for gas (a)% Natural gas composition factor (a)(tonnes CO3-e/TJ)
UAG CcO, CH4

NSW and ACT 2.40 0.8 328

VIC 2.75 0.9 326

QLD 2.63 0.8 317

SA 4.00 0.8 328

WA 2.55 1.1 306

NT 0.10 0.0 264

TAS 0.40 0.9 326

Source: Department of Climate Change forthcoming.
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4.3.8 Venting and flaring—UNFCCC Category 1.B.2.c—NGA default methodology

4.3.8.1 Venting—gas processing

Venting refers to the controlled release of unburnt gases to the atmosphere. Venting at oil and gas processing facilities
is mainly associated with the release of CO,, which is extracted from the raw gas stream in the course of gas
processing. Because separation of the other components of the gas stream from the CO, is incomplete, the vented CO,
contains small quantities of methane. The quantities of CO, and methane vented will depend on the concentration of
CO; in the raw gas, which varies significantly between gas fields, and on the mode of operation and efficiency of the
CO; stripping plant. The volumes of the vent gas and CO, and methane concentrations are monitored as a part of

routine plant operation.

Emissions estimates are derived from direct measurements.

4.3.8.2 Flaring—oil and gas

Flaring refers to the controlled release to combustion of a mixed flammable gas stream. At oil and gas processing
plants, flared gas may arise from crude oil processing or natural gas processing. Where there is no market for gas

separated from the wellhead production stream, the gas is reinjected or flared.

This subsector does not include flaring from petroleum refining activities, which should be reported separately under
1.B.2a.iv Crude Oil refining and storage.

Emissions reported combines flaring from both oil and gas sources.

Emission factors

The default emission factors are sourced from NGGIC (2007) and are as used in Australia’s National Greenhouse

Accounts.

Table 36: Flaring—NGA default emission factors

Operation or process Emission factor (tonnes CO2-e/tonnes flared)
source

CO, CHg4 N2O CO2-e
Flares 2.9 0.7 0.03 3.7

Department of Climate Change forthcoming.

4.3.9 Oil and gas production—UNFCCC Category 1.B.2—Higher-order method (i)

The NGA default methodology relies on knowledge of quantities of throughput and a default emission factor. The first
higher-order method utilises equipment-specific emission factors in place of general, industry-wide default factors.
Reporters may utilise relevant industry guidelines such as the American Petroleum Institute’s Compendium of
Greenhouse Gas Emissions Estimation Methodologies for the Oil and Gas Industry 2004 for default equipment specific
emission factors or utilise emission factors specific to the installed equipment and plant. These may be either supplied

by the manufacturer or derived from sampling of installed equipment during operation.

Facility-specific data on the composition of gas throughput should be undertaken in accordance with chapters 2 and 3.5.
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4.3.10 Oil and gas production—UNFCCC Category 1.B.2—Higher-order method (ii)

Direct measurement of emissions may also be feasible for certain components of the inventory. These measurements

should be undertaken in accordance with relevant regulations, guidelines and industry practice and in accordance with

the approaches detailed in chapters 2.3 and 3.5.

4.3.11 Reporting

Table 37: Fugitive emissions—Oil and gas—checklist of items to be reported

Emission category and activity data required

Units

Emission factor method chosen

Activity data method chosen

NGA default Methodology

4.3.1 Oil and Gas Exploration (UNFCCC Category 1.B.2a.i)

Gas flared

tonnes throughput

Liquids flared

tonnes throughput

4.3.2 Crude oil production (other than venting and flaring) (UNFCCC Category 1.B.2a.ii)

Quantity of crude oil throughput

tonnes of throughput

4.3.3 Crude oil transport (UNFCCC Category 1.B.2a.iii)

Transport of indigenous crude oil to Australian refineries

petajoules of oil tankered

4.3.4 Crude oil refining and storage (UNFCCC Category 1.B.2a.iv)

Crude oil refined

petajoules of oil refined

Crude oil stored

petajoules of oil stored

Refinery gas flared

tonnes flared

4.3.5 Natural gas production and processing (other than venting and flaring) (UNFCCC
Category 1.B.2.b.ii)

Quantity of natural gas throughput

tonnes of throughput

4.3.6 Natural gas transmission (UNFCCC Category 1.B.2.b.iii)

Gas transmission throughput terajoules

Pipeline length kilometres
4.3.7 Natural gas distribution (UNFCCC Category 1.B.2.b.iv)

Utility sales terajoules

Location

4.3.8 Venting and flaring (UNFCCC Category 1.B2c)

Emissions, by gas

tonnes of COo-e

Quantity vented, by gas

tonnes

Quantity flared

tonnes flared

Higher-order methods

4.3.1 Oil and Gas Exploration (UNFCCC Category 1.B.2a.i)

Gas flared—quantity of flared throughput

tonnes of throughput

Liquids flared—quantity of flared throughput

tonnes of throughput

Gas flared—composition of flared throughput

tonnes CO-e per tonne throughput

Liquids flared—composition of flared throughput

tonnes CO-e per tonne throughput

Gas flared—emissions

tonnes of CO»-e

Liquids flared—emissions

tonnes of COq-e
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Emission category and activity data required

Units

4.3.2 Crude oil production (other than venting and flaring) (UNFCCC Category 1.B.2a.ii)

Facility-specific emission factor

emissions per tonne throughput

Quantity of crude oil throughput

Tonnes

Emissions

tonnes of COq-e

4.3.3 Crude oil transport (UNFCCC Category 1.B.2a.iii)

Facility-specific emission factor

tonnes of CO2-e per petajoule of
throughput

Quantity of crude oil transported

petajoules

Emissions

tonnes of COz-e

4.3.4 Crude oil refining and storage (UNFCCC Category 1.B.2a.iv)

Crude oil refined

petajoules of oil refined

Crude oil stored

petajoules of oil stored

Refinery gas flared

tonnes flared

Facility- specific emission factor, crude oil refined

tonnes of COy-e per petajoule of
throughput

Facility- specific emission factor, crude oil stored

tonnes of CO2-e per petajoule of
throughput

Facility- specific emission factor, refinery gas, composition of throughput

tonnes of CO2-e per petajoule of
throughput

4.3.5 Natural gas production and processing (other than venting and flaring) (UNFCCC Category 1.B.2.b.ii)

Facility-specific emission factor

emissions per petajoule of
throughput

Quantity of throughput

petajoules

Emissions, by gas

tonnes of COq-e

4.3.6 Natural gas transmission (UNFCCC Category 1.B.2.b.iii)

Throughput

terajoules

Gas leakage (volume)

terajoules

Natural gas composition factor

tonnes per terajoule

Emissions, by gas

tonnes of COz-e

4.3.7 Natural gas distribution (UNFCCC Category 1.B.2.b.iv)

Utility sales

terajoules

Gas leakage (volume)

terajoules

Natural gas composition factor

tonnes per terajoule

Emissions, by gas

tonnes of COq-e

4.3.8 Venting (UNFCCC Category 1.B2c)

Emissions, by gas

tonnes of COz-e

4.3.8 Flaring (UNFCCC Category 1.B2c)

Quantity flared

tonnes

Flaring—composition of flared throughput

Emissions, by gas

tonnes of COz-e
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4.4 CARBON CAPTURE AND STORAGE

Carbon dioxide capture and storage (CCS) is a technology aimed at reducing greenhouse gas emissions from burning

fossil fuels during industrial and energy-related processes. CCS consists of the following four components:

1. Capture—carbon dioxide emissions arising from the combustion of fuels and certain industrial processes can be
captured to produce a concentrated stream of CO, at high pressure. Only CO, captured for permanent storage in
geological reservoirs should be estimated.

2. Transportation—compressed CO, may be transported from the source to a storage site through pipelines or in
tanks carried by ships.

3. Injection—the injection of CO, requires the use of a number of surface facilities including storage facilities, any
distribution manifold at the end of the pipeline, distribution pipelines to the wells, additional compression
facilities, measurement and control systems, wellhead(s) and the injection wells.

4. Storage—involves the long-term isolation of captured CO, from the atmosphere (IPCC 2006). CO, can be stored
in geological formations such as deep saline formations, depleted or partially depleted oil and natural gas fields,

and coal seams.
Fugitive emissions may arise at each stage of the process.

Fugitive emissions may arise from the leakage of CO, due to pipeline breaks, seals and valves, intermediate compressor
stations on pipelines, intermediate storage facilities, ships transporting low temperature liquefied CO, and ship loading
and offloading facilities.

Potential pathways for leakages from storage include, among others:

e  operational or decommissioned wells;

e well blow-outs;

e future mining of CO, reservoirs;

e the pore system in low permeability cap rocks if the capillary entry pressure is exceeded or the CO, is in solution;
e situations in which the cap rock is locally absent;

e aspill if the reservoir is overfilled;

e dissolution of CO, into pore fluid and subsequent transport out of the storage site by natural fluid flow;

e natural or induced faults or fractures;

o fugitive methane emissions arising from the displacement of methane by CO, at geological storage sites.

Technical standards relating to the measurement of gases are set out in Chapter 3.5. These standards are applicable to
the capture, transport and injection of emissions.

These potential sources of emissions should be monitored in accordance with relevant Australian Government and State
legislation, regulations or guidance.

4.4.1 Reporting

Reporters are required to report the total amount of CO, captured and injected at storage sites, and the fugitive
emissions arising from leakage during transport, injection and storage. These reporting requirements for CCS are
summarised in Table 38. Energy combusted for the purpose of capturing, injecting or any other related activity should
be reported under Chapter 3.10.
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Table 38: Carbon capture and storage—checklist of items to be reported

Emission category and activity data required CO; (Gg)

Opening stock of stored CO»

Amount of CO» captured for storage

Amount of CO, imported for storage

Amount of CO; injected at storage sites

Fugitive emissions

leakage during transport

leakage during injection

leakage from storage sites

Closing stock of stored CO»
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APPENDIX 4.1 NATIONAL GREENHOUSE ACCOUNTS (NGA) RATINGS FRAMEWORK—
FUGITIVE EMISSIONS

Emission factors

The use of National Greenhouse Accounts (NGA) default emission factors offers transparent, accurate, and time series
consistent estimates of emissions. However, higher-order methods that take into account information about facility-
specific or fuel-specific fuel qualities have the potential to reduce emission factor estimate uncertainties at the facility
level, although at the price of higher measurement cost.

As Reporters are best placed to understand the relative benefits and costs of undertaking high-order methodologies they
will be able to choose, under certain conditions, whether to use the NGA default methodology or a higher-order method

to estimate emissions.

The NGA Emission Factor Ratings Framework is designed to provide information on the benefits for improving
emission estimation from developing and utilising facility-specific emission factors in preference to the use of NGA
default emission factors.

The following table sets out a framework for rating the quality of emissions estimates based on the choice of estimation
method employed by the Reporter. The ratings are intended to reflect the level of confidence in the emission factor
utilised. They range from ‘AAA’ (highest confidence) to ‘D’ (lowest level of confidence). Classification by estimation
method is designed to enhance the verifiability of the Ratings Framework.

The Ratings Framework assumes that the emission factor methods may be grouped into four main categories:

e continuous emissions monitoring systems

o facility-specific emission factors based on direct sampling and analysis conforming to Australian standards or
equivalent

e facility-specific emission factors based on direct sampling that provides representative and unbiased samples,
albeit not to Australian or equivalent standard

e NGA default emission factors, which are further classed according to published uncertainties surrounding typical

emission sources.

Broadly speaking, the estimation method adopted by Reporters will be rated according to relative emissions
measurement effort undertaken. In other words, Reporters that choose similar methods of estimation of emission factors
—for example, direct sampling—will be rated at similar levels. In cases of the use of NGA default factors, the method
chosen will be further ranked by the relative uncertainties introduced from the use of those factors to provide an
indication of the relative benefits of estimating facility-specific emission factors.

Fugitive emission factors can be interpreted to consist of a composition of gas component and a leakage rate (volume
effect) component. Reporters may undertake measurement systems to monitor each of these components. Table 39 is
applicable to each component.
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Table 39: Fugitive emissions from coal, oil and gas extraction and distribution—NGA emission factor ratings
(composition of gas and leakage rate)

Emission Factor
Method

Method characteristics

Department of
Climate Change
Emission Factor
Rating

Continuous emissions | ® Measurement conducted in accordance with appropriate regulations, standards AA / AAA
monitoring (CEM) or guidelines. -
* Reporter must demonstrate that this approach provides as accurate or better
estimates than a facility-specific EF Grade 1 approach
Facility-specific EF ¢ Sampling and analysis conducted in accordance with Australian or equivalent A/AA
Grade 1 international sampling and analysis standards
Facility-specific EF e Sampling conducted in accordance with generally accepted practice for BBB/A
Grade 2 representative sampling
¢ The operator shall document evidence to show that the derived samples are
representative and free of bias
¢ Analysis conducted in accordance with Australian or equivalent international
standards
* Reporter must demonstrate that this approach provides as accurate or better
estimates than the NGA default emission factor
NGA default EF ¢ Default emission factor—Class 1 BBB
NGA default EF o Default emission factor—Class 2 BB
NGA default EF e Default emission factor—Class 3
NGA default EF ¢ Default emission factor—Class 4
NGA default EF e Default emission factor—Class 5 D

The NGA default emission factors presented in these Guidelines have been further classified into broad categories

based on the level of uncertainty introduced to the emission estimates from the use of those factors. In the absence of

detailed information about uncertainty estimates for Australian sources, the Department of Climate Change has adopted

the estimates given in the 2006 IPCC guidelines for National Greenhouse Gas Inventories: Volume 2 — Energy to

classify emission sources into four classes (IPCC 2006). The uncertainty values given in Table 40 are derived from the

upper and lower bounds of the 95 percent confidence interval reported by the IPCC and expressed as a percentage of

the mean.

Table 40: Fugitive emissions—emission factor (leakage) class rankings

Category Uncertainty
Estimate
Class 1 0-5%
Class 2 5.0-10%
Class 3 10.0-5.0%
Class 4 15.0-50.0%
Flaring * 25%
Class 5 > 50%
Open cut coal mine fugitive emissions ° >50%
Underground coal mine fugitives d >50%
Decommissioned mines ° >50%
Oil and gas exploration, production, processing, transmission b >50%

The classification levels for default emission factors are based on uncertainty estimates provided in the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories: Volume 2 — Energy (IPCC 2006)
a. IPCC (2006, page 4.49) b IPCC (2006, page 4.49) c IPCC (2006, page 4.20) d page IPCC (2006,4.15) e IPCC (2006, page 4.29)
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Activity data

The approach adopted by the Reporter to activity data collection constitutes an additional source of uncertainty for the

emission estimates. Measurement of actual fuels produced or consumed in accordance with Australian standards, or

their international equivalent, offers the most direct source of activity data estimates. Alternative methods of estimating

activity data—based on taxation, sales or purchase invoices— may offer equivalent confidence in emission estimates if

changes in stocks of fuels are not material. If changes in stocks of fuels are material, then the use of invoices represents

a more indirect method of estimation and, therefore, in general, produces estimates with increased uncertainty and

lower ratings.

Table 41: Fugitive emission quantities—NGA activity data ratings

Activity data estimation method Solids

Gases

Liquids

Direct measurement of fuel quantities produced or consumed in AAA
accordance with Australian or equivalent standards, or

Use of taxation, sales or purchase invoices (quantities corrected to
standard conditions) for facilities where the change in stocks of fuels
are not material.

AAA

AAA

Use of taxation, sales or purchase invoices (quantities corrected to AA
standard conditions) adjusted for changes in stocks.

AA

AA

Use of sales or purchase invoices: (quantities measured at ambient A
temperature) with no adjustment for changes in stocks.
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CHAPTER 5: INDUSTRIAL PROCESSES, SOLVENTS AND PRODUCT USE—UNFCCC
CATEGORIES 2 AND 3

5.1 GENERAL METHODOLOGY

Industrial process emissions are an important source of emissions in Australia and are generated from a wide variety of

activities. The major groups of activities generating emissions include:

1. mineral products—generally from the consumption of carbonate materials (such as limestone);
2. chemical products—generated mainly by the petrochemical industries;
3. metal products—generally from fossil fuel-derived carbon materials such as coke used as reductants (that is, the

use of these fuels for non-energy purposes);
4. synthetic gas emissions—the release of halocarbons, perfluorocarbons and sulphur hexafluoride either as
fugitive emissions or leakages from their use or as a by-product of an industrial process (for example, aluminium

production).

5.1.1 National Greenhouse Accounts (NGA) default method

The general method employed to estimate emissions associated with each industrial process involves the product of an
activity level data, e.g. amount of material produced or consumed, and an associated emission factor per unit of

consumption or production, according to:

E = Q x EFj—Rcoz

where:
E; is the process emission from industrial sector j (expressed in tonnes of CO-e)
Q; is the amount of activity of production or consumption of a process material in industrial sector j (tonnes)
EF; is the relevant emission factor in tonnes of CO5-e per tonne of production or consumption of raw material
Rcoz2 is the quantity of emissions captured and transmitted for permanent storage (see Section 4.4)

Some industries will have a number of industrial process emission sources (for example, from the use of both coke and

carbonates).

Additional estimation methodologies are available from IPCC (2006) and should be used for emission sources for
which no NGA default methodology has been provided. Reporters should clearly document any identified emission

source for which an emissions estimate could not be reported.

5.1.2 Higher-order methods

Higher-order methods involve the use of direct sampling of inputs or materials produced to provide more accurate

estimates of relevant activity or emission factor variables.

5.1.3 Energy-related sources of emissions

Most industries will also have emissions sources generated from the combustion of fossil fuels for energy purposes.
Refer to Chapter 3 for factors and methods.
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5.2 MINERAL PRODUCTS—UNFCCC CATEGORY 2.A

The calcination (heating) of carbonate materials such as limestone, dolomite and soda ash generate CO, emissions as a
byproduct. The calcining of calcium carbonate (CaCOs), for example, forms lime (CaO) and carbon dioxide (CO,) and

may be presented as:
CaCOs3; + heat > CaO + CO,

Default methodologies for estimating the emissions from the consumption of carbonate products are provided in this
section. For a small number of cases—the use of carbonates in the production of cement clinker and lime—NGA
default methodologies have been expressed in terms of the quantity of production of these materials. Higher-order
methods generally involve methodologies where emissions are expressed as a function of the actual quantity of pure

carbonate calcined.

It is the responsibility of the Reporter to report all sources of emissions from mineral product production or
consumption. Other, minor sources of emissions may result from acid-induced release of CO, during chemical
processes where carbonate impurities contained in raw materials may react to produce emissions. Where the carbonate

is used for other purposes, such as an aggregate in gravel, no emissions are generated and do not need to be reported.

5.2.1 Cement clinker production—UNFCCC Category 2.A.1

Carbon dioxide is generated during the production of portland clinker, an intermediate product from which cement is
made. The manufacture of cement involves a multi-stage process whereby calcium carbonate (CaCO;) from calcium
rich raw materials such as limestone, chalk and natural cement rock is heated at temperatures of approximately 1500 °C
in cement kilns to form lime (CaO) and CO,. In addition to CaCO;, the raw materials used in cement production may

also contain small quantities of magnesium carbonate (MgCQOs). On heating, MgCO; also decomposes to generate CO,.

5.2.1.1 NGA default method

Emissions of CO, associated with the manufacture of portland cement clinker are calculated according to:

Ea = (EFc + EFioc) X (Ac + Ackd X Fea )
where:
E is the process emissions of CO, from the production of cement clinker (tonnes)
EF is the emission factor for cement clinker (tonnes of emissions per tonne of clinker produced)
A is the quantity of cement clinker produced (tonnes)
Ackq is the quantity of cement kiln dust (CKD) produced (tonnes)
EFioc is the emission factor for kerogen or other carbon-bearing non-fuel raw material (tonnes CO,/tonne clinker)
Fcka is the degree of calcination of cement kiln dust (range from 0% to 100%) assumed to be 100%, that Fq =1

The NGA default emission factors are reported in Table 42. The default clinker emission factor has been compiled
according to IPCC guidelines based on a lime (CaO) proportion in clinker of 66% and a magnesium oxide (MgO)
proportion of 1.5%.
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Table 42: Clinker production: NGA default method: emission factors

Source Emission factor (tonnes COz-e per tonne)

CO, CH,4 N,O PFC SFg All gases
EFq 0.534 0.534
EFioc 0.010 0.010

Source: Department of Climate Change (forthcoming).

5.2.1.2 Higher-order methods

A higher-order method may be adopted in which the facility-specific quantities of lime and magnesium oxide contained

in the clinker production at the facility may be estimated using methods that are consistent with Section 2.3.

EFy = Feao X 0.785 + Fygo x 1.092

Where:

EF is the emission factor for clinker production

Fcao is the estimated fraction of clinker that is CaO
Fugo is the estimated fraction of clinker that is MgO

0.785 is the molecular weight ratio of CO, to CaO
1.092 is the molecular weight ratio of CO, to MgO

Alternatively, if data are available on the carbonate inputs calcined in the production of the cement clinker (most

commonly calcium carbonate, magnesium carbonate and dolomite), these can be used to calculate a higher-order

estimate of emissions based on a calculation for each species of carbonate input.

Ecl =z(EFcarb X Acarb X Fcal ) - Ackd X EI:ckd X (1_Fckd) + Atoc X EFtoc

Where:

EF.ar is the emission factor for the particular carbonate input (tonnes COz-e per tonne) (Table 43)

Acarp is the quantity of each specific carbonate (tonnes)

Fcal is the fraction of each specific carbonate material calcined, assumed to be 100%, =1.

Ackq is the quantity of cement kiln dust lost from the kiln (tonnes)

Fckq is fraction of calcination achieved for cement kiln dust lost from the kiln (in the absence of data, assume =1)

EFq is the emission factor for calcined cement kiln dust (assumed to be calcium carbonate) lost from the kiln

Atoc is the quantity of total organic or other carbon in specific non-fuel raw material (carbon, tonnes)

EFioc is the emission factor for kerogen or other carbon-bearing non-fuel raw material (tonnes CO,/tonne carbon)

Total emissions are estimated as the sum of the estimates for each carbonate input.

Table 43: Clinker production: higher-order method based on carbonate inputs: emission factors

Source Emission factor EF¢,,, (tonne CO2-e per tonne)

Carbonate co, CH,4 N,O PFC SFg All gases
Calcium carbonate (CaCO3) 0.440 0.440
Magnesium carbonate (MgCO3) 0.522 0.522
Dolomite (CaMg(COs),) 0.477 0.477

Source: IPCC 2006.

Approaches adopted for the determination of the amount of relevant carbonates included in relevant kiln input material

should be consistent with the guidance provided in Section 2.3.
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5.2.2 Lime production—UNFCCC Category 2.A.2

Lime is produced by heating calcium-rich raw materials in a kiln. As with the case of clinker, the default method can be
calculated from data on lime outputs, while two higher-order methods are presented: the first based on data on the

content of the lime outputs; and the second based on data on the content of kiln inputs.

5.2.2.1 NGA default method

Total CO, emissions from lime production are estimated from:

E =A.EF
Where:
E, is the emissions of CO, from the production of lime (tonnes)
A is the amount of lime produced (tonnes)
EF, is the CO, emission factor (tonnes of CO, / tonnes lime produced)

The NGA default emission factors are reported in Table 44. Default emission factors assume a fractional purity of 0.86
for commercial lime and 0.93 for in-house lime. In-house production of dolomitic lime in the ferrous metals industry
should be reported under Other Uses of Carbonates — UNFCCC Category 2.A.3.

Table 44: Lime production—NGA default emission factors

Source Emission factor (EF, )(tonne CO2-e per tonne)

cOo, CHy4 N,O PFC SFg All gases
Commercial lime production 0.675 0.675
In-house lime production 0.730 0.730

Source: Department of Climate Change forthcoming.

5.2.2.2 Higher-order methods

Higher-order methods involve the derivation of facility-specific fractional purities that can then be used to determine a

facility-specific emission factor according to:

EF,=F;x44.01/56.08
Where:
EF, is the emission factor for lime production
Fq is the estimated fractional purity of the quicklime

44.01 is the molecular weight of CO,
56.08 is the molecular weight of CaO

Alternatively, if data are available on the carbonate inputs calcined in the production of the lime (most commonly
calcium carbonate, magnesium carbonate and dolomite), these can be used to calculate a higher-order estimate of

emissions based on a calculation for each species of carbonate input:

Eo = Z(EFcarb X Acarb X Foal ) = Aia X (1-Fika) X EFg
Where:
EFcar is the emission factor for the particular carbonate input
Acarp is the quantity of each specific carbonate input
Fcal is the fraction of each specific carbonate material calcined, assumed to be 100%, such that F, =1
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Aid is the quantity of lime kiln dust
Fq is fraction of calcination achieved for lime kiln dust
EFkq is the emission factor for calcined lime kiln dust (assumed to be equal to calcium carbonate)

Total emissions are estimated as the sum of estimates for each carbonate input.

Table 45: Lime production—higher-order method based on carbonate inputs

Source of carbonate Emission factor EF.., (tonne CO2-e per tonne)

CO, CH,4 N,O PFC SFg All gases
Calcium carbonate (CaCO3) 0.440 0.440
Magnesium carbonate 0.522 0.522
(MgCOs)
Dolomite (CaMg(COs),) 0.477 0.477

Source: IPCC 2006.

The methods used to determine the amount of relevant carbonates—including calcium carbonate, magnesium carbonate
and dolomite—in the relevant kiln input material should be consistent with the guidance provided in Section 2.3.

5.2.3 Other uses of carbonates—UNFCCC Category 2.A.3

Calcium carbonate (CaCQO;), dolomite (CaCO;.MgCOs3) and magnesium carbonate (MgCQO;) are basic raw materials
having commercial applications in a number of industries including:

e metallurgy (for example, iron and steel);

e glass manufacture including fibre-glass and mineral wools;

e magnesia production;

e agriculture;

e  construction;

e environmental pollution control.

CO, is generated in industrial applications involving the heating of limestone or dolomite at high temperatures. No
emissions are generated where carbonates are used in applications that do not involve calcination or heating. For

emissions from soda ash use, see Section 5.2.4.

5.2.3.1 NGA default method

There are no NGA default methods based on data relating to the production of materials or outputs. Rather, default
methods are based on the quantity of carbonate material consumed (calcined) and the application of a default fractional
purity of the material. Emissions may be estimated for individual species of carbonate using the following:

Eisa = Aisg X EFsq

Where:
Ejsq is the annual emissions of CO, from the use of the carbonate (tonnes)
Ajsq is the amount of each carbonate calcined (tonnes)
EFsq is the CO, emission factor for each carbonate (tonnes CO,-e per tonne of carbonate)

The NGA default emission factors are reported in Table 46.
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Table 46: Carbonates consumption—NGA default emission factors

Source of carbonate consumption Emission factor (EFsg)(tonne CO5-e per tonne)

CcO, CH4 N2O PFC SFg All gases
Limestone (calcium carbonate) 0.396 0.396
Magnesium carbonate 0.522 0.522
Dolomite 0.453 0.453

Source: Department of Climate Change forthcoming. Default emission factors assume a fractional purity of 0.90 for limestone; 0.95 for

dolomite and 1.0 for magnesium carbonate.

5.2.3.2 Higher-order methods

Data on the quantity of pure carbonate inputs calcined can be used to calculate a higher-order estimate of emissions.

Ecl =Z(EFcan X Acarb X Feal)

Where:

EFar is the emission factor for the particular carbonate input

Acarp is the quantity of carbonate material calcined

Fcal is the fraction of each specific carbonate material calcined

Total emissions are estimated as the sum of estimates for each carbonate input.

Table 47: Consumption of carbonates—NGA default emission factors

Source of carbonate Emission factor EF.., (tonne CO2-e per tonne)

CcO; CH,4 N2O PFC SFg All gases
Calcium carbonate 0.440 0.440
(CaCOs)
Magnesium carbonate 0.522 0.522
(MgCOs)
Dolomite (CaMg(COs),) 0.477 0.477

Source: IPCC 2006.

The determination of the amount of relevant carbonates in the relevant kiln input material should be consistent with the

guidance provided in Section 2.3.

5.2.4 Soda ash use and production—UNFCCC Category 2.A.4

Soda ash is used in a variety of applications including glass production, soaps and detergents, flue gas desulphurisation,

chemicals and pulp and paper.

5.2.4.1 Soda ash use

NGA default Methodology

The mass of CO, emitted from the use of soda ash (Na,COj;) may be estimated from consumption data and an emission

factor based on the stoichiometry of the chemical process:

Esau = Asau X EFSBU
and

EFsau = 44.01/105.99 = 0.415 tonnes per tonne Na,CO;
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Where:
Esau is emissions from soda ash consumption
Asau is consumption of soda ash
EFgau is the emission factor for CO, from soda ash use (tonnes of emissions per tonne of soda ash consumed)
44.01 is the molecular weight of CO,
105.99 is the molecular weight of Na,CO3

The NGA default emission factors assume 100 per cent purity of the soda ash and are reported in Table 48.

Table 48: Soda ash consumption — NGA default emission factor

Source Emission factor (EFs,,) (tonne CO2-e per tonne)

CO; CH4 N,O PFC SFe All gases

Soda ash use 0.415 0.415

Source: Department of Climate Change forthcoming.

5.2.4.2 Soda ash production

NGA default methodology

Soda ash is produced either from natural sodium-carbonate bearing deposits or by the Solvay process. Methods for the
production of soda ash from natural deposits are given in IPCC (2006). Synthetic ash derived from sodium chloride
made using the Solvay process generates CO, as a by-product, but this CO, is captured and recycled for use in the latter

stages of the production process.

The NGA default method is consistent with IPCC (2006) and estimates emissions based on the oxidation of the coke

carbon and an appropriate default emission factor.

Ea=2>Qx EC xEF /1000

Where:
Ea is emissions of CO, in tonnes of CO2-e
Q is the quantity of each fossil-fuel derived carbon feedstock i consumed (tonnes)
EC is the energy content of the feedstock type i (gigajoules per tonne)
EF is the emission factor for each type i (including effects of oxidation) (kilograms per gigajoule) — see chapter 3.

Higher-order methods

A higher order approach to the estimation of CO, emissions should utilise a mass-balance approach that is based on
monitoring of CO, produced and consumed in the production process.

5.3 CHEMICAL INDUSTRIES—UNFCCC CATEGORY 2.B

The Basic Chemical Manufacturing (ANZSIC Group 253) subcategory includes the major bulk chemical
manufacturing enterprises, producing fertilisers, other nitrogenous chemicals, polymer resins (plastics) and carbon

black. The fossil fuel feedstocks used include natural gas (methane), ethane, propane, butane, propylene and naphtha.

Reporters should refer to Chapter 3 for methods for the estimation of emissions from the use of fossil fuels for energy

purposes.
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5.3.1 Ammonia production—UNFCCC Category 2.B.1

Ammonia production involves the consumption of fossil fuel for both energy and non-energy purposes. CO, emissions
are generated in the primary steam reforming process in which the source of fuel, commonly natural gas, is used to

derive hydrogen.

Emissions from the use of natural gas for its energy value should be separated from its non-energy purposes. Emissions
and energy use should be reported under chapter 3. Emissions and fuel use as an input into ammonia production should
be reported under chapter 5. If this separation cannot be completed then, in order to minimise the risk of duplication or
omission, all emissions from the use of gas in ammonia production should be included within the Industrial Processes
Sector 2.B.1.

5.3.1.1 NGA default methodology

Emissions of CO, from the production of ammonia can be estimated according to:

Ea= ZQ, X EC| X EF,/ 1000 - R C02

Where:
Ea is emissions of CO; (tonnes of CO;- €)
Q; is the quantity of each feedstock or fuel consumed (cubic metres)
EC, is the energy content of the feedstock or fuel type i (gigajoules per cubic metre)

EF; is the emission factor for each feedstock fuel type i (including the effects of oxidation (=0.995)) (kilograms per
gigajoule)
R is the CO; recovered for downstream use ( tonnes of CO»- €)

Default energy content and emission factors for each fuel type should be taken from Chapter 3.

5.3.1.2 Higher-order methods

Higher order estimation methods involve the estimation of facility-specific emission factors for fuels consumed. These

factors should be estimated utilising the approaches and methods outlined in Section 2.3 and Chapter 3.

5.3.2 Nitric acid production—UNFCCC Category 2.B.2

The manufacture of nitric acid (HNO;) generates nitrous oxide (N,0O) as a by-product of the high temperature catalytic

oxidation of ammonia (NHj3).

5.3.2.1 NGA default method

Emissions of nitrous oxide (N,O) from the production of nitric acid can be estimated according to:

ENA = EFNA X ANA (1 — DF x ASUF)

Where:
Ena is the emission of N,O in tonnes of CO,- equivalent
EFna is the default emission factor in tonnes of N,O per tonne of HNO3 produced
Ana is the quantity of HNO3 produced annually (tonnes)
DF is the abatement technology destruction factor (NGA default is 0.80)

ASUF is the estimated abatement system utilisation factor (range between 0 and 1 to allow for any downtime in the
use of the abatement equipment).
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The amount of nitrous oxide formed depends, inter alia, on combustion conditions (pressure and temperature), catalyst
composition and age, and burner design (IPCC 2006). The NGA default emission factors are reported in Table 49.

Table 49: Nitric acid production—NGA default method: emission factors

Source Emission factor (tonnes CO,-e per tonne of production)
CcO, CHy4 N2O PFC SFg All gases
Atmospheric pressure plants (low pressure) 1.55 1.55
Medium pressure combustion plant 217 217
High pressure plant 2.79 2.79

Source: IPCC 2006. Default emission factors assume that no abatement measures are being employed in the production process.

5.3.2.2 Higher-order methods

Higher-order methods involve the use of plant-specific emission factors derived from periodic in-plant monitoring and

information about specific types of abatement technologies employed in the production process.

5.3.3 Adipic acid production—UNFCCC Category 2.B.3

Methods for the estimation of emissions from this source are given in IPCC (2006).

5.3.4 Carbide production—UNFCCC Category 2.B.4

Methods for the production of silicon carbide and calcium carbide are given in IPCC (2006). Minor quantities of
acetylene are produced from imported calcium carbide. Production of acetylene should be reported by acetylene

producers.

5.3.5 Other—Polymers and other chemicals—UNFCCC Category 2.B.5

5.3.5.1 Titanium dioxide and synthetic rutile production

Process emissions of carbon dioxide in titanium dioxide (TiO,) production take place primarily as a result of coal
oxidisation in the process of producing synthetic rutile using the Becher process. Petroleum coke is used in the process
of producing rutile TiO, through the chloride route.

NGA default method

Emissions for each product may be calculated based on the level of consumption of reducing agent or carbothermal

input:

Ea=2Y Q x EC;x EF;/ 1000

Where:
Ex is emissions of CO, from the production of titanium dioxide or synthetic rutile
Qiis the quantity of each reducing agent or fuel type i consumed (tonnes)
EC, is the energy content of the reducing agent or fuel type i (gigajoules per tonne)

EF; is the emission factor for the reducing agent or fuel type i (including effects of oxidation) (kilograms per
gigajoule)

Default energy content factors for each reducing agent or fuel type should be taken from Chapter 3.
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Higher-order methods

Higher-order methods involve the estimation of the carbon content of the fuel consumed in accordance with the
principles set out in Section 2.3 and Chapter 3.

5.4 METAL PRODUCTS—UNFCCC CATEGORY 2.C
5.4.1 Iron and steel—UNFCCC Category 2.C.1

5.4.1.1 Integrated steelworks

Iron and steel production generates a range of emissions sources, including from the use of carbonaceous materials
such as coke as reductants, the use of fossil fuels for energy, the use of carbonates and some minor fugitive emissions.
A number of by-products are generated during production, such as blast furnace gas, which are recycled for their
energy content. A schematic chart showing energy flows within the integrated Iron and Steel sector shows the
components associated with coke used for reduction and which are reported in the Industrial Processes sector in (dark)

red (see Figure 1).

A mass balance approach should be used to estimate emissions from the use of reductants given the recycling of a

number of by-products (such as blast furnace gas) in the steel-making process.
Emissions from the use of fuels for energy purposes should be estimated separately (see Chapter 3).

Coke Ovens (ANZSIC code 2711) are considered an energy transformation industry under the UNFCCC methodology
and therefore must be separated from the other parts of the iron and steel industry and reported under UNFCCC
Category 1.A.1.c (see Chapter 3.9).

Methods for the estimation of emissions from carbonate use are given in Section 5.2.

Some electricity is produced as a by-product of the production process; however, given the primary role of the fossil

fuel inputs in the iron and steel production process, no emissions should be re-allocated to that sector.

Figure 1: Iron and steel input-output energy flow chart

T - =

[FuelOi_ Coke ovens :‘>@
Gi
as Blast Furnace
Coke Coke used as
a reductant
Coal
| —— tar/BTX

.

Used in other energy Stockpile or used in
subsectors other subsectors

Iron & Steel -Em

B.O.S
Process

Eiﬁﬂi

DEPARTMENT OF CLIMATE CHANGE 101



TECHNICAL GUIDELINES FOR THE ESTIMATION OF EMISSIONS AND ENERGY AT FACILITY LEVEL
DISCUSSION PAPER

NGA default method

Emissions associated with the use of reductants (such as coke) can be estimated using the following equations.
For CO,:

Eisr = 2Q¢ x EC. x CO, EF/1000 — Qg X Cgequx 44 /12
Where:
Eisr is the emissions of CO, from the use of carbon reductants (tonnes)
Q¢ is the quantity of each carbon reductant used (tonnes)
EC. is the energy content of each carbon reductant (gigajoules per tonne)
CO; EF; is the CO, emission factor for each carbon reductant (kilograms of CO2-e per gigajoule)
Csequ is the rate of carbon sequestration in steel (0.02)
Qs is the quantity of steel produced

For non-CO,:

E|SR(Non-C02) = Qc X ECC X NOﬂ-COg EFC/1000

Where:
Esr (non-COy) is the emissions of non-CO, gases from the use of each carbon reductant (tonnes)
Q¢ is the quantity of carbon reductant used (gigajoules)
EC. is the energy content of the reductant (gigajoules per tonne)
Non-CO; EF. is the emission factor for methane and nitrous oxide (kilograms CO»-e per gigajoule)

Default energy content and emission factors for each fuel type should be taken from Chapter 3.

Fugitive emissions from non-reductant sources in the production of Iron and Steel can be estimated using the quantity
of steel produced and the emission factors in the following table (Table 50):

Table 50: Iron and steel: emission factors for calculating fugitive emissions

Source Emission factor tonne CO3-e per tonne
CO2 CHy N,O PFC SFe All gases
Iron and steel—crude steel production - 0.009 - - - 0.009

Source: Department of Climate Change forthcoming.

Higher-order methods

Higher-order methods require the use of facility-specific emission factors. These should be estimated in accordance
with the principles set out in Section 2.3 and Chapter 3.

5.4.1.2 Electric arc furnaces

Carbon and alloy steels are produced in electric arc furnaces, a refractory lined pot that utilises electric heating through
graphite electrodes, which are consumed in the process, releasing carbon dioxide emissions. This type of furnace is
charged with 100% scrap iron.

NGA default method

Ecar = EFear X Acar
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where:
EeaF is emissions from electric arc furnaces
Erear is the emission factor of 0.08 tonnes of CO, per tonne of steel production (source IPCC 2006)
Aear is the production of steel using electric arc furnaces

Higher-order methods

Higher-order methods require the use of facility-specific emission factors. These should be estimated in accordance

with the principles set out in Section 2.3 and Chapter 3.

5.4.2 Ferro Alloys—UNFCCC Category 2.C.2

Emissions of CO, can occur during ferroalloy production as a result of the use of carbon reductants such as coke.

5.4.2.1 NGA default method

Carbon dioxide emissions from the use of carbon reductants in the production of ferroalloy metals can be estimated

using the following equation:

E = >A. x EC; x EF. /1000
Where:
E, is emissions of CO, from the production of the metal (tonnes)
A is the quantity of each carbon reductant used in the production of the metal (expressed in tonnes)
EC. is the energy content of the reductant (gigajoule per tonne)
EF. is the emission factor of each carbon reductant used (kilograms of CO»-e per gigajoule)

NGA default emission and energy factors for coke, coal and other carbon inputs can be found in Chapter 3.
5.4.2.2 Higher-order methods

Higher-order methods involve the use of facility-specific emission factors. These should be estimated in accordance

with the principles set out in section 2.3 and chapter 3.

5.4.3 Aluminium—UNFCCC Category 2.C.3

Carbon dioxide is primarily formed by the chemical reaction of oxygen (produced in the electrolysis process) with the
consumption of the carbon anode. Emissions are also generated in the production of the carbon anode reflecting two
terms: pitch volatiles combustion and baking furnace packing material.

The perfluoronated carbon compounds (PFC), tetrafluoromethane (CF,) and hexafluoroethane (C,Fy) are generated
during the ‘anode effect’ in the production of aluminium. The anode effect is characterised by an increase in cell
voltage as a result of the cryolite bath becoming deficient in alumina.

Estimation of CO, emissions associated with the use of carbonates and the in-house production of lime at alumina
refineries are available at Section 5.2.

Estimation of emissions from fuel consumption for energy purposes such as firing the baking furnace should be
undertaken in accordance with Chapter 3.
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5.4.3.1 NGA default method

Carbon dioxide emissions from electrolysis and anode production are derived using a carbon mass balance approach:

Eal = Aa X (EFajac + EFpiap)

Where:
Ea is the emission of CO, from aluminium smelting (tonnes)
A is the amount of aluminium produced (tonnes)

EFalac is the CO, emission factor for carbon anode consumption (tonnes of CO2-e emissions per tonne of aluminium
produced), estimated according to:

EFame = (NAC x (100 — S, — Ash,) / 100) x 44 / 12

Where:

NAC is the rate of carbon consumption from the anode per tonne of aluminium
(default assumed equal to 0.413 tonnes of carbon per tonne of aluminium)

Sa is the sulphur content in baked anodes (by % weight; the default is assumed to be equal to 3%)
Ash, is the ash content in baked anodes (by % weight, the default is assumed to be equal to 0%)

and
EFaiap is the CO, emission factor for anode production, estimated according to:

EFaap = (GA — Hw — BA — WT) x 44 / 12 + (PCC x BA X (100 — Spee— Ashye)/100) x 44 / 12

Where:

GA is weight of loaded green anodes, which is the ratio of green to baked anode weights, multiplied by the baked
anode production

BA is baked anode production (tonnes)

Hw is hydrogen content in green anodes weight (tonnes)

WT is waste tar collected (tonnes)

PCC is the rate of coke consumption, tonnes of coke per tonne of baked anode production
Spec is the sulphur content in packing coke (by % weight, assumed to be 3%)

Ashpc is the ash content in packing coke (by % weight)

Perfluorocarbon emissions from primary aluminium production may be calculated according to the following:

Epri = A X EF

Where:
Ep is the process emission of CF4 and C,Fg from primary aluminium production (CO»-e tonnes)
A is the amount of primary aluminium production (tonnes)
EFpi is the emission factor for CF4 and CyFg, (tonne CO2-e per tonne aluminium).

Emissions (in tonnes) may be estimated as a function of aluminium production using the emission factor reported in
Table 51.

Table 51: Aluminium: NGA default emission factors

Source Emission factor (EFy) tonne CO-e per tonne
co, CH4 N,O CF4 C>Fg All gases
Aluminium production 1.59 0.26 0.05 1.89

Source: Department of Climate Change forthcoming
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5.4.3.2 Higher-order methods

Higher-order methods involve the use of facility-specific emission factors for sulphur and ash content estimated in

accordance with the principles set out in Section 2.3 and Chapter 3 and the measurement of fuels consumed.

Facility-specific perfluorocarbon emissions should be estimated in accordance with accepted international measurement
protocols (US EPA, International Aluminium Institute, Protocol for Measurement of Tetrafluoromethane (CFy) and

Hexafluoroethane (C,F ) Emissions from Primary Aluminium Production).

5.4.4 Other Metals

Emissions of CO, can occur in the production of other metals such as lead and zinc for certain technologies as a result

of the use of carbon reducing agents such as coke.

5.4.4.1 NGA default method

Carbon dioxide emissions from the use of carbon reductants in the production of other metals can be estimated using
the following equation:

E =>Q.x EC, x EF. /1000
Where:
E, is emissions of CO, from the production of the metal (tonnes)
Q. is the quantity of each carbon reductant used in the production of the metal (expressed in tonnes)
EC. is the energy content of the reductant (gigajoule per tonne)
EF. is the emission factor of the fuel used (kilogram per gigajoule)

NGA default emission and energy factors for coke, coal and other carbon inputs can be found in Chapter 3.

5.4.4.2 Higher-order methods

Higher-order methods involve the use of facility-specific emission factors. These should be estimated in accordance

with the principles set out in Section 2.3 and Chapter 3.

5.5 SYNTHETIC GASES—UNFCCC CATEGORY 2.F

Only a subset of Reporters need to report estimates of emissions of HFCs and sulphur hexaflouride (SFs). This reflects
an assessment that the benefits of reporting may not exceed the costs of measurement in many instances given the large
number of appliances that contain relatively small refrigerant charges, and the small share of total emissions that these

emission sources would represent for many companies and facilities.

Reporters should estimate HFC emissions if:

. they operate equipment with a refrigerant charge of greater than 100 kilograms of refrigerants per unit; and
. the refrigerants have an average Global Warming Potential of greater than 1000; and
. the main activity of the facility or company falls under ANZSIC Divisions C (sub-division 11-12) (food

product manufacturing), F (wholesale trade), G (retail trade) I (sub division 53) (warehousing and storage services) and
L (real estate services).
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Other reporters may report HFC emissions should they choose to do so.

All users of SF¢ should report SF¢ emissions.

HFC and SF¢ emissions should be estimated separately according to:

Enrc ste = Stocknrcssts X Lurcists

Where

Eprc st 1s the annual loss of HFC or SF4 by equipment type in tonnes of CO,-equivalent;

Stockprcsss 18 the stock of HFC or SF¢ refrigerant contained in equipment, by equipment type (tonnes of CO,-¢); and
Lurcysts 1 the default leakage rates by equipment type.

Both the type of HFC contained in equipment and the quantity of HFC or SF¢ should be shown on the equipment
compliance plate. The estimated stock of synthetic gases within equipment may be estimated from the stated nameplate
capacity of the equipment. The stock may also be estimated from mass balance calculations based on the opening stock
of gas; transfers into the facility from additions of gas from purchases of new equipment and replenishments; and

transfers out of the facility from disposal of equipment or gas.

Note: Global warming potentials will need to be applied according to the type of HFC charge. For a list of global
warming potentials, see Table 1. NGA default loss rates by equipment type are listed in Table 52.
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Table 52: Industrial Processes emission factors and activity data for synthetic gases

Equipment type Default annual loss rates
HFCs SFg

Commercial air conditioning—chillers 0.09

Commercial refrigeration - supermarket systems 0.23

Industrial refrigeration including food processing and cold storage 0.16

Gas insulated switchgear and circuit breaker applications 0.005°

Source: IPCC 2006. a Department of Climate Change forthcoming.

Emissions may also be estimated by the quantity of HFCs or SF¢ purchased for replenishment, or by the actual quantity

of HFC or SF; used for replenishment.

There are no higher-order methods specified for this emissions source.

5.6 SOLVENTS AND PRODUCT USE—UNFCCC CATEGORY 3

Emissions from solvent use (other than from combustion) primarily involve the evaporation of organic or petroleum
based compounds from paint application (surface coatings and thinners), degreasing and dry cleaning, chemical
products manufacture and processing, general household and commercial cleaning solvents and aerosol sprays, cutback
bitumen and printing (graphic arts). Emissions from these sources are in the form of non-methanogenic volatile organic
compounds (NMVOCs) and do not need to be reported under the National Greenhouse and Energy Reporting System.

5.7 REPORTING

This section details the data that Reporters will be asked to submit in order to estimate emissions using the NGA
default methodology or, in case of higher-order methods, the data required to be submitted to support the Reporter’s

emission estimate.

Table 53: Industrial Process emissions—Mineral products—checklist of reporting requirements

Category Units
5.2.1 Cement clinker production: NGA default methodology (UNFCCC Category 2.A.1)

Clinker produced tonnes

Cement kiln dust tonnes

5.2.1 Cement: Higher-order method (i) (2.A.1)

Emission factor for clinker production EFg, tonnes COy-e per tonne clinker
Clinker produced tonnes
Cement kiln dust tonnes

Emissions tonnes CO»-e

5.2.1 Cement: Higher-order method (i) (2.A.1)

Calcium carbonate (pure) calcined tonnes

Magnesium carbonate (pure) calcined tonnes
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Dolomite (pure) calcined tonnes
Cement kiln dust not recycled or lost tonnes
Total organic or other carbon in specific non-fuel raw material Atoc tonnes

Emission factor for kerogen or other carbon-bearing non-fuel raw material EFtoc

tonnes CO; per tonne carbon

Emissions

tonnes COy-e

5.2.2 Lime production: NGA default methodology (UNFCCC Category 2.A.2)

Commercial lime produced

tonnes

In-house lime produced

tonnes

5.2.2 Lime production: Higher-order method (i) (2.A.2)

Emission factor for lime production EFq

tonnes CO-e per tonne of lime

Lime produced

tonnes

Emissions

tonnes CO»-e

5.2.2 Lime production: Higher-order method (ii) (2.A.2)

Calcium carbonate (pure) calcined tonnes
Magnesium carbonate (pure) calcined tonnes
Dolomite (pure) calcined tonnes
Lime kiln dust tonnes

Emissions

tonnes CO»-e

5.2.3 Other uses of carbonate: NGA default methodology (UNFCCC Category 2.A.3)

Limestone consumed tonnes

Dolomite consumed tonnes

Magnesium carbonate consumed tonnes
5.2.3 Other uses of carbonate: higher-order method (2.A.3)

Calcium carbonate (pure) calcined tonnes

Dolomite (pure) calcined tonnes

Magnesium carbonate (pure) calcined tonnes

Emissions

tonnes COy-e

5.2.4 Soda ash use: NGA default methodology (UNFCCC Category 2.A.4)

Soda ash consumed tonnes
5.2.4 Soda ash production: default methodology (2.A.4)
Fuel consumption for the purpose of soda ash production, by fuel type tonnes
(refer to lists, Section 3.10)
5.2.4 Soda ash production: higher-order method (2.A.4)
Fuel consumption for the purpose of soda ash production, by fuel type tonnes

(refer to lists, Section 3.10)

Facility-specific emission factor

kilograms per gigajoule

Emissions

tonnes CO2-¢e
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Table 54: Industrial Process emissions—Chemical products—checklist of reporting requirements

Category Units
5.3.1 Ammonia production: NGA default methodology
Ammonia production tonnes

Carbon feedstock or reductant consumed for the purpose of ammonia production, by type
(refer to lists, Section 3.10)

tonnes, cubic metres or
thousand litres

CO3 recovered and transferred from facility

tonnes CO,-e

5.3.1 Ammonia production: higher-order method

Ammonia production

tonnes

Carbon feedstock or reductant consumed for the purpose of ammonia production, by type
(refer to lists, Section 3.10)

tonnes, cubic metres or
thousand litres

Facility specific emission factor

kilograms CO,-equivalent per
gigajoule

Emissions

tonnes CO,-e

CO3 recovered and transferred from facility

tonnes CO,-e

5.3.2 Nitric acid production: NGA default methodology

Nitric acid production

tonnes

Emission Factor (ie plant type)

tonnes CO,-e per tonne of

production
Abatement system utilisation factor fraction
5.3.2 Nitric acid production: higher-order method
Nitric acid production tonnes

Facility-specific emission factor

tonnes CO,-e per tonne of
production

Abatement system utilisation factor

fraction

Emissions

tonnes CO,- e

5.3.5 Titanium dioxide and synthetic rutile production: NGA default methodology

Carbon reductant consumed for the purpose of titanium dioxide or synthetic rutile production,
by type (refer to lists, Section 3.10)

tonnes, cubic metres or
thousand litres of fuel

Synthetic rutile production

tonnes

Rutile titanium dioxide production

tonnes

5.3.5 Titanium dioxide and synthetic rutile production: higher-order method

Carbon reductant consumed for the purpose of titanium dioxide or synthetic rutile production,
by type (refer to lists, Section 3.10)

tonnes, cubic metres or
thousand litres of fuel

Facility specific emission factors

kilograms CO,-e per gigajoule

Emissions

tonnes CO,-e

Table 55: Industrial Process emissions—Metal products—checklist of reporting requirements

Category Units
5.4.1 Iron and steel — NGA default methodology - (UNFCCC Category 2.C.1)
Steel production tonnes
Carbon reductant consumed for the purpose of iron and steel production, by fuel type tonnes

(refer to lists, Section 3.10)

5.4.1 Iron and steel — higher-order method
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Category Units
Steel production tonnes
Carbon reductant consumed for the purpose of iron and steel production, by fuel type tonnes
(refer to lists, Section 3.10)
Facility specific emission factors kilograms CO.-e per gigajoule
Emissions from consumption of reductants tonnes CO»- e
Facility specific emission factors tonnes CO,-e per tonne of steel
Emissions from fugitive sources tonnes COz-e
5.4.2 Ferroalloys production
Metal production tonnes
Carbon reductant consumed for the purpose of ferroalloys production, by fuel type tonnes
(refer to lists, Section 3.10)
5.4.2 Ferroalloys production — higher-order methods
Metal production tonnes
Carbon reductant consumed, by fuel tonnes
Facility specific emission factors kilograms CO.-e per gigajoule
Emissions tonnes CO-e

5.4.3 Aluminium production — NGA default methodology - (UNFCCC Category 2.C.3)

Aluminium production tonnes

Carbon reductant consumed tonnes

5.4.3 Aluminium production — higher-order method

Aluminium production tonnes

Carbon reductant consumed tonnes

Facility specific CO, emission factor kilograms CO_-e per gigajoule
Facility specific emission factor, greenhouse gas (CF4,C,Fs) tonnes CO,-e per tonne production
Emissions, by gas tonnes COz-e

5.4.4 Other metal production

Metal production tonnes

Carbon reductant consumed tonnes

5.4.4 Other metal production — higher-order methods

Metal production tonnes
Carbon reductant consumed tonnes
Facility specific emission factor kilograms CO,-e per gigajoule
Emissions tonnes CO-e

Table 56: Industrial Process emissions—Synthetic gases—checklist of reporting requirements

Category Units
NGA default methodology

Commercial air conditioning—chillers tonnes CO; e
Commercial refrigeration - supermarket systems tonnes COy e
Industrial refrigeration including food processing and cold storage tonnes CO, e
Gas insulated switchgear and circuit breaker applications tonnes CO, e
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APPENDIX 5.1 NATIONAL GREENHOUSE ACCOUNTS (NGA) RATINGS FRAMEWORK—
INDUSTRIAL PROCESSES

Emission factors

The use of National Greenhouse Accounts (NGA) default emission factors offers transparent, accurate, and time series
consistent estimates of emissions. However, higher-order methods that take into account information about facility-
specific or fuel-specific fuel qualities have the potential to reduce emission factor estimate uncertainties at the facility

level, although at the price of higher measurement cost.

As Reporters are best placed to understand the relative benefits and costs of undertaking high-order methodologies they
will be able to choose, under certain conditions, whether to use the NGA default methodology or a higher-order method

to estimate emissions.

The Department of Climate Change Emission Factor Ratings Framework is designed to provide information on the
benefits for improving emission estimation from developing and utilising facility-specific emission factors in

preference to the use of NGA default emission factors.

The following table sets out a framework for rating the quality of emissions estimates based on the choice of estimation
method employed by the Reporter. The ratings are intended to reflect the level of confidence in the emission factor
utilised. They range from ‘AAA’ (highest confidence) to ‘D’ (lowest level of confidence). Classification by estimation
method is designed to enhance the verifiability of the Ratings Framework.

The Ratings Framework assumes that the emission factor methods may be grouped into four main categories:

e continuous emissions monitoring systems

o facility-specific emission factors based on direct sampling and analysis conforming to Australian standards or
equivalent

e facility-specific emission factors based on direct sampling that provides representative and unbiased samples,
albeit not to Australian or equivalent standard

e NGA default emission factors, which are further classed according to published uncertainties surrounding typical

emission sources.

Broadly speaking, the estimation method adopted by Reporters will be rated according to relative emissions
measurement effort undertaken. In other words, Reporters that choose similar methods of estimation of emission factors
—for example, direct sampling—will be rated at similar levels. In cases of the use of NGA default factors, the method
chosen will be further ranked by the relative uncertainties introduced from the use of those factors to provide an

indication of the relative benefits of estimating facility-specific emission factors.

The NGA default emission factors presented in these Guidelines have been further classified into broad categories
based on the level of uncertainty introduced to the emission estimates from the use of those factors. In the absence of
detailed information about uncertainty estimates for Australian materials, the Department of Climate Change has
adopted the estimates given in the IPCC 2006 to classify emission factors into four classes. The uncertainty values

given in

* 2006 IPCC guidelines for National Greenhouse Gas Inventories: Volume 3 — Industrial Processes and Product Use
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Table 58 are derived from the upper and lower bounds of the 95 percent confidence interval reported by the IPCC and
expressed as a percentage of the mean.

Table 57: Industrial Processes—NGA emission factor ratings

Emission Factor

Method characteristics

Department of

Method Climate Change
Emission Factor
Rating
Continuous Emissions | ® Measurement conducted in accordance with appropriate regulations, standards AA / AAA
Monitoring (CEM) or guidelines
o Reporter must demonstrate that this approach provides as accurate or better
estimates than a facility-specific EF Grade 1 approach
Facility-specific EF e Sampling and analysis conducted in accordance with Australian or equivalent A/ AA
Grade 1 international sampling and analysis standards
Facility-specific EF ¢ Sampling conducted in accordance with generally accepted practice for BBB/A
Grade 2 representative sampling
e The operator shall document evidence to show that the derived samples are
representative and free of bias
* Analysis conducted in accordance with Australian or equivalent international
standards
o Reporter must demonstrate that this approach provides as accurate or better
estimates than the NGA default emission factor
NGA default EF ¢ Default emission factor—Class 1 BBB
NGA default EF ¢ Default emission factor—Class 2 BB
NGA default EF ¢ Default emission factor—Class 3
NGA default EF ¢ Default emission factor—Class 4
NGA default EF ¢ Default emission factor—Class 5 D

Table 58: Industrial Processes—emission factor class rankings

Fuel combusted

Uncertainty Estimate

Class 1 0-5%
Automotive Diesel Oil 1.5%

Class 1—Rating BBB

Class 2—Rating BB 5.0-10%
Clinker, lime ® 7%
Coke ° 10%
Synthetic rutile ° 10%

Class 3—Rating B 10.0-15.0%
Rutile titanium dioxide ° 15%

Class 4—Rating C > 15.0%
Nitric acid © 10-40%

Class 5 — Rating D >50%
Perfluorocarbons from aluminium production ° —99/+380%

The classification levels for default emission factors are based on uncertainty estimates provided in the 2006 IPCC Guidelines for

National Greenhouse Gas Inventories: Volume 3 — Industrial Processes

a IPCC (2006, page 2.17); b IPCC (2006, page 4.30); c IPCC (2006, page 3.49); d IPCC (2006, page 4.54); e IPCC (2006, page 3.23).
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Activity data

The approach adopted by the Reporter to activity data collection constitutes an additional source of uncertainty for the

emission estimates. Measurement of actual fuels produced or consumed in accordance with Australian standards, or

their international equivalent, offers the most direct source of activity data estimates. Alternative methods of estimating

activity data—based on taxation, sales or purchase invoices— may offer equivalent confidence in emission estimates if

changes in stocks of fuels are not material. If changes in stocks of fuels are material, then the use of invoices represents

a more indirect method of estimation and, therefore, in general, produces estimates with increased uncertainty and

lower ratings.

Table 59: Industrial Processes—NGA activity data ratings

ambient temperature) with no adjustment for changes in stocks.

Activity data method Solids Gases Liquids
(carbonates, coke)

Direct measurement of quantities produced or consumed in AAA AAA AAA

accordance with Australian or equivalent standards, or

Use of taxation, sales or purchase invoices (quantities corrected to

standard conditions) for facilities where the change in stocks of

fuels are not material.

Use of taxation, sales or purchase invoices (quantities corrected to AA AA AA

standard conditions) adjusted for changes in stocks.

Use of sales or purchase invoices: (quantities measured at A A A
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CHAPTER 6: WASTE TO LANDFILL AND WASTEWATER TREATMENT—UNFCCC
CATEGORY 6

6.1 GENERAL METHODOLOGY

Emissions from the waste sector need to be estimated when and where they occur and are to be reported by the
operators of the facilities where the emissions occur. The methods for estimating emissions from solid waste disposal
are presented in Section 6.2 and are consistent with the methods used for Australia’s National Greenhouse Accounts.
Emissions of CO, generated from solid waste disposal are considered to be from biomass sources and therefore are not
included in the waste sector of the inventory. CO, produced from the flaring of methane from waste is also considered

as having been derived from biomass sources (see chapter 3).

Methodologies for the estimation of emissions from the management of wastewater are reported for commercial
wastewater and industrial wastewater sources in sections 6.3 and 6.4. Waste incineration is addressed in Section 6.5.

6.2 SOLID WASTE DISPOSED AT LANDFILL SITES

6.2.1 National Greenhouse Accounts (NGA) Default Methodology

Emissions from solid waste are estimated using a carbon mass balance approach consistent with the IPCC Tier 2 first
order decay (FOD) model (IPCC 2006). Emissions are generated by the decay of the carbon stock in the landfill site
and reflect waste disposal activity over many decades. The concept of the carbon stock model approach is illustrated in

Figure 2.

Figure 2: Carbon stock model flow chart

Opening stock ADDITIONS LOSSES
> of degradable Emissions due
carbon to decay of
Cos »| openingstock | |
A Cy
Closing stock of
Food, garden, degradable
Wood, paper and . » carbon
other carbon New deposition Emissions due Ces
Cq of degradable to decay of
»  carbon newly deposited ]
c, carbon
AC,

Emissions from landfill at any point in time depend on the stock of carbon inside the landfill. The opening stock of
carbon decays over the year (ACos) with the remainder going to the year’s closing stock. Additionally, carbon enters
the landfill system through deposition of waste C,. A portion of the newly deposited carbon decays in the first year AC,
and the remainder contributes to the closing stock of carbon Cg.
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The total change in carbon stock is estimated simultaneously with estimated emissions of methane.
Ces = Cos — ACs(emissions lost from opening stock) + C, — AC,(emissions lost from new deposition)

CH, generated = (AC4(t) + ACqs(t)) X F x 16/12

Where:

AC,(t) is the quantity of degradable organic carbon lost through decay (dissimilation) from newly deposited waste
arriving at the landfill

ACqs(t) is the quantity of degradable organic carbon lost through dissimilation from the opening stock of carbon at
the landfill

F is the fraction of CH4, by volume, generated in landfill gas (default is 0.5)
16/12 is the conversion factor from a mass of C to a mass of CHy

Net emissions are derived after accounting for any methane recovery undertaken at the landfill site and the application
of an oxidation factor (0.1) reflecting the oxidation of near-surface methane into carbon dioxide:

Eimet = (CH,4 generated — R(t)) x (1 — OF)
Where:
Eifnet is net CH4 released in year t

R(t) is the amount of recovered CH4 (tonnes)
OF is the oxidation factor for near-surface methane (0.1)

Landfill sites are assumed to be well-managed and covered.

6.2.1.1 Waste disposed in the reporting year SW;

The quantity of degradable organic carbon available for dissimilation C,(t) arriving at the landfill during the year is

derived using:

Ca(t) = SSW,; x DOC; x DOC;
Where:
SW; is the amount of solid waste of type i sent to landfill (tonnes)

DOC; is the degradable organic carbon (fraction) (tonnes carbon per tonne of waste)
DOC:; is the fraction of DOC dissimilated (IPCC default of 0.5 is used).

Landfill site operators should estimate and report the total waste disposed at the landfill site Y S#; in the reporting year.
Waste amounts should be estimated in accordance with industry guidelines. NGA default values for the composition of
waste by state derived from the National Greenhouse Accounts as outlined in Table 60 and Table 61 will be utilised,
unless the operator is also able to report data on the composition of waste to provide estimates of individual waste
composition quantities at individual landfill sites.

Table 60: Waste stream percentages by state

NSW viCc QLD NT SA WA TAS ACT
Municipal solid waste 31% 36% 43% 43% 36% 26% 57% 43%
Commercial and industrial 42% 24% 14% 14% 19% 17% 33% 42%
Construction and demolition 27% 40% 43% 43% 46% 56% 10% 15%

Sources: Department of Climate Change forthcoming

Each waste stream is further disaggregated into a mix of waste categories that contain significant fractions of
biodegradable carbon (Table 61).
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Table 61: Waste mix percentage by stream
Category Municipal solid waste Commercial and industrial Construction and demolition
Food 26% 8% ? 0%
Paper and cardboard 26% 48% 3%
Garden and green 10% 4% 2%
Wood 2% 12% 6%
Other 35% 28% 89%

Sources: Department of Climate Change forthcoming. a. includes sludge.

6.2.1.2 Values for the degradable organic carbon (DOC)) content

Values for the degradable organic carbon (DOC;) content for each waste mix category used in the model are listed in
Table 62. Unless otherwise stated, the source for these parameters is IPCC (2006). Country specific studies on the
carbon content of wood products have been taken into consideration in the choice of DOC value for wood.

Table 62: Key model parameters—degradable organic carbon values used in the solid waste disposal model

Waste Type DOC;
Food 0.15
Paper and cardboard 0.40
Garden and green 0.20
Wood 0.43
Other -

Source: Department of Climate Change forthcoming.

6.2.1.3 Estimating the opening stock of degradable carbon C,

Reporters must estimate the opening stock of carbon C, contained in the landfill site. This complex calculation is
undertaken within the OSCAR reporting tool and reflects both the carbon deposited at the landfill site over the lifetime
of the facility and the decay of that carbon over time (in accordance with equations set out in sections 6.2.3 to 6.2.5). If
Reporters do not have a time-specific profile of the volumes and composition of waste delivered over the lifetime of the
facility, the opening stock of carbon may be estimated within the OSCAR reporting tool with the following data:

e the number of years that the landfill has been in operation;

e the estimated annual volume of waste received at the site over the lifetime of the landfill;

e location (state or territory).

NGA default values for the composition of waste by state derived from the National Greenhouse Accounts and reported
in Table 60 and Table 61 may be utilised unless data on composition of waste is available.

6.2.1.4 Carbon lost through decay from newly deposited waste

The carbon lost through decay (dissimilation) from newly deposited degradable carbon, C,), is described by the
following equation:

—k(13-M) / 12
ACa(t) = Ca(t)(l—e( ( ) ))

Where
M is the month in which decay begins (M=7 is the default and is equivalent to a zero delay before decay starts)
e is the exponential decay function
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The decay rate constant (k) determines the speed of the decay process and is related to the half life according to:

k= |n(2)/t1/2
Where

t12 is the half-life
In(2) is the natural log

The half life for each waste mix category has been determined based on default half lives reported in IPCC (2006) and
on prevailing climatic conditions at the landfill sites of the principal cities in each state and territory. The assumptions
of climatic conditions for each state and territory and the corresponding half lives and resulting k values for each waste

mix category are outlined in Table 63.

Table 63: Key model parameters—half-lives by waste mix category and state or territory

State/Territory Climate description Waste mix category Half life (years) k value
NSW Wet Temperate Food 4 0.17
Paper and cardboard 12 0.06
Garden and Green 7 0.10
Wood 23 0.03
VIC, WA, SA, TAS, Dry Temperate Food 12 0.06
ACT Paper and cardboard 17 0.04
Garden and Green 14 0.05
Wood 35 0.02
QLD, NT Moist and Wet Tropical Food 2 0.35
Paper and cardboard 10 0.07
Garden and Green 4 0.17
Wood 20 0.03

Source: Department of Climate Change forthcoming.

Recent research on the decay of wood products in Australian landfills demonstrated that, under conditions experienced
at certain landfill sites, wood products may decay much more slowly that previously thought. This broad conclusion has
been reflected in IPCC (2006) and is implemented through the long default half lives adopted for wood and paper

products in the model.

6.2.1.5 Carbon lost through decay from opening stock of carbon

The carbon lost through decay (dissimilation) from the opening stock of degradable carbon Cog, is described by the

following equation:
ACos(t) = Cos (t) (l_eik)

6.2.1.6 Closing stock of carbon

The following equation is used to determine the closing stock of carbon that is available for decay in subsequent years:

Ccs = Cos - ACos(t) + Ca(t) - ACa(t)
Where:
Cgs is the closing stock of degradable carbon
Cos is the opening stock of degradable carbon available for dissimilation
ACos(t) is the degradable carbon lost through emissions from the opening stock of carbon
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Ca(y) is the newly deposited degradable carbon
ACy4) is the carbon lost through emissions from newly deposited waste

6.2.2 Higher-order methods

Improved estimates of emissions may be generated using facility-specific estimates of the waste disposed by waste type
over the lifetime of the facility (SW)) if these estimates have been undertaken using representative sampling methods as
described in Chapter 2. Estimates of the carbon content of waste disposed (DOC;) may also be calculated from

representative samples using the approaches detailed in Chapter 2 and in accordance with relevant Australian standards

and industry best practice guidelines.

Continuous emissions monitoring of CH4 emissions may not always be practical or feasible. It is the responsibility of

Reporters to ensure that emission estimates are complete.

6.3 WASTEWATER TREATMENT—DOMESTIC AND COMMERCIAL

6.3.1 NGA default methodology

Total greenhouse gas emissions from domestic and commercial wastewater are the sum of emissions from wastewater
treatment and sludge treatment. The total quantity of wastewater treated depends on the size of the population that is

generating wastewater.

In the absence of data on Chemical Oxygen Demand (COD) or Biological Oxygen Demand (BOD) estimates of on-site
wastewater and sludge, the following formulae should be used to estimate the methane emissions (estimated as CO,-¢)

from treating commercial wastewater:
E.. = ((CODy, - CODy)) X Fywan X EFy, )+ (CODg X Fgan X EFg) =R

COD,, =P x DC,,

Where:
E.is the methane emissions from commercial wastewater (and sludge) treatment (tonnes CO,-e)
P is the population served and measured (in persons)

DC,, is the quantity in kilograms of Chemical Oxygen Demand (COD) per capita of wastewater; the default is set to
0.0585 tonnes per person

COD,, is the Chemical Oxygen Demand (COD) in tonnes of COD in wastewater entering the facility - COD
measures the total material available for chemical oxidation (both biodegradable and non-biodegradable)

CODy is the quantity of COD removed as sludge
EF,, is the default methane emission factor for wastewater with value of 5.3 tonnes COz-e per tonne COD
EF is the default methane emission factor for sludge with value of 5.3 tonnes COz-e per tonne COD (sludge)

Fwwan is the fraction of COD anaerobically treated: IPCC defaults for various types of treatment are:
= managed aerobic treatment: 0

= unmanaged aerobic treatment: 0.3

= anaerobic digester/reactor: 0.8

= shallow anaerobic lagoon (<2 metres): 0.2

= deep anaerobic lagoon (>2 metres): 0.8

Fsian is the fraction of COD in sludge anaerobically treated on-site (NGA default is 0.29)
R is the quantity of CH4 recovered (tonnes CO,-e)

Reporters must choose a characterisation for F,,, the fraction of COD anaerobically treated, and estimate CODy the

quantity of COD removed as sludge.
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The quantity of COD removed as sludge may be estimated using the following relationship:
CODSI, = VSsl x 1.48
Where VS is the estimated volatile solids in sludge.

Sludge deposited in landfill is the reporting responsibility of the landfill operator. Sludge that is composted produces
negligible emissions and may be estimated to be zero.

6.3.1.1 Nitrous oxide emissions

The methodology used to estimate nitrous oxide emissions from human sewage is as follows:

Es = (Nin - Nout) X EF6 + Nout X EI:7

and
Nin = Protein x Fracp, x P

Where
Es is the N,O emissions from human sewage (tonnes N,O expressed in CO,-e)
Nin is the load of nitrogen entering the facility (tonnes)
Nout is the load of nitrogen leaving the facility (tonnes)
Protein is the annual per capita protein intake (tonnes per person)
P is the population serviced by the treatment plant

EF¢ is the emission factor for secondary treatment (default 4.9 tonnes of nitrous oxide, CO»-e per tonne of N
produced)

EF; is the emission factor for nitrogen discharge (default 4.9 tonnes of nitrous oxide, CO2-e per tonne of N
produced), differentiated by discharge environment

Fracp; is the fraction of nitrogen in protein (default = 0.16 tonnes N per tonne of protein)

The NGA default per capita protein consumption is 0.036 tonnes per year. The Department of Climate Change method
assumes that estimates of the generation of NoO cannot be differentiated on the basis of treatment technology or
discharge environment.

6.3.2 Higher-order methods

Reporters may improve the estimated emissions with direct measurements of COD from wastewater entering the
facility, calculated from facility operating data (volumetric influent rate and influent COD concentrations). Nitrogen
quantities in wastewater may be directly estimated, as may EF,, and EF; the methane emission factors for wastewater
and sludge respectively. If data is available on Biological Oxygen Demand in the wastewater, then these measurements
may be converted to Chemical Oxygen Demand equivalents by the following:

COD =2.6 XBODs (based on research conducted by the Water Services Association of Australia.)

Measurements of BOD;s should be undertaken in accordance with principles detailed in Chapter 2 and with relevant
Australian standards such as AS4351.5. Measurements of COD should be undertaken in accordance with principles

detailed in Chapter 2 and with relevant Australian or international standards such as ISO 6060.

Continuous emissions measurement systems may also be used to estimate methane emissions directly when operated in

accordance with relevant regulations, standards and industry guidelines.
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6.4 WASTEWATER TREATMENT—INDUSTRIAL

6.4.1 NGA default methodology

Emissions from industrial wastewater comprise emissions from wastewater treatment and sludge treatment and depends
on the organic content of the raw material, measured as Chemical Oxygen Demand (COD). This enables the quantity of
degradable carbon to be derived, which is used to determine the quantity of methane emitted.

Eiw= CODw X ((1 - I:sl) X Fwaan X EFW + I:sl X Fslan X EI:sl )_ R
and

COD,, = Prod x Wgen x COD¢qn / 1000

Where:
COD,, is the Chemical Oxygen Demand (COD) in tonnes of COD in wastewater entering the facility
Prod is total production in tonnes

Ween is the wastewater generation rate in cubic metres (m3) or kilolitres (kL) per tonne of product. (1 m?® of water = 1
kL)

CODgop, is Chemical Oxygen Demand concentration in kg COD per m? of wastewater entering the facility
Fg is the fraction of degradable organic component removed as sludge

EF,, is the CH4 emission factor for industrial wastewater (default value of 5.3 tonnes CO,-e per tonne COD)
EFg is the CH4 emission factor for sludge (default is 5.3 tonnes CO,-e per tonne COD)

Fwwan is the fraction of COD in wastewater anaerobically treated (NGA defaults are set out in Table 64)
Fsian is the fraction of COD in sludge anaerobically treated on-site

R is the quantity of CH4 recovered (tonnes CO,-e)

Chemical Oxygen Demand is estimated from production, the waste generation rate and the default Chemical Oxygen
Demand of the wastewater. Default data on production and wastewater generation rates are provided in Table 64 and
derived from National Greenhouse Accounts.

Table 64: Wastewater generation rates, COD generation rates, fraction of COD anaerobically treated—NGA default
values

Commodity Wastewater generation rate COD generation rate Fraction COD in
(Wgen) (m*It) (CODcon) wastewater anaerobically
(kg COD/m’°) treated (Fuwan)
Dairy 5.7 0.9 04
Pulp and Paper 26.7 0.4 0.0
Meat and Poultry 13.7 6.1 0.4
Organic chemicals 67.0 3.0 0.1
Sugar 0.4 3.8 0.3
Beer 5.3 6.0 0.5
Wine 23.0 1.5 0.0
Fruit 20.0 0.2 1.0
Vegetables 20.0 0.2 1.0

Department of Climate Change forthcoming.
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6.4.2 Higher-order methods

Reporters may improve the emissions estimates with measurements of Chemical Oxygen Demand of wastewater
entering the facility and estimates of EF,, and EFj;, the methane emission factors for wastewater and sludge
respectively. These measurements should be undertaken in accordance with principles detailed in Chapter 2 and with
relevant Australian or international standards such as ISO 6060.

Continuous emissions measurement systems may also be used to estimate methane emissions directly when operated in

accordance with relevant regulations, standards and industry guidelines.

6.5 WASTE INCINERATION

Reporters should use this category for incineration of wastes for destruction and where there is no production of energy
purpose. Only emissions from fossil-origin carbon should be estimated. The quantity of carbon dioxide emitted as a
result of the incineration of waste is based upon the quantity of waste incinerated, the carbon content of the waste, and

the proportion of that carbon which is of fossil origin, and is expressed as:

Ew = Qe xCCxFCCxOF x44 /12

Where
E.w is the emissions of CO, from the incineration of waste (tonnes)
Qcw is the quantity of waste incinerated (tonnes)
CC is the carbon content of the waste (the IPCC default appropriate to clinical waste of 0.60 is used)
FCC is the proportion of carbon that is of fossil origin (the IPCC default of 0.40 is used)
OF is the oxidation factor (the IPCC default of 0.95 is used)

If waste materials other than clinical wastes have been incinerated, appropriate default values for the carbon content
should be derived from Chapter 3.

6.6 REPORTING

This section details the data that Reporters will be asked to submit in order to estimate emissions using the NGA
default methodology or, in case of higher-order methods, the data required to be submitted to support the Reporter’s
emission estimate.

Table 65: Solid waste—checklist of data requirements

Emissions from waste Units

Solid Waste

Emission factor method chosen

Activity data method chosen

NGA default methodology

Location of site state or territory
Years in operation years
Average annual amount of disposal over the lifetime of the facility prior to the tonnes

first year of reporting

Estimated amount of waste disposed in the reporting year tonnes

Methane recovered tonnes CO-e

Higher-order methods (i)

Location of site state or territory
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Emissions from waste Units
Years in operation years
Time profile of total amount and type of disposal over the lifetime of the facility tonnes
prior to the first year of reporting
Estimated amount of waste from municipal sources in the reporting year tonnes
Estimated amount of waste from commercial and industrial sources in the tonnes
reporting year
Estimated amount of waste from construction sources in the reporting year tonnes

Methane recovered

tonnes CO-e

Higher-order methods (ii)

Location of site

state or territory

Years in operation years
Time profile of total amount and type of disposal over the lifetime of the facility tonnes
prior to the first year of reporting
Estimated amount of paper and paperboard in the reporting year tonnes
Estimated amount of wood and wood waste in the reporting year tonnes
Estimated amount of garden and park in the reporting year tonnes
Estimated amount of food and sludge in the reporting year tonnes
Estimated amount of concrete, metal and plastics in the reporting year tonnes

Methane recovered

tonnes CO-e

Commercial wastewater Units
Emission factor method chosen
Activity data method chosen
NGA default Methodology
Population served by wastewater treatment plant persons

Fraction of BOD in wastewater anaerobically treated

Fraction of BOD removed as sludge

Fraction of BOD in sludge anaerobically treated

Methane recovered

tonnes CO-e

Higher-order methods (i)—measurement of BOD

Population served by wastewater treatment plant

persons

BOD measured (BOD entering treatment facility)

tonnes

Fraction of BOD in wastewater anaerobically treated

Fraction of BOD removed as sludge

Fraction of BOD in sludge anaerobically treated

Facility-specific methane emission factor, EF,,

tonnes CO,-e/ tonne BOD

Facility- specific methane emission factor, EF

tonnes CO,-e/ tonne BOD

Methane recovered

tonnes CO-e

Higher-order methods (ii)—measurement of methane

Population serviced by wastewater treatment plant

persons

Methane emissions measured

tonnes CO-e

BOD measured (BOD entering treatment facility)

tonnes BOD

Fraction of BOD anaerobically treated

Fraction of BOD removed as sludge

Fraction of BOD in sludge anaerobically treated
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Emissions from waste

Units

Facility-specific methane emission factor, EFw

tonnes CO,-e/ tonne BOD

Facility- specific methane emission factor, EFsl

tonnes CO,-e/ tonne BOD

Methane recovered

tonnes CO-e

Industrial wastewater Units
NGA default Methodology
Annual production tonnes

Fraction of COD anaerobically treated

Fraction of COD removed as sludge

Fraction of COD in sludge anaerobically treated

Facility-specific methane emission factor, EF,,

tonnes CO,-e/ tonnes COD

Facility- specific methane emission factor, EFsl

tonnes CO,-e/ tonnes COD

Methane recovered

tonnes CO,-e

Higher-order methods (i)—measurement of COD

Annual production

tonnes

COD measured (COD entering treatment facility)

tonnes

Fraction of COD anaerobically treated

Fraction of COD removed as sludge

Fraction of COD in sludge anaerobically treated

Facility-specific methane emission factor, EF,

tonnes CO,-e/ tonnes COD

Facility- specific methane emission factor, EFsl

tonnes CO,-e/ tonnes COD

Methane recovered

tonnes CO-e

Higher-order methods (ii)—measurement of methane

Annual production

tonnes

Methane emissions measured

tonnes CO-e

COD measured

tonnes

Fraction of COD anaerobically treated

Fraction of COD removed as sludge

Facility-specific methane emission factor, EF,

tonnes CO,-e/ tonnes COD

Facility- specific methane emission factor, EFsl

tonnes CO,-e/ tonnes COD

Fraction of COD in sludge anaerobically treated

Methane recovered

tonnes CO-e

Waste Incineration Units
NGA default Methodology
Quantity of waste incinerated tonnes
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APPENDIX 6.1 NATIONAL GREENHOUSE ACCOUNTS (NGA) RATINGS FRAMEWORK—
WASTE

Emission factors

The use of National Greenhouse Accounts (NGA) default emission factors offers transparent, accurate, and time series
consistent estimates of emissions. However, higher-order methods that take into account information about facility-
specific or fuel-specific fuel qualities have the potential to reduce emission factor estimate uncertainties at the facility
level, although at the price of higher measurement cost.

As Reporters are best placed to understand the relative benefits and costs of undertaking high-order methodologies they
will be able to choose, under certain conditions, whether to use the NGA default methodology or a higher-order method

to estimate emissions.

The NGA Emission Factor Ratings Framework is designed to provide information on the benefits for improving
emission estimation from developing and utilising facility-specific emission factors in preference to the use of NGA
default emission factors.

The following table sets out a framework for rating the quality of emissions estimates based on the choice of estimation
method employed by the Reporter. The ratings are intended to reflect the level of confidence in the emission factor
utilised. They range from ‘AAA’ (highest confidence) to ‘D’ (lowest level of confidence). Classification by estimation
method is designed to enhance the verifiability of the Ratings Framework.

The Ratings Framework assumes that the emission factor methods may be grouped into four main categories:

e continuous emissions monitoring systems

o facility-specific emission factors based on direct sampling and analysis conforming to Australian standards or
equivalent

e facility-specific emission factors based on direct sampling that provides representative and unbiased samples,
albeit not to Australian or equivalent standard

e NGA default emission factors, which are further classed according to published uncertainties surrounding typical

emission sources.

Broadly speaking, the estimation method adopted by Reporters will be rated according to relative emissions
measurement effort undertaken. In other words, Reporters that choose similar methods of estimation of emission factors
—for example, direct sampling—will be rated at similar levels. In cases of the use of NGA default factors, the method
chosen will be further ranked by the relative uncertainties introduced from the use of those factors to provide an

indication of the relative benefits of estimating facility-specific emission factors.

Table 66: Waste—NGA emission factor ratings

Emission factor method Method characteristics Department of
Climate Change
emission factor
rating

Continuous Emissions Monitoring ¢ Measurement conducted in accordance with appropriate regulations, AA / AAA

(CEM) standards or guidelines

e Reporter must demonstrate that this approach provides as accurate or
better estimates than a facility-specific EF Grade 1 approach
Facility-specific EF Grade 1 e Sampling and analysis of the generated volume of methane or of the A/ AA
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Emission factor method Method characteristics Department of
Climate Change
emission factor
rating

degradable carbon content of waste conducted in accordance with
Australian or equivalent international sampling and analysis standards

Facility-specific EF Grade 2 e Sampling and analysis of the generated volume of methane or of the BBB/A
degradable carbon content of waste conducted in accordance with
generally accepted practice for representative sampling

e The Reporter shall document evidence to show that the derived
samples are representative and free of bias

¢ Analysis conducted in accordance with Australian or equivalent
international standards

e Reporter must demonstrate that this approach provides as accurate or
better estimates than the NGA default emission factor

NGA default EF o Default emission factor—Class 1 BBB

NGA default EF o Default emission factor—Class 2 BB

NGA default EF o Default emission factor—Class 3

NGA default EF o Default emission factor—Class 4

NGA default EF o Default emission factor—Class 5 D

The NGA default emission factors presented in these Guidelines have been further classified into broad categories
based on the level of uncertainty introduced to the emission estimates from the use of those factors. In the absence of
detailed information about uncertainty estimates for Australian emission factors, the Department of Climate Change has
adopted the estimates given in the (IPCC 2006)’ to classify estimates into four classes. The uncertainty values given
below are derived from the upper and lower bounds of the 95 percent confidence interval reported by the IPCC and
expressed as a percentage of the mean.

Table 67: Waste — emission factor class rankings

Fuel combusted Uncertainty estimate
Class 1—Rating BBB 0-5%

Class 2—Rating BB 5.0-10%
Methane recovery, if metering in place * 10

Class 3—Rating B 10.0-15.0%
Class 4—Rating C >15.0%

Solid waste disposal *

Wastewater °

Class 5—Rating D >50%

Methane recovery, if metering not in place ®

The classification levels for default emission factors are based on uncertainty estimates provided in the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories: Volume 5 — Waste. a IPCC (2006, page 3.27). b IPCC (2006, page 6.17).

Activity data

Choice of activity data collections constitutes an additional source of uncertainty for the emission estimates. Direct
measurement of material inputs in accordance with Australian standards or their international equivalent offers the most
direct source of activity data estimates. Alternative methods of estimating activity data—based on volume data and

> 2006 IPCC guidelines for National Greenhouse Gas Inventories: Volume 5 — Waste
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default assumptions about composition—offer more indirect methods of estimation and, therefore, in general, offer a
more uncertain estimate.

Table 68: Waste—NGA activity data ratings

Activity Data Method Rating

Solid Waste

Estimates of amounts of waste type, continuous measurement

Estimates of amounts of waste type based on regular sampling

Estimates of amounts of total waste, continuous measurement

olo|> |3

Estimates of amounts of total waste based on regular sampling

Wastewater

Direct measurement of BOD/COD, VS, continuous measurement

Direct measurement of BOD/COD, VS, regular sampling

Indirect estimates of BOD/COD based on estimates of wastewater volumes

UO>§

Indirect estimates of BOD/COD based on population or production data.

Activity data ratings based on IPCC (2006 page 3.27).
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PART C: INDIRECT EMISSIONS

CHAPTER 7: SCOPE 2 EMISSION FACTORS (ELECTRICITY USE)

Greenhouse gas emissions from the generation of purchased electricity are reported by the purchasing entity as indirect
or ‘scope 2’ emissions. From the point of view of the electricity purchaser, these emissions are indirect emissions as
they occur off-facility. Scope 2 emissions physically occur at the facility where electricity is generated. Consequently,
these indirect emissions are conceptually quite different to the direct emissions for which estimation methodologies

were described in Part B.

The definition of scope 2 emissions follows the international reporting framework of the World Resources
Institute/World Business Council for Sustainable Development—known as The Greenhouse Gas Protocol: A
Corporate Accounting and Reporting Standard (the GHG Protocol). The GHG Protocol also defines scope 2 to include
the transfer into the organisation of heat and steam; these elements are necessarily case specific and are not addressed

in this chapter. An additional indirect emission category—known as ‘scope 3’ emissions—is addressed in Chapter 8.

7.1 GENERAL METHODOLOGY

Scope 2 emission factors for the consumption of purchased electricity within each Australian state and territory have
been estimated using the Australian Greenhouse Emissions Information System (AGEIS) and are consistent with
emissions estimates reported in Australia’s National Greenhouse Accounts®. They are provided in Table 69. The
greenhouse gas emissions in tonnes of CO,-e attributable to the quantity of electricity used may be calculated with the
following equation. The factors estimate emissions of CO,, methane and nitrous oxide expressed together as carbon

dioxide equivalents (CO,-¢).

Scope 2 emissions (tonnes CO,-e) = Q x EF / 1000

Where:
Q is the electricity consumed by the reporting organisation expressed in kilowatt hours
EF is the relevant emission factor expressed in kilograms CO,-e per kilowatt hours in Column A, Table 69

OR

Scope 2 emissions (tonnes CO,-e) = Q x EF / 1000

Where:
Q is the electricity consumed expressed in gigajoules
EF is the relevant emission factor expressed in kilograms of CO»-e per gigajoule in Column B, Table 69

% Emission factors for the burning of fuel to generate electricity are reported in Part B.
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Table 69: Scope 2 emission factors for consumption of purchased electricity from the grid

State or Territory EF for scope 2
A B
kg CO2-e/kWh kg CO2-e/GJ

NSW and ACT 0.89 249
VIC 1.22 340
QLD 0.91 252
SA 0.84 233
WA (SWIS) 0.87 242
TAS 0.12 35
NT 0.69 190

Source: Australian Greenhouse Emissions Information System (AGEIS), Department of Climate Change.

BOX: Scope 2 Emission Factors — ‘Physical’ and ‘Contract’ Based Approaches

Consistent with International Energy Agency (IEA) practice, these Guidelines present state-based emission factors from on-grid
electricity generation calculated systematically from the physical characteristics of the electricity grid. The state-based emission
factor calculates an average emission factor for all electricity consumed from the grid in a given state or territory. All emissions
attributable to a state or territory’s electricity consumption are allocated amongst individual consumers in proportion to their relative
level of consumption. In effect, the likelihood of a particular generator supplying a particular consumer is assumed to reflect each
generator’s relative level of supply to the grid. The reason for this approach is that within an electricity grid it is impossible to
physically trace or control the actual physical source of electricity received by each customer.

The estimated scope 2 emission factors meet the requirements of transparency, completeness, comparability, time series
consistency and accuracy. This approach minimises information requirements for the system and produces factors that are
relatively easy to interpret and apply, and which are used to support a range of specific government programs and policies.
Consistent adoption of these ‘physical’ state-based emission factors ensures the emissions generated in each state are fully
accounted for by the end-users of the purchased electricity and double counting is avoided.

An alternative approach to estimating scope 2 factors would be to systematically base the estimates on contract information. Under
this market-based system, consumers of electricity would be allocated the emissions generated by their contracted supplier. A
‘contract-based’ approach would involve the estimation of emission factors for each supplier of electricity and would, if implemented
systematically, also meet the requirements of completeness, comparability etc. The information requirements for such a system
would be significantly greater than for a system based on physical characteristics, however, and the level of transparency might be
less if the estimates relied upon non-public information.

Hybrid approaches that combine elements of these two systems are necessarily ad hoc in character. Extending elements of market-
based approaches to the scope 2 emission factor calculations—for example, excluding general consumers from the benefits of the
supply of certain renewables linked to renewable credit schemes—would likely enhance market signals to some participants. On
the other hand, such approaches risk undermining the principles of completeness, comparability and transparency of the system as
a whole.

The development of scope 2 emission factor definitions designed to create incentive structures to drive the choice of electricity
supplier by consumers is a policy issue that goes beyond the scope of this paper. The merits of such incentive structures may be
best considered in conjunction with a broader greenhouse emissions policy review. Submissions are invited on the relative merits
of the two approaches on this topic.

The Department of Climate Change plans to ensure that the emission factor calculation method for scope 2 will be regularly
reviewed to ensure that the factors estimated are of maximum effectiveness for Government programs, other policy analysis and to

inform external stakeholders and the public of the greenhouse gas emission impacts of electricity consumption.
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7.1.1 ‘Scope 2’ emission factor definitions

The estimated electricity emission factors in these Guidelines have been aligned with the definitions used in The
Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard of the World Resources Institute/World
Business Council for Sustainable Development (the Protocol is available at <http://www.ghgprotocol.org/>).

The emission factors are calculated as financial year averages based on electricity generation within each state and
territory and take into account interstate electricity flows (where they exist) and the emissions attributable to those

flows.

Scope 2 emissions result from the generation of purchased electricity from each state’s electricity grid. The emission

factor at generation (EFG scope2') is used to calculate scope 2 emissions and is defined for state i and financial year t:

Combustion emissions from electricity consumed from the grid in state i (CE _C))
Electricity sent out consumed from the grid in state i (ESO _C))

EFG scope2! =

Where

‘combustion emissions from electricity consumed from the grid in state i’ (CE_C'i) and ‘energy sent out consumed
from the grid in state i’ (ESO_Cti) are defined in terms of the state’s electricity grid generation, imports and exports

as follows:
L( ESO_M:, L (ESO_X|
CE_C/=CE_P'+) | ——2XCE_P/ |-) | ———"“XCE_PF
ESO_P / ESO_P

J k
ESO_C/ =ESO_P'+Y ESO_M',-> ESO_X],

where

CE_FP!, is the total CO,-e emissions from fuel combustion at generation attributed to the electricity
generated/produced for the grid in state i in financial year t

CE_PtJ- is the total CO,-e emissions from fuel combustion at generation attributed to the electricity generated for the
grid in state j in financial year t

ESO_MtJ-,i is the imports of energy sent out from state j to state i in financial year t. Imports are calculated from the
interregional flows of electricity across the interconnectors published by the National Electricity Market Management
Company (NEMMCO)

ESO_X‘LK is the exports of energy sent out from state i to state k in financial year t. Exports are calculated from the
inter-regional flows of electricity across the interconnectors published by NEMMCO

ESO_Ptj is the total energy sent out on the grid that is generated within state j in financial year t
ESO_Pti is total energy sent out on the grid that is generated within state i in financial year t

7.1.2 ‘Scope 2’ emission factor data

The scope 2 emission factors presented in Table 69 reflect data that are based on:
e on-grid activity only;

e state-based activity (see appendix 7.1);

e annual financial year averages (see appendix 7.1);

e physical characteristics of the electricity supply and demand (see box).
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The estimated ‘Scope 2’ emission factors for consumption of purchased electricity use data from AGO surveys

supplemented with data from NEMMCO, ABARE and the ESAA. Emission estimates are taken from the National

Greenhouse Accounts. Further detail on the approach to calculating electricity emission estimates is available in:

e  National Inventory Report 2005, Volume 1 (AGO 2007);

e Australian Methodology for the Estimation of Greenhouse Gas Emissions and Sinks 2006 — Energy (Stationary
Sources) NGGI C 2007).

Energy sent out is determined by the Department of Climate Change for each state and territory based on the following

rules:
1.

State totals for emissions and energy sent out include only ‘on-grid’ sources for the purpose of calculating
emission factors. Large generators known to be off-grid and minor fossil fuel generation sources that use
automotive diesel oil are treated as off-grid and removed from the emission factor calculations. A grid is not
defined for the Northern Territory for the purposes of the electricity emission factor calculation.

For major electricity generators, energy sent out is reported in electricity generator operator reports to the

Department of Climate Change. In the absence of these reports for individual electricity generators, due to

timing considerations, the following is applied:

o for National Electricity Market (NEM) states, the energy sent out to generated ratio for the previous period is
applied to the NEMMCO generation data for the most recent period. If unavailable, the average sent-out to
generated ratio for the relevant state using data from Electricity, Gas Australia 2007 (Energy Supply
Association of Australia (ESAA)) is applied to NEMMCO generation data;

o for other states, company annual reports or ESAA data on energy sent out and energy generated are used.

Energy sent out from minor fossil fuel generation comprises less than 5% of Australia’s total energy sent out.

The fuel use of these generators is calculated as the difference between Australian Bureau of Agricultural and

Research Economics (ABARE) Fuel and Electricity Survey statistics for ANZSIC (Australian and New Zealand

Standard Industrial Classification) class 2611 and the total of reported values for major electricity generators for

each fuel type. Energy sent out for these generation sources is calculated using the assumption that minor fuel

generation sources are 30% efficient in converting the fuel used to energy sent out.

Generation from landfill gas and sewage gas is calculated from ABARE estimates of biogas energy used in

electricity generation, also using the assumption that minor fuel generation sources are 30% efficient in

converting the fuel used to energy sent out.

Major hydro electricity generation data is sourced from NEMMCO. For small generators, the electricity

generation is taken as the difference between ESAA reported values for each state and the total of major

electricity generators sourced from NEMMCO supplemented, where appropriate, with additional data obtained
by the Department of Climate Change. For the purposes of the emission factor calculations energy generated and
sent out are equal for renewable electricity generators.

The wind generation estimate for each state and territory is the higher of the following values:

o the wind generation reported by ESAA;

o the wind generation implied by the average of the Renewable Energy Certificates (RECs) created from wind
generation in that state in the two calendar years straddling the financial year in question. (The creation of
REC:s is reported for calendar years only).

Under the National Greenhouse Accounts, emissions from facilities that generate electricity wholly or partly for

their own use are assigned to the sector where they were generated if the main activity of the facility is not

electricity generation. To ensure consistency with the National Greenhouse Accounts, electricity generation from
these sources is also allocated entirely to the relevant industry.

Electricity emission factors are calculated as a moving average of the past three years to reduce volatility in the

estimates.
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9. These methods are interim in the sense that data will be directly obtainable from Reporters following
implementation of the NGAS Act.

Note: The emission factor for scope 2 is defined in terms of energy sent out on the grid rather than energy delivered
because this effectively ensures that end users of electricity are allocated only the scope 2 emissions attributable to the
electricity they consume and not the scope 2 emissions attributable to electricity lost in transmission and distribution.
The latter are allocated to distributors. This follows the GHG Protocol guidance that scope 2 emissions be reported by
the organisation owning or controlling the plant or equipment where the electricity is consumed. Companies that own
or control transmission and distribution networks should report their transmission and distribution loss emissions under
scope 2, while end users should report the share of these transmission and distribution loss emissions attributable to
their electricity consumption under scope 3. Further explanation of these issues can be found on pp 27-29 and pp 86—
87 of the GHG Protocol (WRI/WBCSD).
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APPENDIX 7.1 STATE-BASED ANNUAL AVERAGE SCOPE 2 EMISSION FACTORS

Why state-based factors?

These Guidelines utilise state-based scope 2 emission factors in preference to national factors.

Electricity emission factors are calculated on a state-by-state basis because (a) the market is not sufficiently integrated
to the level required to ensure price equalisation across all states at all times; and (b) physical constraints exist in
meeting demand from trade alone reflecting the regionalised development of the grid. The emission factors differ
between the states and from year to year due to the varying mix of fuel types used in electricity generation. The New
South Wales, Victorian, South Australian, Tasmanian and Queensland electricity grids, while independently developed,

are connected by interconnectors, which have improved the level of integration of the national grid over time.

An electricity grid without interconnector constraints would allow perfect trade and price equalisation across all
regions. Under these circumstances a single fully-integrated NEM-wide emission factor would be appropriate.
However, variations in price are evident between NEM states (Figure 3), indicating that the interconnectors constrain
trade and lead to some regionalisation of the markets.

Figure 3: Variation in state prices from the mean pool price of NEM states, 2006—07
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Source: Derived from NEMMCO data.

Large variations from the mean of NEM state pool prices is evident throughout the typical day. Individual state
variations range from 65 per cent above and below the mean of all states. These price variations reflect the constraints
and losses involved in transmitting electricity between states.
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The constraints on the amount of electricity that can be imported and exported to neighbouring states can also be
illustrated by reference to interconnector power transfer capabilities (see Table 70).

Table 70: Maximum interconnector power transfer capabilities, 2005-06

Interconnector Positive market flow direction power Negative market flow direction power
transfer capability (MW) transfer capability (MW)

New South Wales to Queensland (QNI) 589 1078

New South Wales to Queensland '
(Directlink) 152 196
(Terranora) 30 234

Snowy to New South Wales 3559 1150

Victoria to Snowy 1313 1842

Victoria to South Australia (Heywood) 460 300

Victoria to South Australia (Murraylink) 220 214

Tasmania to Victoria (Basslink) 600 480

"In March 2006, Terranora replaced Directlink as the eastern interconnector between Queensland and New South Wales.
Source: Statement of Opportunities for the National Electricity Market, 2006, NEMMCO.

In Table 71, the minimum, average and maximum demand of each NEM state with the maximum potential imports

through the interconnectors is illustrated.

Table 71: NEM electricity demand 2005-06

State Approximate maximum Minimum Maximum Average Proportion of maximum
potential imports through demand demand demand demand that could be
interconnectors (MW) ! (MW) (MW) (MW) met by imports through
Interconnectors

New South Wales 4871 5397 13,188 8762 37%

Victoria 2956 3780 8680 5775 34%

Queensland 619 4024 8295 5844 7%

South Australia 680 768 2873 1459 24%

Tasmania 480 769 1676 1136 29%

Source: Derived from: Statement of Opportunities for the National Electricity Market, 2006, NEMMCO.

! Approximate maximum potential imports through interconnectors is calculated for illustrative purposes only. The maximum
interconnector power transfer capabilities do not necessarily all apply at the same time and hence may not be achievable
simultaneously. Maximum capabilities may only be achievable under favourable demand, dispatch and weather conditions.

No state can meet their minimum, average or maximum demand by solely importing electricity through the
interconnectors. In 200607, all NEM states imported less than 20% of their electricity demand. Queensland imported
less than 1%.

Due to the constraints on importing electricity, each state has to generate a large proportion of their electricity within
state boundaries. Each state has a unique mix of fuels and generators used in the generation of electricity and therefore
it is appropriate that this is reflected in the use of state-based electricity emission factors.

Why annual averages?

These Guidelines report annual average emission factors in Table 69 for use by Reporters. While it is possible to

estimate emission factors on a seasonal monthly or hourly basis, the variation in estimated emission factors is relatively
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small such that the annual average provides a sufficiently robust indicator of indirect emission impacts of electricity

consumption for all times of the year.

Variation in scope 2 emission factor throughout the day

The mix of fuels used in electricity generation varies throughout the day as individual electricity generators change

their level of production based on price, availability of generators and demand. The generation by fuel type for

scheduled NEM generators by time of day is shown in Figure 4. The proportion of each fuel type used in the production

of electricity on the NEM during different periods is shown in Table 72.

Figure 4: Average generation of NEM scheduled generators, by fuel type and by time of day
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Source: Derived from NEMMCO data.

Table 72: Proportion of electricity production by fuel type for NEM scheduled generators, 2006—-07

Period Black coal Brown coal Gas Hydro Liquid fuels
All periods 58.2% 26.9% 8.3% 6.5% <0.1%
Off-peak 59.1% 29.0% 6.9% 4.9% <0.1%
Shoulder 57.3% 24.7% 9.9% 8.1% <0.1%
Peak 56.9% 24.5% 9.9% 8.6% <0.1%

Source: Derived from NEMMCO data.

An increase in the proportion of electricity generated from gas and hydro is evident in shoulder and peak periods. To
demonstrate the effect of the changes to fuel mix, scope 2 emission factors for the NEM have been estimated in the

table below.
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Table 73: Average 2006—07 scope 2 emission factors for the NEM scheduled generators

Period Average 2006-07 scope 2 emission factors for NEM scheduled generators '
All periods 0.95 kilograms COo-e per kilowatt hour
Off-peak 0.98 kilograms COo-e per kilowatt hour
Shoulder 0.92 kilograms CO»-¢e per kilowatt hour
Peak 0.92 kilograms CO»-e per kilowatt hour

Source: Derived from Department of Climate Change National Greenhouse Accounts and NEMMCO data.

' Emission factors are calculated for illustrative purposes based only on data from NEM scheduled generators 2006—07. Non-scheduled

generation by time of day is unknown and therefore not included in the above emission factor calculations.

There is an increase in emission factors between peak and off-peak periods, with the emission factor in peak periods

approximately 4% less than the average emission factor.

Variation in scope 2 emission factors throughout the year

The mix of fuels used in electricity generation can change from month to month due to changes in demand, price and

the availability of generators. The proportion of each fuel type is relatively steady throughout the year (Figure 5).

Figure 5: Percentage of electricity generation by fuel type—NEM scheduled generators, 1999-2007
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Source: Derived from NEMMCO data.

To demonstrate the monthly effect of the changes to fuel mix, scope 2 emission factors for the NEM have been

estimated in the table below for the period 1999-2007. The maximum emission factor variation between any month and

the annual average is less than 2%.
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Table 74: Average scope 2 emission factors, by month

Period Average 1999-2007 scope 2 emission factors for NEM scheduled generators !
(kg CO2-e/kWh)
All periods 0.99
July 0.99
August 0.99
September 0.99
October 0.99
November 1.00
December 1.00
January 1.00
February 0.99
March 1.00
April 1.00
May 0.99
June 0.98

Source: Derived from Department of Climate Change National Greenhouse Accounts and NEMMCO data.

! Emission factors are calculated for illustrative purposes based only on data from NEM scheduled generators 1999—
2007. Non-scheduled generation by month is not included in the above emission factor calculations. Tasmania joined
the NEM in 2005.
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CHAPTER 8: DIRECT AND INDIRECT EMISSIONS—SCOPES 1, 2 AND 3 EMISSION
FACTORS

This chapter provides a summary of scope 3 emission factors. In principle, scope 3 may include all other indirect
emissions that are a consequence of an organisation’s activities but are not from sources owned or controlled by the
organisation. In this document, scope 3 emission sources are defined to include fugitive emissions from the extraction

of fossil fuels and emissions from the transport and refining of those fuels.

Scope 1 emission factors from the main text are reproduced here for the following fuel types:
e l.aElectricity;

e 1.b Stationary Energy: fuel combustion;

e 1.c Natural gas;

e 1.d Transport.

Each table also reports a scope 3 factor and a “full fuel cycle factor’, which is defined as:
e the scope | emission factor plus the scope 3 emission factor for sectors other than electricity; and

e the scope 2 emission factor plus the scope 3 emission factor for the consumption of purchased electricity.

ELECTRICITY

Indirect Scope 2 or Scope 3 greenhouse gas emissions in tonnes of CO,-e associated with the consumption of electricity

may be calculated with either of the following equations:

Indirect scope 2/3 emissions (tonnes CO»-e) = Q x EF / 1000

Where:
Q is the electricity used expressed in kilowatt hours
EF is the relevant emission factor expressed in kilograms CO,-e per kilowatt hour, Table 75

OR

Indirect scope 2/3 emissions (tonnes CO»-e) = Q x EF / 1000

Where:
Q is the electricity used expressed in gigajoules
EF is the relevant emission factor expressed in kilograms CO.-e per gigajoule, Table 75

Table 75: Emission factors for consumption of purchased electricity for end users (not distributors)

Financial year EF for scope 2 EF for scope 3 Full fuel cycle EF
(EF for scope 2+EF for scope 3)
A B Cc D E F
kg CO2-e/kWh kg CO2-e/GJ kg CO2-e/kWh kg CO2-e/GJ kg CO2-e/kWh kg CO2-e/GJ

NSW and ACT 0.89 249 0.17 47 1.06 295
viC 1.22 340 0.08 23 1.31 364
QLD 0.91 252 0.13 37 1.04 289
SA 0.84 233 0.14 39 0.98 272
WA (SWIS) 0.87 242 0.10 29 0.98 271
TAS 0.12 35 0.01 2 0.13 37

DEPARTMENT OF CLIMATE CHANGE 137



TECHNICAL GUIDELINES FOR THE ESTIMATION OF EMISSIONS AND ENERGY AT FACILITY LEVEL

DISCUSSION PAPER
Financial year EF for scope 2 EF for scope 3 Full fuel cycle EF
(EF for scope 2+EF for scope 3)
A B (o D E F
kg CO2-e/kWh kg CO2-e/GJ kg CO2-e/kWh kg CO2-e/GJ kg CO2-e/kWh kg CO2-e/GJ
NT 0.69 190 0.11 30 0.79 221

Source: AGEIS database, Department of Climate Change; George Wilkenfeld and Associates 2007.
Notes: a The emission factors should be applied to the amount of electricity actually consumed (i.e. the amount shown on the electricity

bill). b kg CO2-e/GJ is the same as kt CO2-e/PJ and Gg CO»-e/PJ. Transmission and distribution (T&D) network operators should refer
to the footnote in appendix 8.1.

STATIONARY ENERGY: SOLID AND LIQUID FUEL COMBUSTION

Scope 3 and full fuel cycle emissions from the combustion of fossil fuels listed in Table 76 may be calculated as
follows:

Emissions (tonnes CO,-e) = Q x EC x EF/ 1000

where:

Q is the quantity of fuel in tonnes or thousands of litres (sourced from inventory or supplier invoices or production
records)

EC is the energy content of fuel in either gigajoule per tonne or gigajoule per kilolitre in Column A, Table 76
EF is the emission factor in Column B, C and D Table 76

Table 76: Fuel combustion emission factors (Stationary Energy)

Fuel combusted Location Energy content EF for scope 1 EF for scope 3° | Full fuel cycle EF

(gross) * =B+C

A B (o D
GJit kg CO5-e/GJ kg CO5-e/GJ kg CO-e/GJ
Solid Fuels °
Black coal for NSW 225 89.3 8.7 98.1
electricity
Black coal for Queensland 21.4 91.1 2.0 93.1
electricity
Black coal for Western Australia 19.9 93.1 2.3 95.4
electricity
Black coal for South Australia - 95.9 0.9 96.8
electricity
Lignite—Brown coal All states 10.2 93.2 0.3 93.5
Coking coal All states 30.0 90.2 20.7 111.0
(metallurgical coal)
Black coal—uses All states 27.0 88.5 4.6 93.1
other than for
electricity and coking
Brown coal briquettes | All states 221 93.6 10.7 104.3
Coke oven coke All states 27.0 117.4 8.3 125.7
GJ/KL kg CO,-e/GJ kg CO,-e/GJ kg CO2-e/GJ

Crude oil All states 38.2 69.2 5.3 74.6
Other natural gas All states 46.5 GJ/t 60.7 5.3 66.0
liquids
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Fuel combusted Location Energy content EF for scope 1 EF for scope 3° | Full fuel cycle EF
(gross) ® =B+C
A B C D
GJit kg CO5-e/GJ kg CO5-e/GJ kg CO,-e/GJ
Motor gasoline All states 34.2 67.1 53 72.4
(petrol)
Aviation gasoline All states 33.1 66.7 5.3 72.0
Aviation turbine fuel All states 36.8 69.1 5.3 74.5
(jet kerosene)
Kerosene All states 37.5 68.4 5.3 73.8
Heating oil All states 37.3 69.0 5.3 74.4
Diesel (Automotive All states 38.6 69.5 5.3 74.8
Diesel Qil)
Fuel oil All states 39.7 73.1 5.3 78.4
Lubricants and All states 38.8 27.9 21 30.0
greases
Liquefied aromatic All states 34.4 69.2 5.3 74.5
hydrocarbons
(benzene, toluene,
and xylene)
Solvents used for All states 34.4 69.2 5.3 74.5
combustion
Other petroleum All states 34.4 69.2 5.3 74.5
products nec
(including waste oils)
Liquefied Petroleum All states 255 59.9 5.3 65.3
Gas
Naphtha All states 31.4 69.0 5.3 74.4
Refinery feedstock All states 40.8 69.2 53 74.5
Petroleum coke All states 34.2 GJ/t 91.0 5.3 96.3
Refinery gas and All states 42.9 GJ/it 54.3 5.3 59.6
liquids
Refinery fuel - coke All states 34.2/GJ/t 91.0 5.3 96.3
Biofuels °
Ethanol (molasses)® All states 234 0.0 54.8 54.8
Ethanol (wheat starch | All states 23.4 0.0 54.5 54.5
waste)”
Biodiesel (Canola) ° All states 234 0.0 62.1 62.1
Biodiesel (tallow) ° All states 23.4 0.0 57.2 57.2

Notes: All emission factors incorporate relevant oxidation factors (sourced from Table 3,as appropriate).
a. Energy measured as gross calorific equivalent.
b. The EF for scope 3 is indirect emissions from the extraction, production and transport of the specified fuel.

c. Under international guidelines, the CO5 released from combustion of biogenic carbon fuels is not reported under facility totals.

Sources: Derived from Department of Climate Change forthcoming. NGGIC (2007); George Wilkenfeld and Associates (forthcoming);
George Wilkenfeld and Associates and Energy Strategies (2002).
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GASEOUS FUELS

Natural gas is usually supplied at either high or low pressure, depending on the scale of use. Major users are those
supplied at high pressure and with an annual usage of more than 100,000 gigajoules. Estimates of Scope 3 and full fuel

cycle emissions may be calculated using the following formula:

Emissions (tonnes CO,-e) = Q x EF,,/ 1000

where:
Q is the quantity of natural gas consumed and expressed in GJ and sourced from supplier invoices/meters

EF is the relevant emission factor from the Table below, by state and territory, and for small users and large users,
incorporating oxidation effects

Division by 1000 converts kilograms to tonnes.

Small users are defined as consuming less than 100,000 gigajoules per year.

Table 77: Emission factors for the consumption of natural gas

State or territory Small User Large User

EF for scope 1 | EF for scope 3 Full fuel cycle EF for scope 1 EF for scope 3 Full fuel cycle

EF EF
=A+B =A+B
A B Cc D E F

kg CO-e/GJ kg CO,-e/GJ kg COz-€/GJ kg COz-e/GJ kg CO,-e/GJ kg CO,-e/GJ

Gaseous Fuels

Natural gas - New 51.3 14.8 66.1 51.3 14.2 65.5
South Wales and

ACT

Victoria 51.3 5.9 57.3 51.3 5.8 57.1
Queensland 51.3 6.0 57.3 51.3 54 56.8
South Australia 51.3 19.4 70.7 51.3 18.6 69.9
Western Australia 51.3 7.6 58.9 51.3 7.0 58.3
Tasmania 51.3 - - 51.3 5.8 57.1
Northern Territory 51.3 5.7 571 51.3 5.7 57.0

Source: AGEIS, Department of Climate Change: George Wilkenfeld and Associates (forthcoming).

TRANSPORT

Assuming that the average year of manufacture of the transport fleet is 2004 or later, the Scope 3 and full fuel cycle
emissions from the combustion of the transport fuels may be estimated as follows:

Emissions (tonnes COz-e) = Q (kL) x EF

where:
Q is the quantity of fuel in kilolitres (sourced from inventory or supplier invoices or production records)
EF is the relevant emission factor, Table 77

OR

Emissions (tonnes CO,-e) = Q (GJ) x EF, / 1000

where:
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Q is the quantity of fuel in gigajoules
EF is the relevant emission factor, Table 78

Table 78: Fuel combustion emission factors (Transport Fuels)

Fuel Energy EF for scope 1 EF scope 3 Full fuel cycle emission
content factor ¢
A B (3 D E F G
GJ/kL kg CO,-e/GJ t CO,-e/kL kg CO,-e/GJ t CO,-e/kL kg CO,-e/GJ T CO,-e/kL
Motor gasoline 34.2 67.0 2.3 5.3 0.2 72.3 2.5
(petrol)
Diesel (Automotive 38.6 69.8 2.7 53 0.2 75.2 29
Diesel Qil)
Aviation gasoline 33.1 67.1 2.2 5.3 0.2 72.4 2.4
Aviation turbine 36.8 69.6 2.6 5.3 0.2 74.9 2.8
Fuel oil 39.7 73.5 3.0 5.3 0.2 78.9 3.2
Liquefied 26.2 60.2 1.6 5.3 0.1 65.5 1.7
petroleum gas
Biofuels
Ethanol 23.4 0.4 0.0 54.8 1.3 54.8 1.3
(molasses)”
Ethanol (wheat 23.4 0.4 0.0 54.5 1.3 54.5 1.3
starch waste)”
Biodiesel (Canola) 234 0.4 0.0 62.1 1.5 62.5 1.5
b
Biodiesel (tallow) ° 23.4 0.4 0.0 57.2 1.3 57.6 1.3
GJ/m® t CO,-e/m® kg CO,-e/GJ t CO,-e/m® kg CO,-e/GJ t CO,-e/m®
Natural gas (LDV)® 0.0393 57.0 0.0022 11.4 0.0005 68.4 0.0027
Natural gas (HDV) 0.0393 53.6 0.0021 11.4 0.0005 65.0 0.0026

a

Source: AGEIS, Department of Climate Change; George Wilkenfeld and Associates (forthcoming).
a The emission factors for natural gas engines are indicative only. Many natural gas engines, whether dual fuel or dedicated, emit
significant amounts of unburnt fuel to the atmosphere. This level of methane is dependent on a range of factors and varies from system

to system. An accurate emissions factor therefore requires measurement of at least CO, and CH4 for each engine type. b. Under

international guidelines, the CO; released from combustion of biogenic carbon fuels is not reported under facility totals but, rather, it is
reported under a memo item. c. LDV stands for Light Duty Vehicles, e.g. forklifts, and HDV stands for Heavy Duty Vehicles, e.g. buses.
d assumes average production year for the vehicle fleet is later than 2004.

SOLID WASTE DISPOSAL

The Scope 3 greenhouse gas emissions associated with the disposal of waste can be calculated by Reporters that have
generated the waste disposal using the formula, data variables and emission factors set out below. Separate calculations
should be carried out for each waste type. Scope 1 emissions - direct emissions from the waste management sites
themselves - are addressed in Chapter 6.

Methane (CHy) vented to the atmosphere is considered an emission as this action would be adding to atmospheric CH,.
The emissions are multiplied by 21 to calculate the carbon dioxide equivalent (CO,-¢) emissions. Where methane from

waste biomass is recovered and flared or combusted for energy, the CO, emitted is not counted as an emission but
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regarded as part of the natural carbon cycle. The total amount of CH,4 recovered is therefore regarded as saved (not
emitted) so long as it does not enter the atmosphere as CH,.

Where waste material is diverted from landfill to recycling or to energy use, the reporting organisation will have lower
emissions attributed to its activities because less waste is going to landfill. Municipal solid waste that is ultimately
disposed of in a well-managed landfill is estimated to produce methane in accordance with the formula:

Indirect Scope 3 emissions (tonnes CO2-e) =[((QxDOC xDOCgxF1x16/12)-R)x(1-0X)]x21
=[(QxDOC)/3-R)]x18.9, using the default values in Table 78

Where:

Q (Activity) is the quantity of municipal solid waste expressed in tonnes and sourced from waste records or
contractor invoices

DOC is the Degradable Organic Carbon expressed as a proportion of the particular waste type and contained in
Table 79

DOCk is the fraction of degradable organic carbon dissimilated for the waste type produced with a default value of
0.5

F, is the carbon fraction of landfill gas, which has a default value of 0.50
16 / 12 is the conversion rate of carbon to methane
R is the recovered methane from wastewater in an inventory year, measured and expressed in tonnes

OX is the oxidation factor which has a default value of 0.1 for covered, well-managed landfills (and a value of 0 for
uncovered landfills)

21 is the CH4 global warming potential used to convert the quantity of methane emitted to CO,-e from the quantity
of waste produced

Note: The CH,4 recovered must be subtracted from the amount generated before applying the oxidation factor because
only the landfill gas that is not captured is subject to oxidation.

Table 79: Waste mix methane conversion factors

Waste types Default DOC proportion Conversion factor CO3-e (t=tonnes)
A B

Paper and paper board 0.4 tx2.5
Textiles 0.24 tx1.5
Textiles synthetics 0 tx0
Wood and straw 0.43 tx2.7
Garden and park 0.20 tx1.3
Food 0.15 tx0.9
Co-mingled 0.15 tx 0.9
Medical waste (tissue, fluids, pharmaceuticals) 0.05 tx0.3
Concrete/metal/plastics/glass 0 tx0

Note: Source NGGIC (2007). The proportions represent the quantity of DOC of the various waste types in the mix that may be available
for conversion to methane, Organisations that manage their own landfill facilities may deduct the amount of methane recovered. If
waste is measured by volume and not by weight, conversion factors are available in Table 86 in Annex 2.

Organisations that do not know the composition of their waste can use Table 80, which gives the weighted average
emission factors for the municipal, commercial and industrial, and construction and demolition waste categories. These

are simplified categories only for organisations that do not have their own waste mix data.
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Table 80: Waste emission factors for total waste disposed to landfill by broad waste stream category

Waste types Municipal solid waste Commercial and Construction and
industrial waste demolition waste
A B C
Emission factor (t CO2-e/t waste) L11 1.66 0.25

Note: Organisations that have data on their own waste streams and waste mix should use that data.
Sources: Derived from NGGIC (2007).
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APPENDIX 8.1 ELECTRICITY EMISSION FACTORS FOR END USERS, 1990-2007 (SEE

NOTES)

These time series estimates are provided for information. Previously published estimates were provisional and have

been revised for this Workbook using emissions data in the latest state and territory greenhouse gas inventories and

revised fuel consumption, interstate electricity trade and electricity transmission and distribution loss data. For most

programs, the publication of these revised factors does not necessarily imply any need to revise past estimates of

emissions. Previously published emission factor estimates may remain applicable and are available from the

Department of Climate Change.

Table 81: Emissions factors for consumption of purchased electricity by end users, 1990-2007

Financial year EF for scope 2 EF for scope 3 Full fuel cycle EF
(EF for scope 2+EF for scope 3)
A B (o D E F
kg CO2-e/kWh kg CO2-e/GJ kg CO2-e/kWh kg CO2-e/GJ kg CO2-e/kWh kg CO2-e/GJ
NEW SOUTH WALES and AUSTRALIAN CAPITAL TERRITORY
1990 0.90 250 0.16 45 1.06 295
1995 0.86 239 0.16 44 1.02 284
2000 0.87 241 0.17 46 1.03 287
2005 0.89 247 0.17 46 1.06 293
2006 0.89 247 0.17 47 1.06 294
2007° 0.89 249 0.17 47 1.06 295
VICTORIA
1990 1.24 345 0.21 58 1.45 403
1995 1.25 346 0.15 40 1.39 387
2000 1.30 360 0.12 33 1.42 394
2005 1.26 349 0.06 17 1.32 365
2006 1.24 344 0.08 21 1.32 366
2007° 1.22 340 0.08 23 1.31 364
QUEENSLAND
1990 0.96 268 0.13 36 1.10 304
1995 0.97 271 0.13 36 1.10 307
2000 0.92 255 0.13 37 1.05 292
2005 0.90 251 0.14 38 1.04 290
2006 0.91 252 0.13 38 1.04 289
2007° 0.91 252 0.13 38 1.04 289
SOUTH AUSTRALIA
1990 0.81 225 0.20 56 1.01 281
1995 0.87 241 0.19 52 1.05 292
2000 0.92 257 0.17 46 1.09 303
2005 0.89 247 0.15 42 1.04 289
2006 0.87 242 0.14 39 1.01 281
2007° 0.84 233 0.14 39 0.98 272
WESTERN AUSTRALIA—South-West Interconnected System (SWIS)
1990 0.91 253 0.16 46 1.08 299
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Financial year EF for scope 2 EF for scope 3 Full fuel cycle EF
(EF for scope 2+EF for scope 3)
A B (o D E F
kg CO2-e/kWh kg CO2-e/GJ kg CO2-e/kWh kg CO2-e/GJ kg CO2-e/kWh kg CO2-e/GJ
1995 0.92 256 0.14 40 1.07 296
2000 0.92 256 0.12 34 1.04 290
2005 0.85 235 0.10 29 0.95 264
2006 0.85 236 0.10 29 0.95 265
2007° 0.87 242 0.10 29 0.98 271
TASMANIA
1990 0.06 17 0.01 3 0.07 21
1995 0.02 5 0.00 1 0.02 6
2000 0.01 2 0.00 0 0.01 2
2005 0.04 10 0.01 2 0.04 12
2006 0.05 13 0.01 2 0.06 15
2007° 0.12 35 0.01 2 0.13 37
Notes:

These time series estimates are provided for information. Previously published estimates were provisional and have been revised for
this Workbook using emissions data in the latest state and territory greenhouse gas inventories and revised fuel consumption,
interstate trade and transmission and distribution loss data. For most programs, the publication of these revised factors does not
necessarily imply any need to revise past estimates of emissions. Previously published emission factor estimates may remain
applicable and are available from the Department of Climate Change.

Data for 1990-2006 are Department of Climate Change estimates derived from George Wilkenfeld and Associates (forthcoming).
Emission factors are representative of the state’s primary electricity grid. To minimise volatility emission factors are calculated as a
three-year average.

p indicates Department of Climate Change provisional estimates for 2007 based on NEMMCO data. Provisional data are not
available for Western Australia for 2007, so estimates for the preceding year have been extrapolated.

Scope 3 emission factors for transmission and distribution network operators are lower as they include only emissions attributable to
the extraction, production and transport of fuels and not emissions attributable to the electricity lost in transmission and distribution
networks. Transmission and distribution network operators should use the scope 2 factors in the table above and the following
scope 3 factors for 2007: NSW and ACT: 0.085kg CO.-e/kWh, VIC: 0.008kg CO,-e/kWh, QLD: 0.024kg CO,-e/kWh, SA: 0.083kg
CO,-e/kWh, WA: 0.035kg CO.-e/kWh, TAS: 0.005kg CO,-e/kWh, NT:0.063 kg CO,-e/kWh.

Data are for financial years ending in June.

Sources: Department of Climate Change estimates derived from George Wilkenfeld and Associates (2007). Primary data sources
comprise generator survey returns to the Department of Climate Change, ABARE, ESAA and NEMMCO data.
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ANNEX 1 GLOSSARY

Table 82: Glossary of symbols, abbreviations and units

TECHNICAL GUIDELINES FOR THE ESTIMATION OF EMISSIONS AND ENERGY AT FACILITY LEVEL

A change kL kilolitre

CHq4 methane km kilometre

COg-e carbon dioxide equivalent kWh kilowatt hour

DOC degradable organic carbon litre

EC energy content of fuel m® cubic metre

EF emission factor MJ megajoule (10° joules)

GHG greenhouse gas MWh megawatt hour

GJ gigajoule (10° joules) NA not available

GWP Global Warming Potential N2O nitrous oxide

ha hectare (10,000 m?) PJ petajoule (102" joules)

IPCC Intergovernmental Panel on Climate Change SFg sulphur hexafluoride

kg kilogram t metric tonne (1000 kg)
wit weight
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ANNEX 2 UNITS AND CONVERSIONS

Table 83: Metric prefixes

Prefix Abbreviation Symbol
Peta (million billion [thousand trillion]) 10" (10°10°%) P
Tera (thousand billion [trillion]) 10" (10°x10°%) T
Giga (billion) 10° G
Mega (million) 10° M
kilo (thousand) 10° k
hecto 10° h
deca 10’ da
- (e.g. gram) 10° g9
deci 107 d
centi 107 c
milli 10° m
micro 10° m
nano 10° n
pico 1072 p

Table 84: Unit equivalences

10" grams (Petagram)

Gigatonne (Gt)

10" grams (Teragram)

Megatonne (Mt)

10° grams (Gigagram)

kilotonnes (kt) (10° tonnes)

10° grams (million grams)

1 tonne

kg/GJ (10°g/10%))

Gg/PJ (10%g/10"J)

Mg/PJ (10°g/10"J)

g/GJ 10°g/10%)

For example: 423,000 Gg is equivalent to 423,000 kt and to 423 Mt

Energy and power units
Unit of energy: Joule

Unit of power (rate of energy usage): Watt
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Conversion factors

1 Watt =1 joule per second

3600 Watt-seconds =1 Watt-hour (3600 seconds in one hour)
1 Watt-hour = 3600 joules

1000 Watt-hours =1 Kilowatt hour (kWh)

1 kWh =3.6x10° joules = 3.6 megajoules

1 kWh =3.6x10°GJ

1GJ =278 kWh

1PJ =278 x 10° kWh = 278 GWh

(A) For conversion from first unit to (B) Multiply quantity in first unit by (C) To calculate quantity in second
second unit: conversion factor: unit:

kWh to J kWh x 3.6 x 10° Joules

J to kWh Jx1/3.6x10° kWh

kWh to MJ kWh x 3.6 mJ

MJ to kWh MJ x 0.278 kWh

kWh to GJ kWh x 3.6 x 10° GJ

GJ to kWh GJx 278 kWh

kWh to PJ kWh x 3.6 x 10° PJ

PJ to kWh PJ x 278 x 10° kWh

Table 86: Municipal solid waste volume to weight conversion factors

Material type Volume to weight
Paper 0.09
Textiles 0.14
Wood 0.15
Garden 0.24
Food 0.50
Co-mingled 0.12

Note: Volume to weight conversions is an inexact science and conversion factors change if materials are compacted.

148

DEPARTMENT OF CLIMATE CHANGE




TECHNICAL GUIDELINES FOR THE ESTIMATION OF EMISSIONS AND ENERGY AT FACILITY LEVEL
DISCUSSION PAPER

ANNEX 3 LIST OF EQUIPMENT TYPES

Boilers

Boiler for power generation

Combined cycle plant

Boiler for cogeneration

Boiler for steam

Boiler for hot water

High temperature solar (steam)—estimated solar energy input

Solar hot water heater—estimated solar energy input
Thermal equipment

Furnace

Blast furnace

Kiln

Dryer

Oven

Coke oven

Other direct combustion thermal equipment
Chemical

Chemical processing plant
Electricity only equipment

Lighting

Electrolytic processes

Electric motors—HVAC and refrigeration equipment

Electric motors—other

IT, communications and other electronic equipment
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Mobile equipment
Mining, earth moving and other (off-road) mobile materials handling equipment
Road transport equipment
Rail transport equipment
Aircraft
Ships
Non-mobile combustion engines
Stationary reciprocating combustion engines—electricity generation
Stationary gas turbine engines—electricity generation
Stationary reciprocating combustion engines—other
Stationary gas turbine engines—other
Renewable energy electricity generation equipment
Hydro turbine
Wind turbine
Solar thermal power (excluding solar hot water heating)
Solar photovoltaic
Geothermal
Wave power
Pumped storage
Other
Flare and unaccounted losses
Feedstocks and other non-fuel uses
Transmission losses

Own-use

150 DEPARTMENT OF CLIMATE CHANGE





